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PREFACE

The present annual report of the Institute of Nuclear Physics (IKP) at the

Kernforschungsanlage JülicK (_KFA) covers the period from January to December

1980. It contains short descriptions of recent and current research work

that has been carried out by the members of our institute or by guest groups

frequently in close cooperation with scientists of the IKP.

Most of the experimental studies make use of the variable energy beams of
3protons, deuterons, He- or alpha particles accelerated in our cyclotron JULIC.

Neutron rich nuclei are investigated with the use of our large fission product

separator JOSEF at the research reactor DIDO of the KFÄ. Also neutron capture

studies are performed at this reactor. Again several of our staff members have

carried out experiments in other laboratories in national and international

cooperation with scientists at the ILL, CERN, and other institutions.

Cooperation and international exchange is also characteristic for the

scientific program of the members of the Institute for Theoretical Nuclear

Physics of our IKP Department.

Studies of giant resonance phenomena have been continued and new structures
208were observed at excitation energies of 17.5 and 21.3 MeV in Pb through

scattering of 172 MeV a-particles. Our large magnetic spectrograph "Big Karl"

has served for an increasing number of high-resolution experiments. The study

of 1 states tn Pb is in progress and so is the spectroscopy of the
u Bi(d, He) uoPb reactor for a group at the MPI Heidelberg. Part of the work

on high-spin states aimed at the investigation of isomers in the odd-odd
182lanthanums and of the backbending in Os and the role of the ii-t/9 neutron.

149 3 '
In Gd a vf 7 / 9 * 3" x 3 two-phonon octupole multiplet has been observed.

147The one-particle spectrum has been identified in .rTbH9. The g-factor of+ 100the first excited 2 state of Ir has been measured in the context-of a
systematic investigation of the transitional nuclei with A - 100. The electronic

K X ray isotope shifts of the stable lead isotopes have been studied in co-

operation with the ISOLDE group and theorists from the IKP and ORNL. The study
132

of the structure of the doubly closed Sn has been continued in a CERN-

ISOLDE cooperation. Also here the experimental work was accompanied by

detailed calculations made by our theorists. In addition to the investigation

of the nuclear structures, mainly of collective states, the theory group has

dealt with precritical phenomena and the generalized spin- and isospin-



dependent interaction. Furthermore, 0 + 0 fusion has been studied at

astrophysically interesting temperatures by ATDHF in order to gain insight

into quantum corrections and collective masses. Also direct fragmentation

was studied in peripheral coll isions at higher bombarding energies.

Investigations of an energy independent but non-local optical potential

have been in i t ia ted .

In our detector laboratory a signif icant improvement has been achieved of

the quality of ion-implanted n contacts on HPGe. A multi-detector telescope

has been fabricated and tested at Orsay. Improvements have been made also

for the production of spacially sensitive detectors.

As in the last years the cyclotron was used to a signif icant fraction of

the 6282 h beamtime by external groups (20 %) and in addition by other

groups (8 %) of the KFA. Various components of the machine were improved.

The project for axial inject ion of heavy ions from a Mafios source was

started. Our curved crystal spectrometer has been instal led for on beam
146measurements and i t was used already for a high resolution study of Eu.

The solar energy group has essentially completed the development of a

procedure for the short term test of the thermal performance of a f l a t plate

collector. Long term testing is on i ts way. These act iv i t ies are within

the frame of the IEA program "collector test" coordinated by the Operating

Agent who is a member of our inst i tu te . Efficiency testing of a commercial

warm water system is going on, while other systems are being set up for

testing. The group is engaged in several bi lateral cooperations, especially

with Brazi l , Egypt and Indonesia.

Most of the work of the experimentalists has been supported by our technical

staff through engaged and very cooperative work which I want to gratefully

acknowledge.
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I. EXPERIMENTAL NUCLEAR PHYSICS
1 . NUCLEAR REACTIONS AND SCATTERING PROCESSES

1.1. Elastic Deuteron Scattering

J. BOQOixild, M. Rogge and P. Turek

The data of elastically scattered deuterons were reana-
lysed employing an additional volume absorption term in
the imaginary part of the optical potential. In our pre-
vious analyses ' using a surface absorption term only the
radius parameter rw was decreasing with increasing inci-
dent deuteron energy. This result is an indication that
deuterons with higher incident energy penetrate deeper
into the nucleus and volume absorption wi l l become more
and more important similar to the results of proton scat-

2 3\ 41
tering *"'. Already in recent global f i t analyses ' of
deuteron scattering data a volume absorption potential
term was used. Additionally vector analysing power data

51measured at 52 MeV ' were included in our f i t procedure.
Analyses calculated with a volume absorption term only
resulted in worse f i t s to our 58.7 MeV and 85 MeV data as
compared to the f i t quality in the case of surface absorp-
tion only. Therefore the final f i t procedure was done
with a combination of volume and surface absorption terms
in the imaginary potential. During the course of the
analyses the geometry of both potentials could be set
equal. The reproduction of the experimental data was in
general not essentially improved e.g. with different ra-
dius parameters for the two absorption terms. The start
parameters of the spin orbit potential were "folding
model" parameters as in ref. 1.

The best f i t potential parameters for the target nuclei
2 7A1, 89Y, 120Snand 208Pb at 58.7 and 85 MeV are listed
in table 1. A smooth behaviour of the parameters for
different target masses and deuteron energies can be seen.
By using a combination of volume and surface absorption
terms the radius parameter r of the imaginary potential
and the depth V of the spin-probit potential are roughly
independent from mass and energy and therefore they were
fixed at constant values. For good f i t s to the vector ana-
lysing power data, the radius and diffuseness parameters
r and a should be equal but in light nuclei they are

Eo
(H.V)

58.7

85

Nucl.

89T

" A I

89T

V.

<H»V)

72.5

60.6

B2.9

S6.1

68.3

75.1

76.3

60.4

C")

0.71

0.79

0.82

0.83

0.77

0.60

0.82

0.34

UvO l

a. 3

2.3

2.3

2.3

4.8

4.8

4.8

4.8

(HtV)

9.0

10.5

11.8

12.2

7.6

9.0

9.9

L0.2

('•)

o.ez

0.66

0.87

0.90

0.62

0.66

0.87

0.90

<HeV>

6.0

6.0

6.0

6.0

6.0

6.0

6.0

6.0

(f-t

0.»

0.95

0.95

0.95

0.90

0.95

0.95

0.95

1.15

1.45

0.81

0.8S

0.98

1.26

0.47

0.68

V2*

354.2

338.9

341.2

337.5

344.8

317.2

314.0

316.1

Table 1: Optical model parameters for elastic deuteron
scattering (best f i t parameters with average values for
W arid Vso).

somewhat smaller than in heavier target nuclei. The con-

of V „ and the resulting mass dependence
are in 9°°d agreement with folding model analyses

1

stant value of V „ and the resulting mass dependence of
r<-« are in 9°°d agreement with folding model analyses '

3 71g ' '3 71

based on the results of proton scattering ' '. The poten-

tial depth w , reflects no systematic dependence from

the target mass; the energy dependence is much weaker as

compared with the result in ref. 4. In contrast to ref. 4

a mass dependence but no energy dependence is necessary

for a0.

The derived formulas describe the mass and energy depen-

dence of the different optical model parameters in the

energy range between E^ = 50 and 90 MeV:
V

Wvol =

W sur f =

ao =

K.

82.2
0.86

7.6 H

0.67

0.73

- 0

h 1 .

+ 0

+ 0

.22
1^5
08 A

.028

.028

T
, „ " vol

A l / 3
A l / 3

" (MeV)
(MeV) for Edi52 MeV

(MeV)

(fm)

(fin) .

The analyses of the data measured at 52 MeV ' resulted in

very small values for W ,. Therefore w , was fixed at

zero for £d552 MeV.

In order to get a good reproduction of the experimental

data in some cases the best fit parameters are somewhat

different from the values resulting from the formulas. This

is an indication for special features of the target nuclei ',

For this reason it is important to use best fit optical

model parameters also to calculate the cross sections of

inelastic scattering and nuclear reactions9)

10° 2 0 ° 3 0 0 i 0 a 5 0 p 6 0 0 7 0 > e 0 = 9 0 ° 1 0 0 0
0CM. 1 0 ' 2 0 D 3 0 o « l D 5 0 ' 6 0 t 7 O " 8 0 B 9 0 l l O 0 '

Figure 1: Experimental angular distributions of elastic deuteron scattering and their comparison to the
results of optical model calculations. For details see in the text.
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Fig. 1 shows the data measured at 58.7 and 85 MeV in com-

parison with the optical model curves calculated with the

parameters of table 1 (solid curves), with the potential F

from ref. 4 (dashed curves) and with the "average parame-

ter set" of ref . 5 (dashed-dotted curves). The f i t s with

the parameter sets of ref. 4 and ref. 5 show partly strong

deviations in some angular regions.

Fig. 2 shows some of the angular distributions of ref. 5

and theoretical curves calculated with the potential para-

meters of ref. 5 (dashed-dotted curves) and with our pa-

rameters l isted in table 2 (solid and dashed curves).

Using the parameters of table 2 the f i t s to the vector

analysing power data are not as well as in ref. 5 but the

elastic cross sections are reproduced much better.

10° 30° 50° 70° 90° 110° t30°

N u c l .

l2C

1S0

! 8 Si

«Hi

69,

»7Au

V

{MeV)

75.4

76.5

75.3

78. S

82.1

87.2

s,
<f«0

0.74

0.73

0.77

0.77

0.80

o.ez

"surf

(HeV)

9.5

10.4

10.8

12.0

12.4

13.9

(ft.)

o.eo
0.81

0.82

0.83

0.86

0.87

(tu)

6.0

6.0

6.0

6.0

s.o
s.o

(ft)

0.85

O.BS

0.90

0.95

0.95

0.95

xVN

6.7

16.8

6.3

14.4

11.7

11.1

V»
(HeV-fm3)

4SI. 6

414.4

377.3

347.2

346.8

3 « . 3

rc • 1.30 fa; rQ • 1.18 fo ; rw • 1.27 fn j - y
so' vol

Table 2: Optical model parameters at 52 MeV, The parame-
ters are the result of fitting differential cross sec-
tions and analysing power data of ref. 5 simultaneously.

As can be seen from the figure it is difficult to get
very good fits for both, the differential cross sections
and the vector analysing power data simultaneously. But
it seems that our optical potential parameter set with
the "folding model" spin-orbit term is a good compromise
for an acceptable reproduction of both, the differential
cross sections and the vector analysing power data.
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Figure 2: Differential cross sections and vector analy-
sing power data of ref. 5 and their comparison to re-
sults of optical model calculations.
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1.2. Scattering of 130 MeV helions,on JONi

-4. Djatoeia, C. Atderliesten t J. Bojouald,

W. Oelert and P. Turek

This work reports on a measurement and a theoretical ana-

lysis of the elastic and inelastic scattering of helions

from ^li at E = 130 MeV; as for the inelastic transi-

tions, only those to the (1.45 MeV, 2+) and to the giant

resonance (GR) region (Ex £ 16.3 MeV) are considered.

The experimental details have been described elsewhere '.

The results are shown in fig. 1.

10'

t)

« •

r *

I"'
o

T3

IO-1

IO-1

Ni (i.x)
E,=OOM^

ao;o*

1.45; 2* +

t :

0° 20°
9C.M.

60° 80°

Figure 1: Experimental angular distributions for the
scattering of 130 MeV helions on 5BNi.

The elastic scattering angular distribution was analyzed
in terms of the optical model using the computer pro-
gramme OPTY ' . The analytical form of the optical po-
tential is given in ref. ' . The spin orbit potential

was neglegted for reasons reported previously"7. The cal-
culations for the inelastic transitions were performed
using the programme DWUCK70 ' . The inelastic form factors
were taken to be the f i r s t derivative of the optical mo-
del potential, i .e. complex coupling.

Theoretical f i t s to the angular distributions for the
transition to the two lowest T<i states are shown in
f i g . 2. The resulting optical potential parameters from
the best- f i t to the elastic scattering angular distr ibu-
tion are l isted in table 1. The shallow heiion optical
potential with either a volume (set TVSH) or a surface
(set TSSH) absorption gives a satisfactory description
of the data but with preference to the volume absorption
which is reflected in the lower x2-value for the elastic
scattering. This result supports the preference for the
volume absorption reported earlier ' in a model indepen-
dent analysis of other helion elastic scattering data at
E = 130 MeV. The extracted values of the deformation pa-
rameters and other related quantities for the (1.45 MeV,

: SURFACE ABSORPTION

«T-

Iff* r

" 1 0 30° 50°
©CM.

Figure 2: Experimental angular distribution for the he-
lion elastic scattering relative to that of the Ruther-
ford scattering and i ts comparison to the prediction of
the best- f i t optical potentials (top). DWBA predicted
angular distribution for the transition to the (1.45MeV,
2+) state and comparison to the experimental data
(bottom).

Set

TVSH

TSSH

u a '

(MeV)

106.7

95.5

(fm)

1.172

1.223

au
(fm)

0.873
0.779

w v
(MeV)

20.6

a 'Wbods-Saxon shape

'Woods-Saxon d e r i v a t i v e shape

c'Volume integral of potential (R = real

w b )
WS

(MeV)

19.0

rW

(fro)

1.546

1.185

aW

(fm)

0.659

0.834

, I = imaginary part) per

,X2/N

3.3

4.5

particle

V>
(MeV-fm3)

327

309

pair

(MeV-fm3)

119

107

Table 1: Helion opt ical model parameters extracted in the present work.
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Ex

(MeV)

1.45

16.3
(GR)

L-transfer

2

2

2-

V.
2

V.

ßL

0.16+0.01

0.17±0.01

0-.14*0.02

0.13

0.09

0.16+0.02

0.13

0.10

0LRU

(fm)

0.73±0.03

0.81±0.04

0.66±0.09

0.57

0.41

0.76+0.09

0.64

0.47

EWSR-fraction

<*)

5.0±0.5

6.0±0.6

46±14

35

5

63±20

43

7

Potential

Set

DVSH

DSSH

DVSH
••

11

DSSH
••

Table 2: Deformation parameters, deformation lengths and isoscalar EWSR
fraction extracted in the present work.

2+) state are listed in table 2. These values are in
reasonable agreement with those reported previously '.

For the GR case comparison between theory and experiment
for TVSH and TSSH sets in shown in fig. 3.

101 r

10°

10-

102

G
•a
D
•o

10°

10-

ET = 130MeV
Ex=16.3MeV
DWBA

VOLUME ABSORPTION

EWSR

SURFACE ABSORPTION

EWSR

:63%(L=2)
{

Hh
10' 20< 30°

9C.M.

50*

Figure 3: Experimental angular distribution for the in-
elastic scattering to the GR state and comparison with
the DWBA prediction using shallow helion optical poten-
tials (see text).

For both types of absorption considered, the theo-
retical curves (solid lines) exhibit more pronounced os-
cillations than the data. Furthermore, the positions of
maxima of the theoretical cross sections are shifted to-
wards larger angles relative to those of the experiment.
The dashed curves show the effects of including a small
(%6 56 of EWSR) L=4 admixture to the L=2 curve. The fit
quality is significantly improved because the theoreti-
cal maxima are shifted towards smaller angles and at the
same time the amplitude of the oscillation pattern is re-
duced.

The deformation parameters, deformation lengths and the
isoscalar EWSR strengths extracted in this work for the
GR region are listed in table 2. Assuming an L=2 trans-
fer (pure GQR) the isoscalar L=2 strength was found to
be about 55 %, in good agreement with the values deter-
mined previously '.,Inclusion of ̂  6 % L=4 contribution
reduces the L=2 strength to about 40 %.
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1.3. The Charged Particle Decay of the Isoscalar Giant
15 1ft

QuadrupoleResonance irv N and 0

Ph. Gerhardt P. Grabmxyr , K.T. Knöpfte 3 Liu

Ken Pao , G. Mairle , C. Mayer-BOricke, W. Nit-
ache

cyclotron JULIC at the target nuclei 15N and 180

W. Oelert, R, Riedesel t U. Rogge, K.
* # 41

Schindler t U.R. Schmidt , A. Stuirbrink , C.

SÜkösd, P. rwefc, G.J. Wagner
The decay of the isoscalar giant resonance states of l ight
nuclei proceeds via a dominant direct decay-process in
contrast to the decay of heavier nuclei ' ' ' . To get
more structure information of the giant resonance region
in light nuclei we have performed coincidence experiments
of the type (a,a'c) whereby c is the coincident charged
decay particle (p,t and a). The experiments were per-
formed with the 155 MeV a-beam of the Julien isochronous

Two
a'-telescopes were combined with 8 decay-telescopes, four
covering the range around recoil and four covering the
range around antirecoil direction. The two a'-telescopes
were mounted in the maximum of a L=2 angular distribution
(8. .=13°) symetrical to the incoming beam. The energy
resolution in the a'-spectrum was about 360 keV. To mea-
sure the L=l and L=3 contributions in the decay yield of

0 the a'-telescopes were set up at 18 and 22 respec-
tively in two additional runs.

Figures 1 and 2 show the measured single a'-spectra for
15 lfi

N and 0 (upper part) and the corresponding spectra
coincident with protons, a's and tritons.

EK(MeV)
10 40

Figure 1: a) a single spectrum of the N(a.a') reaction;
b) the spectrum after subtracting the background, indi - '
cated by the solid curve in a); c) ...h) the correspon-
ding coincidence spectra measured in recoil direction of
the excited *5N nucleus. The coincidence particle is
marked by c. The solid lines show the assumed quasi-free
contributions.

> 6

18O Ca.a')
Ea=155MeV

picVWQ

l r

750

500

250

i
o

100

50

50

20
(MeV)

18,

10

Figure 2: a-single spectrum of the * 0(a,a') reaction
(upper part). Corresponding coincidence spectra measured
in recoil direction of the excited ia0 nucleus (lower
part). The coincidence particle is marked by c. The solid
lines show the assumed quasi-free contributions.

After subtracting a yield of apparently quasi-free scatte-
ring processes (solid lines in the coincidence spectra) we
observe in both nuclei a dominant decay via the a channels.
This is wery similar to the result in 0 ' , however in

0 the strength in the a, channel is much larger than in
ic 18

the a channel. In N and 0 the experimental yield in
the « channel exceeds the predicted yield in Hauser-Fesh-
back calculations done with the code CASCADE ' . This dis-
crepancy is an indication for a direct process in this
reaction. An additional hint to a direct decay process is
the recoil-antirecoil asymetry in the angular correlation
functions. An example for this asymetry is demonstrated in

20
the case of Ne in contribution ( 1.4.) of this annual re-
port. For N and 0 the shapes of the angular correlation

20functions are very similar to those of Ne. One can explain
the asymetry by coherent mixing of different L values or
contributions from quasi-free scattering in PWBA calcula-
tions. Here a L=3 admixture was necessary to f i t the ex-
perimental data.
For the f i r s t time a triton yield was observed in the decay
of giant resonances in l ight nuclei (r./r=10 %). N is the
only l ight nucleus (A<28) which shows comparable strength
in the a- and pQ-channels. A more comprehensive analysis
of the data is in progress.
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1.4.
20Charged Particle Decay of Excited States in Ne

and " N e

C. SWköad*, K.T. Knöpfte**, C. Mayer-Böricke,

P. TurekB. Riedeael**, M. Bogge, K. Schindler *
and G.J. Wagner

The study and analysis of the charged particle decay of
?O 77

the excited states of Ne and Ne were continued. The
20Ne(a,a'c) and 22Ne(a,o'c) (c = charged par t ic le) measu-

rements were performed with the 155 MeV a-beam of the iso-

chronous cyclotron JULIC. In the experiments two a ' - t e -

lescopes situated at 13.5° symmetrically to the beam

axis and eight decay telescopes were used. The gas-target

window consisted of 2 . 4 y t h i n Havar- fo i l , thinner than in

the previous experiments ' to decrease the ef fect ive de-

tect ion threshold for the charged decay par t ic les. For

the coincidences the combination of the two a'-telescopes

with the eight non-symmetrically positioned decay te les-

copes yielded 16 points fo r the angular correlat ion func-

t i o n . Also the energy resolution of the ine las t ica l l y

scattered a ' -par t ic les was improved to 400 keV.

On the kinematic map for the o-decay ( f i g . 1) the aQ l ine

can well be separated from the other reaction l o c i .

40-

- 3 0 H

20-

10-

0

$ « S F * «o Ea=155MeV
' • ' V V Qa =-70°

' • • • . - ' • - . . ; \ .

• • . . . . . . ' , : V A

60 160 EaMMeV)

MeV 50 40 30 20 10 0

Figure 1: Map of the events in the plane of energy of
scattered part ic les (E ' ) and energy of decay-a's (Ec)
fo r 20Ne.

Although on the projection onto the 0 axis ( f i g . 1) in

some cases even the (a.c^) group could have been separa-

ted from the («304) group, in the analysis these were

treated together and in the followings they w i l l be de-

noted as a, decay.

20 22
Comparison of the decay of Ne and Ne

Fig. 2 shows a comparison between the charged par t ic le

decays of the two Ne isotopes. In the upper part of the

f igure the spectra of the ine las t i ca l l y scattered a ' -

part ic les are shown. The giant resonance region is mag-

n i f i ed as indicated. The two, well structured parts of

the sp l i t t ed GQR are clear ly seen between 12 and 30 MeV

in the excitat ion energy scale. The so l id lines repre-

sent the assumed nonresonant physical continuum.

The lower part of the f igure shows the summed spectra

sorted according to the d i f ferent charged par t ic le de-

cay channels. The summation includes a l l the measured 16

«Nel«.a\c]
Ea=155MeV 6«= US0

-r 1 "r • — ' 1 1 1 1—1—1—1—1 1 1 1
10 0 50 U) 30 » D 0

EXCITATION ENERGY (MeV)

20 22
Figure 2: Comparison of energy-spectra of Ne and Ne
measured in coincidence with decay-particles. In the upper
part the corresponding singles-spectra are shown.

angle-points. The sol id l ines show the assumed quasi-free

contributions calculated using PWIA approximation.

For both nuclei a dominance of the a decay is evident.

However, there are big differences in the absolute mag-

nitudes of the corresponding cross-sections. This can be

understood in terms of threshold e f fec ts , especially as a

consequence of the neutron-alpha competition in the decay.

Apart from structure effects th is is mainly governed by the

difference of the neutron and a-par t ic le emission shresh-

olds: 20.B„ and B . Bn-B is 12.135 MeV for the tuNe andn a n a . .

i t is only 0.7 MeV for the Ne. The Coulomb-barrier

prac t ica l ly doesn't influence the competition in the case
on

of Ne but i t may reduce the alpha emission probabi l i ty
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in the favour of the neutron emission in the case of
22Ke.

The p decay channel of
20Ne

In the yield for the pQ decay ( f ig . 2) a
quasi-free scattering (QFS) contribution is possible.
Only in the lower energy part of the giant resonance,
around 16 MeV excitation energy emerges a small resonant
part, indicated by the structure in this bump; but in
the anti-recoil direction i t cannot be seen any more be-
cause the particles were stopped in the gas-target window
due to their lower laboratory energy in this direction.
Because of the poor statistics the only possible state-
ment is that the main features of the spectrum can be
well described by a QFS model, and al l other reaction
types - although present - play only a minor role.

The a decay-channel of 'Ne

Much more interesting is the oQ decay channel ( f i g . 2).
The spectrum is rich in structures. Angular correlation
functions were extracted for 12 excited states ( f ig . 3).
The most striking characteristics of them is the increa-
sing forward-backward asymmetry and the decreasing half-
width of the angular correlation functions with increa-
sing excitation energy.

2°Ne(a,<z'.cie) Ea=E5MeV 6a'=13.5°

ANGULAR CORRELATION OF T * DECAY OF EXCITED STATES

-100" 0° 100° 200" 6° WO"
9C.M. (0°=Recoilaxis)

Figure 3: Angular correlation functions for some excited
2+-states in 20Ne which decay to the ground state in 160.
The curves are f i t s with coherent amplitudes for L=2 ex-'
citation and quasifree scattering according to eq. 1.

At 12.9 MeV excitation energy there is a state that was
thought to have monopole character on the basis of our

1 21previous measurements ' ' . Now, due to the more extended
angular range i t turned out that i t has a quite pure L=2
angular correlation function with a half-width of about
50° and with practically no asymmetry.

2 3)I t was shown ' ' , that for explaining asymmetries in the
angular correlation functions mixed multipolarities of
different odd-even parities are needed. Generally some
contributions of 3* or 1" to the dominant 2 multipolari-
ty were used4'. In our case i t turned out however, that
for explaining the observed asymmetry and the small half-
width at least 5" contributions would be needed. Instead
of mixing two pure multipolarities, our idea was to ex-
plain i t in terms of coherent interference between the
dominant L=2 excitation and the quasi-free scattering
present everywhere in the studied excitation energy range.
This latter has no f ix multipolarity but i t is delocalised
in the angular momentum space. This delocalisation was de-
termined by developing the angular dependent part of the
quasi-free scattering amplitude in spherical functions.
Then the measured angular correlation points were f i t ted
using the function;

W expt 9 > 5 ' ( s i n 6 V ^" ' P 2 C c O S Ö ) + c 0 S 5 'Vs ( e ) ) 2 « I ' 1

Here the 6 is the mixing angle for the two interfering

reactions and S is related to the angular integral of the

angular correlation functions. Fig. 3 shows the fits to

the experimental points (solid lines).

Also in the a, decay channel we observed a quasi-free

scattering contribution. Because the a,,a2 and a-.c^ de-

cays could not be separated in the experiment the theore-

tical treatment of these angular correlation functions is

hardly possible and so only very few physical informa-

tions can be extracted.

20,22,
The detailed analysis of the data for

sented elsewhere '.
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1.5. Splitting of the Giant Monopole Resonance in

Actinide Nuclei

H.P. ht M. Fogge, P. Tvrekt C. Mayer-Böricke

Recent studies of the giant monopole resonance in heavy

nuclei ' have been continued by investigating a scatte-

ring from Th and -TJ. To disentangle giant monopole

(GMR) and giant quadrupole (GQR) resonances ' measurements

have been performed at 100 and 172 MeV. Because contami-

nations of H, C and 0 could not be avoided in the targets

for most of the angles measured contaminant spectra have

been taken which have been substracted from the Th and U

spectra. These are given in fig. 1. No contamination was

3000

2000

500

250
I/)

O

o
5000

iOOO

3000

500

25C-

- EK=100MeV

eLab.=13°

Ea =172 MeV

a+238U

« = 172MeV

2000

1000

O
O

2000

1000

15 10 20

Ex (MeV)
10

Figure 1: Spectra of 100 and 172 MeV a scattering from
z " T h and 238\i. Background and fits to the giant reso-
nances are indicated. Left bottom parts: giant resonance
peak (from the right hand spectra) after background sub-
traction.

substracted in the 100 MeV spectra displayed. At the lower

incident energy a quite symmetric giant resonance bump is

observed (see also ref. 3) which is mainly due to L=2 ex-

citation. In contract, an asymmetric form of the giant

resonance peak is found at 172 MeV. Further, the maximum

of the resonance peak is about 600 keV lower in excitation

energy than the giant resonance peak in the 100 MeV spec-

tra. This is clearly seen on the left hand side of fig.l.

Such effects have not been observed for the other nuclei-

studied previously '. As a consequence of this fact in a

first fit of the giant resonance peaks no good description

of the 172 MeV data is obtained (dashed lines in fig. 1).

In this analysis four Gaussian peaks (as in ref. 4) are

assumed for GQR, GMR and the new giant resonances found

recently '. Only if we assume a splitting of the monopole

resonance into two peaks, one below and one above the GQR,

a good fit to the data (solid fit lines in fig. 1) is ob-

tained. Energies and widths (except for the bump at

E ^20 MeV) are given in table 1. Fig. 2 shows the diffe-

rential cross sections in comparison with microscopic

DWBA calculations.

10

a+238g

Ea=172MeV

Ex = 10.8 MeV

ec.M.Figure 2: Differential cross sections and DWBA calcula-
tions! The angular dependence of the background in the
region of the GQR is shown in the right bottom part.

The angular distributions for the GQR show more pronounced

structure than found for Pb ' . They are well des-

cribed by a mixture of L=2 and 4 excitation with strengths

given in table 1. Although the width of the GQR is larger

232Th

2 3 8u

E (MeV)

9.6±0.3

10.9+0.3

13.810.4

9.3±0.3

10.810.3

13.710.4

r (MeV)

2.310.3

3.010.4

3.010.5

2.010.3

3.010.4

3.010.5

L

0

2,4

0

0

2,4

0

S(% EWSR)

28

62,10

66

30

66,10

65

Table 1: Resonance parameters and sum rule strengths for
L=0, 2", 4 excitations. The L=0 strengths are obtained
using a transition density similar to pjR3 in ref. 5.

208
than in the case of Pb no L=6 (or L=3) component was

needed to f i t the data. This may indicate that due to

deformation effects in the present cases the higher mul-

tipole strength is strongly spread in energy and there-

fore contributes mainly to the substracted background.



The angular d istr ibut ions of the other resonances in

table 1 are consistent wi th the assumption of L=0 excita-

t ions. The additional component wi th Ex<10 MeV has the same

features as the high energy monopole resonance: i t s

strength is very small in the 100 MeV f i t s but contribu-

tes s ign i f icant ly to the 172 MeV data. The sum rule

strengths for both L=0 excitat ions (table 1) exhaust about

the same monopole strength as found for 2 0 8Pb. These

facts indicate a s p l i t t i n g of the monopole excitat ion in

Th and U. Such features of the GMR in deformed nuclei

have been predicted by microscopic ca lcu la t ions 6 ' 7 ^ . They

can be understood as mixing of GQR and GMR.
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1.6. Evidence for New Giant Resonances in Heavy Nuclei

H.P. Morsah, M. Bogge, P. Turek, C. Mayer-Böricke

Within a systematic study of giant resonances in heavy

nuclei the region above the giant monopole resonance

(GMR) has been investigated. The Pb spectra in f i g . 1

indicate broad structures extending from the GMR up to

about 28 MeV of excitation. This region was analysed in

our spectra by assuming a background as indicated in

f i g . 1. As clearly seen in the figure a different shape

of the high energy bump is observed at different scatte-

ring angles, this indicates the excitation of more then

one resonance. A consistent f i t to the data is obtained

by assuming two resonances at Ex = 17.5±0.8 MeV and

Ex = 21.3 + 0.8 MeV. Differential cross sections are given

in f i g . 2. They show quite pronounced structure which in-

dicate excitations of rather pure multipolarity. The lines

in f i g . 2 represent results of microscopic DWBA calcula-

tions which are discussed in more detail in refs. 2,3.

The data for the 17.5 MeV resonance are well described

assuming L=3 excitation with a strength of 60 * of the

EWSR strength. This is in good agreement with (e.e1) re-

sults ' . The excitation of the 21.3 MeV resonance was

interpreted assuming an isoscalar giant dipole resonance.

This is considered as a compressional mode of excitation

(squeezing mode) which is related to the nuclear breathing

mode (GMR). Assuming a transition density as discussed

i / )

o
o

6000

4000

200(

1000

500

I I I I 1

Ex (MeV) 20 0
Figure 1: Spectra of 172 MeV a scattering from 208Pb. The
background lines and f i t s to the giant resonances are in -
dicated. The dashed lines represent the sum of GMR and
GQR.

in ref. 3 the cross sections in f i g . 2 correspond to

90 % of the EWSR for isoscalar dipole excitation.

I t should be noted that a collective isoscalar l " exci-

tation was predicted by ref. 5 close to the excitation

energy of the high lying resonance at 21.3 MeV.

Fig. 2 shows also the cross sections for the resonance at

Ex =13.8 MeV analysed with the new background form in

f i g . 1. As compared to the analysis in ref. 6 the cross

section is increased and shows a less pronounced dif f rac-

tion pattern. These differences can be explained assuming

a small contribution of higher multipolarity (L=4, 3.5 %

EWSR; L=6, 6 % EWSR).

Clear evidence for the existence of the high lying giant

resonances is obtained also for other heavy nuclei. The

spectra from Th and 38U (shown in sect. 1.5.)indicate

these high lying excitations. Similar to the case of Pb

the spectra taken at different angles show that the high

lying bump consists of more then one- resonance. The angu-

lar distribution (see f i g . 2 insect. 1.5.) is consistent

with a sum of L=3 and 1 excitation exhausting about 45

and 90 % of the corresponding EWSR strength.
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0.1

/ \

\J \ A * L=2
-. / \ (isovectorquadrupole)

10° 15° 20° Q C K

Figure 2: Differential cross sections for excitation of
the 3" state at 2.61 MeV, the GMR and the new high lying
giant resonances in comparison with DWBA calculations.
Also the angular dependence of the background under the
new resonances is given. The dot-dashed line indicates
the estimated cross section (ref. 2) for excitation of
the isovector giant quadrupole resonance (Ex^23 MeV).
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1.7. Small Angle Measurements of a Scattering from
208pb

H.P. Morach, S.A. Martin, G.P.A. Berg» J. Meiee-
burger, M. Rogge, P. Turek, C. SükÖed, J. Reich

To study giant resonances at low momentum transfer we
started small angle scattering experiments using the mag-
netic spectrograph Big Karl. The 172 MeV a beam was used
for these experiments. This yields strong excitation ' of
giant resonances. The beam analysing system was run In the
achromatic mode, midplane and exit slits of the monochro-
mator were used to clean up the beam. In first test runs
we were able to measure to forward angles as low as 1.4°.
Below 2° the background was increasing, so more efforts
have to be made to obtain good results in this extreme
small angle region. A spectrum of the giant quadrupole
region taken at 3.4 is shown in fig. 1. The arrows indi-
(/)
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Figure 1: Spectrum of 172 MeV a.scattering from 2 0 8Pb. Po-
sitions of giant quadrupole, giant monopole resonances and
the structure at 9.3 MeV are indicated.

cate the position of giant quadrupole (Ex = 10.9 MeV) and
monopole excitation (Ev = 13.8 MeV). Also the structure at

219.3 MeV. ' is quite strongly excited. Apart from a study
of these excitations in the small angle region the new
giant resonances ' (L=3 and 1) are of particular interest.
They should exhibit large differences in the angular re-
gion below 3°.
References

1) H.P. Morsch, M. Rogge, P. Turek, C. Sükösd and C. Mayer-
Böricke, Phys. Rev. C20, 1600 (1979)

2) H.P. Morsch, P. Oecowski and W. Benenson, Phys. Rev.
Lett, 263 (1976) and Nucl. Phys. A297, 317 (1978)

3) H.P. Morsch, M. Rogge, P. Turek, C. Mayer-Böricke, Phys.
Rev. Lett. 45, 337 (1980)



1.8. Coulomb Excitation of the Giant Dipole Resonance

in Hadron Scattering

P. Decoueki and H.P. Morsah

Recently strong efforts have been made to study the exci-
tation of giant resonances in hadron scattering at small
momentum transfer. This allows to distinguish between
giant monopole and quadrupole excitation. In heavy nuclei
the excitation energy of the giant monopole resonance
coincides with that of the isovector giant dipole re-
sonance (GDR). This raises the question to which extend
the GDR is excited in hadron scattering. The nuclear exci-
tation of the GDR is usually quite weak ' , however, in
small angle experiments Coulomb excitation could be of
large importance. This is supported by recent estimates ^
which suggest that Coulomb excitation of the GDR may be
the dominant contribution to small angle spectra in
the giant resonance region for different scattering
systems.

There are problems in calculating Coulomb excitation of
dipole type in the standard DWBA codes. The form factor
fal ls off quite slowly to large distances. This requires
a computation up to large radi i . Further the cut-off
(even at large radii) gives rise to convergence problems
in the calculation of differential cross sections. Typi-
cal examples for differential cross sections calculated
by the DWBA program DWUCK are shown in f i g . 1 by dashed
(dot-dashed) lines using 130 (lOO)and 90 (70) partial
waves for a and He scattering,-respectively.

In order to take into account the integration of the
Coulomb excitation up to inf in i ty and to avoid cut off
problems we made calculations using analytic forms of the
Coulomb integrals ' . In practice this was done by calcu-
lating DWBA scattering amplitudes up to a cut-off radius
of 26 fm. Coulomb correction terms were added which
approximate the integral from the cut-off radius up to
inf ini ty. The results given by the solid lines in f i g . 1
yield smooth angular distributions. The absolute cross
sections are fixed by the energy weighted sum rule. The
forward angle cross sections for He and a scattering
with energies of about 100 MeV are of the order of
1 mb/sr. This is much lower than the experimental cross
sections ' indicating that at these energies the giant
monopole resonance is excited dominantly. Cross sections
for a scattering at different incident energies are given
in f ig . 2. The small angle cross sections increase rapid-
ly with incident energy. This may indicate that Coulomb
excitation of the GDR may be the dominant process at high
incident energies.
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Figure 1: Calculated cross sections for Coulomb excita-
tion of"the GDR in 3He and a scattering from Pb. The
shaded areas show the change of cross section by using
different numbers of partial waves as in the case of
broken lines.
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1.9. Giant Resonances Observed in a Induced Fission of

H.P. Morsch, M. Rogge, C. Siiköed, H. Machner,
P. David , J. Debrue , R. Janßen and J. Schulze

In recent scattering experiments at different laboratories
the decay of the giant quadrupole resonance (GQR) into the
fission channel was investigated '. Although the inter-
pretation of the data is controversial, no significance of
fission decay of the GQR is observed in the coincidence
spectra. To investigate the fission decay of giant reso-
nances in actinide nuclei a induced fission was measured
at an incident energy of 172 HeV. At this energy giant
resonances are stronger excited than at lower incident
energies, so more definite results on the fission decay
of giant resonances are expected. Inelastic a particles
were detected at an angle of 13°. Coincident with these
inelastic events fission products were measured at angles

of -75° (recoil axis for E 11 HeV), -100°, -120°,
x

-140°, -165° in plane and 90° out of plane. A strong peak at
about B- is observed at angles close to the recoil axis
which is due to threshold effects, further smaller peaks
above B , and 3O c which are due to second and third

nf tnt
chance fission (see f i g . 1). In addition to these sharp

I/)

O
O

200

238|j(a,a'f)

Ea = 172MeV

0a'= 13°
8 f =75°

1: Spectrum of 172 MeV a scattering in coincidence
with fission decay in recoil axis (for Ex = 11 MeV).

structures a broad bump is observed which extends from
B n f up to about 28 MeV of excitation. This coincides
with the high energy bump in the singles spectra (see
fig. 1 in sect. 1.5.) which is due to excitation of new
giant resonances '. In contrast to these excitations
which are seen quite strongly in the fission decay there
is only weak evidence for the fission decay of the GQR
(Ev = 10.8 MeV). This may indicate that the GQR has quite
different decay properties than the new giant resonances '.
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1.10. Isoscalar Transition Rates in 14>15N and 17*180

Ph. Gerhardt

Liu Ken Pao
*

* *
P. Grabmayr , K.T. Knöpfte ,

C. Mairle t C. Mayev-Böricke>

W. Sitsahe , W. Oelert, B. Riedeael , M. Rogget

K. Schindler , H.E. Schmidt
C. Stiköadj G.J. Wagner*

A. Stuirbrink

14 15Collective excitations of the target nuclei * N and
17 18

' 0 were studied at the Jlilich cyclotron by inelastic
scattering of 155 MeV alpha particles1.2) Isoscalar tran-
sition rates were extracted by comparing the experimental
angular distributions to DWBA calculations using collec-
tive form factors. The relevant optical potential para-
meters were obtained by analyzing the elastically scat-
tered alpha particles. The ratio of the matrix element
for protons and neutrons could be determined by compari-
son to electro-magnetic transition rates for deep lying
states. For quadrupole transitions the values of this
ratio exceed the (in a collective model ' ) theoretically
expected values N/Z in al l nuclei with neutron excess.
In the excitation energy range of the giant resonance
dominant E2 strength was found in al l nuclei, see Fig. 1.
Between 30 and 60 % of the energy-weighted isoscalar sum-
rule strength was found. The shape of the energy spectra
changes with reaction angle in the region of the giant
resonance, suggesting contributions from different multi-
polarities. In fact, for some resolved fine structure
peaks E3-strength could be observed as can be seen in the
figure.
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Figure 1: Experimental and DWBA-theoretical angular distributions for alpha inelastic scattering
to final states and to excitation energy regions in the range of the giant resonance.
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1.11. Continuous Spectra of Protons and Deuterons from
the a+a Interaction at E inc 110 - 172 MeV

* •
G. Paii , B. Antolkovii t A. Djaloeie, J. Bojo-
wald and C. Mayer-Böricfte

Analysis of the continuous spectra of protons and deute-
rons from the a+a interaction at E. = 110 - 172 MeV has
been completed. The experimental spectra have been com-
pared with the predictions of the Fermi statistical par-
t i t ion model . At each angle the absolute and relative
magnitudes of contributing n-body final state components
have been extracted. The theoretical curves obtained are
shown together with the experimental spectra in Figs. 1
and 2.

Ea=1724MeV Ea = t72.4MeV
1.0-,

ö 40 ao '

Ep(MeV)
40 80 120

Ep(MeV)

Figure 1: Inclusive proton spectra from a+a interactions
measured at different angles at Ea = 172.4 HeV. The thin
dashed curves represent the f i t s obtained applying the
Fermi statistical partition model. The thick dashed curve
represents the prediction of the Serber mechanism for a
three-body final state. The structures at low energies at
10° and 150 are due to the sequential processes involving
the formation and decay of 5 L i .

Ea=172.4 MeV Ea=172.4 MeV

Figure 2: Inclusive deuteron spectra from a+a interactions
measured at different angles at Ea = 172.4 HeV. The thin
dashed curves represent the f i t s obtained applying the
Fermi statistical partition model. The thick dashed curve
represents the prediction of the Serber mechanism for a
three-particle final state (that curve is represented
with two different normalizations); the dot-dashed curve
represents the same prediction when a four-body final
state is assumed. The structures at low energies at 10°,
15° and 20° are due to the sequential processes involving
the formation and decay of 6 L i .

To test for the possible contribution of a quasifree
breakup to the continuum, some theoretical spectra have
been calculated in the framework of the Serber ' mecha-
nism. The spectra are shown for 8 = 10° at E = 172.4 MeV
(Figs. 1 and 2) where the contribution of such a mecha-
nism is expected to be the largest ' .

In the case of the deuteron spectrum, the theoretical
energy distributions were calculated assuming, both three
and four particles in the final state. The curves obtained
are shown in Figs. 1 and 2.

From the comparison of the continuum part of the proton
and deuteron experimental spectra with the predictions of
the applied model i t is visible that the Fermi s ta t is t i -
cal partition model gives a very satisfactory agreement
to the overall shape of the spectra. However, at forward
angles the p and d spectra exhibit an enhancement above
the theoretical prediction of the Fermi partition model
at 50*E *80 MeV and at 60*Ed*80 MeV, respectively. As
shown by the theoretical curves calculated using the
Serber mechanism one cannot rule out a small contribution
from this mechanism.

The experimental angular distributions for different
breakup modes are given in Figs. 3 and 4. The differen-
t ia l cross sections indicate that, according to the Fermi
partition model, the process is not purely isotropic in
the center of mass system. The theoretical cross sections
calculated from the Fermi partition model (assuming iso-
tropy in the cm. system) are shown for two modes of de-
cay in Fig. 4. I t is visible that the f i t s of the model
for the angular distributions are much less satisfactory
than in the case of the spectral shapes. The agreement in
the shape of the spectra can be understood under the
assumption that anisotropy in the center of mass does not
affect the spectral shape too much. I t is also necessary
to say that isotropy is not a requirement of Fermi's mO-
del, as i t was pointed out by Hagedorn ' . The isotopry
was introduced only to make the calculations possible at
this stage.

The agreement between the data and the Fermi statistical
partition model indicates that:

( i ) the emitted particle forming the continuous spectra
mainly stem from processes involving very low par-
t ia l waves, and furthermore,

( i i ) the colliding system at these low partial waves
appears to form a fused system allowing total energy
sharing among al l participating particles, followed
by an explosion in the available phase space.

For reactions among light nuclei, this mechanism which
has already been extensively used in high energy physics ',
therefore constitutes an important supplement to the peri-
pheral phenomena involved in two-body or quasi two-body
processes " ' which usually include only higher partial
waves of the relative motion of the particles in the in -
cident channel.
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1.12. Investigation of the Reaction iJC(p,a)luB for

Proton Energies from 22.5 to 45 MeV

S£. AbdelKariem t F. Weng*t G. Staudt*

Recent studies ' of few nucleon transfer reactions on

light nuclei have been continued by investigating the

reaction C(p,a) B up to an excitation energy of about

6 MeV. The experiments were performed with the proton beam

of the isochronous cyclotron OULIC. Both solid state and

gas targets (methane) enriched with C were used. The

outgoing a-particles were detected through a iE-E counter

telescope.

101 \ _

I
f

10

IO1 ! .

90
cm.

Fig. 1: Differential cross sections for 13C(p,a)10B at
En = 22.5, 31 and 41 leading to final states in 10B up to
E* = 6.03 MeV. The solid lines represent Legendre poly-
nomial f i t s .

In figure 1 differential cross sections for ten transi-
10 x

tions populating states in B up to E = 6.03 MeV are
given fnr three incident energies (E = 22.5, 31 and 41
MeV), but the transitions to Ex = 5.17 and 5.18 MeV, and
to Ex = 5.92 and 6.03 MeV, respectively, are not resolved.

10

mb 0-9

g.s.

13*0)

13C(p,a)10B

4,77
(3*.O)

5.92*6,03
(2*,0) 1

10 20 30 405060 10 20 30 4050MeV

Fig. 2: Energy dependence of angle integrated cross sec-
tions en-go fnr the (p,a) transitions on 13C given in
figure 1.

In figure 2 the integrated cross sections OQ_QQ are
shown together with data of lower energies^). The value
for the ground state transition at ED = 65 MeV is taken

31
from-literature ' . From the shape of the angular d is t r i -
butions as well as from the energy dependence of the inte-
grated cross sections one can conclude, that at incident
energies of about 25 MeV the direct reaction mechanism
starts to predominate. This conclusion agrees with results

41of previous investigations ' .
Parentage amplitudes for three nucleon transfer reactions
on lp shell nuclei are calculated by Kurath and Millener ' ,
using SU3 formalism. With these predictions the relative
magnitudes of the integrated cross sections on_q0 at
E = 41 MeV are well accounted for ( f ig . 3). This result
shows, that f i r s t a three nucleon pickup on l ight nuclei
passes through a tr i ton cluster in a relative 0s-state
mainly ' , and that secondly the influence of the kinematic
effects on the transition strength is of minor importance,
because the comparison between spectroscopic and experi-
mental data does not contain any correction from DWBA cal-
culations.

Investigations on other nuclei of the lp- and sd-shell led
to similar results ' .
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Fig. 3: Spectroscopic strengths (black bars) in compari-
son with experimental cross sections (opten bars) of
13C(p,a)10B at E = 41 MeV.
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1.13. Investigation of the 54 '56 '58Fe(d.3He)53 '55(57Mn

Reactions at 80 MeV

N.G, Puttasuamy, V. Oelert, A. Djaloe-iet C. Mayer-

Börioke and P. Turek

Improved shell-model calculations are now being made ' for
nuclei around doubly-magic Ni. In order to determine the
spectroscopic factors (S-factors) for such nuclei, we have
studied the (d,3He) reaction on the even iron isotopes at
E.=80 MeV. The 54Fe(d,3He) reaction has been studied pre-
viously at 51.7 MeV2) and 34.4 MeV3' but the S-factors
were extracted using zero-range, local DWBA. The
56>58Fe(d,3He) reactions have been studied for the f i r s t
time.

An energy resolution of about 70 keV has been obtained
using counter telescopes. The He spectrum from the
54Fe(d,3He) reaction at 0 l a b = 9.9° is shown in f i g . 1.
Energy levels up to an excitation energy (Ex) of 4 MeV
are known from previous studies ' ; in the present experi-
ment, we see significant cross section for states with
4<EX<7 MeV. Experimental angular distributions in the
range 6°<9, . <35° are compared with predictions from DWBA
calculations which include finite-range and non-local
effects. The energies and S-factors for the strongest

f7/2* s l /2 a n d d3/2 h o l e s t a t e s i n Mri-nuc le i are given
in table 1. The predictions of shell-model calculations
using the modified Kuo-Brown interaction are also shown
in the table. A detailed comparison between experimental
and theoretical S-factors is now being made.
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-
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SI.7 MiV)

34.4 *V)

E .

0.13
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J.73
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2.S2
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3.14

-

-

E»

0.084

1.76

1 . »

Eipt

2-49

0.59

1.38

w>
2.13

•

-

Table 1: Excitation energy (Ex) and spectroscopic-factors
(C^S) for the strongest fj/z* sj/2 a n d d3/2 hole-states
in Mn-nuclei.
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Figure 1: Spectrum of 3He particles from the 54Fe(d,3He)53Mn reaction at 9lab=9.9° and Ed=80 MeV.
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1.14. Helion Induced Reactions on some s-d Shell Nuclei i-induced reactions at Ex »130 MeV

A. Djaloeia, S. Gopalj J. Bojowald, C. Mayer-

BÖricke, W. Oelert, N.G. Puttaewamy and P. Turek

27

T-spectra:eLOb=9° a-spectra:eLab.=9a

Triton spectra from helion ( T ) induced reactions on Al at

E =130 MeV are found to exhibi t an additional l i t t l e bump at

10 i Ev % 22 MeV in the residual 27Si nucleus1*. In view
A

of th is , fu r ther experiments have been performed on
24,25,26Hg a n d 28$ i t a r g e t s > Experimental method and

arrangement were simi lar to those used previously ' . The

d - , t - , T- and o-spectra were accumulated simultaneously.

Examples of d- and t-spectra and T- and a-spectra are

shown in f i g s . 1 and 2, respectively. I t is interest ing

T-induced reactions at Et = 13OMeV

* » d-spectra „ t-spectra

20 10
Ex I MeV 1

20 10
Ex(MeVI

?5 ?6
to note that in the t-spectra from Hg and Hg target
nuclei, the bump also appears as in case of Al in the

1O$£V$22 MeV region, whereas i t pract ical ly disappears
?4 28

in the Mg and Si cases. Since the observed feature

is probably due to nuclear structure ef fects, i t would be

worthwhile to study the exci tat ion energy region of

interest i n terms of some microscopic models.
Data reduction for t ransi t ions to low-lying levels has

been pa r t i a l l y completed and is s t i l l in progress. F ig . 3
27 28

shows detailed d-spectra for Al and Si targets in the

low exci tat ion energy region. The overall energy resolu-

t ion is about 500 keV. Peak ident i f i ca t ion follows from

the energy ca l ibrat ion and the Endt and van der Leun

compilation ' . For unknown peaks the i r centroid positions

are estimated to be correct to within 100 keV. Figs. 4

and 5 show angular d is t r ibut ions for transit ions to the

levels (peaks) indicated i n f i g . 3. Analysis i n terms of

the DWBA theory is in progress.

»Mg

l i 1

l
•s

J

60 40 20
Ex (MeV)

30 20 10 0
Ex (MeV)

5000

«Al(t.dl»Si
Ex =130 MeV
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1.15. Measurement and DWBA Interpretation of the

TH(x.d) Cu Reaction at a High Incident Energy

A. Djaloeia, C. Alderliesten t J. Bojawald,

C. Mayer-Böricke, W. Oelert and P. Turek

This work

of the 58Ni(T,d)59Cu reaction at E
reports on a measurement and a DWBA analysis

5 9
 T 130 MeV. Angular

d i s t r i bu t i ons o f four strong t rans i t i ons leading to the

(0.0 MeV, 3/2"), (0.91 MeV, 5/2"), (3.04 MeV, 9/2+) and
594.11 MeV states in Cu, respectively, have been obtained.

All of them, except the one to the proton-unbound
4.11 MeV state, have been theoretically analyzed in the
frame-work of the zero-range DWBA theory using the
DWUCK ) programme. Experimental details and methods of
extracting the experimental cross sections have been
described elsewhere '. The resulting angular distribu-
tions are given in fig. 1.
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Figure 1: Experimental angular distr ibutions of the
ööNi(x,d)59Cu reaction at ET = 130 MeV.

A l i s t of the optical model and DW8A parameters used in

the present work is given in table 1.

Fig. 2 shows the comparison between the experimental data

and the theoretical predictions based on the published

surface type helion optical potentials and the pub-
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Table 1 : Optical model+ and DWBA parameters

10-1

10-2:

58Ni(t,d)59Cu
ET =130 MeV
ZR-DWBA

- — :DSDH FSSD
:DSDH BSSD
:DSSH FSSD

•:DSSH BSSD

0° 20e

ÖC.M. 40° 60°

Figure 2: DWBA predicted angular distributions of the
"^Ni(T,d):>8Cu reaction for the transitions leading to the
(0.0 MeV, 3/2"), (0.91 MeV, 5/2") and (3.04 MeV, 9/2+)
states in 59Cu as predicted by various combinations of
helion and deuteron optical potentials (published surface
type -r-potentials in combination with published d-poten-
t i a l s ; see table 1).

l ished3 '4* deuteron optical potentials BSSD and FSSD

(table 1). Cross sections predicted by the shallow po-

tentials (SS and VS) are in general almost an order of mag-

nitude higher than those by the deep ones. In addit ion,

- 21 -



the shallow potentials fail to reproduce the shape of
the experimental (E„ = 0.91 HeV, 5/2") and (Ev = 3.04 MeV,
9/2 ) angular distributions. Except for dips at
8c.m. * 8 ° " the deep potentials give a reasonable descrip-
tion of the ground-state transition. For 9 « 20°,
similar conclusions can be drawn for the other two tran-
sitions. At larger angles the deep potentials predict
cross sections which are consistently larger than the
experimental values. In general, replacing BSSD with
FSSD does not give significant effects.

The angular distributions of the (x.d) reaction predic-
ted using the helion potential sets TSDH and TVDH
are shown in fig. 3. For each transition, the value of
the spectroscopic factor CCS . has been extracted by
matching the theoretical curve to the experimental angu-
lar distribution. The error involved in this procedure
is about 30 %.

10

1.0

0.1

- Potential:
T d

TSDH FSSD
TVDH
TSDH BSSD

20°
'am.

Figure 3: DWBA predicted angular distributions of the
söNHi.dJ^Cu reaction for the transitions leading to the
{0.0 MeV, 3/2"), £0.91 MeV, 5/2") and (3.04 MeV, 9/2*)
final states in 59Cu. The calculations were performed
using the helion optical potentials obtained in this
work, combined with the BSSD deuteron potential (see
table 1).

The extracted values of C2S£. are 1.0+0.3, 4.1±1.2 and
2.7±0.9 for the (0.0 MeV, 3/2"), the (Ex = 0.91 MeV,
5/2") and the (Ex = 3.04 MeV, 9/2+) states, respec-
tively. Considering the errors involved and the scatter
of the corresponding values available in the literature5 ' ,
the present results can be regarded as reasonable. The

DWBA analysis of the present data of the 58Ni(T,d)
59Cu

reaction at E T = 130 MeV indicates that satisfactory
fits could only be achieved when the optical potential
in the entrance channel is represented by a deep helion
potential (V T % 150 MeV). This result seems to be at
variance with that found in the previous1' analysis of
the Ni{T,o) reaction at the same incident energy where
a shallow T optical model potential is needed to des-
cribe the data. It is worth pointing out that a similar
discrepancy also exists in the T optical model potentials
needed to describe the 51V(d,-r)50Ti (ref. 6) and the

Ni(t,a) Ni (ref. 7) reactions at relatively high in-
cident energies. Furthermore, the use of a deep T opti-
cal model to describe the present data is consistent
with results of similar analyses of the 58Ni(t,d)59Cu
reaction at E T = 90 MeV (ref. 8) and

 12C(T,d)UN reaction
at E T = 80 MeV (ref. 9). In fact, the authors of ref. 9)
investigated this problem in detail and argued that the
finite range effects could not account for the qualitative
discrepancy between shallow and deep T potentials. The
need for a shallow x potential to describe the 130 MeV

Ni(-r,a) data ' and a deep one for the present case
might be related to the oversimplification of the actual
reaction mechanism by the DWBA theory.

In spite of the seeming discrepancy in the absolute depth
of the real part of the helion optical potential involved
in the analysis of the 58Ni(T,d)

59Cu and 58Ni(T,o)
57Ni

reactions, it is worth noting that a good DWBA description
of the experimental data seems to require the relation

(a+x) V V a t 0 be satisfied. Here represents the
bound-state potential depth of the transferred particle x.
In the present case, since Vb •*• 70 MeV, fixing V, * 70 MeV

x •* a

leads to V T * 140 MeV, a value close to the observed re-
sults. It is worth mentioning that the potential depth -
relation is also satisfied by the d and T optical model
potentials used in the analysis5' of the 58Ni(T,d)

59Cu
reaction at 35 and 39 MeV. However, the relation does not
seem to be able to give information on the absolute
depths of the optical potentials involved. A similar con-
clusion based on theoretical arguments was given by
Stock et al. 1 0 J.
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1.16. Angular and Target Mass Dependence of the "Broad
Structure" in Triton Spectra from ( t . t ) Reac-
tions at E = 130 MeV

5. Gopalt A. Djdioeia, J. BoöcnxXd, 0. BoitBahid,

C. Mayer-B&ricV&s W. Oelertt N.G. Puttaawamy and

P.

Observation of a broad structure ("bump") in t-spectra

from (r.t) reactions at 68 and 90 MeV (ref. 1) and

130 MeV (ref. 2) has been reported. Here we present the

results of further experimental works at E T = 130 MeV

which have been performed with the following objectives:

(i) to study the A-dependence of the t-bump cross sec-
27 59 93 197tion; for this purpose Al, Co, Nb and Au

were used as targets, and

(ii) to extract angular distributions of the bump cross

section; for this purpose triton spectra have been

measured from 7.5° to 24° (lab.) in 1.5° steps.
2)

The experimental details have been given elsewhere '.

27Fig. 1 shows some of the measured triton spectra for Al,
CO Q'i 1Q7

Co, Nb and Au targets. The spectra at very forward
angles (9. =9°, 10.5°) exhibit a pronounced and asymmetric
broad structure ("bump"). I t can be seen that the t-bump
cross section fal ls rapidly with angle and that the bump,
except perhaps for Al , practically disappears at
9L=24°. I t is interesting to note, that for 27A1 case, an
additional small bump (shown by an arrow) located at

27EJK18 MeV of the residual Si nucleus is observed.
i.:

0.6-

I/)
\
.aJ
•o
CJ

27AM r. t )
ET=l30MeV

93Nb(rt)
ET=130 MeV

0 L . • •

03-

Fig. 2 shows the angle-average values of centroid energy

E and FWHM r as a function of A. These values are found

to be independent of A. The target-average of these

values are F *87±2 MeV and 7*48±2 MeV, close to 2/3E
C T

and 1/3E , respectively. This feature is similar to that
observed previously1' / . The r value is almost twice as
large as Nomura's estimate3^ r = / E ^ B ^ T ) ' , Bd(x) being
the deuteron binding energy in the projectile.
Fig. 3 shows the A-dependence of the t-bump cross section
for 9,=9°, 12°, 15° and 18°. The bump cross section tends
to favour the A ' dependence at forward angles (9L=9°,
12°, 15°); however, considering the error bars, the A
dependence cannot be ruled out. At 9L=18°, the A ' de-
pendence is more favourable.

Fig. 4 shows angular distributions of the t-bump cross
section (in lab. system). For all measured targets the
cross section tends to decrease exponentially with angle,
possibly with a weak oscillation pattern superimposed.

03-

3.0
197Au(Tt)

. ET = 130 MeV

• * * — ^ - — ^ ^ ^ ^

^-9°
/>tO.5°

Mit/ /rü°

yr//rW>

W//

40 80

(MeV)
120

27 59 93 197
Figure 1: Measured t-spectra from (x,t) reactions on " A l , ""Co, Nb and Au targets at ET = 130 MeV.
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Figure 2: Target mass (A) dependence of the extracted
centroid energy Ec and width r of the t-bump. Dashed
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text).
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t-Eump cross sections for 2 7 A1 , 59Co, 93Nb and 197Au
targets at ET = 130 MeV.
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1 .17 . Study of the Reaction Mechanism of the Alpha-

Transfer on sd-Shell Nuclei

W. Oelevtj A. Djaloeia
P. Turek

and

The effort of extracting quantitative information on-' /
spectroscopic strength distributions of four-nucleon
correlations in nuclei has been mutually stimulated by
recent theoretical development and experimental progress.
For nuclei of the sd-shell theoretical calculations of
alpha-spectroscopic factors have been performed ' with
the method described by Bennett ' from complete dc/o~
sl/2~d3/2 shell~m°del wave functions generated by the
Chung-Wildenthal empirical particle-hole interactions.
During the last year we continued the systematic inves-
tigation of the alpha transfer reaction study both theo-
retically and experimentally.

Details of the 24Mg(d,6Li)20Ne and of the 26Mg(d.6Li)22Ne
reaction study, analyzed in the framework of the f in i te
range distorted wave Born approximation has been given
elsewhere ' . As a result i t could be concluded: Rather
good agreement is observed between sd-shell model pre-
dictions and present experimental values of relative
spectroscopic factors. The average experimental values
for excited states are somewhat larger than the theore-
tical ones, relative to the ground-state transition. This
result might be due to a physically larger reduced ma-
t r ix element of the individual four-nucleon creation ope-
rator leading from nucleus A to excited states of nuc-
leus A-4, than predicted by the shell-model calculations ' .

I t should be mentioned, however,.that the assumed direct one-step
reaction process might not meet always the actual phy-
sical conditions. This hypothesis is supported by the ex-

+• 22

perimental results for the low lying 4 states. In Ne
the experimental angular distribution of the f i rs t 4
state cannot be f i t ted by DWBA calculations; the extrac-
ted "spectroscopic factor" is a factor of 10 larger than

20

the predicted one. In Ne the experimental angular dis-

tribution of the first 4 state is poorly fitted by DWBA

calculations; the extracted spectroscopic factor is about

a factor of 2 larger than the predicted one. Finally, the

experimental angular distribution of the second 4 state
22

in Ne is well f i t t e d by DWBA calculations - the extrac-

ted spectroscopic factor is only 10-30 % larger than the

predicted re lat ive value.

This result suggests the probable importance of two step

processes l i ke a reaction mechanism described in the coup-

led reaction channel framework. In order to investigate

the signif icance of th is hypothesis computer codes wr i t ten

by w. Chung have been used to calculate spectroscopic fac-

tors for the transi t ions from excited target states J? to

states in the f ina l nucleus. A selection of re lat ive

spectroscopic factors (normalized to the respective ground
+ 20 22

state t rans i t ion) for f i na l 4 states in Ne and Ne

excited from the i n i t i a l target state J? (ground state

and f i r s t excited 2 state) by an angular momentum trans-

fer lfv. is given in the table. The re lat ive spectroscopic
+ 22

factor for the excitation of the 4, states in Ne from

the target ground state (the direct one step process) is

relatively small (0.02), whereas the one for the 4 7 state
22

in Ne is relatively large (0.69). On the other side both

states are characterized by the same spectroscopic factor

for the transition from the 2 target state (two step pro-

cess) via a l = 2 transfer (0.14). The probable influence

on the shape and on the magnitude of the one step direct

angular distribution can be estimated best by the spectros-

copic factor for the two step process relative to the

direct one step process, given in the table. It is seen,

f 1Ji Ltr

0 + 4

2 + 2,4,6

Relative

Ne 4j

4.13(MeV)

.41
.76, .14, ^01

1.85, .34. <02

22Ne 4j
3.42 (HeV)

.02
.14, .00, .08

7.0. 0, 4.0

22Ne 4
5.40 (MeV)

.69

.14, .05, .03

.22. .07, .04

Table caption: Relative spectroscopic factors for the ex-
citation of final 4+ states in 20Ne and 22Ne needed for
two step reaction mechanism considerations» see text for
discussion.

that theoretically the 4J state is by a factor of 7 stronger

populated from the 2 + target state via a ft = 2 transfer

than by the one step process, whereas for the 4~ state in
22

Ne the one step mechanism is dominant.

Tentatively the above outlined experimental results for
+ 20 22the 4 states in Ne and Ne seem to be intelligible by

the calculations of the spectroscopic factors within the

consideration of two step reaction mechanism processes.

In fact, coupled reaction channel (CRC) calculations do

agree reasonably well with the magnitude of the experimen-

tal cross sections (within a factor of two). It cannot be

expected to get an exact agreement, since too many para-

meters of the calculations remain unresolved as e.g. opti-

cal potentials for CRC, the optimum choice of at least

the main transition paths, the kind of two step process

as e.g. (d.d1)(d',6Li), (d,6Li)(6Li,6Li'), (d,a)(a,6Li),

(d, H)( H, Li), etc.. Further investigations are in pro-

gres.
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1.18. The 2 2Ne(d,6Li)1 80 Reaction

M.G. Betigeri, T.B. Fortune , C. Mayer-Böricke,

W. Oelert, B. Rubio, and P. Turek

22 18
The alpha transfer reaction from Ne to 0 is of special
in teres t , because of the extra two neutrons above the

20
"alpha l i ke " nucleus Ne. I t is expected that the ground

state spectroscopic factor is smaller than the one for

the 2 ( W 1 6 0 or the one for the 24Mg+20Ne t rans i t i on . The

presently extracted value of the relat ive spectroscopic

factor is in fact only a quarter of the one for the

N&+ 0 t rans i t i on . I t is however by a factor of two too

small in comparison to shell model calculations ' . I t re-

mains an open question whether th is disagreement is due

to i ) an influence of the lower ly ing p-shell (4p 2h or

6p 4h contr ibut ions), i i ) the correct choice of the o p t i -

cal potentials {see the influence of the Li real poten-

t i a l depth in Fig. 1) , i i i ) the inadequate use of the one

step di rect reaction process, or i i i i ) less alpha c luste-
22

ring in the Me ground state than predicted by the shell

model.

10*

-VRL>-2O3*V
-VRL« -SSMtV

E)(P FONTS

0° 20° 40° 0° 20° 40°

Figure 1: Angular d is t r ibu t ion of the ground state t ran-
s i t i on 22Ne-^iä0 compared to DWBA calculations with d i f f e -
rent potential depths for the real 5Li optical po tent ia l .

The re la t i ve spectroscopic factor of the f i r s t excited

2 state at 1.98 MeV is only hal f the value as expected

by the shell model ' . Contributions from the p-shell

(dotted and dashed dotted curves in Fig. 2) could account

for th is deviat ion, however, as can be seen in Fig. 2 ,

the decrease of the experimental cross section with i n -

creasing angle is not reproduced by any of the np-mh DWBA

calculations for the four low angle data points (<15° cm. )

22 6 18

A further summary of the Ne(d, Li) 0 reaction study re-
sults in : i ) spectroscopic strength, which is predicted '
to be strong has been found and agreement is obtained
within a factor of two between theoretical and experimen-
tal values, i i ) spectroscopic strength which is predicted
to be relatively week (less than 5 % of the ground state
transition strength) is not expected to be observable and
has not been observed; i i i ) furhter spectroscopic strength
has been observed which is most l ikely due to excitation
of p-shell components in the final state and which is
therefore not predicted in the sd shell model framework.

A level at 7.8 MeV excitation
energy (angular distribution see

21Fig. 3) which was suggested ;

to be a 2+ state, to carry a
strong 6 particle configuration
and to be the band head of a
rotational band 1s observed. A
spin parity assignment of 2+

would agree with the present data,
however a 6p configuration seems
to be very unlikely.

20° to0

9iou The analysis of the data and i ts

Fiqure 3- interpretation is in progress.
Angular distribution of
the transition to the
7.80 MeV state in i a0.
Both L=l and L=2 DWBA
transfer calculations
would agree to the experi-
mental angular distribu-
tion shape.
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Figure 2: Angular distribution of the transition to the
2+ state in *80. DWBA calculations are included for cal-
culations assuming al l four transfered particles being
from the sd-shell (solid l ine); two particles from the
sd, two from the p-shell (dashed l ine); and al l four par-
ticles being from the p-shell (dashed dotted l ine).

- 26 -



1.19. The Reactions 5 0 > 5 2Cr(d,6Li)4 6 l 4 aTi at Ed=65 HeV

M.G. Betigerij W. Chung, A. Djaloeia, C. Mayer-

Bövicke, W. Oeleptj and P. Turek

The 50*52Cr(d,6Li)46(4aTi reactions have been studied at
Ej = 65 MeV bombarding energy. Angular distributions of

6the outgoing Li particles were measured for final states
in nuclei from 15° to 50° (Lab). Typical energy

spectra are shown in Fig. 1 and Fig. 2. In both cases a

800 ' 850 ' ' " ' 903 ' ' 9$0 ' ' ' ' 1000

CHANNEL NUMBER

Figure 1: 6Li spectrum of the reaction.

U)

o
o

100-1

80-

CHANNEL NUMBER

Figure 2: 6Li spectrum of the 52Cr(d,6Li)'t8T1 reaction.

rather strong yield is observed at excitation energies
between 3 and 5 MeV. I t has been tried to f i t the shape
of the spectra by a superposition of a few peak shapes
using the computer code Autofit ^ (solid line in Figs.l
and 2). Although the region is characterized by high level
density, in a l l the measured spectra 1t was possible to
identify peaks (for each reaction) with excitation energy
constant to within 150 keV, half the experimental fu l l
width half maximum. Typical angular distributions for
Ex > 3 MeV for the case of the 52Cr(d,6Li)4aTi reaction
are shown in Fig. 3. A spin assignment of J i 4 seems
rather l ikely for the majority of the observed strength.
A closer look with better energy resolution is needed
for excitation energies above 3 MeV to investigate
the possible selective excitation of cluster states.

For the low lying states relative spectroscopic factors
obtained from the alpha pick up (d, Li) and the two neu-
tron transfer (p,t) ' reactions leading to the same final
nucleus are compared in Fig. 4

*CrW,-Lt)"TI

Figure 3: Angular distributions of 6Li particles in tran-
sitions of peaks .observed in the 52Cr(d,6Li)'*8Ti reaction
at excitation energies larger than 3 MeV.
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0

S2Cr(d,6Li)48Ti
I 1 50Ti(p,t) teTi

1
Z38

*6Tilp,t)"Ti

0.9 2.0

Ex(MeV!

Figure 4: Relative spectroscopic factors for final states
in *»*T1 and **«Ti.

The relative alpha pick up spectroscopic factor to the 2 +

state at 1.0 MeV in 4&Ti (0.82) is seen to be higher than

that one to the 0.9 MeV state in 46Ti (0.46). A similar

trend is also to be noted in the two neutron transfer

reactions, the corresponding relative spectroscopic fac-

tors being 0.36 and 0.14, respectively. This result qua-

litatively indicates that the same pair of neutrons is in

volved in both the two particle and the four particle

transfer reactions.

References

1)

2)

Code Autofit,
lished

Oak Ridge National Laboratory, unpub-

J. Rapaport, et al., Nucl. Phys. A208 (1973) 371;
M.w. Baer, et al., Ann. Phys. (NevTTÖrk) 76 (1973)
437

- 27 -



1.20. Emission of Complex Part icles in Ni(o,x) and
197Au(a,x) Reactions at E = 172.5 MeV4

G. GouZ , R. Glasow , fi. Löhner , fl. Ludewigt 3

R. Santo

In continuation of our previous work we have investigated
the Au(a,x) reaction at E = 172.5 MeV using the achroma-

11t ic «-beam. Spectra of reaction products up to B have
been measured with telescopes consisting of surface barrier
aE-detectors and Ge(Li)- and NaJ-counters as E-detectors.
Data are now available at 6 angles between
16° 5 a £ 72°, Figures la, b shows energy spectra from
CO L

Ni(a,x) as compared with Au(a,x) at o = 55 . While the
shapes of the corresponding spectra are very similar, the
absolute magnitudes differ significantly. As a systematic
trend in the data we observe an increase in the cross sec-
tion when the N/2 ratio of the corresponding isotope
approaches the N/2 ratio of the target nucleus. The effect
is particularly striking in the case of the Be isotopes.

For the analysis of the complex particle spectra we have
used the coalescence model, where the p-spectra were di-
rectly taken from experiment. For low energies, however,
the spectra contain appreciable compound evaporation con-
tributions, which had to be subtracted in order to calcu-
late the complex particle spectra. A large error has there-
fore to be associated with the calculation of spectra be-
low 15 MeV/nucleon. The solid lines in figure 2 represent

1 2)standard coalescence calculation ' ', whereas the dotted
lines are the results of modified calculations including
Coulomb corrections '. The extracted p values are collec-
ted in table 1. While the overall agreement with the data

d t 3He

MeV/c 211 247 245

Table 1: Momentum radii p0 as extracted from coalescence
model calculations (see fig. 2).

is fair, there are systematic differences in the cross sec-
tion magnitudes with increasing angle. This indicates that
in comparison with detailed and accurate data the coales-
cence model may be a too crude model for the description
of complex particles.

In particular, it has to be investigated wether the partic-
les are emitted from a hot equilibrated source or a more
direct reaction mechanism dominates. To answer this
question we have started coincidence measurements, where
the correlations of emitted particles were measured within
and out of the reaction plane. Four counter telescopes
were used, three of which were mounted in the reaction
plane. The analysis of this part of the data is still in
progress.
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1.21. Study of the Pre-Compound Reaction Mechanism
using (o.a'c) Reactions

U. Bechatedt, B. Maahner, A. Budzanowski ,
P. Jahn and C. Mayer-Bifricke

The investigation of the decay of continuum states via
particle emission started last year ' was continued. To
complete the measurements of angular correlations we per-
formed another experiment again measuring the TJi(a,a'c)
reaction (c = charged particle A<4) at an incident energy
of Ea * 140 MeV.

The principal set up at the scattering chamber was the
same as in the previous experiment '. The a1 telescope
was fixed at an angle of -30° (negative angles are at
right hand side of the beam looking into beam direction).
Two telescopes for the detection of decay particles were
mounted looking face to face under 180°. The a' telescope
consisted of a 1 mm thick Si surface barrier detector as
AE counter and a Ge(Li) crystal cooled by liquid nitrogen
as E detector. The decay telescopes consisted each of
three Si surface barrier detectors with thicknesses of
50 vm, 400 ym and 2000.um for the backward telescope and
of 50 ym, 400 vm and a sJ^ck of two 2000 ym detectors as
third counter for the forward one. In using thinner AE
detectors in comparison to the previous run ' we could
extend the energy range of all three telescopes to lower
energies.

Data were accumulated in eight parameter list mode. Para-
meters recorded were: 1. the energy measured with the a1

telescope, 2. particle identification signal from the a1

telescope, 3. time between a' event and decay particle
from either of the two decay telescopes, 4. energy depo-
sited in the first counter from either of the two decay
telescopes, 5. and 6. like 4. but for the second and the
third counter, respectively, 7. total energy deposited in
either of the two decay telescopes, 8. a bit pattern set-
ting bits in the data acqisition computer depending en which de-
cay counters give signals. This bit pattern allows for the
separation of the different coincidences during data re-
duction. Particle identification for the decay telescopes
is done off line according to the energy, range relation-
ship. This allows us to neglect on veto counters for the
decay telescopes because during data reduction we can
leave out the backbending tail in the particle spectrum
originating from particles not stopped in the telescope.

Data reduction is in progress.

Reference
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*permanent address: Institute of Nuclear Physics, Krakow,
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1.22. Analysis of Composite Particle Emission from
652n* in the Framework of ECM

H. MaaJmer

I t has recently been shown that complex particle emission
from proton induced reactions could be treated in the ex-
citon model assuming the coalescence of excited nucleons
to clusters (exciton coalescence model, ECM) ' . This mo-
del takes only participant-participant interactions into
account in contrast to participant-spectator interactions
as in the model of ref. 2. The energy distributions of
the participating nucleons are, however, not wery dif fe-
rent of those of the spectator nucleons at excitation
energies under discussion here. Therefore the results are
expected to be very similar. A further test of ECM would
be to compare i ts predictions with data from complex par-
t ic le induced reactions.

For this purpose we have chosen the data of a Ghoshal
type experiment ' ' . The composite system Zn at
37.4 MeV excitation energy has been produced via three
different projectile-target combinations:
63Cu + 24.7 HeV d, 62Ni + 24.3 MeV 3He and

Ni + 35.5 MeV a. Light charged p'articles up to a's have
been measured.

The only model dependent parameters which differ for the
different reactions are the in i t ia l exciton number n0 and
for composite particle emission a scaling factor Y for the
cross section ' . I t is always assumed that the f i r s t pro-
jectile-target interaction leads to a lp+lh excitation in
the target nucleus. The projectile nucleons are added as
additional excited particles. The complex particle emis-
sion is possible i f there are as many excited nucleons as
in the complex ejectile particle plus one additional nuc-
leon which carries the recoil momentum. Thus for «-emis-

sion is
for d-induced reactions:

3L

5p+3h
for ^He-induced reactions: 5p+2h
for a-induced reactions: 5p+lh

The different choice of nQ strongly influences the shapes
of angle integrated spectra as can be seen from f ig . 1.
The compound cross section has been calculated by the
evaporation approximation. More details of the calcula-
tions may be found in ref. 5.

The scaling factor y is related to a coalescence sphere

in momentum space by the relation
14 1

= \Zn!? /me
13 v o''x+y

for an ejectile particle with x protons and y neutrons .
The coalescence radius is denoted by P and m and c
being nucleon mass and velocity of l ight , respectively.
From these P values reduced values have been obtained .
following ref. 6. Assuming phase space relation between
momentum and local space radii R have been obtained. They
are compiled in table I . In the last column the radii Rx

of the ejectile particles are given. I t turns out that
there is a correlation between R and R . In addi-
tion PQ is largest in the cases where projectile and ejec-
t i l e particle are identical. This behaviour suggests that
a part of the projectile particles survive the inter-
actions with the target nucleus. _ 30

25 30 «a[MeV]

Figure 1: Alpha decay of 65Zn* with E*=37.4 MeV. The
data1*) are represented by dots while the evaporative
contribution is dashed line drawn. The sum of evaporation
plus preequilibrium contribution is solid line drawn.
Different entrance channels are indicated next to the
appropriate curves.

entrance
channel

d
3He
a

d
3He
a
3He
d
3He
a

exit
channel

d

t
t
t

JHe

a

vT
251

247

207

288

261

242

365

327

315

360

R/fm

3.46

3.51

4.15

2.28

2.52

2.71'

1.80

1.70

1.77

1.55

yfn,

3.24-

4.31

1.82

1.97

1.63

Table 1:
Radii of coales-
cence spheres in
momentum space
Pp and of emit-
ting volume R;
in the last co-
lumn the eject i-
le radii Rx from
ref. 7 are given.

Thus the coalescence model, previously applied to high
energy data and modified to f i t in the frame of the exci-
ton model can well describe the influence of different
entrance channels to different exit channels. Data ana-
lysis suggests that complex particles do survive in part
interactions with nucleons in nuclear matter. The emit-
ting volume for the excited nucleus has approximately the
same size as the emitted complex particle, except for
t-enrlssion ' .
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1.23. proton Induced Reactions on Ba

K. Preacher and G. Brinkmann

In a study of p-induced reactions on Ba having in mind
cosmnchemical applications ' we investigated the energy
region from 12 to 45 MeV using the stacked-foil technique.

The experimental excitation functions for Ba were compared
with calculations based on the hybrid model of Blann K
The generally good agreement between theory and experiment
is shown as an example in f i g . 1. Some discrepancies, how-

li •',' JTI I .'.
10 10 40 SO

PROTON ENERGY [H*V |

Fig. 1: Comparison of the experimental excitation func-
tion for the reaction Ba(p,xn)132La with hybrid model
calculations.

ever, here still remain with concern to the energy shift

(£ 4 MeV in fig. 1) between theory and experiment. One of

the reasons may be the application of a rather crude mass

formula. More precise calculations are being performed on

the basis of actual nuclide masses. The discrepancy in the

excitation function of the (p,2pxn)-reactions (for example

fig. 2) surely is due to the preequilibrium emission of

10»

W»

Batp.ii

10 X

more:,

Fig. 2: Comparison of the experimental excitation func-
tion for the reaction Ba(p,X)127Xe with hybrid model cal-
culations.

a-particles which was not considered in the present form

of the program OVERLAID ALICE2*.

In order to derive depth dependent solar cosmic ray pro-

duction rates, the energy range has to be extended to

higher energies. These experiments are under study and

point out that a redetermination of earlier data ' is

urgently needed.
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1.24. Integral Excitation Funtions for a-Induced
Reactions on Iron and Nickel

R. Michel , G. Brinknann and W. Herr

In the course of a systematic study of a-induced reactions
with target elements 22 £ Z * 28 * ^ we have measured 38
excitation functions for the production of radionuclides
42 s A * 65 from natural iron and nickel for

16 SE £ 173 MeV ' . Such cross sections are useful for.
a

calculating the contribution of solar a-particles to the
production of cosmogenic nuciides in extraterrestrial
matter. In spite of the fact that the p/a ratio in the
cosmic radiation is % 10, a-induced reactions may become
the dominant production modes for particular nuclides, as
e.g. for 57Co, 58Co and 59Ni.
Because there is s t i l l a considerable lack of experimental
excitation functions for cosmogenically relevant reactions,
also the capability of nuclear reaction theories to pre-
dict unknown excitation functions is of actual interest.
Therefore, we have compared our experimental data with
"a pr ior i " calculations applying the hybrid model of
Blann4* using the code OVERLAID ALICE5'. While for the
p-induced reactions in the energy region up to 45 MeV the
hybrid model is very successful in predicting unknown
excitation functionse.g.6) , for a-induced reactions this
is only true with severe restrictions. So the (a,p2n)-,
(a,2pn)-, (o,2p3n)-, (a,2p4n)-, (a,3pn)- and (a,4p3n)-
reactions are not adequately described by this theory
because of the contribution of incomplete a-break-up
and/or other direct reactions. As an example, in f i g . 1
the excitation function for the production of Ni fron

CO

N1 is presented which is dominated by the N1(a,2p3n)-

reaction. The discrepancies between 30 and 60 MeV can be

attributed to the neglect of preequilibrium emission of

a-particles. However, above 80 MeV the deviation between

theory and experiment rather should be due to a direct

knock-out of a single neutron by the impinging a-particle.

On the other hand, for (a.xn)-reactions and for those

reactions leading to products far away from the target

nuclides, the "a priori" calculations agree quite well

with the experimental data, as it is shown in fig. 2.
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Fig. 1: Experimental cross sections and hybrid model ca l -
cuTations for the production of ^Ni from N i . For a de-
ta i led discussion and for references of the work of other
authors see2).
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Fig. 2: Experimental exci tat ion function and hybrid model
calculat ion for the production of wMn from N i .
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1.25. On the Production of Heavy Neutron-Rich Nuclei

by Fast-Neutron Induced Reactions

H.J. Probat and P. Jahn

Neutron-rich nuclei outside the region of fission pro-
ducts can be produced by fast-neutron induced reactions.
In order to explore this possibil i ty, a small test ex-
periment has been performed. Its aim was to produce and

100 1QA

detect iööW (T 1 / 2 = 69 d) and
 iy^0s (T 1 / 2 = 6 a). These

isotopes can be reached via the (n,n2p) and (n,na) reac-
tions on Os and Pt, respectively.
The target arrangement consisted of lucite parts con-
taining an Os and a Pt target of 20 mm diameter and 2 mm
thickness. Os powder and Pt foils of natural isotopic
composition were used. The arrangement contained also Al
foils for monitoring the neutron flux and for checking
the beam alignment. It was placed into the beam axis
just behipd an ordinary Faraday cup. For the irradiation
a 80 MeV deuteron beam of 1 yA was stopped in the gra-
phite plate of the cup during a period of 24 hours.
After a cooling time of four months the y-ray spectrum
of the target arrangement was measured with a Ge(Li)
spectrometer. During a measuring time of 10 seconds
37500 counts were accumulated in the 155 keV line in the
decay of 188Re ( T ™ = 20 n ) ' * the statistical error
amounts to » 15 % due to the large background. The decay
of Os will be measured later.

It should be mentioned that the method can of course be
substantially improved not only by dismounting the tar-
get and using a better source geometry but also by per-
forming chemical separations. These procedures, however,
are much more difficult to apply in the case of short-
living nuclei.
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1.26. (d,t...)-Excitation Functions for Al, V, Nb and

Au+>

M. Merkel*, ff. Münzel*

Stacks of Al, V, Nb and Au foils have been Irradiated with
deuterons up to 90 MeV. Above 50 MeV the experiments were
performed at BK1 of the JULIC-Cyclotron. The targets were
thick enough to stop all tritons formed by nuclear reac-
tions. With the method described in ' the tritium acti-
vities were measured. From these thick-target yields ex-
citation functions for the formation of tritons have been
calculated. They are given in fig. 1 together with curves
calculated using the code PREEQ '. The dashed lines give
the results obtained with the formation probability for
complex particles Y B = 0.1 and rB = 0.01. It should be
mentioned that the calculations take only the first
emitted particles into account. Therefore at higher
energies, where usually more than one particle will be
emitted, these calculations underestimate the particle
emission. Therefore calculations with the program
AMALTHEE ' which considers two particles in the out-
going channel are in progress.

icr

f»1

Atld.t.. Auld,t...)

0 20 40 60 80 0 2 0 4 0 6 0 8 0 0 20 iO 60 80 0 20 10 60 60

Fig.1 Excitation functions for (d.t...(-reactions

experimental values
Theory 1^=01)
Theory ljj=OO1l

+'This work was supported by the Bundesministerium für
Forschung und Technologie, Federal Republic of Germany

References
1) M. Merkel, H. NUnzel, Nucl. Phys. A333 (1980) 173
2) E. Betak, Computer Physics Comnunications 9 (1975) 92
3) 0. Bersillon, L. Fangere, NEANDC (E) 184 "L" (1977)

Fachbereich 8 für Anorganische Chemie und Kernchemie
Technische Hochschule Darmstadt

Target Incident proj.

Al

V

Nb

Au

^The
per

energy [MeV|

12.0
18.0
24.0
38.0
50.8
70.0
89.8

12.0
18.0
24.0
38.0
50.5
70.0
89.8

12.0
18.0
24.0
38.0
50.8
70.0
89.8

12.0
18.0
24.0
38.0
50.8
70.0
89.8

yields are given as
incident projectile

Thick-target y i e l d "

2.05 E-6
2.03 E-5
7.27 E-5
2.91 E-4
7.53 E-4
1.77 E-3
3.35 E-3

2.05 E-6
1.51 E-5
5.19 E-5
1.99 E-4
4.61 E-4
1.23 E-3
2.30 E-3

2.37 E-6
1.85 E-5
5.14 E-5
1.60 E-4
3.42 E-4
7.26 E-4
1.42 E-3

6.80 E-7
1.97 E-5
5.08 E-5
1.46 E-4
2.69 E-4
5.98 E-4
1.12 E-3

the number of tritons

Table i : Thick-target yields for (d . t . . . ) reactions
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1.27. Non-Equil1br1um Particle Emission in 75 MeV a-
209

Particle Bombardment of Bi
J.P. Didelez*, R.M. Lieder* B. Bochev, T. Kutsa-

rova, T. Movek, M. Müller-Veggian and C. Mayer-

Börioke

As an extension of our previous study of non-equilibrium
?09

processes for the reaction fc Bi(a.ch.p.xnY) at 45 MeV
incident energy1'2', measurements of energy spectra and
angular distributions of p, d and t have been carried out
at E = 7 5 MeV. The particle-v coincidence technique has
been used in order to obtain spectra of charged particles
for individual reaction channels. The coincidences were
measured by placing the particle detector telescope at
angles of 45°, 90° and 135°. Some results concerning pro-
ton emission at E = 7 5 MeV have already been published '.

a
In fig. 1 yield curves corresponding to the proton spec-
tra at 45° for various (o.pxn) channels are shown. As in

rfr

10

209,75Mri/a-PARTICLES ON " " B i

2L0 2918
(a.p4n) Ia,p3n)

20 30 50
EJMev)

Figure 1: Yield curves for the (a.pxn) reaction at Ea =
75 MeV and a telescope angle of 45°. They are obtained by
setting gates on 2.5 MeV portions of the proton spectrum
and integrating Y-lines corresponding to the ground state
transitions of the final Po nuclei. The curves are eye-
guiding lines.

the case of the 45 MeV experiment, pronounced peaks can
be seen in the proton spectrum of each channel. A new
feature observed in the 75 MeV experiment is the existen-
ce of low energy ta i ls . In f i g . 1 ta i ls are seen for the
(o,p2n) and (a,p3n) channels. Similar results are ob-
tained for the (o.dn), (a,d2n), (a.tn) and (a,t2n) chan-
nels. For the (a.pn) channel no ta i l has been observed
probably due to the small yield of this channel. For the
(a,p), (o,d) and (a,t) channels no tai ls are expected
since high energy y-rays have a very small transition
probability as compared to n-emission probability. However,
due to statistical uncertainties this statement could not
be proved experimentally. The tai ls observed in the other
channels extend to energies as small as the detection
thresholds for p, d and t . The yields of the tai ls are
by a factor of %3, %7, 37 and %7 smaller than those of
the maxima of the peaks for (a,p2n), {a,dn), (a.tn) and
(o,t2n) channels, respectively.

The angular distributions of protons are shown in f ig . 2
for pxn channels with x = 2, 3, 4. For the (a,p2n) and
(atp3n)reactions angular distributions for the peak as

75MeVa-PARTICLES ON

6Lab
Figure 2: Energy-integrated angular distributions of pro-
tons for. the 2ö9Bi(a,pxn) reactions at Ea = 75 MeV. Open
and fu l l symbols are for the protons from the peak and
tai l regions, respectively. The curves are eye-guiding
lines.

well as ta l l regions are given. The anisotropies of the
angular distributions are larger for the peak regions
than for the ta i ls .

The energies of the particles and their angular distribu-
tions are characteristic of a nonequilibrium process. The
existence of peaks in the proton spectra and their ener-
gies can be understood within the framework of the yrast

2 3)

picture • ' . The protons associated with the peaks carry
away almost a l l available excitation energy. They are
emitted from the highly-excited final nucleus as the
f i r s t particles and the neutrons are evaporated subse-
quently2*3*.
For the ta i l regions most probably one neutron is emitted
with a large energy. In this case the neutron and one pro-
ton are emitted in the non-equilibrium phase and the re-
maining neutrons are evaporated. Such an interpretation
of the p spectra is supported by the angular distribution
results. The anisotropies of the angular distributions
are larger for the peak regions than for the ta i ls since
in the former case the protons are emitted as f i r s t par-

t ic le whereas in the latter case the protons are emitted
from a system which is already cooled down somewhat by the
emission of the fast neutron.
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1.28. Study of Continuous Par t ic le Spectra from 200 MeV

Proton Bombardment

J.P. Didales , N. Fraeaaria , E. Gerlio , E.
Bourani t E. Hortet s ff. Machner, D. Proti&t

G. C. SÜkBsd

The investigation of continuous particle spectra has been
pursued. At high energies the emission of more than one
particle in the pre-equilibrium phase is possible ' . To
avoid uncertainties as e.g. projectile fragmentation for
this investigation, high energy protons have been chosen
as the projectile particles.

The experiments were carried out with the 200 MeV proton
beam of the Orsay synchrocyclotron. Energy spectra of
charged particles (p.d.t) were measured using a HPGe
multi-detector telescope ' consisting of 7 detectors with
a total thickness of 80 mm. To reduce the effects from
s l i t scattering a HPGe active collimator ' was mounted at
the f i r s t place of the stack. The central circular area
with 6 mm diameter was connected in coincidence with sub-
sequent detectors, thus defining the solid angle. In
similar experiments at lower bombarding energies an active

collimator was found to be necessary for small angle mea-
4 5}

surements ' ' . For those experiments the active col l ima-

tors had been made from s c i n t i l l a t i o n mater ial .

Data taking was accomplished using the system CALI '
connected to a Hewlett-Packard on- l ine computer. The

signals from detectors E^,..E^ were recorded on magnetic

tape. In addit ion, the analog sum of the preamplifier

outputs was fed to another l inear chain and as well recor-

ded, thus escaping the d i f f i c u l t i e s resul t ing from ADC-

thresholds.

27 197
Spectra from the bombardment of Al and Au in the
angular range from 14° to 150° (laboratory system) were

27taken. As an example the spectrum from Al (p,p 'x) at
9 Lab = ^° ^s s h o w n ™ f^9- 1* T n e p o s i t i o n j i f the GQR is
indicated. The broad structure around e =160 MeV stems

j\ P
from quasi-free scattering (QFS) ; . Data analysis is in

progress.

2000-

1000-

PROTONS
200 MeV

27Al(p.p'X)
GQR

50 100 150 200
Energy [MeV]

Figure 1 : Spectrum of protons from the bombardment of
2>A1 with 200 MeV protons. Data are averaged over 1 MeV
bins. The structure at ep%180 MeV (corresponding to
Ex=20 MeV) is from the exci tat ion of the giant quadruple
resonance (GQR) while the bump around eD^T60 MeV is from
q_uasWree scattering (QFS).
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1.29. Elastic and Inelastic Proton Scattering on
106Pd and 108Pd at Er 43.8 MeV

G.P.A. Bergt E. Fretwurßt , R. Kolalia , G. Lind-
etröm t S.A. Martin, J. Meißburger, W. Oelert,
K.F. von Reden , V. Riech , P. Vlachodimitropouloa

High precision proton scattering experiments on the even
isotopes of Palladium were started, in order to compare
these results with a microscopic description of the opti-
cal model '. For this purpose it is of major importance,
to include the inelastic channels to the strongly excited
first one quadrupole phonon (around 0.5 MeV) and nctupole
state (around 2 MeV) as well as to the weakly excited and
narrowly spaced two quadrupole phonon triplet states
(around 1 MeV). An extremely good energy resolution (better
than 10 keV) and high accuracy for the absolute cross sec-
tions (better than 5%) are essential for this experiment.
Preliminary results for Pd(p.p') at 45 MeV were ob-
tained with the magnetic spectrograph BIG KARL and proved
that the necessary energy resolution could be achieved '.

The main purpose of the investigations carried out in the
last year was the determination of reliable absolute cross
sections in a usual detector experiment performed in the

—i—i—i—i—r
6Pd (p.p" )

= 43,8 MeV
10u

0.0 ,0* :

KT'

10°

10

20 40 60 80 100 120 140 160
9CM

Fig. 1: 106Pd(p,p-) angular distributions
The solid lines represent preliminary CC-calculations
corresponding to the indicated coupling scheme. The dashed
lines drawn through the tr ip let state angular distribu-
tions are intended to guide the eye.

20 40 60 80. t» 120 140 «0

Fig. 2: 109Pd(p,p') angular distributions
(For explanation see figure 1)

large scattering chamber of the JULIC-cyclotron labora-
tory. These results shall serve as normalization stan-
dards for further BIG KARL-experiments.

The thicknesses of the self-supporting metallic Palladium
targets were determined to an accuracy of about 2% using
a combination of weighing, alpha-particle energy loss and
Rutherford scattering for thin targets as well as compara-
tive proton scattering at higher energies for thick tar-
gets. Ge(Li)-detectors of the side entry type from the
detector group of the IKP ' were used troughout the ex-
periment.

Fig. 1 and 2 show the measured differential cross sections
for the transitions to the ground state and the excited
states under investigation (see above). I t should be men-
tioned that in the cases of Pd and Pd the not re-
solved levels in the t r ip let have a spacing of 5 keV. In
the other Pd-isotopes presently under investigation the
minimum level spacing is 10 keV. In addition the cross
section accuracy for these t r ip le t states has to be im-
proved appreciably in order to analyze the data with respect
to the anharmonicity effects which are responsible for
their energy spl i t t ing.
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First results of coupled channels calculations using the
41

code ECIS ; are included in the figures. In the present

state of a 7-parameter optical model search with start

parameters from KOIKE et al." the couplings with the two

phonon states were not included. The same potentials are

used for both Pd and Pd. However these preliminary

calculations show already a good overall fit to the abso-

lute cross sections of the ground state and the one phonon

states. Further improvements are presently in progress.

In conclusion we like to'mention, that the experiments

which will be carried out using the high energy resolution

performance of BIG KARL are accompanied by detector experi-

ments at lower energies (25 and 15 MeV) in Hamburg '.
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1.30. Search for Spin-Flip excitations in 208Pb

G.P.A. Berg, P. Decowski, I. Katdyama, S.A. Martint

J. MeiSburgev, P. Morsch, M. Rogge, B. Styozen,
P. Turek

Collective spin-flip excitations are expected in 208Pb at
excitation energies E > 5 MeV '. Such excitations have
been found in proton2) and electron3' scattering. The
study of these excitations is motivated by possibility to
obtain information of the spin-dependent nucleon-nucleon
forces. In the investigated energy region the level spa-
cing is smaller than 10 keV. Therefore high resolution
measurements are necessary.

In order to identify spin-fl ip excitations p-, d-, and
a-particle inelastic scattering on Pb have been mea-
sured. Incident particles energies were 45 MeV for p and
d, and 90 MeV for a. The resolution was 8-11 keV except
for the a inelastic scattering, where the resolution was
35 keV due to not optimized magnet system. Thicknesses of
the targets were typically 200 * 300 pg/cm .

Isovector and Isoscalar components are excited in p in -
elastic scattering. Comparison of p and d scattering
allows to sort out isoscalar excitations. Because in a

scattering isoscalar (AT=0) non-spin-flip (as=o) compo-
nents are excited the comparison of d and o scattering
wil l help to sort out isoscalar non-spin-flip excitations.
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Fig. 1: Spectra of inelastic p-, d- , and a-scattering
on 2UBPb

On f ig . 1 sample spectra of p,d, and a particle inelastic
208scattering on Pb are shown in the excitation energy

region Ex = 5 - 6.5 MeV. The strongly excited peaks are
seen in a l l three spectra except the Ex = 5.335, 5.534
and 6.008 MeV states which may have dominant isovector
components. Comparisons of calculations and experimental
cross section angular destribution wi l l decide about spin-
f l i p or non-spin-flip character of these excitations. For
the search of weak spin-flip excitations i t is necessary to
measure high resolution o- and d-scattering spectra
without background which come from slit-scattered partic-
les.
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1.31. High Resolution Spectroscopy of lueRu(d,p)*"*Ru

and 104Ru(p,d)103Ru Reactions

G.P.A. Berg, M. Demarteau, A. Hardt, W. Hiirlimmn,
M. Köhler, S.A. Martin, J. Meißburger, W. Oelert,
I. Oelrioh , J. Scheerer , B. Seyfarth, B. Styozen

The high resolution magnetic spectrometer BIG KARL was

used to investigate the low lying states of Ru by
102 104

Ru(d,p) stripping and Ru{p,d) pick-up reactions at
incident energies of Ej = 45 MeV and E = 29 MeV. The re-
solution of AE/E (1.7 - 2.5J-10 was sufficient to sepa-
rate all strongly excited states up to E % 900 keV exci-
tations energy. For these levels cross section angular

40° 60°

distributions have been measured 1n the range of
6, b = 4° - 43°. A DWBA analysis has been employed in or-
der to verify a number of tentative spin and parity assign-
ments, to resolve existing ambignities and to obtain spec-
troscopic factors. In total a number of ~ 20 excited sta-

103tes in Ru could be identified and excitation energies
with an error of about ± 2 keV have been determined. The
angular distributions of the 1 * 2 transitions are shown
in Fig. 1 and Fig. 2 for 1U£Ru(d,p)ll"Ru and

Ru(p,d) Ru respectively. The sums of the deduced
2

spectroscopic factors iC S giving the neutron distribu-

tions of the populated shell orbits are shown in Table I .
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Figure 1 : Measured cross section angular d i s t r i bu t i ons of
the l u^Ru(d,p)1 0 3Ru react ion for a l l t rans i t ions i d e n t i -
f i ed as 1 = 2. Sol id l ines represent DWBA ca lcu la t ions .

Figure 2: Measured angular d i s t r i bu t i ons and DWBA resul ts
fo r l n = 2 t rans i t ions n f the m R u ( p , d ) 1 0 3 R u reac t ion .
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Table I : Sum of deduced spectroscopic factors of 102Ru(d,p)103Ru and 101tRu(p,d)103Ru reactions and
comparison of values from l i terature.

a) Neutron numbers for (d,p) reactions calculated from shell model l imits are given in paranthesis
b) H.T. Fortune, G.C. Morrison, J.A. Nolen, Phys. Rev. C3 (1971) 337
c) R.C. Oiehl, B.L. Cohen, R.A. Mayer, L.H. Goldman, Phys. Rev. Cl (1970) 2086

Technische Universität München
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1.32. High Resolution Study of 23Na and Z4Mg States

Excited via (p,a) Reactions

F. Boylex>*j G. Staudt t G.P.A. Berg* W. BUrlvncmnt

I. Katayama, S.A. Martin3 J. Meißburgert B. Styczen

The spectroscopic factors for the transfer of a three-
nucleon cluster calculated by Chung and Wildenthal ' for
nuclei of the sd-shell using SU3 formalism can be tested
by investigations of transition strengths in (p,o) reac-
tions at high incident energies. To gain information from
the excitation of high lying states, an energy resolution
of at least 50 keV is required.

A f i r s t experiment was run in the achromatic mode of the
isochronous cyclotron JULIC with beam currents of 800 nA

-4and a solid angle of 8 10 sterad, approximately, because
small cross-sections were expected. Figure 1 shows spectra
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Fig. 1: Spectra of «-particles from 26Mg{p,a)23Na and
z/Al(p,o)«Hg at 9.6° measured at E. = 45 MeV.

9

of the reactions mentioned below at E_ = 45 MeV. The spec-
27 24 "

trum of the reaction Al(p,a) Mg was taken in two steps

using d i f fe ren t parameters for the magnetic spectrometer.

In the spectrum of the reaction T*1g(p,a) Na the t ran -

s i t i o n to the ground state has been missed. From the

spectra one obtains an energy resolut ion i - = 1 ° /oo.

For both reactions we give in f igure 2 the d i f f e r e n t i a l

cross sections at e . . „ = 9.6° (open bars) together wi th

the predict ions of the shell model calculat ions of Chung

and Wildenthal (b lack 'bars) . In l i ne wi th previous re -

sui ts ' , we f i nd a rather good agreement between the ex-

perimental and the calculated data, even neglecting any

corrections from kinematical e f fec ts .

In a recent experiment angular d is t r ibu t ions in the range

of e , a b = 5 - 2 7 have been measured for exc i ta t ion

energies Ex = 2.0 - 5.5 MeV and Ex = 5.6 - 9.2 MeV in

a d i f f e ren t magnet set t ing with a resolut ion of

AE % 35 keV.
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Fig. 2: Comparison of measured differential cross sections
at 9.6» (open bars) with spectroscopic strength, calcula-
ted by Chung and Wildenthal (black bars}.
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1.33. Exci tat ion of proton par t ic le-ho le states in
208Pb by 2 0 9Bi(d,3He)2 0 8Pb reactions

G.P.A. Berg, if. Etlrlimann, I. Katayama, G. Mairle*,
S.A. Martin, J. Meißbuvger, U. Schmidt-Rohr*}

B. Styczen, G.J. Wagner*
208In the doubly-closed Pb nucleus single particle hole

states corresponding to the 3Sj,2t 2d3/2' l h n / 2 a n d n ' j9 n e r

shells can be excited easily using the proton pick-up reac-
tion (d, He) as shown in Fig. la. By coupling of the l h g , 2

proton to these hole states there wi l l be multiplets in
209

Bi. The residual interaction can be determined from this
level spl i t t ing.
Previous experiments of 209Bi(d,3He)208Pb by the Heidel-
berg group did not resolve the multiplet states completely
because of the resolution of 100 keV limited by the detec-
tor telescopes (see Fig. lb). In Fig. lc a spectrum of
this reaction is shown recently measured in Osaka with
the high resolution spectrometer RAIDEN. The resolution
of 20 keV resolves clearly the group of five states bet-
ween E = 3.71 - 4.38 MeV excitation energy. Using the
magnetic spectrometer BIG KARL we obtained a resolution
of 12 keV for Bi targets with 350 yg/cm thickness
resolving the doublets at Ex = 4.26 and 4.38 MeV (see
Fig. Id). For these states cross section angular d i s t r i -
butions wil l be measured for the determination of the
transfered orbital angular momenta.

Max-Planck-Institut für Kernphysik, Heidelberg
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Fig. 1: a .b . : Spectra of the Heidelberg group measured
with detector telescopes of the 2O8Pb(d,3Ne)So7Tl and
2 0 9Bi(d,3He). Both spectra are measured with the same ex-
perimental arrangement, therefore energies can be compared
d i rec t l y , c: This spectra was measured at Osaka using the
QDMDQ spectrograph RAIDEN. d: BIG KARL Spectrum

1.34. Investigation of (d , Li) Reactions on f-p-Shel l

Target Nuclei

G.P.A. Berg, W. Bürlimcmn, S. Martin, J. Meib-

burger, W. Oelert, B. Styozen

Investigations of four-nucleon transfer reactions are mo-
tivated by the possibility to obtain information on four-
nucleon correlations and spectroscopic factors for the
transfer of a-clusters. While cross sections of (d, Li)
reactions are found to be 10-100 yb/sr for s-d-shell tar-
get nuclei, they decrease to typically 1 yb/sr for f-p-
shell nuclei.

We started the investigation of (d, Li) reactions on
even mass Zn isotops using the high resolution magnetic
spectrometer BIG KARL with a large solid angle (up to
10 msr). In Fig. 1 spectra of the 66>68Zn (d,6 l i )6 2 '6 4Ni

Ed =80MeV

40-

20-

40-

8 20

40-

20-

2 'Mg(d,6Li)z0Ne

68Zn(d,6Li)6 iNi

66Zn(d,6U)62Ni

CHANNEL

Figure 1 : Spectra of the (d , L i ) reactions. See Text for
deta i Is .

reactions are shown at Ed = 80 MeV incident energy and
e lab = 9 ' ^ ° s c a t t e r " i n 9 angle- The sol id angle *as 3.2 msr.

The resolution of AE = 250 keV is mainly due to target

thickness e f fec ts , Zn was 0.84 mg/cm and Zn was

1.06 mg/cm th ick .

24 ?

For comparison a Mg-spectra (target thickness 1.05 mg'cm )

is shown in Fig. 1 with the same corrections for the mag-

net system adjusted for the kinematics of Zn-targets.

Therefore the resolut ion (&E % 350 keV) of the Mg spec-
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trum is slightly worse. The background in the Zn-spectra

is due to the insufficient particle identification in the

present AE-detector. Our new ionisation chamber with a

better AE resolution wi l l be soon in operation and wi l l be

used in the following measurements of the (d, Li) experi-

ment.

In order to measure the 4^-peak relatively weak compared

to the elastic scattering intensity we used the magnetic

spectrometer BIG KARL. Fig. 1 displays a spectrum of i n -
204

elastically scattered a-particles from a Pb target

(2.04 mg/cm thick) where the peak of interest is clear-

ly identif ied. The intensity of the peak is strongly

varying with the scattering angle. Up to now spectra for

seven angles between e. = 9° and 18.5° have been taken

for E, u = 104 MeV. Further runs are in preparation.

1-35. (0+ * 4+)-Hexadecapole Transition in mPb[a,a')mPb

G.P.A. Berg, H.J. Gils , S.A. Martin, J, Meißburger,

ff. Rebel , W. Stach**, B. Styczen, R. de Swiniarski***
S. Zagromski

There is considerable evidence for collective hexadecapole
motion in spherical and quasi-spherical nuclei. Inelastic
alpha particle scattering1^ in the 100 MeV region showed
a high sensitivity to magnitude and phase of the L = 4
transition amplitudes and revealed a correlation between
a strong lowering of the energy level ratio E4J/E2? and
an enhancement of the 4j * 0 + hexadecapole transition.
It is desirable to compare electromagnetic transition
rates with the isoscalar rates induced by alpha particle
scattering as there might be interesting differences, in
particular for nuclei with large neutron excess. Further-
more, as the analysis of the scattering cross sections
is necessarily based on a specific reaction model, a
comparison may shed some light to the model dependence
of the extracted isoscalar transition rates.

The specific case of the 0 + •* 4j transition in 204Pb
provides a favourable situation since Signorini and
Morinaga ' suceeded in measuring the 4* -+$* y-transi-
tion in presence of the dominating 4t •*• Z* -* 0 + cas-
cading transitions. We have started measurements of in-
elastic alpha particle scattering from 204Pb in order to
provide precise differential cross sections for a de-
tailed theoretical analysis.

1200-

800-

400-

0-

2 t K Pb(a.a ' ) 2 W Pb
ELAB = 104MeV

eL =16.5°

j l

3"

12CJ I 7*

ÄEiastic
4* c u t - ° "

Ally

100 500 1000
Channel Number

1500 2046

Fig. 1: Spectrum of alpha particles inelastically
scattered from a 2 0 4Pb target (with 1 2C and i 60 impuri-
ties).
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1.36. A Multi-Purpose Coincidence Measuring Equipment

M. Rogge, C. Sükösd, J. Bojowld

The various requirements of logic conditions and counting
rates made it desirable to assemble a coincidence equip-
ment to meet a wide range of demands. It should be com-
patible with the normal analog electronics on one side
and with the ND6600 analyser on the other. For this rea-
son the analyser was completed by an additional bit pat-
tern input and a possibility to accept "zero" in the-ADCs.

As an example a simplified diagram for a Giant Resonance
decay experiment in 8 parameter list-mode is given in
fig. 1. The experimental setup is scetched on the left
with two arrays of detectors, consisting of two a'-teles-
copes and four decay-telescopes.

In the ND6600 the following parameters are stored on Mag.
tape in case there is a coincidence between the a'-and
decay-telescopes resulting in an event-pulse.

1) EQ: The energy of the scattered a"-particle. This is
the normalized sum of pulses from the detectors of one
telescope. The energy pulses of the two a'-telescopes are
mixed in order to be fed to the same ADC. Pile-up rejec-
tion is used in both telescopes (not shown in diagram).
Cross pile-up is avoided by logic conditions. 2) PIr,: Par-
ticle identifier signal generated by conventional analog
electronics. Pulses of both a1-telescopes are mixed.
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3) Time: Time difference of pulses of one o'-telescope and

one of the decay detectors. Precoincidence and TPHC-time

are normally adjusted to 500 nsec range. On the decay

branch the "or"-blocks are disabled by veto 50 nsec after

a decay-pulse for 500 nsec - and 500 nsec after an event-

pulse for 6 sec. 4) 5) 6): Adjusted and mixed energy pul-

ses of a l l 1 s t , a l l 2n d , and a l l 3 r d detectors of the de-

cay telescopes ("column energy"). 7): Adjusted, added, and

mixed energy pulses of a l l decay telescopes ("row energy").

8): Bit pattern indicating which of the a'-telescopes and

which of the decay detectors were involved in the coinci-

dence.

By the b i t pattern and the partly redundant information in

ADCs 4 to 7 a particle identification is possible during

the off- l ine evaluation of the data. The information is

only stored on MT i f a event-pulse occures. ( I f there is

no pulse in some of the ADCs at that instant "zero" is

stored.)

Care was taken to avoid pile-up in the analog branches

and deadtime caused by updating properties of fast and

slow digi tal branches as well as multiple f i r ing of the

CFDs at low thresholds. Pulses were added before the MA

to reduce the costs but LGs were introduced where i t

seemed necessary for energy resolution.

To test s tab i l i ty , resolution and working conditions a

test pulser (triggered by a monitor counter) can be fed

sequentially to the preamplifiers of a l l telescope combi-

nations. This provides a possibil i ty to measure the per-

centage of wrong b i t combinations and to correct for dead-

time and instabi l i t ies after the experiment.

For control purposes during a run 4 time spectra, 6 ener-

gy spectra, one b i t spectrum,and 3 Pulser spectra with

different conditions are stored in the ND. Possibilities

to store 4 singles spectra at least with reduced inten-

sity are prepared.

Within the concept i t is possible to expand the system to

more counters on both coincidence branches. Additional

conditions as anticoincidences, vetos, etc. are easily

introducable. Some limitations araise from the maximal

number of eight 8K-Listmode parameters (of which now one

or two can be used for the b i t pattern) and from the res-

tricted memory of the MD6600.

The experiments described in sections 1.4 and 1.9.

are partially or total ly done with variations of this

arrangement.

FARAM.
LG ADC ONMT.

2 Telescopes i =1.2

for scattered

a-Particles

each consisting

of 2 Detectors
Time

Bit Pattern Generator 13 bit

4Telescopes i=1-4

for Decay Particles <

each consisting

of 3 Detectors

dji , di2, dS3

Bit

[12 times)

Figure 1: Simplified diagram of the electronics for a coincidence measurement. D^, d^t «Si or Ge(Li) Detectors or the
corresponding energy-pulses; PI = Particle Ident i f ier; PA = Preamplifier; TA = Timing Amplifier; MA = Main Amplifier; LG =
Linear Gate; TPHC = Time to Pulse high Converter; CFD = Constant Fraction or other Timing Discriminator;^ to resp. from
corresponding device.
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TABLE 11.37. Investigation of the reaction 14N(p,3He)12C at

41 MeV

V. Fapp 3 G. Staudt

3 1) U N - P
Continuing our previous measurements of (p, He) reactions ;

we have analysed the 14N(p,3He)12C reaction at E = 41 MeV.

Details of the experimental set up are given in ref . 1.

Recent measurements have been taken in list-mode form, and

a suitable set of programmes w i l l help with the o f f - l i ne

reduction of the data ' .

Apart from the d i rect pick-up mechanism there are knock-

out and heavy par t ic le ones, as we l l . A comparison of

*n° on0 f ° r t ransi t ions leading to posit iv and negativ
12

par i ty states in C exhibits a re la t ive ly low intensi ty

for the knock-out process. I f one l imi ts the cross sections

to the f i r s t 90° or 120°, the heavy par t ic le contr ibution

w i l l be reduced considerably.

Using unpolarised project i les and target nuclei the
31

d i f f e ren t ia l cross section can be expressed as being '

dfi
3u nip AlAS

,Alm n
ASAJ

nip

,- and ASAJ
P are the spectroscopic amplitude

and the reduced t rans i t ion amplitude, respectively. The

deuteron can be transfered in i t s ground state ( s= l ; t=0;)

and in i t s f i r s t excited state (s=0; t = l ; ) , thus one gets

two possible coupling modes of 1 and s fnr most j ' s , which

obliges a coherent addit ion of their t ransi t ion amplitudes.

The f i r s t T=l state in 12C is at Ex = 15,11 MeV5'.

For our DUBA-calculations we used the proton potential from

l i t e ra tu re which was obtained closest to our energy range

nf investigations ' . For the bound state radius and d i f fus -

eness we had average s tar t ing parameters and for the ex i t

channel we used the He potential family obtained by Trost

et a l . ' and varied depth and diffuseness of the real part

to f ind the best f i t of the ground state t rans i t ion of the

strongest coupling mode of 1 and s ' . The f ina l parameters

can be seen in table 1.

A proton potential smoothly varying with mass number and

energy w i l l have some a t t r a c t i v i t y . Thus a new potential

fo r A > 12 in the entrance channel ' and the same f i t t i n g

procedure as before has been applied and the parameters

obtained, are shown in table 2. With these two sets of

parameters the d i f fe ren t ia l cross sections for the t ran-
12

si t ions leading to posit ive par i ty states in C have

been calculated with the code OWUCK following the sum

rule given above. The angular d istr ibut ions with DWBA

curves can be seen in f igure 1. Potential 1 f i t s the

angular d is t r ibut ions bet ter . But i f one compares the

integrated cross sections with experiment ( f igure 2 ) ,

then the more general potential (table 2) exhibits an

improvement on the comparison of <5()o-90o with spectros-

copic factors only ', whereas the part icular proton

potential (table 1) j us t runs the other way.
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JU-73
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TABLE 2

l-p

12C-d

12C-3He

Vr

4069

13-3

12075

17

Rr

1-21

1-21

096

1-15

114

^

056

056

047
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Vi
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4-43
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U
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125
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SUR
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Table 1 and 2: Optical potential parameters fo r DWBA cal-
cula'tions
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Fig. 1: Angular distributions and DWBA calculations using
potential 1 (left) and potential 2 (right)
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potential 1 (calculation 1) and potential 2 (calculation 2),

Looking at the two 0+ states which have almost identical
spectroscopic factors an obvious rise in the theoretical
cross section with increasing excitation energy of the
residual nucleus hints at an improved orbital momentum
matching. The larger radial parameter of the entrance
potential 2 leads to a greater damping of the wave func-
tion and increases the normalisation constant C, almost
by a factor of 5. Different contributions from partial
waves in the entrance channel have probably caused the
relative changes in the integrated cross sections.

I t turns out that kinematic effects do play their part
in the transition strength of (p, He) reactions, contrary
to (p,a) ones ' , since their Q-values are highly negative.
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2 . NUCLEAR SpECTROSCOPY

2 . 1 . Dynamic K X-Ray Energy S h i f t s

G.L. Boraherb, P.G. Bansen , B. Jonaon**,
H.L. Rom**, O.W. B. Schutt

The energies of K X-rays are significantly influenced by
the atomic nucleus and affected by changes of the outer
electron structure of the atom. The most well known of
these effects are the Isotope shifts and chemical

1 21shifts " ' . We have carried out various K X-ray shift
measurements at CERN with a specially bui l t DuMond spec-
trometer where use was made of sources which were pro-
duced with ISOLDE or at the CENG or ILL reactors at
Grenoble. After the K X-ray shift measurement of the Ka,,

111 IM -1

a2 and ßj lines of XJ1»"exe vMch led to the detection
of the hyperfine shif t3*, the shake-off effect4* was
investigated through a comparison of K X-ray energies
from sources excited through photo ionization (PI) and
electron capture (EC). In addition the atomic structure
effect was discovered ^ and explained well in a Er
(EC) and 1O3Ho (PI) experiment.

We have extended these studies and found very good agree-
ment also for the 159Dy (EC) and 159Tb (PI) pair6 ) , where
as in the case of Er/Ho the occupation numbers are di f-
ferent for 4f electrons. In the frame of a comprehensive
investigation of the effects of various outer electron
orbitals also the shifts have been measured between the K

181
X-rays following photo ionization of Ta and those

181following electron capture decay of W which should have
the additional electron the 5 d shell. While the accuracy
of the data obtained by Wang et a l . ' does not allow the
discrimination between a l s electron shift and an effect
of 4 f electrons, our much more accurate data which in -
clude the shift of the Kß2 4 doublet and of the KO line
and which are depicted in Fig. 1 clearly rule out a l s
shif t as the single cause. Even a l s shift together with
the effect of 4 f electrons is inconsistent with the
measured shif t pattern, which cannot be explained by the
5 d electron either. In view of this large discrepancy we
have begun a systematic measurement of the K X-ray shifts
of various pairs of PI and EC sources of elements where
the 5 d shell is gradually f i l l e d . The results which we
have obtained so far are shown 1n Fig. 2 where the d i f -
ferences between the measured and calculated ' shifts
are plotted versus the occupation numbers n(PI)/n(EC) of
the electrons in the 5 d orbits. I t is interesting to
see how the discrepancy for the Ka and Kß lines is des-
creasing and even reverses sign as the 5 d shell is being
f i l l ed . The effect of the KO line may be constant or
sl ightly decreasing, but i t remains rather large. The
reason for this strange behaviour of the elements in
the transition region is not understood so far. We
suspect that i t is not :..• atomic but rather a solid
state effect.

+ Institute of Physics, Aarhus University, Aarhus,
Denmark

++ CERN, Geneva, Switzerland
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181Fig. 1: K X-ray shifts of Ta. Besides the experimental
points (Exp.), calculated contributions are plotted as
arising from shake off (OSE) and the hyperfine shift (HF).
Also the isomer shift (Isom.) has been taken into account
because of the 35 % EC population of the 63 keV level in
i81Ta.
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Fig. 2: Differences between the measured and expected
K X-ray line shif ts, plotted versus n, the number of elec-
trons in the d5/2 orbits with e.g. 3/4 at the Ta/W pair
indicating 3 for Ta and 4 for W.
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2.2 Isotope Shifts of K X-Rays of Lead
+ ++

G.L. Borohertt P.G. Hamen t J.B. Mo Grory t

B. Jonson t B.L. .Ravn t O.ff.B. Schult and

J. Speth

During the past years progress in nuclear theory has
allowed more detailed predictions of ground-state proper-
ties of heavier nuclei in particular in the lead region1)

In the vicinity of a doubly magic nucleus i t is interesting
2

to learn how e.g. the mean square charge radius <r > of
the nucleus varies as nucleons are added to or removed
from the core. This effect can be studied through isotope
shift measurements, and the K X-ray shif ts, albeit very

2) 2
small, are simply related ' to the changes 6< r > of the
mean square charge radius.
Measurements of isotope shifts of K X-rays in the lead

3 A)region have been performed by Boehm and co-workers * '
with the use of a Cauchois spectrometer. In view of the
high accuracy which we have achieved in other K X-ray
shift measurements ' we fe l t i t worth while to also use
our CERN DuHond spectrometer for a new measurement of
K X-ray shifts of the lead isotopes 204, 206, 207 and 208.

In contrast to the previous work, where a Yb source of
•v 200 Ci and samples of 1 - 2 grams were used to obtain
peak count rates of ^ 300/sec, we have installed a ̂ 50 Ci

Yb source for the fluorescence excitation of metallic
lead samples of only -v 11 mg (4 mm x 2 mm x 0.12 mm) and
also obtained peak count rates of ^ 350/sec. Because of
the high resolution of the crystal spectrometer and due
to the small source thickness (0.12 mm) the actual line
widths that we have obtained in the second order of reflec-
t ion, where our measurements were performed, were only
1.1 times the natural line widths. As we have only used
metallic samples fabricated in the same way, chemical
shifts are negligible.

We have measured the isotope shifts of the'Ka. lines of
al l possible combinations of the four sources with each
once in the upper and once in the lower source position
in order to eliminate the vertical aberration error.

The positions of the K X-ray reflections were obtained
through a direct f i t , through the application of the
center of gravity method, and through a difference
method. For this preliminary analysis, the maximum error
resulting from the application of these three methods
was taken. A more refined f i t is planned in the near
future. Out of these data the isotope shifts (preliminary
results) listed in Table I have been obtained through a
"level f i t " where al l possible combinations have been
used and where corrections have been made for the iso-
topic compositions of the samples. The previous results '

are included in column 5 for comparison.
21

The Coulomb shifts öErouiomb a r e 9 l v e n

5ECoulomb " 1880
meV

f m 2
6 <rS {1 - 1.12

for 2=82. Neglecting higher order terms we therefore
obtain the ä <r > values given in column 2 of Table I I .
In column 4 are listed the data according to Ref. 4. In

Isotope
1

204

204

204

206

206

207

Isotope
2

206

207

206

208

207

208

Ea.(

420

276

183

237

93

144

0-
me

+

+

+

+

+

-Eo.(2)
•V)

21

21

25

21

23

21

Coulomb Shift
this work

422 + 21

278 + 21

185 + 25

238 + 21

93 + 23

144 + 21

(meV)
Ref.

200 +

186 +

50 +

136 +

4

38

18

20

25

Table I : Kc^-Isotope shifts (preliminary results)
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<r2>208 -

<r2>208 -
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0.

0.

0.
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077

126

224
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work

+ 0

+ 0

± °

Oil

Oil

Oil

6<r

(
0

0

0

2>
^heor
fm2)

.061

.116

.226

6<r2>exp

0.

0.

0.

Ref.

07* +

099 +

205 +

(fm2)

4

U

0

0

013

010

022

Table II: Isotope shifts of the mean square charge radii

208 207column 3 are listed our theoretical values. For the ' Pb

pair there is good agreement between the experimental numbers

and they essentially agree with the theoretical shift

which - as is shown in Table 2 of Ref. 1 - is due to the
2 2

effect of the p,,2 neutron hole (Zsr = 5.018 fm ) on the

monopole mode of the 2=82 proton core for which r (proton,
2

Woods Saxon) = 36,074 fm. From these numbers one could de-

duce an effective neutron charge of 0.14. For the ' Pb

pair the two experimental shifts differ by more than what

one would expect. Both numbers agree with the theoretical

shift which is less than twice the 208>207Pb.shift. That the

use of a state-independent effective neutron charge is not

a good approximation becomes obvious from the wave func-

tion ' of the Pb ground state, where also the fc/?» P3/2*
ant* M

neu*ron holes contribute withf,/2* hg,2 ant* M3/2
smaller effective neutron charges. In fact the theoretical
208,206pfa shift is only 1 8 8 times the 208,207pb

experimental ratio is 1.63 +_ 0.27, that of Ref. 4 is
1.34 + 0.28.
For the * Pb pair the consistent experimental results

are in excellent agreement with the calculated isotope

shift.
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2.3. Isomeric State in 134La

T. Morekt B. Boohev, ?. Kutsarova, R.M. Lieder,

M. WXtXer-Voggian

La leveJs were populated with the Ba(p,3n) reaction

using 30 MeV protons. Excitation functions and four para-

meter (E , E , t , t - p ) Y-Y coincidences were measured.
Y Y YY Y"T ] 3 -

The results give evidence for an isomeric state in La
with a half life of 29±5 ys. The decay scheme of this

134
isomer 1n '"La is shown in Fig. 1. The y transi-
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La
134,Figure 1: Decay scheme of the isomer in " L a .

tions of 97.4, 110.1, 115.7, 122.7, 151.6, 163.9 and
274.2 keV clearly show this half l i f e . The other transi-
tions were placed in the decay scheme of the isomer on
the basis of Y-Y coincidence measurement and the energy
balance. All of these transitions have in addition a long-
l iv ing component with a half l i f e in the microsecond
range, but contaminations do not allow to determine the
exact value of the hal f - l i fe .

A spin and parity of 1 has been assigned to the ground
134 1) 134

state of La ; . The isomeric state in La may be of
1*97/9 v n n /2 o r ^S/? v^ l l /2 configuration as dis-
cussed in more detail in the 136La contribution to the
present annual report.

Reference
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2.4. 136Isomeric States in 100La

T. Morek, S. Boohev, T. Kutaarova, R.M. Lieder,
M. Müllep-Veggian

We have started a study of the odd-odd nucleus la with
the (p,3n) reaction using protons from the cyclotron at
Jülich. Standard in-beam y-spectroscopy methods were used
including four parameter {E , E , t , t RF) y-y coinci-
dences, two parameter E - t Rfr coincidences, y-ray angu-
lar distributions and multispectrum scaling.

As result of our studies a partial level scheme of 136La
is shown in Fig. 1. We have identified two isomeric states

17ns

13Q2

<

98.0

115ms

150.2

•

•

•

27.7

•

95.7

1 22.5
•

151.7
150.1

118.2

136

22.5

0

La
Figure 1: Partial level scheme of 136La.

in La. One of them having a half life of T. ,„=115±5 ms
1 ^ -L/£

was previously reported '. Our results confirm that a
95.7 keV transition occurs in the decay of this isomer
but we do not find a transition of 66.8 keV as reported
in ref. 1. The analysis of the X-ray peaks in the y
spectra which were registered a few milliseconds after
the beam pulse shows that the K component of the La X
rays has a too large intensity in comparison with that of
the Kß l ine. This suggests that a 33.5 keV transition
occurs in the isomeric decay. Extracting the conversion
coefficient of this transition from the intensity balance
in the delayed spectra i t was found that the multipolari-
ty of this transition is rather small and cannot explain
the long half l i f e of the Isomer. This fact suggests that
an additional isomeric transition of low energy might
exist which has not been observed.
The second isomeric state has a half l i f e of
T l / 2 = 1 7 ± 4 n s" We t i a v e f o u n d s i x y transitions of the
energies 95.7, 98.0, 127.7, 130.2, 150.2, 248.4 keV with
this ha l f - l i fe . The energy balance suggests that the
248.5 keV transition deexcites the isomeric state to the
ground state and that a y transition of 22.5 keV should
exist which has not been observed in the experiments.

In atomic beam experiments ' the La ground state has
been determined to have a spin 1=1 and i t can be interpre-
ted as the 1 member of the ^.^ vd,,2 multiplet. A two-
particle interpretation can be also used to explain the
structure of the isomeric states in 136La as i t was done
in the other N=79 nucleus Pr. The configurations of

the long-living isomer in La and the isomer in
134

La (cf. contribution to the present annual report) may
contain an hjwg n e u t r o n hole since low-lying isomers of
v h l l / 2 c o n f i 9 u r a t i on are known to exist in the isotones
i3S,i37Ce> Tne p r o t o n „ay be o f d or g ? / 2 configura-
tion since the ground states and f i r s t excited states,
respectively, in 133>135La a r e o f t n i s configuration. The
long-living isomer in La and the isomer in 134La may,

" 1or a vh
n / 2

con-therefore, have a 7rg?/2 ^ g ^ n / 2

figuration. At present not enough experimental information
is available to assign a configuration to the 17 ns isomer

136,
i n u L a .
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134
2.5. New Side Bands in Ce

M. Müller-Veggian, B. Beuzohst, D.R. Baemtij

R.M. Lieder A. Nesfaikis

After the discovery of a 10+ isomer in Ce ^ with a
-2 +

(^11/9) configurat ion, s imi lar to that of the 10 iso-

mers in the heavier isotopes Ce, Ce , i t seemed

interest ing to study the structure of th is nucleus in

more de ta i l .

134 134

The f ina l compound nucleus Ce following the Ba(a,4n)

reaction at 60 MeV was investigated by in-beam Y and e"

spectroscopy.

134

The nucleus Ce ex ib i ts a very complex level st ruc-

ture. New side bands were observed in addition to the

ground state cascade ' , which shows backbending at the
c r i t i c a l angular momentum I =10, s imi lar ly to
128,130,132Ce 3,4) c

The most intense band is a well-developed negative-parity-

band which feeds into the 4+ by a 1125.6 keV t rans i t ion .

Simi lar ly to the negative-parity-band observed in the

isotope Ce a sequence of odd states with ( 5 , 7 , 9 )

and even (6" , 8") spin were found. Levels with spin and

par i ty 5", 7~ were observed in the nucleus TJd ' . Nega-

t ive par i ty bands were also found in the neighbouring

132,134ßa 6,7)_ T h e 5 - a n d ? - s t a t e s a r e p r e s e n t i n

134,136,138^ T h e e x c i t a t i o n energy of the 5" in

4,136, 8Ce . j S s ] i g h t ] y changing with neutron number
suggesting that the probable configuration of the 5

134 -1 /~v -1
state in Ce is ( v h i i / 2C i ) v S i / ? ^5 - o r

' •*•" ' " V ^ / ? ^ - s i m ' i l a r l y t 0 the heavier isotopes.
134Another band was observed in Ce. This new band is po-

pulated weakly by the 10
+

isomer. The spin sequence found

8 . This band structure has ani s 0 , 2T , (3 T ) , 4 \ 6
intermediate character between the pure vibrat ional and
rotat ional bands. Such quasi-ganroa bands are common in
soft and t ransi t ional nuc le i . Quasi-garama-bands were
found to exist in 132.134,136.138^ 136,138,140^
132Ba 8)

+ 134

The location of the 3 state in Ce seems to be rea-

sonable comparing the exci tat ion energies of the 3+

state in 136Ce and in the isotones 136Nd, 138Nd 8 \ This

state together with some low spin states has been also

weakly seen in the decay of 134Pr and 1 3 4 n W 8 ' , but no

spin assignment has been given.

Other new states and a new cascade were found, which are

very weakly populated.

Furthermore on the top of the 10 isomer a cascade of

Y-rays was established in a study of delayed coincidence.

This cascade seems to have a rotational character.

The energies and mul t ipo lar i t ies of the Y-rays are

similar to those of the transitions in the h

band in 135Ce 8>.
11/2 neutron

The cascades observed on the top of
+ 1 ̂ fi 1 ̂ R

the 10 isomer in ce and Nd are very s imi lar to

the ground state cascade of Ce, Nd respectively • ' .

This fact support the interpretat ion that the 10 isomer
134 -2

in Ce has also a (vh, , ,2 ) configuration.

+ 134 9\
Recent g-factor measurements for the 10 isomer in Ce '

confirm that the 10+ isomer is a neutron state of a

(vh, , ,» ) configuration. I t is very in terest ing to look

at the B(E2) values of the 10+-*6+ states in the nuclei

130,132,134,136^ T h g B ( E 2 J v a l u e s Q f t h e 1 0 + ^ + t rans i -

t ions become more hindered with respect to the single particle

un i t with increasing neutron number and fol low the same

behaviour of the B(E2) values of the 4 -»-2+ t ransi t ions ' ' .

In the nucleus Ce two 10+ states ex is t . The B(E2) value

of the col lect ive 10+ is almost a factor 3 enhancedwith res-

pect to the single par t ic le un i t . The 10 isomeric state

decays by the 397.5 keV to the 8+ co l lect ive state and also

by a 191.5 keV to another 8 . I t is very interest ing to

see that the B(E2) value connected with the 397.5 keV t ran- '

s i t i on is hindered with respect to the single par t ic le uni t by

a factor ^300 whereas the B(E2) value connected with the

191.5 keV is hindered by a factor ^8, which is very s imi-

la r to the retardation found for the 10 -+8 t rans i t ion in
136Ce (RS6) l l * . The d i f ferent hindrance factor of the

10 S t ransit ions in Ce can be understood taking into

account the di f ferent nature of the 8+ states.

Considering the experimental results that the neighbouring

odd h j , , 2 proton nuclei La don't show backbending i t was

concluded,using blocking arguments, that the backbending in

the Ce region is due to the h , , , 2 protons ' . The existence

of new side bands suggest that the h , , , 2 neutrons may play

a role in the backbending in this mass region.
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2.6. Electromagnetic Decay of the
+ . . . . . +

State in ^ W ^

M. Luontama , A. Passoja ,R. Julin * J. Kantete
P. Rleinheinz, J. Blornqoiet™

In (a,xn) experiments the Gd yrast levels have been
well investigated, but l i t t l e is known about low spin
states above the yrast l ine. Some time ago an (a,2n)
measurement at the reaction threshold ' revealed the
lowest 2+ state at 1972 keV, and an early (a,2ne~) experi-
ment ' proposed the f i r s t excited ot state of Gd at
2179 keV. The 0+ states in the doubly closed shell nucleus
146

Gd are of particular Interest and we have now carried
144 3out Sm( He,n) in-beam y-ray and conversion-electron

studies at the .cyclotron at Jyväskylä" to detect these
states and investigate their properties.
In the present measurements we have confirmed the existence
of the ot state in Gd and determined i ts energy more
accurately as 2165.0(4) keV through observation of the

+ + 144 1

EOfOj •* op transition following the Sm( He.n) reac-
tion with 3He beams between 14 and 27 MeV. Conversion
electrons were detected with a Si(Li)+ magnetic lens
spectrometer ' , and Ge(Li) detectors were used fory-ray
measurements. Self supporting 88.6 and 96.5 % enriched
144

Sm metal targets were employed.
In the conversion electron spectrum a prominent high-
energy K line was observed at 2114.8(4) keV. The K to L
energy difference was measured as 41.9(5) keV which con-
clusively shows that the conversion takes place in Gado-
linium. No corresponding y-line was observed; comparison

- + I4fi
with the 1579.3 keV 3j -»• Oj E3 transition in Gd gave
the conversion coefficient ratio aK(2165.0)/a.,(1579.3)>
100 which establishes EO multipolarity for the 2165.0 keV
transition.
The Gd mass number assignment for the 2165.0 keV E0 transi-
tion is based on the following observations:
( i ) Measurements with targets of different enrichment

144in Sm gave the same intensity ratio 1(2165)/
1(1579) ~ 3, thus the target mass number must be
144.

( i i ) The excitation function follows the Coulomb barrier
at lower energies, being similar to what one would

3 144
expect for the ( He,n) reaction. Gd cannot be
the final nucleus since i t is excluded by the Q-
value.

( i i i ) The final nuclei Gd and Gd must be excluded
since they have far to many open competing y-decay
channels to allow an intense EO transition of 2 MeV,

147 3

Besides, Gd would involve He radiat ive capture.

Consequently, the isotope assignment is f i rmly Gd, in

which the EO t rans i t ion obviously is associated wi th the

decay of the 0^ state at 2165.0 keV ( f i g . 1) .

In the y-ray measurements a search was made for the com-

peting 193.7 keV E2(0* + 2^) t rans i t ion (cf . f i g . 1 ) , but

no such t rans i t ion was found. From a comparison of y-ray

and electron spectra, a l i m i t of 1^(2165.0)IY(193.7) >4 is

obtained equivalent to the ra t io E0/E2 > 85/15. The in ten-

s i t y of the E3(Ü2 •+• 3^) t rans i t ion is cer ta in ly negl ig ib le .

The hal f l i f e of the 2165 keV 0+ level is too short to be

determined from the slope of the time curve measured

0*

2*

3 -

0*

375ps S £
A V

EO

E2 1193.7

2165.0

2165.0

1971.3

1579.3

0

" 6 G d
64 62

Fig. 1 : Decay of the dt s t a t e in Gd

re la t ive to the cyclotron beam pulses. I t was determined

by a centroid s h i f t method spec i f i ca l l y developed ' fo r

application with the Si(L i )+ lens electron spectrometer.

The electronic prompt walk was extracted from the time

centroids of background electrons with energies above and

below the 2165 keV l ine accepted in the f ixed momentum

window of the magnetic lens. A thick target was used in

th is measurement to increase counting s t a t i s t i c s . The

resu l ts , shown in f i g . 2 . , give the hal f l i f e of the

2165.0 keV level as T j - 2 = 375 *_ 40 ps. Since there is no

reason to believe that a competing ot •+ 2J t rans i t ion

would be much enhanced we ignore i t (1 W.U. would correspond

to a y-branch of <1 %). From the measured hal f l i f e ,

together wi th the theoretical branching rat ios v/K = 0.158,

K/L = 7.5, L/M * 3, and the electronic factor a. = 1.136 x
-11 -110 s the reduced E0 t rans i t ion rate becomes

p2(E0,2165.0 -»• 0) = 0.0122(13)

T> S*0ps

CENTROID POSITIONS

• CROSS DATA

• CORRECTED 0 * 1 *

TIME CAU
218 p»/ CHANNEL

ELECTRON SPECTRUM

E l*H*> • I « MtV

CHANNEL NUMBER

Fig. 2: Conversion electron spectrum (lower part) from
the Sm( He,n) reaction at 15.3 MeV. The upper figure
shows time centroid positions corresponding to the
energy slices indicated below.
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corresponding to 0.70(ö) ptp wtth the ef fect ive single

par t i c le uni t as defined in re t . (5) .

In Gd one expects the f i r s t excited 0 state to be the

two-proton exc i ta t ion, but i t s exci tat ion energy, as high

as 2.165 HeV, indicates that the ot state must be strongly

mixed wi th the ground state. In the case of maximum mixing

of the ground- and two-proton states, the EO t rans i t ion

rate should be one single par t ic le un i t , provided that the

proton E0 effect ive charge is e.

Experimental data on effect ive monopole charges are s t i l l

scarce; the E0 ef fect ive charge is therefore empir ical ly

not well determined but should be around e for protons.

A weak state dependence of the ef fect ive neutron mono-

pole charge has been found ' in Pb and is supported by

theoretical calculations K From a more detailed analysis

of tne (id 0* levels i t i s concluded that such a state

dependence for the effect ive proton monopole charge must

be < 0.05 e.

Of great interest woula be the ident i f i ca t ion of the next

higher ly ing 0+ states. These are expected to be the two-

neutron exc i ta t ion, c lear ly higher than the two proton 0+

state , and the two-phonon octupole 0 state expected at

3.2 MeV. Our attempts to observe the EO decay ot these

states by internal pair formation have so fa r remained

unsuccessful.
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2.7. Proton Single Part ic le States Above Z=64 from
147-Th
65Tb82

y. Hagai3 J. Styczen, M. Piiparinen, P. Klein-

heinz3 D. Baszacco , P. v. Brentano t

J. Blomqviet

147 146

The Tb nucleus has one proton outside the Gd

closed core and thus is the pr incipal source of in fo r -

mation on the single par t ic le energies of the Swg»
d-,,.,, and h , w , shell model states which occur above
Hi. nit ; - I 147

Z=64. Two ß-decaying isomers are known * ' in Tb, and
recently the high spin excitat ions b u i l t on the 1.9 min

3)irh,jy2 single par t ic le state were investigated ' in an

(a,8n) experiment. There are however no data on the

s 1 / 0 and d , , , single proton states, and the i r energies

so far could only be estimated by extrapolation * ' from

the lower Z N=82 isotones.

147
The 1.6 h Tb ground state spin par i ty has since long

been f i rmly adopted as 5/2+ , only recently ' as (5 /2 + ) ,

and is at t r ibuted to the d c y o shell model o r b i t . How-

ever, the n a t u r e
5/2

147Tb makes a d5/2
assignment fo r the 1.6 h level highly questionable. The

irh,, / ^ t d c / „ E3 t rans i t ion ' in Eu has 4 W.u., and

comparable E3 enhancements have been measured in several

odd proton nuclei ' in th is region. On the other hand
147

a decay branch connecting the two Tb isomers has not

been observed, i t s par t ia l half l i f e therefore must be

» 1.9 min. Since an E3 t rans i t ion of one Weißkopf unit

and E > 3 keV has T , , - * 6 s e c » a d 5 / 2 assignment fo r

1.6 h Tb appears very unl ike ly . From the energy system-

atics in Z<65 N=82 isotones one knows that the s, ,y>

d , , ~ , and h 1 1 / 9 single proton states l i e close together,

and they should therefore lie at low excitation in Tb.
- l 2

Since pair ing is important at Z=64 also the udc /o j ._, 2 - °'£ °
and flg7/9 j Ä two-part icle one-hole levels are expected

' 145
at low energy, analogous to Eu where e.g. the i r h , 1 / 9

-2 11 '
j i l h l l i 6

112 11
j one-particle two-hole state ' l ies at 716 keV.
In order to locate the posit ive par i ty single par t ic le

147
states we have investigated the Tb nucleus through

the Sm( Li,3n) reaction using in-beam T- and electron

spectroscopy. A coincidence measurement at 29 MeV bom-

barding energy ( f i g . 1) reveals a cascade of three Y-rays

with 253, 101, and 365 keV which from exci tat ion function

studies and coincidences with X-rays is at t r ibuted to
147

Tb. We have also observed th is cascade in ß-decay of

Dy produced through the («,9n) reaction at 120 to

140 MeV beam energy. Gamma rays of 253 and 101 keV also
91 149

occur ' in Tb, but th is nucleus is not populated in
the ( Li,3n) in-beam experiments.

Conversion electron measurements with a mini-orange

establish Ml mul t ipo lar i ty for the 253 and 365 keV

t rans i t ions, and a y-ray singles timing measurement with

a pulsed beam gave T, .„ < 1.3.ns for the 253 and 365 keV

lines and < 2 ns for the 101 keV l i n e .

The measured t rans i t ion in tens i t ies together wtth the

intensi t ies observed in the coincidence experiment

( f i g . 1) establish the t rans i t ion sequence as shown in
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the level scheme of fig. 2, Intensity balance together
with the T,,- limit requires magnetic dipole character
also for the 101 keV y ray. The observed cascade there-
fore establishes four levels of the same parity.

Since as discussed above one expects in Tb below 1 MeV
only the 1/2, 3/2, 5/2, and 7/2 states of positive
parity, the experimental results require that they form
a monotonie spin sequence. As a 7/2 ground state would
connect with the 11/2 isomer through an H2 transition of

^1/2 £ *° "̂  the only P°ss'*Dle sP i n sequence is 1/2 (grd.
St.). 3/2 (253 keV), 5/2 (354 keV), and 7/2 (719 keV) as
shown in fig. 2.

So far the position of the h.
'11/2 state relative to the

positive parity levels is not known, but its 1.9 min
half life excludes that it lies above the 354 keV 5/2+

state. The energy systematics of odd Tb isotopes inde-
pendently suggests a rather low excitation. In ^Tb the

ll/2
71

l e v e l i s f o u n d a t
keV> a n d f o r t h e

a-decay data ' suggest ^ 40 keV excitation for the
state. From a pairing analysis of the measured level

energies one would expect the n ^ , * level in TD to l i e
slightly below the s1 / 2 state.
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147-,Fig. 1: Coincidence spectra for transitions in Tb
measured in the (6Li,3n) reaction
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Fig. 2: Level scheme of
experiments

147Tb established from the present
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For the Z=64 single particle energy gap our analysis
givesa value of about 2.5 MeV, in agreement with our
earlier ' approximate estimate and as expected slightly

to h,,/o energy difference
in 1JJSb.

higher than the 1829 keV d
1JJ

In conclusion the present study suggests an s , „ assign-
149 '

ment for the 1.6 h Tb a c t i v i t y , in contrast to the

previously adopted dj-,2 assignment. The results also

locate the three other posi t ive par i ty single proton

states and show that the h,. ,„ level must l i e below the

^5/2 s t a * e a t 3E>3 keV. The pronounced discontinuity in

the experimental quasipart icle energies when going from
145 147

Eu to Tb provides strong support for a large
energy gap in the single particle spectrum at Z=64.
* University of Cologne

AFI Stockholm, Sweden
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2.8. Twoparticle-Phonon Exchange Coupling in Dysprosium

Nuclei

P.J. Daly i P. KleinheinZj R. Broda, S. Lunardi,

B. Backe t J. Blmqvißt

1 2}In earlier studies ' ' we have identified isomeric states
involving two h u « valence protons in the N = 82 and
N = 83 nuclei l48Dy and 149Dy. A final analysis3* of the
in-beam data showed that in both cases these yrast isomers
are dominantly fed through El transitions of about 1 MeV.
The next higher yrast transition in *4'Dy is of Ml charac-
ter, whereas only x = 1 is known for the corresponding
yrast transition in *Dy (cf. f i g . 1).

At I = 10 the Dy valence spjn is exhausted, and higher
yrast states must involve breaking of the Gd core.
Since the 3~ octupole state is the lowest core excitation,
one would expect the yrast line to continue by excitations
of the type 10+ x 3", and we interprete the 3980 keV 11"
level as the lowest lying member of an octupole multiplet
built on the ( i rh, , /?)1^ s t a t e - Since the ( " ^ i i / ? ^ / ? ^ "
configuration provides the dominant amplitude of the 3~
core excitation, one expects that the energies of the
^11/2 Pa r t l c^e P^us fctupole multiplet members wil l be
strongly affected by the Pauli principle.

The figure 2 shows the particle-phonon exchange diagram
appropriate to the Dy case. The corresponding diagram '

Tb, which has one h,,,~ protonfor the Z = 65 nucleus 147

in i ts ground state, is included for comparison. The
equations giving the'energy shifts <5E for the individual
particle plus octupole multiplet members are also given,
where W denotes a Racah coefficient and X is a 9j symbol.
The crucial point here is that the energy factor contai-
ning the interaction matrix element is the same as in the
149

Tb case, and this makes i t possible to use that empiri-
cal energy factor from one particle-phonon coupling to
describe the exchange interaction of two particles with
the phonon. The measured ' 772 keV 15/2+ trt 17/2+ energy

196

1061

n'
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' * ~\3£»

»78

2
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splitting in Tb,gives for that factor a value of
2

<[H|> /AE = 856 keV which we have used to calculate the

expected energy shifts for the four highest spin members

of the ifhjjy« x 3" octupole multiplet in Dy as shown

to the right. (The -^\\i^ couplings I' = 10 and I' = 8

both contribute to the 11 and 10~ states, and the

theoretical energies shown are the lower energy solutions

from diagonalizing the interaction in this two dimensional

basis). The good agreement gives strong support for the

identification of the observed 3.980 MeV 11" and 4.476

MeV 12" states in 148Dy with the calculated *k\1/2
 x 3"

multiplet members.
147tb 146Dy

THEORY EXPMT

17/1*

THEORY EXPMT

nhn/2

SJ*

hn/2

hti/2

3"

hn/2

Fig. 2: One-particle-phonon and two-particle-phonon
exchange coupling involving the 1579 keV octupole exci
tation in the ltf^Gd core. Experimental and calculated
Trhijy? x 3" and nhij /2 x 3 multiplet members in l t l7Tb
and ^Sßy a r e shown.

Yrast states in 1W9Dy and llt9DY. Intensities from (a,xn) experiments;
multipolarit ies from conversion electron data.
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Ihe fact that the excitation energy of the 3 octupole
state is higher in Dy than in Gd can also be under-
stood as a Pauli interference effect. In this case, the
geometrical blocking coefficient 14(21' + 1)X for I ' = 0
equals 2/12 assuming that two of the twelve h1 1 / 9 protons

148 + '
are present in the Dy 0 ground state. With the same
empirical matrix element, the calculated energy shift is
AE = +143 keV, which is close to the experimental number
of E,-(148Dy) - E,-(146Gd) = 109 keV. This slightly

- 148
smaller increase of the 3 energy in Dy is not unexpec-

148ted since the proton pair in the Dy ground state alsopartially occupies the s-,/9 a n d d3/2
As far as we know, this type of particle phonon exchange
coupling involving two particles has not been observed
before; i t is encouraging that the empirical coupling
strength derived from the one-particle case describes the
more conplex situation so well.

I t is noteworthy that nctupole excitations with AI = 1
systematically occur above 3 MeV in the Dy isotopes where
the two hn/2 valence protons are aligened. The 3.65 MeV
29/2+ state of Dy ( f ig . 1) has a predominant

2 - +
( i h 1 w , vf7/0 x 3 )29/2 configuration, analogous to the

_ i i / £ ' 1 4 8
11 level of Dy. In the heavier isotones the situation
becomes more complex, but there are several candidates
for such AI = 1 octupole excitations. In Dyfi. a 742 keV
El transition deexcites ' the 5813 keV 19 octupole state
to the (irh u/2 ^^7/2^9/2)18 level, and in Dy the
(*h2n/2 vhg/2f7/2)41/2~ state is fed6 ' by an 839 keV El
from the {41/2" x 3~)43/2+ yrast state at 5743 keV. In al l
cases these octupole excitations are built on yrast states
in which al l available irhn/2» w*7/2 a n d vn9/2 valence
spins are ful ly aligned. The fact that octupole core exci-
tation competes successfully with l i f t ing of a neutron
into the i13/2 orbital reemphasizes the rather high single
particle energy of that orbital noted in earlier ' spectros-
copy studies.
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2.9. An (c,4n) Study of ^Rygg

J. Styczen, Y. Nagai, M. Piiparinen, A. Ercan,

P. Kleinheins

152The Dy nucleus has attracted great interest since
1 2}some time ago * ' i ts yrast levels have been measured up

to 13 MeV, and several ns-isomers above 5 MeV which
decay through E2 transitions with > 1 W.u. have been
located. For detailed comparison with theoretical calcu-
lations these results were of limited value since the
152

Dy yrast levels below 5 MeV were not thoroughly in-
vestigated and therefore could not provide a clearcut
spin parity assignment for the T,<2 = 60 ns isomer at
6 MeV. We have therefore reinvestigated this nucleus
using the (a,4n) reaction which is superior to HI in-
duced reactions for determination of level assignments
below 5 MeV. In these studies we have discovered the
53.3 keV E2 isomeric transition depopulating the 60 ns
isomer which we have reported ~ ' a year ago. Even with
this result the isomeric spin and parity were s t i l l un-
certain since the multipolarity of the crucial lower

17 81lying 604 keV transitions was unclear * * ' . We have in
the meantime carried out additional yy coincidence,
angular distribution, Y-ray timing and conversion elec-
tron measurements which provide a certain 17+ assign-
ment ' for the 60 ns isomer. This result would determine
the yrast level spin parities up to 36" i f one uses the

1 2} 152
earlier versions ' ' of the Dy level scheme resulting
from the (Hl.xn) studies. However in the latest version '
a number of previously firmly established yrast transi-
tion multipolarities have been withdrawn and therefore
the parities of the high lying yrast states are again
unknown.
Due to the appreciable sidefeeding of the levels below
5 MeV in our (a,4n) measurements a l l the low lying y-
rays had pronounced angular distributions which generally
confirm the previous7,8,1) spin assignments, provided
firm spin values for previously not assigned levels as

152well as for a number of Dy levels which were not
observed before. The results of the conversion electron
measurements, which were performed with an ironfree
orange spectrometer, are summarized in f i g . 2. Of par-
ticular interest is the <v-value for the 604 keV tran-
sition which definitely settles Ml multipolarity for
that transition and the 17 assignment for the 60 ns
isomer.

Another interesting result of our measurements is the
observation6' of the 3.9(4) ns half l i f e for the 3160
keV 11" level ( f ig . 3), which decays through a 2.5

times enhanced E2 transition. This 11 level is the
152lowest yrast isomer in Dy and has been overlooked in

the previous investigations.
152As we have mentioned the parities of the Dy yrast

levels above 5 MeV are s t i l l undetermined which limits
crucial comparison with theoretical results. There exist
already a number of theoretical studies ' of Dy,
but none of these predict 17+ for the 5 MeV 60 ns isomer.
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Of particular note is probably a calculation ' from
1977, which included pairing and predicted four oblate
yrast traps with the same spins as the four ns-isomers
observed in experiment.

6 -

T w • M m

152Fig. 1: Level scheme of Dy as observed in the present-
(a,4n) experiments.
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2.10. Study of Band Crossings in Os

ü.M. Lieder, J. Borggren , J. Pederaen and

G. Sletten
182,The study ' ' o f side bands in Os has been continued

by y-y coincidence measurements involving a low-energy

photon detector as well as measurements of conversion

electrons with a mini-orange spectrometer. These experi-

ments were carried out at the Tandem Van de Graaff acce-
10

lerator of the Niels Bohr Institute using the ( 0,4n)
and ( 0,4n) reactions, respectively. The beam energies
were 80 MeV. The conversion-electron studies allowed to
determine the parities of al l seven side bands previously

109 182

established in Os. The level scheme of Os is shown
in f i g . 1. Band # 1 is a strongly-coupled band. The angu-
lar-distribution measurements yielded that the dipole-
quadrupole mixing parameters ö of the cascade transitions
in this band have small positive values. This has also

3)been observed ' for the two strongly-coupled bands of
5/2+[402] and 9/2~[514] configuration, respectively, in

181the odd-proton nucleus Re. Considering furthermore the182negative parity of band # 1 in Os i t may be concluded
that i t has a 5/2+[402] © 9/2~[514] configuration. The
bands #2 and 3 show a strong Coriolis mixing and the d i -
pole-quadrupole mixing parameters of the cascade transitions
have negative values. These features are similar to those

181,of the mixed i13<2 neutron band in iölOs [ref. 3] which
is dominated by the 9/2 [624] configuration. This suggests
that bands #2 and 3 consist of a quasi-neutron of 9/2+

[624] configuration and one of opposite parity which has
most probably the 7/2~[514] configuration. For the
remaining bands no assignments can be made at pre-
sent. The fact that the transitions deexciting the band
#7 into band #6 have dipole-quadrupole mixing parameters
of positive sign may indicate that also these bands have
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two-quasiproton configurations. I t is an interesting re-
sult that two-quasineutron and two-quasiproton bands

1 8 20s.

182r

H e close to the yrast line in

The aligned angular momenta of all bands in """Os are

plotted in fig. 2 against the rotational frequency. The

sudden increase of the aligned angular momentum at a cer-

tain frequency as observed in some of the bands is caused

by the backbending effect. The characteristic frequencies

are tiu = 0-26 MeV for the yrast band and Tim = 0.29 MeV

for three of the side bands. Both backbending frequencies

can be understood in the framework of the cranking model '

by the rotation alignment of i13y2 neutrons.
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2.11. Interpretation of Proton Spectra from Non-Equili-
brium Reactions in the Framework of the Yrast
Picture

U.M. Lieder, B. Boohev, T. Kutaarova, J.P.
Didelez and C. Mayev-Böricke

The study of proton emission for (a.pxn) reactions by
particle-y coincidence techniques provided an important
new information about the non-equilibrium deexcitation

1 2 31process * ' ' . In the spectra of protons emitted in
209

45 MeV and 75 MeV a-particle bombardment of Bi pro-
nounced peaks have been observed for different (a.pxn)
reaction channels. The energies of the proton peaks are
independent of the angle of the particle detector and
decrease with the increasing number of emitted neutrons.
At a beam energy of 75 MeV the proton spectra have addi-
tional low-energy tai ls for the (a,p2n) and (a,p3n)
channels.
The observation of pronounced proton peaks for indivi-
dual (a.pxn) channels and their energies can be ex-
plained within the socalled yrast picture which is
schematically shown in f i g . 1 2)

50
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Figure 1: Schematic diagram depicting the decay of the
excited nucleus for different reaction channels at 45 MeV.

This yrast picture is based on the assumption that tar-
get and projectile fuse. In f i g . 1 the decay of the

the final nuclei is depicted for
in a plane

fused system to
the 209Bi(a,pxn) reaction at E = 45 MeV

The spin distribution a. as obtained by an opti-
41cal model calculation ' is inserted at the excitation

energy of the fused system reduced by the binding energy
of the proton. Furthermore an averaged yrast line for the
final Po nuclei is shown. The lines above which the emis-
sion of x neutrons becomes possible are indicated by the
corresponding binding energies B . The location of the

entry line at % 0.5 B above the yrast line is taken from
51compound-nucleus reaction studies ' . The emitted protons

are indicated in f ig . 1 by f i l led arrows, the length of
which are approximately given by the energies and angular
momenta carried away by the protons. The emitted neutrons
are indicated by open vertical arrows the length of which
correspond to their binding energies. The observation of
separated proton peaks for different (a.pxn) channels can
be understood as follows. When the proton populates a
state located between the yrast line and the line denoted
B no further neutron can be emitted so that an (a,p)
reaction takes place. I f the proton populates a state
lying between the lines B and B~ sufficient binding
energy is available to emit a neutron. Therefore, the
(a,p) reaction becomes very unlikely and the (a.pn)
channel opens. In the case that the proton excites a
state located between the lines EU- and B3 two neutrons
can be emitted and the (a,p2n) channel becomes most
probable. The widths of the proton peaks corresponds
approximately to the widths of the regions in f i g . 1 po-
pulated by the protons of different reaction channels.

The observation that the energy of the proton peak is
independent of the angle is expected in the framework of
the yrast picture described above. Furthermore i t is ex-
pected that an increase of the beam energy is accompanied
by a corresponding shift of the proton peak of the (a,p)
channel. This expectation is experimentally verified since
for an increase of the beam energy by 30 MeV to 75 MeV the
proton peak shifts by 28.5±1.6 MeV.

From the yrast picture some important characteristics of
the deexcitation process in non-equilibrium reactions can
be deduced. For the (<x,p) channel the energy of the entry
point has been directly determined from the excitation
energy and the energy of the proton peak. Taking into con-
sideration the energy of the yrast line at the estimated
angular momentum of the entry point the entry line was de-
termined to l ie £ 0.5 B above the yrast line for both
the 45 MeV and 75 MeV experiments. I t can be concluded that
the entry line has the same location for non-equilibrium
and compound-nucleus reactions and that this location is
independent of the excitation energy. For the channels with
x i l average neutron energies can now be determined. The
neutrons connected with the protons from the peak regions
carry away on average only small kinetic energies, namely
£ 0.5 MeV and £ 2 MeV for 45 MeV and 75 MeV bombarding
energies, respectively. These neutrons are considered to
be evaporated. For the ta i l regions in the proton spectra
as observed for 75 MeV in (ö,p2n) and (a,p3n) p-spectra
the emission of non-equilibrium neutrons becomes possible.

of the excitation energy and the angular momentum.
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2.12. Study of the Mechanism of the (a.dxn) and (a.txn)

Reactions at E =45 MeVa

T. Xutaarova, B. BooheVj J.P. Didelez*, R.M. Lie-

der, T. Morekj M. MUller-Veggian and C. Mayer-

Söridke

In order to investigate the non-equilibrium reaction
mechanism energy spectra and angular distributions of
protons, deuterons and tritons have been measured for

209individual channels of the Bi(a.ch.p.xn) reaction at
45 MeV incident energy by means of (ch.p.,Y) coincidences.
Some results of this study have already been published1"3'.
The main results are that pronounced peaks exist for in-
dividual reaction channels in the spectra of charged par-
ticles and that the angular distributions of the emitted
particles are strongly forward peaked. For each proton
channel the peak has almost Gaussian shape and i ts mean
energy and width is independent of the angle of emission.
This observation suggests that the protons are emitted
from a fused system2'4'. For the (o.dn) and (o,t) channels
the particle spectra show structures which change with
the angle of observation.

The tr i ton spectra obtained at 45°, 90° and 135° with
respect to the beam direction in coincidence with al l
detected y rays are shown in f i g . 1. All spectra show a
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Figure 1: Spectra of tritons in coincidence with all de-
tected Y rays for the 209Bi(a,txn) reaction at 45 MeV.

broad distribution peaking at #16 MeV. However, in the

45° spectrum additionally a pronounced peak appears at

Z 26 MeV. To obtain t spectra for individual reaction

channels gates have been set on characteristic y transi-

tions in the Residual nuclei. The resulting spectra are

shown in fig. 2. The (a.tn) channel shows a peak at

£ 16 MeV whereas two peaks can be distinguished in the

(o.t) channel at £21 and £26 MeV, respectively. The

angular distribution of the 26 MeV peak is much more

Strongly forward peaked than that of the 21 MeV peak.

A similar effect may exist for the (a.dxn) reaction. In

fig. 3 the d spectra of the (o.dn) channel are shown for

45° and 90° with respect to the beam direction. In the

45° spectrum the deuteron peak extends to higher ener-

gies than in the 90° spectrum. The 45° spectrum may con-



120

60

n o
z
13 80
O
o

to

0

US MeVctFARTOES

^Bi tct . t ) 2l°Po

j

ir1"

1
)

j

rv
•l

209 .209_

Bi(a,tn) Po

I

"TRITONS

20 25

(MeV)
30 35

Figure 2: Spectra of tritons at 45° in coincidence with
Y transitions of the residual nuclei for (a.txn) reaction
channels.

LU

S<
X
o

o
o

120

60

_ 0

240

120 J
j r

n J

nflÄSMeVctFARTICLES

1 Ln
J 1
r1! S 209_., . . 2

1 1 Bi(a.dn)

In 1 A5°
n L -u-
1 90°
-S^i11 :

ON ^ B i

°Po

10 20

)EUTER0NS

25 30

(MeV)
35

Figure 3: Spectra of deuterons for the (a,dn) channel 1n
coincidence with y transitions of the residual nucleus
2»opo.
s ist therefore of two unresolved peaks. The high-energy

component of % 18 MeV has an angular distribution which

is much more forward peaked than that of the low-energy

component of £ 15 MeV.

The energies of the peaks observed 1n the individual

(o.dxnj and (a.txn) channels are given in tab led . The

Channel

(a.d)

(o.dn)

(a.t)

(o.tn)

""part

22.9+1.0

17.6±1.5

15.5+l.Oa*

26.2+1.5

21.0±1.5a>

15.8±1.0

a) The energy i s taken from
the 90° experiment.

Table 1: The cm. energies for particle peaks of the
2uyBi(a,dxn) and 209B1(a,txn) reaction channels at 45 MeV
bombarding energy.

peaks at 22.9, 15.5, 21.0 and 15.8 MeV of the (a.d),

(a,dn), (a.t) and (a.tn) channels, respectively, are con-

sidered to result from non-equilibrium emission after

fusion of the a part icle with the target nucleus K The

peaks at 17.6 MeV and 26.2 MeV of the (o.dn) and (a,t)

channels» respectively, are probably due to an incomplete

fusion reaction, since the energies of these peaks are

only a few MeV less than the energies corresponding to

the beam velocity. The strong forward peaking of the

angular distributions supports this interpretation.
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2.13. Energy Spectrum of Delved Neutrons from As

M. Shaamn

During the second half of this year the activity on the

measurement of delayed neutrons by the time of flight

method was resumed. Our efforts were concentrated on the
Or

measurement of the spectrum of neutrons from As. The
reason for this choice is twofold. First, for this nucleus
there was a lack of high-energy neutrons (En > 1.5 MeV) • • '
unexplained by either of the theoretical approaches used
to describe the processus of neutron emission. Also, a
certain number of neutron energies whose existence was

Z)predicted ' were not seen in the previously measured
spectra with the He-spectrometer.
The apparatus was the same as the one used before '
except that the f l ight path was 60 cm.and the energy
window was set at 2 MeV electrons which corresponds to
^ 5 MeV protons. The resolving power of the spectrometer
at this setting is shown in f i g . 1. Three different
measurements were performed and, the spectra were summed
up, taking in consideration the different calibration of
the system for each measurement. This time spectrum is
shown in f i g . 2. Fig. 2: The time spectrum-sum of 3 measurements

250 -

200 -

100-

1.0
—1 1 •
2.0 3.0 ElMcVI

Energy iMeVl

Fig. 1: The resolution of the spectrometer

The transformation of the time spectrum in an energy
spectrum is performed using the relationship N(E)AE =
N(t )At . In order to extract the maximum information from
the measured spectrum, the transformation is done in steps
of a constant fraction from the energy resolution of the
spectrometer at each energy.

Fig. 3 shows the energy spectrum obtained when the trans-
formation was done in steps of 0.35 FWHM. The spectrum was
corrected for the energy dependence of the efficiency. The
energies of the peaks are listed in Table 1, together with
the widths of the peaks and their relative intensities.

One salient feature of the spectrum is the presence of

Fig. 3: The energy spectrum of the delayed neutrons from
the decay of 85As

peaked structure above 2 MeV, not seen in previous
measurements with the He spectrometers. This structure
accounts for 10 % of the total neutron intensity con-
tained in the peaks. Another interesting feature of the
time-off-flight spectrum is the width of the different

3
neutron lines, as compared with the He spectrum. The

3
width of the peak at 516 keV in the He spectrum is
about 42 keV, while in the TOF spectrum the width is

equal to the resolution of the spectrometer, i. e.

~33 keV. At lower energies the width of the lines decreases

according to the resolution of the spectrometer. The
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FWHM of the 172 keV line 1n the TOF spectrum 1s about

10.5 keV as compared with 20 keV in the He spectrum. At

lower energies there is even a splitting of lines, pre-

viously known as single peaks, in two or more peaks, like

the 97 keV line. This leads to the conclusion that in

order to define the natural width of the lines, the reso-

lution of the spectrometers should be still improved.

In this spectrum, 23 peaks have been resolved. The only

Hne which fits in the list of required neutron lines

(Table 3 from reference 2) and has not been seen before

is the 141 ttev line, within the error range assigned to

the peaks, it is possible to conclude that the lines at

2038, 23*1, 2840 and 3553 keV have also been confirmed.

But the approach adopted in this work ' is not able to

account for three peaks - 97, 110 and 172 keV - which

contain about 25 % of the total neutron intensity in

tne peaks.

Table 1: The energies, relative intensities and widths
of the peaks in the " A s delayed neutrons spectrum. E/E
is the resolution.

Energy {keV)

55.0± 1.0

65.3± 1.25

69.2± 1.35

76.2+ 1.47

83.8± 1.63

97.8± 1.91

109.8+ 2.15

125.8± 2.SO

141.4± 2.80

152.9+ 3.03

172.1± 3.45

201.6± 4.05

283.9± 5.85

412.0+ U.8u

520.9+ 11.40

580.9+ 12.60

726.0± 16.25

936.7± 22.50

1583.9+ 42.80

2027.4+ 56.50

2342.1+ 68.00

2811.6± 86.10

4510.0±161.40

Rei. Intens.(X)

32+12

33+11

44+10

20±10

41±11

86±12

84+11

20+10

53±10

27± 9

55+ 9

37+ 9

46+ 9

36± 9

100± 7

47+ 9

29± 8

52± 8

16+ 8

11±- 7

20+ 8

19± 8

16± 7

FWHM(KeV)

3.8

4.6

4.4

4.2

4.9

7,6

11.0

5.2

7.6

7,8

10.6

14.0

22.8

35.0

36.0

37.0

42.0

72.0

126.0

148.0

240.0

235.0

457.0

AE/E (keV)

3.20

3.65

3.67

4.20

4.60

5.40

6.20

7.00

7.85

8.20

10.10

11.60

17. U0

25.40

33.50

35.60

42.00

64. OU

120.00

152.UO

210,00

240.00

457.00
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2.14. The Life-Times of the O3- and O^-Levels in 98Zr

G, Battietuzzi, K. Kauade, B. Latein, K. SistemCch,

F. Schmaler , E. Monnand , J,A. Pineton t

B. Pfeiffer** and G. Jung**

98
The nucleus Zr is of special interest since i t is s i tu-
ated at the rapid transition of nuclear shapes between
the doubly submagic Zr and the probably asymmetrically
deformed Zr. The energies of the f i r s t excited posi-
tive parity states, f i g . 1, show that the structure of
this nucleus is neither vibrational nor rotational l ike.
The proposed coexistence ' ' of spherical and deformed
nuclear shapes does also not show up in the presently
available data '

2Oi7.fi

: rH

H g . 1: Part of tne level scneroe of a8Zr

In order to get insight into the relative parentage of
the levels of this nucleus, the life-times of the recently

A) + +

identified ' 03~ and 04~states have been determined at the
fission product separator JOSEF. This was achieved through
the measurement of the delayed coincidences between the
ß-particles from the ß-decay of *°Y and the ^-transitions
of 213 keV and 269 keV, which depopulate the O+-levels.
A thin scintillation detector (0.5 mm x 50 rim2) and an
intrinsic Ge-detector (16 mm x 1900 mm2) were used for the
observation of the ß- and ^-radiation, respectively.
The time distribution between the ß-particles and 269 keV
Y-rays is shown in fig. 2a as an example of the experi-
mental data. The life-times of the levels are deduced from
the shifts of the centroids of the time distributions com-
pared to the positions of the centroids of prompt ß, y-
coincidences, which were simultaneously measured, ct fig.3.

5 10 15
Tim« channels |3.9lnsfch)

Fig. 2: Examples for the measured ttme distributions
a) f},2&8.b keV coincidence, b) 0,213.1 keV coincidence,
there the contribution from 9SSr is clearly visible.
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In the case of the 213 keV Y-ray contamination from
93

the 213 keV transition in Sr was present, as 1s shown In
f i g . 2b. In a separate run where the separator was opti-
mized for the study of 93 Sr, the hal f i i fe of the 213.4
keV-level was determined to be 5+1 ns. The centroid posi-
tion of the e, 213 keV-coinddence in f i g . 3 has been ob-
tained after subtraction of this contamination.
Two independent experimental runs were performed which
yielded the following results:

t1 / 2 (Oj-level) t1 / 2 (Oj-level)

Run I (0.74 ± 0.13)ns {0.19 ± 0.12)ns
Run I I (0.64 t O.lOjns (0.29 ± 0.12)ns
Average (0.69 ± 0.08)ns (0.24 ± 0.08)ns

The following reduced transition probabilities result from
these half-lives and the relative intensities of the y-
transitions:

B(E2:03+2j) = (1743+202) e2fm4+ 65 spu
B(E2:0j-2+) = (1639+546) e2fm4- 61 spu
B(E2:0J>2+) » (22.7+7.6) e2fm4- 0.8 spu

In these calculations the weak population of the ot-and
+ 51
04-levels through E0 transitions ' has not been taken
into account. Their contribution would not change the
B(E2) values beyond the given uncertainties.
It can be concluded that there are strongly collective
transitions which connect the new 0 -states of *°Zr with
selected 2 -states. This indicates a close parentage bet-
ween these levels.
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2.15. Half-life of the lowest 7/2 -level in "Mo

K. Sistemich, R. Lawin, G. Battietuzzi, K. Kawade
and H.A. Selio

The half-life of the second excited state in ^ o with
spin and parity 7/2+ has been determined through the
measurement of delayed ß.y-coincidences at the fission
product separator JOSEF. This level is fed with 100 %
• 99 1 )

in the B-decay of the high spin isomer of Nb ' and is
depopulated through a 137.6 keV y-transition to the f i rs t
excited state with I f f = 5/2+ shown in f i g . 1. The details
of the experimental procedure are described elsewhere in
this report ' .

2.6m
365.7

1/2.3/2*
(5/21*
13/21*

7/2* 235.5

5/2* 97.8

1/2*

0.8610.15 ns

66.02 h

Fig. 1: ß-decay of the 9/2+ ground state in 99Nb to the
7/2+ in "Mo with the measured t j / z of 0.86 ± 0.15 ns.

Three different experimental runs have been performed.
One of the timing distributions for the ß,138 keV-coinci-
dence is shown in Fig. 2 together with the distribution
of the coincidences between the ß-particles and the
142.4 keV transition in Rb, which has been measured
simultaneously. The 142 keV transition depopulates a
level with a half- l i fe of 0.75 * 0.03 ns ' and, hence,
the 6,142 keV distribution can serve as a reference.
Compared to this reference distribution the centroid of
the ß,138 keV-distribution is drifted sl ightly to a
larger time delay between ß-particles andT-rays. With
the time calibration of 3.9 ns/time channel a hal f - l i fe
of t , / 2 = 0.91 + 0.15 ns is deduced. The uncertainties
contain statistical contributions from the evalution of
the centroid shifts and a possible systematic uncertainty

due to the different energies of the ß-particles involved
21in the ß^-coincidences ' . •

The results of the two other measurements were

t 1 / 2 = (0.93+0.20) ns

and = (°-8 0
n s *

Hence, a weighted average value of

t 1 / 2 = (0.86 + 0.15) ns

99.is deduced for the 235 keV level in Ho. Hence the
transition probability of the 137.6 keV transition with

3)main multipolarity Ml ' is

T = 8.1 * 108/s

which implies a hindrance factor of 100 compared to (Weiß-

kopf) single particle units K

This relatively strong hindrance is to be expected, since
the transition takes place between two levels which contain
a large contribution of the lg7/2 and 2d5/2 single particle
configurations of the 57 neutron '. The transition bet-
ween these configuration is 1-forbidden, but it has been

QQ

shown that the levels in Mo are well explained through
a coupling of the 57 neutron to the phonon states of the
100Mo core5'. Since N=56 does not represent a good shell
closure for the Mo-isotopes the quasiparticle formalism

93has been applied. As has been shown for Mo such a coupling
can account for Ml transition strengths of about 1/100
spu '. To our knowledge no calculation of the probability

+ + 99

of the 7/2 •+ 5/2 transition has been published for Mo.

A comparison of such a calculation with the measured transi-
tion probability would provide a good test of the model.

10s-

137 keV99Mo
Centroid i.832 + 0.016

10*-

103-

U2 koV92Rb
Centroid 4.778*0.009

Prompt Peak
U6keV 9 6 Zr

1 \ Centroid £.508*0.015

1 2 3 * 5 6 7 8 9 10 Channel

Fig. 2: y- in tens i ty vs. time d is t r ibut ion of ß,138 and
0,142 keV coincidences.
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2.16. The Level Scheme of 131Sb

F. SchuBBler , J.A. Pinston t J, Blaahot ,

E. Monnand and H. towin, K. Sietemioh, K. Kawzde,

G. Battiatuzzi
132

The nuclei around doubly magic Sn are of special interest
1 21

since they allow valuable tests of the shell model * ' .

For the odd-mass Sb nuclei having one proton outside the

magic shell Z=50 the observed properties can be described

by means of part ic le-core coupling or one-proton n-rieutron-

hole shell model calculations ' .

Up to now there exist only a small amount of data for the

very neutron-rich Sb isotopes. They can most ef fect ive ly

be produced in f i ss ion . Systematic investigations are in

progress at the recoi l f i ss ion product separators LOHENGRIN

and JOSEF for the odd masses 129.Ä A s l 33 3 ' 4 > 5 ) .

The excited levels in Sb were populated by two B-decaying

isomers of 131Sn with spin 3/2+ and 11/2" having hal f -

l ives of 39 s and 50 s ', respectively.

At LOHENGRIN f-singles spectra for d i f ferent kinetic

energies of .the mass-separated f i ss ion products were

measured. Since the ra t io of production of the isomers

with low and high spin varies strongly with the kinetic

energy these investigations allow the correlat ion of

several ^ - t rans i t ions in Sb with the two ß-decaying

modes.

By measuring f iss ion product, delayed y-coincidences an

isomeric level of (50 +_ 8) ys h a l f - l i f e was confirmed at

1676 keV.

The analysis of the Y.Y-coincidences was carried out at

the gas- f i l l ed separator JOSEF taking advantage of the

high in tensi ty achieved at th is f a c i l i t y .

F ig . 1 shows a tentat ive level scheme for Sb based

on the results obtained so far . Fig. 2 gives the systema-

t i cs of several levels in the odd-mass Sb isotopes. With

neutron numbers increasing to 82 the low spin levels wi th

posit ive par i ty are steadily increasing while the ys-

level is decreasing.

Shell model calculations to describe the observed proper-

t ies are in progress by K. Heyde et a l .
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2.17. A us-Isoroer in " a T e

X. Katxxde t G. Battistuzzi, H. Lauin, K. Sietemioh,
and J.

It has been confirmed recently that strong shell closures

exist at Z = 50, N = 82. Hence it is expected that the
132

neighbours of Sn are good shell model nuclei, the pro-

perties of which are determined through the few particles
135-,

or holes beyond the core. Such a nucleus is
two valence protons and one valence neutron.

'Te with

135,
No level scheme has been established yet for Te. I t

3 4 Ihas been known, however, for a long time * 'that a us-isoroer
with a hal f - l i fe of about 0.5 vs exists in this nucleus
and that y-transitions of 325 -and 1181 keV are emitted in
the depopulation of this isomer. In addition, intensive
X-radiation ' and a 50 keV y-transition ' were attributed
to this nucleus. In order to obtain a f i r s t level scheme
the isomeric radiation has been studied ' in more detail
at the fission product separator JOSEF.

Measurements of the X,Y-and y.Y-coincidences confirm the
assignment of the 50 keV transition to Te and show,
that i t forms a stretched cascade with the 325 and 1181
keV-lines, f i g . 1. The strong X-radiation is due to the
conversion of the 50 keV transition. The conversion coeffi-

of this line have been deduced from a
comparison of the relative intensities, table 1. Hence,
the 50 keV transition has mainly multipolarity E2. The
half- l i fe of the ys-isomer has been determined to be
0.51 + 0.02 us.

From the experimental data the level scheme shown in
f i g . 2 has been deduced. This cascade of transitions is
very similar to the cascade of E2 transitions which depo-
pulate the 6,-level in the neighbouring nucleus Te.

135This analogy suggests that the observed levels in Te
rdmight be due to a coupling of the 83 neutron to the

134proton states of Te. Then the Y-transitions follow the
pattern

cients a» and

v f 7/2

[*(97/2>2+ vf7 /2 ]7/2"

U00

1000 3000 «no

v&

ß

1180keVGate

«0 100a 2000 3000 MOO

Channel number

135-,Fig. 1: y^-coincidence spectra in Te. The 50 keV gate
was set on the intrinsic Ge-detector, the 325 and 1180 keV
gates were set on the 61 crn̂  Ge(Li)-detector.

If this is true the reduced transition probabilities for

the 50 keV transition in 1 3 5Te and for the 115 keV line
134in Te should be equal. This is approximately true:

ß(E2: 50 keV) = (161 + 7) e2fm4

BCE2:115 keV) = ( 70 + 3) e2fm4

The fact that the transition probability is about a factor

of two larger in Te is supposed ' to be due to admixtures

of configurations where the neutron is in other states,

especially in the 3P3/2
 state-

Hence, it can be concluded that the observed levels in

Te are most probably due to the coupling of the 83

neutron to the 6?, 4? and 2| proton states of Te. The

neutron is, however, not merely a spectator but takes an

active part tn the transtttons between the levels.

Table 1: Results on the half-life of the ps.-isomer in Te

Present work

Radiation
CkeV)

Relative
Intensity (us

Ref. 3)

'1/2
(us)

Ref. 4) Ref. 5) Ref. 6) Ref. 7)

X-rays (KJ 2 8 . 2 + 2 . 9

50.0 + 0.1 4.7 + 0.5

325.0 + 0.1 100 + 5

1180.3 + 0.3 100 + 6

0 .52+0.03 0.69 + 0.15

0.53 + 0.11

0.51 + 0.03 0.57 *_ 0.05

0.47 + 0.05 0.59 + 0.05

0.57 jt 0.05

0.67 + 0.09

0.30 + 0;06

0.45 *_ 0.03

0.58 + 0.10

0.47 + 0.10

0.64 + 0.06
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196 ns 6*

0.5110.02 ys
S0.6 ns

£0.3 ns

115/3-)

17/2')

50-0 E2

325.0

1180.3

1555.3
1505.3

11B0.3

4* ,

2* ,

0*

115.2

297.0

1279.1

1691.3

1576.1

1279.1

52

Fig. 2: Proposed level scheme^of
the par t ia l level scheme of

135Te in comparison with
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2542.18. studies of primary Fission Products from Cf

H.A. Selic, E. Ckeifetz*and J.B. Wilhelmy**

1 2)An experiment on primary fission products ' ; from the
254spontaneous fission of Cf was carried out at the

Heizmann Institute of Science in Renovot, Israel. The
measurement of Y-rays from z\ -* ot transitions in coinci-
dence with fission fragment pulses proportional to their
kinetic energy enables üs to evaluate independent fission
yields ' . The identification of unknown y-lines was per-
formed from Y-ray intensities v.s. mass distribution
plots (.an example is shown in Fig. 1) obtained by con-
verting the fission fragment pulse night spectrum to tne
corresponding mass spectrum by means of the Schmitt ' -
calibration. The experimental arrangement ' is shown in
r ig . 2. Iwo SSD (HI and F2) were used for detection of
coincident lignt and heavy fission products. F I was placed
at a fixed position. The source and F.. were mounted so as
to be movable by micrometers. A I cur* -Ge-Dtode was used
to measure tne Y-rays. The experiment was carried out at
distances of 0.04 cm, U.08 cm, u.16 cm, 0.28 cm, U.6 cm,
1.15 cm and 3.1 cm between source and F1 to evaluate t,,o
of the observed y-ray transitions. At each distance

~ 10 {F., F?, TAC,Y)-events were recorded. Trie results
5)for the even-even isotopes ' are listed in table 1. The

results of ref. 1,3 are given for comparison. The <ß«>
values show the expected strong deformation for the
102,104Zr l s o t o p e s (0.43+0.02 and « 0.43, respectively),
which is assumed to occur at tne on-set of deformation '
around A % 100.

To the rudimentary energy level schemes of Mo,
l u 9» u lRu ana 146La of Hopkins7' are added tie t 1 / 2 and
relative intensities I j from our work.

These level schemes are snown in f i g . 3 - 5 , respectively.
An example for the intensity vs. time of f i ignt is given
in f i g . 6. In contradiction to the coincidence of tne
246.5 keV line with 1*4./, 138.2 and 94.9 keV lines of
ref. 7. Kaffrell ref. 8 sees this line as a cross over
to the g.s. This results in an additional level at 246.5 keV.
The corresponding Y-rays with their t , .g, independent
yields, relative intensities and most probable mass IlA)__„

max

are given in taole ü.Söme unassigned short lived (.tj 2

< 10 ns) Y-rays are listed in taDle 3 and the longer lived
Y-rays ( t 1 / 9 >10 nsj from the TAC-time slices are given

9 10)in table 4 and compared with earlier works * ' .
The fact that spontaneous fission of the Cf isotopes is
accompanied by emission of approximately the same number
of neutrons v(250) = 3.49, v(252) = 3.74 and v(254j = 3.89 i l }

results on the average in more neutron rich fission frag-
ments in Cf than in any other readily available low-
energy particle Induced or spontaneous fission source.
Taole b gives a summary of the independent yield of all
even-even isotopes observed in the 4Cf experiment '
(column 4 plotted in f i g . 7) and compares i t witn previous
results from a Cf source (column 3 ' ) . The results clean,}
show the shift towards more neutron rich isotopes. I f one
compares tne AA -values tne snift anomaly between light
and heavy fragments is obvious. Table 6 gives the mean

values ot AA of tne light and heavy group which differ
by about 0.5 mm.

1000-

Fig. 1: intensity IYv, mass A distributions ot the 94.9
'vs

keV and 138.2 keV Y-ray transitions in.-. 105.

DETAIL "A"
.^Cf-sarM

/ 4
~ T / / ^ - C o r b o n

Fig. 2: The experimental arrangement for measuring inde-
pendent yields and level life times in primary fission
products by the time-of-f1ight method.
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146

105

t1 / 2 Ins]

0.8 • O.S

0.5*0.2

0.6 ±0.2

0.9-g*

0.75+0.15

0.80+0.15

Mo
E*lkeV)

LQ

1 1 ̂

E"

796

624

378

233

95

0

Fig. 3: The level scheme of 105Mo from ref. 7. The level
scheme of ref. 8, which is based on y,y-coincidences
contains a level with an energy of 246.5 keV depopulating
directly to the ground state. This is obviously the dashed
246.5 keV y-ray transition depopulating the 624 keV level
in ref. 7 with a t j / 2 = 0.5 0.2 ns we measured, therefore
this level does not exist.

109 Ru

0.70:005 -

095 :M5- I

iyns)

(92 -

417.8 •

287.2

232.3 •

128.5 • % v '

1

20U

15:3

12i2

2.9 i4

12 12

12 11

Fig. 5: The tentative level scheme of l jSLa f t0 based on
ref. 7 and lines seen tn ref. y. a / "

Fig. 4: The level scheme of 1 0 9 # I 1 1 K U from ref. 7.

1: Properties of lowest 2* * 0* transitions in even-even f ission fragments

"V
1 0 2 Z r

( 1 0 4 Z r )

1O4Mo
1 0 6HO

(10f lHo)
1 0 8 R U

1 1 O R U

1 1 2 au
1 4 Oxe

( W ! Xe)
14?Ba
1 MBa
146B»
146Ce
l 46Ce
150Ce

144.4

212.5

151.6

140.1
192.0
171.4

172.1

242.0

240.5
236.4

376.4

(205)
359.4'

199.4

131.0

25S.3

158.2

97.0

" " " e x

4+J

0.62 +_
1.71 +

• 2.5

0.88 +_
1.34 +

-0.2

0.30 +_

0.48 +_

0.113+
0.34*^"

0.079+_'

0.70 +
0.92 +

0.24 +_

0.95 +

3.08 *

0.10
0.14

0.10
0.10
.5

0.02

0.06

0.005

07
0.006

0.07

0.12

0.03

0.08

0.54

•itred et a».
(1973)

-

0.71 + 0.03

2.11 ^O.ZS
-
0.91 jt 0.03

1.25 +_ 0.03

0.34 +_0.03
0.34 + 0.04

0.32 +0.03
-

-

0.07 +_ 0.04

0.70 + 0.03

0.B5 + 0.06

0.26 +_ 0.05

1.06 ± 0.08

3.6 + 1.0

65-Z8
64 +_

120 7

- 112

77 +

82 *_

BB *

70 +

48 •_

16 +
103 +

27 •_

49 +

56 •_
41 +

91 •

128+.

3

B

7

2
20

5

6

1
28

2
4

7

5

5

20

. »2 '

0.34 • 0.09

0.31 + 0.01

O.*3 +_ 0.02
•* 0.43

0.33+^0.02

0.34 + 0.01
0.35 +_ 0.04

0.30+^0.01

0.25 + 0.01
0.11 +,0.02

0.30 + 0.10
0.15 + 0.03

0.20 +_ 0.01

0.21 +0.01
0.18 +_ 0.0!

0.26 + 0.02

0.31 + 0.02

lAS'i^i An example or the ha i f - i i f e analysis of levels in

T.ble I : H i l M l w . fission yields ,nd the M X 1« of T-iBteni1Ues vt. m »
distribution for sone known odd nuclei.
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Isotope Transition
(keV)

103Ho 102
144
251

1 M fc 94
138
144

246
282
417

"»Ho
65

°Tlo 74
98

131
172
374

uRu 63
75

104
150
167.
357.

« U 46
Bl

103.
130.
158.
205.
363.

a
0
1
9
2
7

5
6
7

4

2
3
8
3
2

0
9
0
5
0
3

6
9
8
E
7
0
6

t,,,(ns)

1.7 + 0.3

uny conp.

0.80+0.15
0.75+0.15
Q g +0.4

0.5 +0^2
0.6 +0.2
0.8 7p.5

< 10
220 + 10

0.70+0.05
0.9570.05
I.OTO.2
0.70+0.05

•••0715

1.1 +0 .1
0.9S+0.05
3.0+0.2
1.2 *0.2
1.1*0.1
0.4 +0.2

11+2
12 7 2

2.9 7 0.3
15 7 Z
1Ü 7 2
207 4

PSotonj/f

0.004(26)

-

0.0086 (9
0.0031( 0
O.O0ZB(5O

0.0009(40
0.0014(30
0.0009(50

0.0007(25

O.OOZ1(5)
0.0077(14
0.0041(15
0.003 (15
0.001 (ZO

0.0013(17
0.0028(17
0.0092(9)
0.0143(12
0.0050(1B
0.0067(50

0.001 (20
0.0015(16
0.0040(5)
0.0010(25

Yield
independ.
1f(E2)

1.3

4.0
1.2

0.8

* 0.3

* 0.3
» 0 . 4

»0 .2

0.24+ 0.10
0.367 0.15
0.35+0.15

1.01+. 0.23

1.8
3 .6"
1.2"
1.0"
0.7

1.7
2 . 6 "
3.B"
3 .7"
1.2"
1.3"

3.3
2.2 *
2 . 0 "

i-O.l
y O.s
* 0;2
f 0.2
" 0 . 2

0.3
f 0.6
f 0.4
" 0.5
" 0.2
" 0.5

0.2
'0 .2
"0.1

0.287 0.09
0.34+0.04
0.17+0.05

Rtl. Int.
'rei

100

100
28«
21 +
7 +

11 •
10 +

100

53 +
lOO

34 +
14 7

l+
l

39 +
5 6 7

100
<80

-2B +
24 7

100
66 +
61 7

9 7
10 7
5 7

5
4

3
5
5

5

7
5
4

6
12

5
8

E
5
2
2
1

IT(*

103
102

104
104

104

107

109
108

)
'n

4
8

•X

+

9**
7

0

5

7
9

110 ft
110

146

7

1

7
+

•

7

+
+

*

0
0

0
0

0

0

0
0

0
0

0.

5
6

10
3

8

4

6
6

3
7

6



TaDie i: Unassigned (assigned; y-rays with roost probable
mass ( isotope) , energies, t i / 2 and in tens i t ies

Tw-{ns) Intensities Iostope
1 / 2

Mass
Photon/f iss.

* 99.
».101.
107.610.4
113.7±0.5
101.8*0.4

109.5±0.5
9y.6±0.5

111.6*0.5
107.4*0.3
106.6±0,4
101.7,
107.2±0.'4
115.0±0.6
98.9,
107.5±0.5

99.9±0.o
107.b±0.4
105.4±0.6
97.0±0.6

105.7*0.5
107.7
100.4±0.6
98.2±0.5

105.010.5
110.5±1.6
94.5±0.5

102.3±0.6
1U6.6±O.4
117.4*0.5
l00.4±0.5
107.4±0.5
102.4±0.5
108.0±0.5
116.8±U.6
101.4*0.5
106.8±0.6
105.0+0.5
111.0+0.5

107.5±0.5
105.210.4
109.7±0.5
107.0*0.6
108.6*0.5
96.9±0.5

104.2±0:5
108.210.5

135.6±0.5
142.2±0.5
147.6±0.6
154.3±0.6
141.4*0.5
151.4±0.6
139.8±0.3
147.010.5

151.7±0.6
132.1+U.6
138.6±0.6"
146.U0.7
136.8±0.3

143.7±0.5

53.2
65.5

65.9

66.7

67.1
68.8

6y.3
71.5
72.8

73.9

bl.ö

84.2
84,8
85.3
87.2
91.5
94.6

104.4

105.9

109.7

109.0

111.8
112.8
116.0
122.4

142.1
146.6
150.1

176.1
75.6

76.9

98.1

I K . 6

117.4

117.9

2.4 ±0.5
0.1 ±0.02
2.1 ±0.4

2,2 ±0.5
1.0 ±0.3
1.1 ±0.2
2.2 ±0.2

0.9 ±0.1
0.7 ±0.1
1.2 ±0.2

0.6 ±0.1

1.1 ±0.2

2.7 ±0.2
4.0 ±U.4

> 6
1.2 ±0.1
2.1 ±0.2
O.78±0.05
0.9 ±0.2

2.0 ±0.5

2.5 ±0.4

1.4 ±0.2

2.2 ±0.2

1.0 ±0.2
0.8 ±0.1
2.2 ±0.4
0.6 ±0.1

2.1 ±0.3
0.1 ±0.05
2.8 ±0.2

> 20
0.55±U.15

1.8 ±0.3

2.7 ±0.2

1.1 ±0.1

3.5 ±0.5

4 ±0.5

0.U0UoU:>)
0.0006(25)
0.0006(20J

0.0007(25)

0.012(25)
0.0045(25)

0.0017(15}
0.00*0(20)
0.00^4(15)

0.0022(20)

0.0008(25)

0.0016(25)
0.0028(25)
0.0011(25)
0.0016(25)
0.0020(25)
0.0096(10)

•
0.0073(11)

0.0019

0.0032(12)

0.0016(15)

0.0013(20)
0.0008(25)
0.0009(27)

0.0029(20)
0.0U27(25j
0.0118(10)

0.0044(12)

0.0054(10)

0.0023(12)

0.0022(12)

0.0073(11)

0.0063(11)

0.0021(15j

l f l 7 Ho

107T c

105T c

107Tc

108T c

1Q8TC

108T c

151p r

Table 4: Some long lived ( t i /2 > 20 ns) y-rays evaluated
from Time-to-Ampiitude converter-slices

max

153.0±0.5
106.8±0.4

lll,8±0.6
107.1±0.4
108.8±0.6

99.2±0.4

y9.<:±0.4

10i.0±0.3
145.8+0.5
1OO.6±O.5
146.7+0.4

95.5±0.4

Ev(keV)
.

45.0
45.5
53.3
60.3
81.7
86.1

115.2
121.8

130.2

lt>3.8

167.5
176.3
2U4.0

T1/9(ns)

24± 4
24± 4
3O± 5
45± 5
121 4

130120
190±30
10± 3

A-jOO
U± 2
^300

125±11

4U± 5
SZ± 5
26± Z

Intensities
Photons/tiss.

0.0012(20)
U.0U07(30)
0.0005(30)
0.0014(25)
U,00077(25)
0.00055(30)
O.UOO12(25)
0.00011(40)

0.00007

0.00077(25)

O.OOU59(3O)

0.00017(30)

Isotope

107Tc
109Rh
l u R h
107Tc
ioeT c13"Te

99Zr

" Z r

ioeT c

108Tc
9 5Sr

Table 5: Coop»rison of 2 -»0 fission yield of even-even Isotopes obtained froo

spontfneouS fission of " ' C f and " " C flit. 254.

Isotope

9 & r

iooZr

1 0 4Zr

42*°
1O6HO

4 6 R U

1 1 0 R u
1 1 2 R U

1 3 8 Xe

5 4 "
142Xe

56Ba

M 4 to
146Ba
148Ba

14SC«

150Ce

144

212.5

151.6

140.1

192.0

171.4
172.1

242.0

240.5

236.4

989.5

376.4

- 205.0

359.4

199.1

181.0

142.5

ZS3.3

158.2

97.0

2*

-

1.8

1.43

3.37

3.37

-

1.94

3.49

0.97

2.3

1.5

Z.9

3.6

1.01

-

1.04

2.31

0.98

Yield (•

1.0.36

1.41

1.98

O.S

3.1

4.96

0.9

1.47

4.1

2.96

2.0

4.27

1.5

1.45

S.54

3.31

{'} AP

+ 0.01

+_0.26"|

+ 0.05 r* 100.
* 0.05]

+ 0.2 J

*_ 0.2 J>105.
+ 0.2 j

i °-157
i 0.2 r=*109.
+ 0.2 1

ro.s]

;Cf

77

0

77

>• 132.45
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Fig. 7: Independent f iss ion yields for the even-even
isotopes. The sol id lines show the x 2 f i t of the data
based on the previously determined value of a^ (data
from 252Cf experiment ref . 3).
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2.19. High Energy Gamma-Rays from Fission Products
Prompt and After ß-decay

S.A. Selioand S. Seyfarth

An integral Y-ray spectrum from fission fragments in the
range from 1.2 up to about 8 MeV was recorded by means
of a pair-spectrometer with a resolution of 4.5 keV for
the 7646 keV Fe Y-ray. A sample of 29 mg of 5U (90 %
enriched) was exposed to the ntfl-beam of the reactor
FRJ2-Dido with a flux of n.lth

2.5
235,

10 n/sec cm

Because of the thickness of the "~"JU-source a l l f iss ion-

fragments were stopped immediately (< 3-ps f l i gh t time,

stopping power of U) which enabled us to see non

doppler shifted transitions in this time range for primary

fission products. Nevertheless the Y-ray transitions seen

in the spectrum shown in Fig. 1 are fed via both: prompt

population and deexcitation in f ission process and ß-decay

of the corresponding mother nuclei. Thus the intensities

are usually a mixture of the two decay-modes. This is

shown1' for example in Fig. 2 of mass A = 91 and 92 and

the preliminary results are l isted in table 1. The y-ray

pair spectrometer was calibrated for energy and efficiency

and 235U(n,Y) ' transitions (seeby Gl(n,Y)2 ) , C(n,y)3)

f i g . 3). The intensities of the y-l ines have been normalized

to the efficiency of the pair spectrometer and are given

as relative intensities I - in table 1. Besides the known
5\

Y-ray energies the corresponding isotope ' , the ß-decay
chain y ie ld ^ and the independent yield ' of the Tsotope

are given. For comparison the relative intensities from

the level schemes ' are given.

Indip.
fit Id

i
3.4866

I
8.6t

2.18B

i
O26
i

pfofflpr fading
of 5.93 chain

A=92
0.108

i
i.eai

i
1009

i
i.St

0907
I

0054

I
prompt f »ding
of S.97 chamyitld

Fig. ü: An example of the feeding of Y-ray transitions via
primary population in fission and ß-decay.
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3 0

20
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Fig. 3: Efficiency plot of the pair spectrometer
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Fig. 1: Pair-spectrometer spectrum from
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235
Table 1: y-rays from U{n t - , f ) measured by a pair-spectrometer

EY

1217.35
1272.02
1279.00
1313.39
1324.48
1384.89

1436.71
1442.40
1533.61
1742.9
1750.89
1768.49
1836.93
1850.98
1855.51
1903.76
1970.97
1997.34
2005.88
2015.94
2031.53
2048.92
2078.78
2087.22
2127.46
2175.90
2196.02
2211.55
2218.30
2322.55
2349.84
2392.42
2416.03
2442.92
2543.26
2564.50
2603.50
2632.89

Isotope7)

130Sn
133Te

1 0 0 M o 1 3 i t T e
136T;
9 5 Z r

l l t 2 Cs, 1 3 9 Cs
9 ZSr

89Rb
" R b
96 Z r

B 8Sr ' ,1 I* l tBa
31S r 138£S
8öKr*
89R[> 138ga

9 1 Sr

9 0Rb!1 3 8Cs
1 0 t l Tc, l 3 a Cs

a 5 Y , l 3 1 S b

142Cs
9 3Sr
90Rb
95Zr
e ySr

97Y,13 t )Ba
;3«Ba

3 3 Rb
^Rb.^Ba

Xe

"Y,("Mo)
91Sr
9 3 Rb
y5Zr

References

'rel
Pairspectr.

76.70
80.81

126.33
88.00

105.00
273.72

330.66
111.40
365.44
11.10
29.22
30.60
18.55
6.22
7.00

15.26
7.94

10.21
18.59
17.79
12.00
2.01
6.55
2.70
4.42
8.15

17.69
4.67

18.11
8.65
3.16

18.62
5.36
6.49

10.98
11.22
1.15
6.76

!rel
Level-sch.

100
98

(85),(100)

27.7
(14),(20)

100
ß",0.6
ß-,5.6
ß (0.7)
ß (100)
ß (34),21

ß (10)
ß (0.7)

(5.6) (0.6)
ß (4.7)
ß (2)
ß (10)
ß (34)
ß (5)
ß (3)
(22)
(9)
* _ *
ß~(12)
ß (33)
ß"(42)

ß (3.2)

51
ß (6.2)

42,16
ß (15)
ß (11.5)
ß (6)

ß~ decay
chain
yield6)

1.70
6.75
7.65
6.60
6.50

5.87,5.97

6.8
6.36
4.80
6.40
6.28
5.87

3.62,5.39
6.80
3.62

4.80,6.80
5.93

6.03,6.26
5.89

1.83,6.80
6.50,2.82
6.36
5.87
6.40
5.89
6.50
4.80

6.03,6.80
6.80
6.80
6.40
5.39
6.18
5.89

6.40,6.13
5.93
6.40
6.50

i ndep.
yieldl)

0.059
0.92

0.23
3.14
0.25

1.67
0.23
0.26
0.65
0.73

0.88

2.38
0.73
0.06
0.03
3.17

3.14
0.08

0.04
0.18
0.26
3.14
0.06

EY

2640.06
2705.84
2717.17
2744.55
2752.98
2769.59
2791.64
2820.19
2866.19
2890.62
2925.98
2933.15
2942.62
3114.88
3287.72
3316.60
3400.73
3534.18
3575.94
3600.01
4077.59
4147.63
4266.04
4365.93
4492.84
4563.37
4637.40
4945.71
4973.58
4982.51
5020.39
5187.81
5213.88
5405.80
5518.00
6111.64
6620.78
6629,75
7414.38

Isotope7' I r e l

Pairspectr.

138Ba
9 3 Sr
9 5y
97 Z r
9 1 Rb
9 1 Rb

139Cs
9 2 S r

"Rb
9 3 Sr
9 1 Sr
asy
9 8 Z r
91Rb
97 Z r
9 0 Sr
9 7 Zr
9 USr
9 5 Zr
9 1 Sr
9 1 Sr
ö8K r
9 1 Sr
9 0 Sr
88K r
88 K r
9 2 Sr

l 2 C(n ,y )
9 ö S r

1 4 0 Ba
a eKr
9 l !Sr
8 8Kr
0 6 Kr
CL(n,Y
CL
CL
CL
CL

n.r

n .v

9.63
2.70
3.60
1.59
9.97
0.99
5.87
1.12

1 6.04
1.44
1.56
3.89
5.74
1.84
6.33
4.00
6.30
2.88
7.00
7.71
3.48
0.93
1.42
4.24
1.27
0.78
0.20
2.18
0.59
0.52
0.41
0.85
0.58
1.17
0.93
1.72
0.73
0.29
0.93

I 7>Vel
Level-sch.

ß (9.1)

ß (5)
ß (6.5)

17
4.8

ß (0.4)
ß (0.7)
ß (4)

30
ß (2.7)
ß (8.4)
ß-(ll)

49
ß (27)

91
ß"(15)

31
ß"(9)
ß-(ll)
61(3.9)
62(4 %)
64(1.4 %)

62
11
95

ß(0.4)64

33

27
ß (0.4)81

7.3
93

ß~ decay
chain
yield6)

6.80
6.40
6.50
6.03
5.93
5.93
6.50
5.97
4.80
6.40
5.93
6.50
5.79
5.93
6.03
6.36
6.03
5.89
6.50
5.93
5.93
3.62
5.93
5.89
3.62
3.62
5.97

5.89
6.36
3.62
5.97
3.62
1.95

indep.
yieldl)

2.38
0.88
0.65
2.19
2.19

0.91
0.23
2.38
0.26
0.88
2.61
2.19
0.65

0.65
0.04
0.06
0.26
0.26
1.67
0.26
0.04
1.67
1.67
0.91

0.04

1.67
0.91
1.67
0.16
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2.20, Determination of pnmaryY-rays after thermal
74neutron capture in Se

JT. Tokunagat B. Seyforth, 0. Sohult, S.G. Börner ,

C. Hoftneyr
74Primary y rays after neutron capture in Se have been

studied at the research reactor DIDO in JUlich and the
High Flux Reactor at the ILL-Grenoble, respectively. In
both cases pair spectrometers have been used. Whereas at
the Grenoble spectrometer use has been made of an internal
target geometry exploiting the very high neutron flux of

14 25.5 x 10 n/cm • s at JUlich the external target geometry
8 2

was utilized with a neutron flux of ^10 n/cm • s. Due
to the different solid angles the sensitivities of both
set-ups are comparable. Yet a fundamental difference in
both experiments is , that double neutron capture occurs
in the high flux of the Grenoble reactor, whereas at
JUlich only single neutron capture is relevant. A compari-

Concerning double neutron capture into Se the following
preliminary results have been obtained so far:

1) The thermal neutron capture cross-section of the B+-
unstable isotope Se - previously unknown - is

300 barns.l t h 76,2) The n-binding energy of Se is 11154.0 + 0.6 keV.
3) Primary transitions to the 0+-groundstate (2+ •+ 0 )

and the 0? -level have been observed and additional
levels above 2.Ö MeV excitation energy were
established.

ILL, Grenoble/France

Fig. 1: Upper part of the y-ray
energy spectrum of the 7USe(n,-r)75Se

_ and 7=Se{n,Y)76Se reactions taken
at Grenoble.

Channel number

son of spectra, taken at OUlich and Grenoble offers there-
fore a unique possibility to assign y-r&ys which occur
after double neutron capture, even i f they are very weak.
In the case of Selenium the assignment of Se(n,v) Se
primary Y-rays was further facil i tated by the fact that
the n-binding energy of Se is ^ 3 MeV lower than that
of Se. In addition the background is extremely low in
the high energy region of the Grenoble spectrometer
resulting in a very high sensitivity (Fig. 1).

Fig. 2 shows ä portion of the spectra obtained in JUlich.
The preliminary value obtained for the n-binding energy
is 8027.3 + 0.3 keV in agreement with Wapstra and Bos K
The 7734 keV transition was found to be a doublet,'
supporting the close lying levels at 286.7 keV, T = 3/2",
and 293.2 keV, I ¥ = 1/2", respectively, suggested by
Agarwal et a l . ' . The final analysis which combines these
data with the secondary y-rays measured with the bent
crystal spectrometers GAMS 1, 2/3 and the low energy
conversion electrons taken with the B-spectrometer BILL
at the ILL, is in progress.

3500 1000

Channel number

74,

- 75 -

Fig. 2: Upper part of the Se(n,r) spectrum taken at
JUlich.
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2.21. Low-lying states in doubly-odd 108Ag and I 1 0Ag

M. Bogdanovi6 t T.D. Mao Mahon , R. Seyfarth

Remaining open problems in the level schemes of 108Ag and

Ag have been investigated by measurements of the p r i -

mary thermal neutron capture ?-ray spectra wi th the pai r
.1)

108,research reactor of KFA Oülich. These data for iU"Ag

complete previous results from thermal ^ and resonance5^

neutron capture. Fig. 1 shows the preliminary low-energy

level scheme up to ^ 0.5 MeV exci tat ion energy of 1 0 8Ag.

The f ina l evaluation of the data for °Ag which shows a

simi lar level sequence ' is in progress.

Fig. 1: Preliminary level scheme of
energies below ̂  0.5 MeV.

108Ag for excitation

108,The low-lying states of both doubly-odd isotopes iUUAg
and Ag can be classified as members of proton-neutron
multiplets. With use of experimental information about
the neighbouring odd-A nuclei i t is possible to calculate
in f i r s t approximation the energy of the multiplet members.
The exchange of quadrupole and spin-vibrational 1 + phonons
between proton and neutron wil l spl i t and mix the basic
multiplet states and in lowest order wi l l produce a para-
bolic structure of the multiplets ' . In f i g . 2 the prelimi-
nary results ' of calculations for the even and odd parity
multiplets in Ag are depicted. Comparison with f i g . 1
shows that e.g. i t is possible to interprete the states at
0.0, 206.6, 324.4 and 109.2 keV as 1 + , 2+, 3+ and 6+ members
of the (TT7/2 , v5/2 ) multiplet. The detailed discussion of

both Ag and Ag level schemes is in progress.

From the known energies of the low-lying states and those
of the primary transitions the neutron binding energies in
108Ag and 110Ag have been calculated as (7269.57 + 0.05) keV
and (6809.19 + 0.11) keV, respectively.

Boris Kidric Institute for Nuclear Sciences, Beoyrad,
Jugoslavia
University of London Reactor Centre, Ascot, Berkshire,
England
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II. THEORETICAL NUCLEAR PHYSICS
3. NUCLEAR STRUCTURE

3.2. Ef fect of the Core Polar izat ion on the Transi t ion

Density i n £ U 'Pb

2". Suzuki, S. Kreuald* J. Speth

In a recent inelastic scattering experiment from Pb '
i t has been observed that there is a systematic, multi-
polarity- and momentum-transfer-independent quenching
-v 55 * in the transverse amplitude compared with single
particle predictions. Hamamoto et a l . ' showed by using
a perturbation calculation in r-space that the core po-
larization effects account for the quenching. Whereas in
ref. 2 only the one-bubble polarization has been taken
into account, i t is important to include fu l l correla-
tions of the core such as of RPA-type.

The polarization effect can be renormalized into effec-
tive operators through the formalism of Feshbach . Let
us define the P-space as the one composed only of the
1-hole states |i> ( i , j , . . . = v3p^,2 ' v 2 f 5/2 ' e t c*^
and the Q-space the one of the 1-hole, 1-phonon states

208|i,p> (y is the phonon of Pb core). He omit the more
complicated component of the wave function. Then the
matrix element of the one-particle operator M is given
by the one within the P-space as

The amplitude C, is given in this approximation by

< * j l M | V • <PYj|{P+PHQG{Ej)}M{P+G(E.)QHP}|Pyi> (1)

where E.- is the eigen-energy corresponding to the f u l l

wave function | f -> which has the main component | i > :

' V = Ct|t:>

G is the Q-space propagator: G(E) = (E-QHQ)"1.

(2)

Neglecting the Pauli principle between the hole and the
phonon. we obtain

-1

(3)

<¥,|M|Y->/C,.C, = <j|M|i> + I {<j|V]i,p>(E.-e,-uj,)
j i i j v j i v

<y|Mjo> + <o|M|p>{E.—E•+« ) <J.ii|V|i>}

<J|V|k,P> {Ej-£k-Uw)"1<k,u|M|Ji,V>
yv kit

.-1
<t,v V i>

where e., u are the single-particle and one-phonon

energy, respectively. Each term of (3) is represented

in f i g . 1.

1 >-•K

= ti (•)

In the actual calculation we have neglected the last term
of (3) and also put E. = e- and Ci = 1. In this approxi-
mation, the effective operator coincides with the one
derived from the Green's function method ' .

208The RPA phonon in Pb has been calculated using the
Woods-Saxon single particle wave functions up to 4 tfm
excitations. For the interaction V we have used the
delta+ir+p force of ref. 5. The results are shown in f i g .
2 where the magnetization current densities to the 5/2"
(0.571 MeV) state of cu/Pb are given. The solid line

shows the calculation including al l of the phonon exci-
208tation in Pb. The broken line gives a corresponding

single particle transition density. The quenching due to
the polarization is about 15 % for M3 transition, whereas
i t is negligible in the inner part of E2 transitions
although there is a sizable effect at the surface.

0.571MeV)
magnetization current

•3p1/2t-v2f5/2"1

with core
polarization

The calculation has been done also for the elastic (Ml)
scattering which measures the magnetization distribution

?07

of Pb. Again the 15 % quenching was obtained which is

much smaller than ref. 2.
One of the main differences from ref. 2 is the truncation
of model space. (Within the 2fiui calculation, the quenching
was about 10 %.) I t is desirable to repeat the calculation
within a continuum RPA formulation. Also the reduction of
C. (see eq. (4)} should be included. On the other hand,
the calculation of ref. 2 seems to overestimate the
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polar izat ion e f fec t . This i s seen in the second term of

eq. (3) : I f the correlat ion is repulsive, the RPA value

of <y|M|o> i s reduced and also the energy denominator

Ej-e.-iD becomes more negative than the one-bubble

calculat ion. For the a t t rac t ive correlat ion where V i s

negative, the RPA value of <y|M|o> is enhanced and acts

against the quenching. The above discussion i s dependent

on the form of V in the q-space. Hamamoto et a l . ' used

the delta interact ion which has no momentum-transfer

dependence. Within the present approximation of ( 3 ) ,

however, the use of rather weakly-repulsive interact ion

(g%g -v 0.4) without n and p gives only the same order

of quenching (^ 15 %) fo r the t rans i t ion densit ies.

References

1) C.N. Papanicolas, Ph.D. Thesis, MIT (1979);
C.N. Papanicolas et a l . . . Phys.Rev.Lett. 45 (1980) 106.

2) I . Hamamoto, J . Lichtenstadt and G.F. Bertsch, Phys.
Let t . 96B (1980) 249; Phys.Lett. 93B (1980) 213.

3) H. Feshbach, Ann.Phys. 5 (1958) 357.

4) J . Speth, E. Werner and W. Wild, Phys.Rep. 33C (1977)
127.

5) J . Speth, V. Klemt, J . Hambach and G.E. Brown, Nucl.
Phys. A343 (1980) 382.

- 78 -



3.2. Isoscalar Magnetic Dipole States in 208Pb and
the Spin Stability of the ph-Interaction

A.D. Jackson , J. Wambach , J. Speth

In symmetric nuclear matter the Fermi l iquid parameter
of the ladder summation (G-matr1x) of the Reid potential
guarantees stabil i ty of the ground state with respect to
spin excitations ' . The Born approximation to the tensor
parts of G based on the long range parts of the one-
boson-exchange model '

AM T ^ k2 fl k 2 1

vT(it) = - f. Lj_ . ^ . _p _k_J s *^ 2 (1)
HTI k +m m k +m J

ir tr p p

gives almost the same Landau parameters as G i tsel f
(table 1). For Yukawa type interactions like V, they are
analytic expressions and easily calculated

i2 ,

(2a)

\ - -3H; (2b)

The conclusion is that the model interaction (eq. (1)) is
stable in the inf inite system. For
the 0" T=0 state in 160 and the
low-lying 1+ T=0 state in 208Pb an
instabil i ty develops as a function
of the tensor force strength which
in the above model is given by the
value of the p-nucleon coupling
constant f . This instabil i ty can
be understood from the different
propagation of spin-sound in In-
f in i te and f in i te systems due to
shell structure. Consider 208Pb
for example. I t is a non spin-
saturated nucleus and consequently
has a low energy spin-flip state
from the ph-excitation of the
spin-orbit partners. Via the
tensor force this state mixes with
[OY2] -coherent 2ftw states (table
2) which are observed in calcula-
tions without tensor forces ' . An
RPÄ calculation including VT shows
strong sensitivity of the excita-
tion energy of the lowest iso-
scalar state on the strength in
the tensor channel, which in our
picture transforms to the value
of the p-nucleon coupling con-
stant (Table 3). The enhancement
of the (pYoJ-type amplitudes in
the wave function of the lowest
1 + state has interesting conse-
quences for the response to ex-
ternal fields of both a and

potential for nucleon-nucleus scattering. In a DWBA-de-
scription of the scattering amplitude the response shows
up in the knock-out exchange term with respect to VT,
which might cause sufficient interference between the
L=0 and L=2 partial waves to be observed experimentally.
Work to calculate the inelastic proton scattering cross
section to the 1+ T=0 final state as a function of the
tensor force strength is in progress.

I

0
1
2
3
4

«i
Reid

.65

.98

.83

.62

.43

model

.63
1.04

.92

.68

.47

« ;

Refd

-.26
-.36
-.31
-.23
-.16

model

-.21
-.37
-.31
-.23
-.16

Table 1: Comparison of the tensor Landau parameters Ht
and H| of a reaction matrix calculated from the Reid
potential and the model interaction defined in eq. (1).

E
P h

nlj n'l'j*

protons

15.42

16.01

16.40

17.70

21.08

15.61

5.57

.»4 4
4 4
4 «I
US !

2 2
9 7

l h! l hT
neutrons

11.35

15.52

12.68

14.09

15.35

15.12

17.84

20.40

22.41

11.25

13.96

14.09

5.85

3 54pf 2fj

4 »4
4 4
»4 4
4 4
4 4
"f 4
isf lhT

4 4
9 7

2 hT X 4
lif li-̂

excitation energy

Go

Xmi

-.008

.009

-.032

.030

-.023

-.029

-.916

.003

-.003

-.002

.006

.005

-.004

.012

-.011

.009

.004

.003

.011

.417

7.40

-.003

.003

-.012

.012

-.011

-.010

.129

.001

-.001

-.001

.002

.002

-.001

.005

-.005

.005

.001

.001

.003

-.049

MeV

G + V
O T

Xmi

-.052 '

.055

-.108

.107

-.082

.063

.765

-.069

.054

-.055

-.069

.061

-.059

.113

-.088

.065

-.070

. .064

-.085

-.651

5.51

o

Y .
mi

.037

-.042

.075

-.083

.074

-.033

-.216

.019

-.021

.025

.020

-.039

.036

-.081

.068

-.051

.035

-.0046

.038

.198

MeV

G + V +^V
O It i. 0

Xmi

-.166

.182

-.308

.318

-.265

.198

.979

-.104

.089

-.139

-.094

.179

-.172

.306

-.253

.199

-.217

.226

-.239

-.938

1.62

Ymi

.149

-.166

.277

-.294

.254

-.170

-.732

.073

-.068

.111

.04

-.157

.149

-.280

.237

-.188

.179

-.198

.194

.716

MeV

G
o

Xmi

.076

.026

.253

-.323

.642

.023

-.044

-.003

-.013

.013

-.022

-.036

-.010

-.141

.233

-.416

-.001

-.004

-.001

.020

Ymi

-.018

.003

-.052

.056

-.054

-.005

.028

.001

-.003

-.004

.006

.008

-.001

.023

-.023

.022

.001

.001

.001

-.012

24.94 MeV

character l ike the tensor corapo- Table 2: Largest components of the RPA wave functions of the lowest l+-state for dif-
nent in an effective two-body ferent FV". For a purely repulsive zero range force the wave function of the collec-

tive 2ftu-state 1s also given.
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1.0
.9
.8
.7
.6
.5

E

5.5
5.
4.8
4.2
3.0
1.4

Table 3: Excitat ion energy E of the low-lying isoscalar
l * state in 20ePb as a function of the p-nucleon coupling
strength, fl denotes the coupling constant of Höhler and
Pietarinen1*) {strong-p).
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3.3. Microscopic Structure of the Magnetic High Spin

States in 208Pb

S. Kreuald, J. Speth

Recently, magnetic high spin states have been discovered
208in Pb by inelastic electron scattering at backward

angles ' . These states are of considerable physical
interest because as a consequence of the high multipo-
lar i ty , the cross sections are peaked at a momentum
transfer of approximately q<*2 [fnf ] . Therefore these
states are an excellent test of the high momentum be-
haviour of our generalized spin- and isospin-dependent
interaction. The number of lp-lh configurations which
can contribute to these states is severely restricted
by the high multipolarity. Since the experimental exci-
tation energies are close to the shell model ph-energtes,
the 12" state at 6.43 MeV and the 14" state at 6.74 MeV
were tentatively interpreted as pure v ^

ph-excitations while the 12~ state at 7.06 MeV was

assumed to be a pure fff1^/?»10!]/?) configuration.
This simple interpretation faces one problem, however,
because the experimental cross section is only 50 % of
the single ph-prediction ' . In the following we wi l l
show that ( i ) the effects of the OPEP and p-exchange
potential give rise to a very weak interaction in this
momentum transfer region, and ( i i ) that the fragmenta-
tion of the single particle strength due to the phonon
coupling is mainly responsible for the reduction of the

21cross section ' .

Model
£

(MeV)

lp-lh~«
lp-lh-6
lp-lh-c
2p-2h
e*pt

J
6.49
6.77
6.60
6.55
6.43

= 12"
1.00
0.44
1.18
0.60

J
7.18
7.86
7.S2
7.37
7.06

= 12
1.00
0.91
0.94
0.54

J"
6.49
7.14
6.66
6.65
6.75

= 14
1.00
0.82
0.96
0.45

Table 1: Excitation energies and B(M,L) values for the
magnetic high spin states in 20aPb obtained with the
following models: lp-lh-a = a single-particle, single-
hole configuration; lp-lh-b = random-phase approxima-
tion (RPA) with zero-range interaction; lp-lh-c = RPA
with finite-range interaction; 2p-2h = two-particle,
two-hole calculation described in the text. The experi-
mental data are from ref. 1. The B(M,L) values are
divided by the shell model values (lp-lh-aJBWM.L) = 0.57
x 1023p2-fm22; B,{M,L) = 0.68xl023u2-fm22; ßi(M,L) = 1.33
x 10 2Vfm 26

In table 1, the energies and B(M,L) values of the mag-
netic high spin states are shown. Using a zero-range
force the B(M,L) values are reduced, but the excitation
energies are pushed far above the shell model values.
Only the one-pion and rho-exchange provide a mechanism
to reduce the excitation energy.

I t is well known that the coupling to the phonons may
modify the single particle states appreciably. E.g.,
the vj,,-,;, state comes at an excitation energy of 1.42

' 209
MeV relative to the ground state of Pb which is only
1.2 MeV below the (3 ^^Q/zhs/P' c o n ^ i 9 u r a t ' ' o n - There-
fore a considerable mixing of these configurations has
to be expected, which strongly reduces the single par-
t icle strength. This effect is especially large for the
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so-called spin-orbit partners which are shifted into the
next lower major shell and which possess therefore the
"wrong" parity. All the dominant configurations of the
high spin states are of that special type.

We evaluate the single particle strength by taking into
208

account explicitly the coupling of phonons in Pb to
single particle states, thus obtaining quasiparticle
states in the neighbouring nuclei. These quasiparticle
and quasihole states are used to construct a core cou-
pling randonHphase wave function containing the most
relevant 2p2h configurations. We mention, however, that
we include in the present case also the interaction
between the 2p2h configuration. Including as phonons
only the 3" state at 2.61 MeV and the 5" state at 3.19
MeV, the single particle strength is reduced to Z=0.55
for the vj15<2 ^3/?

 C 0 n f i 9 u r a t l 0 n and t0 z=0-55 for the
"^13/2 ^11/2 configuration. These single particle
strengths were not further reduced when more phonons
were taken into account. The results of the 2p2h calcu-
lations with a finite range interaction are given in
table 1. The additional 2p2h components of the wave
function strongly reduce the B(M,L) values and even
produce a further decrease of the excitation energy. The
mixing between the proton and neutron configurations in
the case of the 12" states is of the order of 0.03 (in
the amplitudes).

1CT6

itr;

10"

J'=12"

6<=6.3lMeV
0=90°

sections are in good agreement with the experimental
data in the three cases considered. On a closer inspec-
t ion, however, one finds that at high momentum transfer,
the cross sections of the 12" state at 6.43 MeV and the
14" state at 6.75 MeV are underestimated. I t is an open
question, whether the cross sections are sensitive to
exchange-current effects.

References
1) J. Lichtenstadt, J. Heisenberg, C.N. Papanicolas,

C.P. Sarget, A.N. Courtemanche, and J.S. McCarthy,
Phys. Rev. C20 (1979) 497, and Phys. Rev. Lett. 40
(1978) 1127.

2) S. Krewald and J. Speth, Phys. Rev. Lett. 45 (1980)
417.

15 20 25 15 20 25 15

Fig. 1: The experimental cross sections for inelastic
electron scattering of ref. 1 are compared with an RPA
calculation (dashed line) and a 2p2h calculation de-
scribed in the text (solid l ine). Both calculations were
performed with a finite-range interaction including one-
pion and p-meson exchange. The cross sections were ob-
tained in DWBA.

In f i g . 1, the inelastic electron scattering cross
sections at e * 90° and s = 160 are shown for the three
magnetic high spin states. The calculations were per-
formed in Distorted Wave Born Approximation, using the
code HEIMAG by J. Heisenberg. The inclusion of 2p2h
configurations reduces the cross sections, as expected,
so that both shapes and absolute magnitudes of the cross
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3.4. On the Structure of the First 1/2" State in u Bi

V. Klemt

In recent years much interest has been directed to the
question of the single-particle strength of states in
near magic even-odd nuclei. Even in the lead region,
where one would expect fair ly good quasi-particle
states, often surprisingly high depletion is found,

though almost never beyond 50 %. There ts one exception
209however, the 1/2 state in Bi. A recent calculation

by Li Chu-hsia and Klemt ' shows a strength of 0.31 only
for this state. Detailed inspection shows that almost
al l the strength ts gone because of a coupling to a
lhg,2 x 4+ state. One may distrust this result because
of the perturbative treatment of the coupling to one
phonon, but a theory worked out by Klemt ' gives, in
the l imit of second order perturbation theory, the
following formulas for the single-particle strengths
and the perturbed energies (which is correct even i f
Z , « l ; see f ig . 1):

1 - Z , '•I

l

234 1234' (E1+E9-E,-Ed)

,2 n2(l-n3)(l-n4)Hl-n2)n3n4

l + t 2 L3 L4

Here the E'S are the Hartree-Fock energies and the n's
are the quasi-particle occupation numbers (0 and 1). I f
we assume that in the unperturbed case we have
ej = E3+e4-e2+6 with 6 small compared to a l l other
energy differences and i f we assume, for simplicity,
that the states 2, 3 and 4 are shifted only negligibly
(which wi l l turn out to be justif ied later), then the
formulas reduce, i f one configuration is considered only
and in obvious notation (V = ¥1234* * = * 1 ^ :

1 - Z =

with i = E,-Ej.

In the limiting case of V«« this reduces to:

,2 „2

a =

« 1

„2 and 2«

Since 6 is the smallest occurring energy difference these
expressions just i fy the above mentioned assumption (to
proceed correctly one would have to solve four systems
of equations simultaneously). One finds a big shi f t of
about -« (big compared to V) for one of the two solutions
and a respective very small single particle strength.
That means of course that the collective (two-particle
one-hole state) 1s by an amount 4 below the (almost)
single particle state. In the work of ref. 1 the ex-
perimental single-particle energies were inserted in
the denominator. As is shown here nothing is going wrong

when i t turns out f inal ly that the "single-particle
state" is in reality collective. The formulas in ref. 1
remain correct (at least for the single-particle
strengths) even in the case of very small energy denom-
inators.

The 1/2 state in c Bi at 3.63 MeV is the only example
in the lead region where a collective state lies below
the single-particle one with the same quantum numbers.
The stngle-particle 3p,, , *s found in a Woods-Saxon
calculation using a harmonic oscillator basis at about
5 MeV, that means i t is already in the continuum.
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3.5. Continuum Fourier Bessel RPA

R. de Haro, Jr., S. Kreuald, J. Speth

1 21The Fourier Bessel RPA ' ' is extended to embody the
continuum in order to obtain the decay widths of giant
resonant states.

Analogously to the dtscrettzed Fourier Bessel RPA K the
basic idea 1s to express the RPA equations in terms of
the transition densities p(r) and o(r) and expand these
in Fourier Bessel series

and
P(r) « 1 A ^

making then use of the fast convergence properties of
this series.

Setting the amplitudes in terras of the transition densi-
ties we can write down, using once more the definition
of p(r) and o(r), a dispersion relation for these quan-
t i t ies of the form:

PT(P) = / dt tZ it [GT(r,t)hTx.(t)PT,(t)

+ HT(r,t) h ; T . ( t ) V

and

iT ( r ) - /dt t2 lf [HTCr,t)hTTlCt)Pt, (t)

where hTT and h | t , stand for linear corobtnations of the
force parameters and GT, ti^. and UT are propagators
connecting coordinate points r and t .

The indices T and t ' run over proton and neutron and

QT(r,e +E) = I
1 1
7 "7

J
p

1
1

n
1
1

0

-1

with - j + \

Expanding r-dependent quantities we can set this system
only in terms of the coefficients of the Fourier Bessel
expansion, in the form:

<

where

and

Tvn = ^ r hTT l JT ( qv r ) JT ( qn r )

STT' = / r2h' ,J (q r)J (q r)vn -1 TT TV^V
 #

 T n

The tnhoraogeneous system of equations above are our RPA-
equations, expressed only in terms of the coefficients
of the Fourier Bessel expansion of the transition den-
sit ies which, in Born approximation, are the form factors.

That way we have a formulation for the RPA equations in
terms of observables, numerically very fast to be solved
because of the convergence properties of the Fourier
Bessel expansion. A further advantage is that the dimen-
sion of the matrix that we must diagonalize is only pro-
porttonal to the number of expansion terms taken in the
Fourier Bessel expansion, avoiding the drawback of the
usual methods of handling with huge matrices.

Using a force adjusted by Speth and Rinker ' to the lead
region, we were able to reproduce quite fa i r ly the
positions and transition rates of the low-lying states in

0 and Pb, as well as the transition densities for
these bound levels.

Our main interest was directed to obtain the giant reso-
nances, what we did for the nuclei quoted above.

In al l the cases we got a good agreement of our results
with the experimentally found values of peak energy and
exhausted fraction of the energy weighted sum rules for
the experimentally well known dipole and quadrupole
electric giant resonances (cf. table).

For the high-lying (isovector) octupole electric giant
208resonance \n Pb we get a very wide peak in the 160

-1/3A ' HeV region showing that the strength is strongly
dispersed.

The same trend is seen for the higher lying giant reso-
nance states where no concentrated strength could be
found (cf: f igure), especially in the higher energy
range where former predictions ' expected a large
amount of i t corresponding to the 2 and 3-tiuj-excitations
giant resonances.

The most probable reason for this overestimation of
former results compared to ours must be in the treat-
ment of the continuum states which, in our case, are
fu l l y taken into account, permitting a fraction of
formerly predicted strength to be carried to higher
energy regions and bringing to the collective states the
real decay widths of the single particle states, which
are considerably large.

Remembering that, additionally to this fact comes that
we are working in the frame of a one-particle one-hole
RPA and when considering the effects of higher correla-
tions, an additional (damping) width w i l l be brought to
our results by fragmentation of these states, i t turns
out that experimental observation of these higher states
should not be possible.
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CROSS SECTION CmbJ

3,

2.

1.

0.

7"x [10G]

10. 20. 30. 40

EXCITRTION ENERGY CMeV]

rz+

3"
4 +

5"
7'

"•Pb-EWSR
10E.5
69.1
89.7
ikA
6Z. 8
35.0

!*0-EWSR
108.3
11A
50.7

Table 1 : In a l l cases, the EHSR Is gtven as percent
ra t i o : d i r ec t l y calculated to model fndependent EWSR.
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2.6. A Proposal for the Approximate Treatment of the
Continuum of a Single Particle Basis

V. Klemt

A very common problem in nuclear-structure calculations
is the choice of the appropriate single-particle basts
and, specifically, the question how to handle the con-
tinuum. In this note we assume that we have already
found the best single-particle potential of, say, tfoods-
Saxon type. A widely used method is to diagonal!ze the
potential within a basis of harmonic-oscillator wave
functions. For bound states this is equivalent to an
expansion of the etgenstate into osctllator functions:

>•#• M

I t turns out that with a proper chotce of the oscillator
constant the bound states in the lead region can be
represented reasonably well by an expansion wfth

M = ̂  (N-i+1) and N = 15 ,

which means that the s-states have to be expanded into
eight oscillators and the higher-i states tnto corre-
spondingly fewer. Furthermore, there ts some tndfcatton
that the f i r s t "unbound" states for each "partial wave"
tj are in most cases fa i r ly good approximations to the
f i r s t resonant state.

But since Us energy ts not very well determined ( t t
varies with M) one would like to have a simple and clear
prescription how to describe the resonance. Nw the
total cross section for a certain partial wave Jtj (what
means that only one partial wave contributes to the
resonance) is given by

This is a Hermitean eigenvalue problem with a matrix of

the special type

Aij - ai aj

One sees immediately that this is a matrix of rank one

with one solution

j ' = and eigenvalue J- * = I a?

while all other eigenvalues vanish.

Varying the input energy or, correspondingly, the input

momentum k one will find a maximum u* £ with a respec-

tive eigenvector c j 1 > m a x ) .

The latter may be interpreted as the first resonant

state within the approximation of the oscillator space.

The other eigenvectors are, by construction (Hermitean

eigenvalue problem) orthogonal to all the bound ones

and also to the resonance, and within this remaining

space further resonances can be looked for with the

same procedure.

and the phase shift fi,. ts given by the well-known
integral formula

sin S, fjf J3 OtrMrJYjüOVdr ,

where Ya.(r) is the solution of the radtal Schrödinger
equation with the asymptotic form

I f we assume that the resonance.wave function can be
expanded into our "unbound" radial etgensolutions

Ytj(r) = I c.fij
n=n.

then finding the wave function Tt,(r) that maxfraizes the

cross section at a given energy ts equivalent to solving

the eigenvalue problem

l\S Jt(ltr)V(r>cntj(p)rZdr / Jt(lcr)V(r)cn.Äj{r)r2dr

1 V = 0
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13?3.7. RPA-Calculations for Sn with Effective Forces

Including Meson Exchange Potentials

C. Conoi, V. Klemt

We have performed RPA-calculations for the doubly-magic
132

nucleus cr$n82" us^n9 a generalized particle-hole
interaction which includes in addition to the zero-
range terms of the Landau-Migdal theory also explicit ly
the contributions of the one-pion and the one-rho ex-
change potentials ' .

In this way we have calculated excitation energies,
transition probabilities from excited states to the

132ground state in the nucleus Sn, and electric and
magnetic moments and transitions in the neighbouring
odd-mass nuclei 1 3 1 '1 3 3Sn, 131In and 133Sb 2 ) .

To perform our calculations the following values for
Migdal's force parameters have been used:

f i n = 0 - 2 f i n a 1 ' 5 9j n - 0.697

9ex ' °" 6 9 7

The units used here are the same as in ref. 2. Me could
132 3)reproduce the experimental level scheme of Sn ' and

the results of previous RPA-calculations performing
using only a zero-range force . To this purpose we have
modified the values of the interpolation radii from
Rnn " 6 " 5 4 ' R

PP
 = 6 ' 6 0 t 0 Rnn = R

PP
 = 6 ' 8 5 < i n * » •

The increase in the values of R and R is just i f ied
by the fact that the one-pion and one-rho exchange
potentials are attractive and therefore cause a lowering
of the energy levels.

132The results for the low-lying level scheme of Sn are
shown in f ig . 1.

Taking into account the one-pion and one-rho exchange
potential contributions, we can analyze their influence
on the magnetic moments and transition probabilities,
i.e. on the unnatural parity states, in the neighbouring
odd-mass nuclei. As we can see in table 1, almost no
effect of the attractive one-pion and one-rho exchange
parts on the B(Mfc)-values can be observed.

1+

2"

3+

4"

main config.

-l
"g7/2""99/2

-X
Trili 1/2™^99'2

^^5 '2™"Pi ' 2

"ri 13/2*^99/2
- 1

EPK

4.52

6.88

7.05

7.29

14.04

16.00

7.05

8.44

6

E

6.22

8.77

7.46

7.70

14.44

16.59

7.42

9.23

B(Ml)

0.07

0.07

29.6
11.8

0.14
0.47

0.16
0.05

6+TI+p

£

5.32

7.99

6.74

7.68

14.24

16.49

7.33

9.00

B(Mi)

0.05

0.10

11.0

27.4

0.14

0.62

0.18

0.04

Table 1: Some unnatural parity states in 132Sn. (The
energies are given in MeV and the B(Ma)-values in units
of (n-m)2 fm2^"1) multiplied by 10" . )

Experiment RPA-Theory wilh

8-torct
RPA-ThMry ificbding
K-ondp-*xchongi

potent iali

Fig. 1 : Low-lying level scheme of 132Sn.
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3.5. Neutron and Proton Matrix Elements and Inelastic
Hadron Scattering

V.U. Brown*, A.M. Bernstein*, V.A. Madam***

In the past several years measurements of neutron as
well as proton transition densities and multipole
matrix elements have received both renewed and increased
attention. The neutron and proton multipole matrix
elements are

M_ (1)

,n(p)where P*i are the neutron or proton transition densi-

ties which depend on nuclear dynamics. In y decay and in

longitudinal electron scattering one obtains information

about P2 . , whereas (h,h') reactions are sensitive to

both the neutrons and the protons, particularly in the

surface region. In principle one needs two experiments

to determine both quantities.

In the usual collective model one assumes that neutrons

and protons move in phase with the same amplitude so

that pfj/pjfi = Hn/M = N/Z. This implies that (PR)h h ,
a ( ^ ) E M ' 1 - e " o n e snou1d obtain the same value from

the electromagnetic (EM) transition rate as from (h,h')

for a l l hadrons. Empirically this is roughly true, and

consequently i t is often assumed to be a consistency

check between the results of different (h,h') and EM

experiments. However, one intui t ively expects deviations

from the collective model based on nuclear structure

effects. Explicit model calculations ' have predicted

systematic differences between single-cjosed-shell

(SCS) neutron and proton valence nuclei which have now

been seen experimentally ~ ' (see f i g . 1).

As the external f ie ld is varied by using different

probes, the two matrix elements M and M can be

determined experimentally. For example, from the EM

transition rate one can obtain M directly. For a

hadron probe one obtains some combination of M and M

which depends on the isospin character of the probe.

Combfntng the two,denoted here by h/EM,gives both M and

M . As only two probes are required, additional measure-

ments can be used as a consistency check.

In practice the collective model is often employed in

analyzing the data and the parameter PR is obtained from

f i t t i ng the magnitude of the cross section. The matrix

elements M * 6R can then be obtained. This procedure

appears model dependent; however, the differences

between models show up primarily in the behaviour of

p f i ( r ) for small values of r. In (h,h'J reactions the
x

hadron wave is attenuated,simu1ating the r surface

weighting (see eq. (1)) in EM transitions, so that these

reactions are not generally sensitive to the inter ior.

(This is particularly true for collective states, where

the transition density is surface peaked.) Depending on

the energy and the projectile the hadrons become more

penetrating,and these assumptions ' become less val id.

On the other hand, the combination of two hadronically

similar probes, which dif fer only in isospin, such as

ir /ir and p/n relaxes the need for such assumptions

about surface weighting.

The results for M /M obtained from different external

fields are presented in f i g . 1. Within the l imits of our

assumptions M /M should be independent of external

f i e l d , whereas the eR's used to obtain this ratio are

external f ie ld dependent. Collective-model predictions

(N/Z) are presented along with the results of our

schematic model ' , which includes core polarization by

virtual excitation of isoscalar and isovector giant-

quadrupole resonances. I t can.be seen that for SCS

neutron-valence nuclei MR/M > N/Z while for SCS proton-

valence nuclei M /M < N/Z, as predicted. These effects

are in the direction that one expects based on shell

effects but are reduced almost back to the collective-

model results because the valence particles mainly

Experiment

0 Mirror method

Oo/EM

Ü p/EM (low energy)

0 p/EM (0.8 GeV)

0 p/EM {1 GeV)

V P/°
A »-/**

Theory

_, I T , -i-T i p i — T X 1 T y i.
&r X Q T T S U J J U YTTT T ' I T V V - T J i —

(Ca }Nt 64 Ni

122Sn 26Mg 52Cr ^ S r
116Sn 120Sn 124Sn 50T i 54Fe

92 Mo
« B a

JCe 20S Pb

SCS neutron-valence nuclei SCS proton-valence nuclei

Fig. 1: Mn/Mp for single-closed-shell (SCS) nuclei, 26Mg, **8Ca and 208Pb. The mirror EM transition rate data are from
ref. 4. The a/EM data are primarily from ref. 3. The p/EM (low energy) data are primarily from ref. 2. The p/EM (0.8 GeV)
data are from LAMPF. The p/EM (1 GeV) data are from Saclay. The p/n (low energy) data are from Ohio University. The iT/ir*
data are from LAMPF + SIN. The heavy solid lines are N/Z which is the simple collective-model result. The results of the
no-parameter schematic model (NPSM) are shown with dashed lines and the one-parameter schematic model (OPSM) with solid
lines from ref. 1.
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polarize core particles of the opposite type.

The question of the relative amount of neutron and pro-
ton strengths in transition densities 1s currently of
considerable interest. The consistency of the Hn/M
values presented here indicates that the combined model
and experimental errors represented by this data set are
of the order of 15 %; more accurate experimental deter-
mination of p j jp*{ r ) i s , of course, desirable.
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3.9. On the Problem of Odd-Even Staggering of Nuclear

Radii

D. Zavriacha > J. Späth

When a neutron is added to an even-even nucleus, the
change of the rms charge radius is generally less than
half the change due to addition of two neutrons. This
staggering phenomenon has been explained by Reehal and
Sorensen1' to be due to the blocking of RPA ground state
correlations by the odd neutron. This is interpreted as
a reduction of the amplitude of the zero-point quadru-
pole vibrations and a consequent reduction of the rms
charge radius.

In the course of a microscopic investigation of vibra-
tional states of deformed rare earth nuclei ' , isotope
shifts of charge radii have been calculated using linear
response theory ' and a density dependent "Migdal type"
interaction. The magnitude of the shifts is well repro-
duced, as well as the general trends that they decrease
with increasing mass number, which holds for each group
of isotopes and also for the whole region of deformed
nuclei. The odd-even staggering, however, has not been
obtained, even worse: the calculations yielded the in-
verted effect.

Variation of the force parameters withtn wide limits
could not essentially change these results. I t was sus-
pected that the blocking of RPA-g.s. correlations might
get lost in the course of the approximations of linear
response theory, so we calculated this effect separate-
ly. This was done not along the lines of ref. 1, where
incompressible flow Is assumed In order to correlate
5<Q > with 6<r >, instead 6<r > was calculated directly
from the changes of the Green functions.

The numerical results are quite disappointing; The order
of magnitude of the RPA-blockfng effect's contribution

2 -3 2
to 6<r > is 10 fm in the rare earths, far too small to
l i f t the discrepancy between theory and experiment.
I t is fa i r ly easy to understand how the reverse effect
comes about in the calculations: On addition of a neu-
tron» the shift in the Femi energy just produces the
average change of the charge radius. The blocking of one
neutron level reduces the diffuseness of the neutron
Fermi edge due to pairing. Thereby the population of the
levels below the Fermi energy is increased for odd nu-
clei (relative to the average of their even neighbours).
Proton states with the same quantum numbers are above
the Fermi energy, and have large interaction matrix ele-
ments with the neutron states due to complete overlap of
the wave functions. The short range attraction therefore
favours an increased occupation also of these proton
levels at the expense of lower ones with smaller rms
charge rad i i , and thus the overall charge radius is in-
creased.

In order to explain staggering, we must therefore look
for physical effects which invalidate the above reason-
ing, which reduce the large Interaction matrix elements
between proton and neutron states with like quantum
numbers. Presumably a simple density dependent residual
interaction can never produce the desired effect; we may
have to retain essential features of the nucleon-nucleon
interaction, as the strong repulsion at short distances
which leads to strong negative short range correlations.

Preliminary calculations with a schematic effective
particle-hole force support the above arguments: We
simulate the long range attraction by monopole and
quadrupole forces, and the short range repulsion by a
delta force. With this "multipole and delta" (MAD) in-
teraction we obtain staggering with the right sign, but
s t i l l too small: 2ö<r2>N^H+1/6<r2>N^N+2 = 0.95 to 1.0
in the Gd region, depending on the force parameters. The
correct magnitude could not be obtained, since the con-
figuation space used ' is too small, so that the wave
functions are not flexible enough.
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s.w. Higher Charge Exchange Resonances in Nuclei

ff. Demaxtn, S. Kreaald, F. Osterfeld, J. Speth

In the last year, new experimental information has been
obtained on collective spin resonances in nuclei using
high energetic protons in (p,n) reaction. The (p,n)
reaction gives the possibility for studying the isovector
resonances. At low energy (p,n) spectra the electric
resonance like the well-known isofaaric analog state
(0+ IAR), which is connected with the isosptn operator
? only, dominates the experimental cross sections. Above
the 65 MeV the situation is changed, the spinflip
transition like GTR, 1+ wi l l dominate then non-spinflip
ones.

Both resonances can be described in the framework of the
RPA theory as a superposition of proton-parttcle neutron

208hole states. In doubly closed shell nuclei such as Pb
the excitation energies and transition probabilities are
obtained from the RPA equation. As we know from ref. 1,
the spin-isospin dependent part of the p-h interaction
is strongly repulsive for small momentum transfer, but
as the momentum increases, the one-pion exchange cancels
the repulsive components and above q = 1 fm" the inter-
action is weakly attractive. Therefore this p-h force
can build collective magnetic states only, i f the Fourier
components of the wave functions are concentrated at low

momentum transfer. We calculate the excitation energies
208

and the Pb(p,n) cross sections of the &a = 1 reso-
nances {0~,r,2~), as has been observed in the experiment
at the Indiana University K With this calculation we can
test the momentum dependence of the p-h force in the
spin-isospin channel and want to know whether an = 1
resonances exist with strengths comparable to the
collective magnetic Gamow-Teller resonance 1 .
In f i g . 1 the momentum distributions (form factors) of
0" (Ev = 26.61 MeV), 1" (Ev = 26.35 MeV, sptnflip tran-

5O-
sition) and 2 (Ev = 22.63 MeV) in

i are shown. The
208P208excitation energies refer to the ground state of Pb.

The 0~ and 1~ resonances peak at a low momentum transfer
(below 1 fm" ), here the p-h force is strongly repulsive.
Opposite to the 0~ and 1" the form factor of the 2~ res-
onance peaks at a large momentum transfer (above 1 fm ),
where the p-h force is very weak. The results in table 1
f u l f i l our expectation. The excitation energies of the
0" and 1" are strongly pushed up to higher energies, but
the energies of the 2~ states are close to the unper-
turbed p-h energies.

The cross section at 5° from some resonances that may
belong to experimentally observed peaks at (21.5±1.0)
MeV ' with E = 160 MeV is shown in the last column of
table 1. The sum of the cross sections is 73.1 mfa.

Similar to the theoretical GTR (1+) cross section in
208

Pb(p,n) the theoretical cross section of the fit = 1
resonance overestimates about a factor of two the
experimental data. Oset and Rho suggest that the Lorenz-
Lorentz effect might at least partially explain thfs
reduction. Certainly more quantitative investigations in

finite nuclei are desirable.

r-iqi'

3-10 '

Q5-10"3.

05-10"'-

,1"

o"
r
2"
2"

2"

2"

unperturbed
[MeV]

22.16
22.18
22.45
24.20
20.70
28.04

ERPA
[MeV]

26.61
26.35
22.63
24.50
21.21
28.76

AE

[MeV]

4.45
4.17
0.18
0.30
0.51
0.72

(dc/dn) (5°)

[mb/sr]

14.0
33.0
13.9
12.2

Table 1
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3.11. Nuclear Structure Effects Connected with Charge-

Exchange Resonances

S. Kreoald, F. Ostevfeld, J. Speth, and G.E.

Broim

Using a highly energetic proton beam Goodman et a l . '

recently obtained detailed experimental results on the

Gamow-Teller resonances (GTR) in many nucle i . We calu-

lated the exci tat ion energies and the (p,n) cross sec-

tions of the GTR as well as the isoharic analogue reso-
208

nance (IAR) in Pb using the generalized Landau-Migdal

force of re f . 2. I t turned out , however, that fn a

straightforward RPA calculat ion (using experimental

s ingle-par t ic le energies) the energy of the GTR comes

2.7 HeV below the experimental value, whereas the IAS is

nicely reproduced. As discussed in the fol lowing con t r i -

bution we argue that one has to use the experimental

s ingle-par t ic le energies only in the case of the IAR,

whereas in the case of the GTR one should use a s ingle-

par t ic le spectrum which corresponds to an ef fect ive

mass of m*/m * 0.75 {e.g. SK I I I ) .

Using the wave functions of the IAR and GTR we have

calculated the (p,n) d i f fe ren t ia l cross sections the

results of which are shown i n f i g . 1 . The effect ive

CL01 1- T I I I

20 25 30 35 40

9 c m [degrees]

Fig. 1 : Theoretical cross sections of the 0+ (IAS) and
1+ (GTR) of the 208Pb(p,n)2°aBf react ion. The experimen-
ta l results are taken from ref . 1 . The dashed l ines
represent the results where the dynamical theory has
been taken into account whereas the f u l l l ines fol low
from a conventional RPA calcu lat ion.

pro jec t i le target nucleon interact ion and the optical

model parameters are taken from ref . 3. Whereas the

theoretical IAR cross section is in good agreement with

the experimental one, our theoretical GTR cross section

is about a factor of two too large. I f we suppose that

the coupling potentials V and V are known (which has

to be checked independently) we f ind that s imi lar to

the results in electron scattering the theoretical spin-

f l i p strength overestimates the experimental one appre-

ciably.
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3.12. Influence of the "Dynamical Theory" on Gamow-

Tel ler and Isobaric Analogue Resonances

S. Krewild, F. Osterfeld, J. Speth, and G.E.
Braun

In connection with the giant dipole resonances (GDR) i t

has been shown ' that the s ingle-part ic le energies which

one uses in an RPA calculat ion depend on the exci tat ion

energy of the state one wants to calculate. This is

connected with the coupling of the 2p2h states to the

corresponding co l lect ive resonance. We shall show that

this ef fect is very d i f fe rent for the Gamow-Teller (GTR)

and the isobaric analogue resonances (IAR).

The coupling of the phonons to a given col lect ive state

with energy-fin), can be expressed i n terms of a selfenergy

E(flu>x) and the real part of i t can be wr i t ten as a

Principal value integral 2) .

= P
(1)

2p-2h

Fig. 1 : Two l im i t i ng cases included in eq. (1).

In f i g . 1 we show two l im i t ing si tuat ions. In the GTR

case ( f i g . la) the repulsive ph-interaction pushes th is

resonance r igh t in between the corresponding 2p2h states.

Since the GTR is the J< state i t couples strongly to the

2p2h (T,,) states which are in the same energy region, i .

e. the selfenergy (eq. (1)) is small. Therefore, the

compression due to them in the empirical part ic le-hole

energies must be removed K Using the phenomenological

formula of re f . 2 we obtain an effect ive mass of

m*/m = 0.75. We use in the actual calculation the Skyrme

I I I spectrum which corresponds to m*/m » 0.76.

The s i tuat ion of the IAR is shown schematically in f i g .

l b . Since the IAR is the T, state the corresponding 2p2h
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(T^ states are much higher in energy. Therefore the
principle value integral (1) is large which means that
the phonon coupling is not removed and one has to use
the experimental single-particle energies.

The results of our calculation are summarized in table 1.

6QR (Z08Pb) IAS <20SB1) GTB (ZMB1)

Theory Experiment Theory Experiment Theory Experiment '

E fytV] 13.7 13.7 17.0 18.0

S.P. Spectrw SK H I exp. energies

Force Pirsmeter f'1n-0.60 f l ' M . a

18.9

Table 1 ; Comparison between theoretical and experimental
energies of the e lec t r tc dipole resonance (GDR), Isobar-
tc analogue resonance (IAR) and Garaow-Teller resonance,
respectively. The energies refer to the ground state of
208pb
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3.13. On the Energy Dependence of the Coupling Poten-

t i a l in (p,n) Reactions

G.E. Broun t J. Speth, and «/. Vaabach

In the recent highly energetic (p.n) experiments a
strong energy dependence of the effective V -coupling
potential has been detected, whereas the V -potential
remains essentially constant. He investigated the
physical origin of the energy dependence of these
potentials within a model which includes the one-pion
and one-rho exchange potential as well as the second
order effects of the tensor force. In addition we also
take into account the effects of the other mesons
(especially of the w-meson) in a pair correlation
function. The various contributions are shown in f i g . 1.

Fig. 1: First and second order contribution of the one-
pion and one-rho exchange included in the present model.

We restrict the discussion to the momentum transfer q=0
(forward scattering). I t is obvious that the direct
term W ^ of the one-pion and one-rho exchange potential
( f ig . la) gives only a contribution in the ox-channel
and that for q=0 this term 1s energy independent. The
corresponding exchange term W h is energy dependent
( i t decreases with increasing energy and i t gives a

contribution in the x-channel, the magnitude of which,
however, is too small. Therefore we include also the
effects of the second order tensor contribution ( f ig .
1b). The direct term is of the form

- 4t (1)

The real part of this expression depends strongly on the
2 •* •*• 2energy of the incoming particle q = (K«-*?) because

eq. (1) is of the form of a principal value integral.
Our effective coupling potential is given finally as:

V • Wdir + «exch + Udir + Uexch <2>

The final result is given in fig. 2 and table 1. In

>

20 *a 60 ea lee i;a 14a IEO tea

E CMeV]

Fig. 2: Dependence of VT(q=O) and VT(J(q=O) on the energy
of the incoming par t ic le energy.

proton energy

20

13Ö

270

100

\o

300

265

\

210

to

«TO

115

60

60

10

\,

135

205

and UT0 (second order
and WT and WTO (one-pion and one-rho exchange

Table 1: The contributions U,
tensor)
potential) to'the isovector coupling potentials VT and
VT0 in [MeV-fm3]. The calculation has been performed for
two different proton energies (20 HeV and 130 HeV),

table 1 we give the various contributions to V and V
3 T TO

for the proton energies E = 20 HeV and E = 130 MeV. At
the lower energy about 3/4 of V comes from the second
order effect and 1/4 from the exchange terms of f i g . la.
The one-pion and one-rho exchange potential on the other
hand give rise to 60 % of V whereas 40 % are due to
the second order contribution. With increasing energy
not only the.second order tensor contribution gets
smaller because of the principal value integral, but
also the Pauli exchange terms decrease strongly. The
latter one is also responsible for the increase of W .
The theoretical results are in,a good qualitativejagree-
ment with the experimental findings.
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3.14. Critical Analysis of a Precritical Phenomenon in
Connection with Pion Condensation

T. Suzuki, F. Oaterfeldj and J. Speth

From the analysis of experimental data follows that pion
condensation does not exist in finite nuclei. However,
the data do not exclude the possibility of being close
to the point of pion condensation in real nuclei. In
this case, one might expect results in some specific
experiments which indicate the proximity of nuclei to
the pion condensation threshold. It has been argued that

the (e,e') form factor1' of the 1+ (T-l; 15.1 MeV) state
12

in C is a good candidate for such a precritical phe-
nomenon since the second maximum of the theoretical
(e.e1) form factor derived from the Cohen-Kurath wave
function ' is a factor of five smaller than the experi-
mental one. Since the corresponding momentum transfer 1s
qi<2 [fm~ ] , i t is tempting to connect this deviation with
a precritical phenomenon. On the other hand, high ener-
getic proton experiments do not show any precritical
behaviour ' . The theoretical problem consists in de-
scribing the (e,e') and (p.p1) cross sections simulta-
neously. The results shown in f igs. 1 and 2 are derived
from a lp-lh RPA calculation using the generalized Lan-
dau-Migdal ph-interaction ^ which excludes precritical
phenomena. We introduced a reduction factor R for the
lp-amplitude in order to correct this shortcoming. With
R=0.5, we reproduce the experimental B(Hl)-value. In
f ig . 1 we also demonstrate the dependence of the form
factor on the form of the single-particle wave functions.

12C(e,e'M+(T=1,15.1MeV)
6fN(u RFft with mesonic effects

10-S

10"6H

10.-7

9 ? = 0 7 5 }WS basts

g" = 0.75 HO basis

qlfm"1

Fig. 1: Inelastic electron scattering form factors of
the 1+ state in 12C calculated in the Born approximation
including meson exchange effects.

1 I I I l l
12C(p,p'){1+,T=1,15.11 MeV)

RFA,t>E,red.foc.= a5"
RFft,D,red.fac.=0,5
C-K.OE

50 60 70 80 90
0 c m (degrees]

Fig. 2: (p,p') cross sections calculated in DWBA. Here D
ana D+E denote the results where direct and direct plus
exchange amplitudes have been taken into account.

12C(e,e'}f(T=1,15.1 MeV)
RFA result without mesonic effects
Harmonic Oscillator Basts (b=!67 ftn)

qtfm1]

Fig. 3: Effect of the higher ph-configurations on the
form factor.

The use of H.O. instead of W.S. functions not only
shifts the position of the minimum and second maximum
to lower q-values but also enhances the second maximum
by nearly 70 %. In f i g . 3 we investigate the conver-
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gence of our resul ts. I f we Increase our ph-configuration

space from 61W to lOita in the case of H.O. functions, ,

the form factor changes only l i t t l e i f we use our value

of the Migdal parameter of gQ = 0.75. Even 1n the case

of the unreal is t ica l ly small value of g' = 0.4 the

changes are not large, but one notices the beginning of

a "p rec r i t i ca l " enhancement in the region l.S£q$2.$. I f

we use U.S. wave functions the changes are much smaller.
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3.25. No Evidence for Precritical Phenomena of Pion
Condensation in Finite Nuclei

F. Oatevfeld, T. Suzuki, J. Speth

Recently several authors ' have discussed the possibil-
i ty of observing precritical phenomena in f in i te nuclei
related to the proximity of the pion condensation
threshold. They suggested that p\e pion-like correlations
could be enhanced at large momentum transfer (q -v 1-2
fm ) which should lead to a corresponding enhancement
in inelastic scattering cross sections to unnatural
parity states. The occurrence of such an effect is known
to depend sensitively on the repulsive correlations due
to the spin-isospin dependent particle-hole interaction
which are usually parametrized by the Landau-Migdal force
parameter g ' .

We have performed theoretical investigations on the
electron and proton inelastic excitation of the 1+

(10.24 MeV) state in 48Ca nucleus2' as a l l as on the
charge exchange (p,n) reaction to the 1 + (T=4, 16.8 MeV)

Sc state ' which is the isobaric analogue of the
former. The structure calculations have been performed
within the RPA using a large model space up to 10 1W
excitations. The single particle wave functions have
been produced from a Woods-Saxon potential whose param-
eters have been adjusted to reproduce the single particle
energies deduced from the averaging procedure on the
experimental energies in neighbouring odd-A nuclei ' .
For the residual particle-hole interaction we adopted
the generalized Landau-Migdal force of ref. 5 (m*/n) =
0.8) which includes the f in i te range tr- and p-exchange
potentials in addition to the fi-interaction.

The RPA calculations produce only one 1 + state in the
48energy region around 10.24 MeV in Ca, which has the

2^7/2-11+ c o n f i 9 u r a t ' ' o r 1 as t h e dominant component.
The experimental excitation energy cannot he reproduced
with small values of g' even when g is large. The best
f i t is obtained with g^ = 0.6 (= g ) which is very un-
favourable for precritical effects.

Using the RPA transition densities for the 1 + , 10.24
48MeV state in Ca we have calculated the inelastic

electron scattering form factor ( f ig . 1). I t can be seen
that small values of g' (^ 0.2) produce an enhancement
of the form factor at the second maxima, but these small
values of g' cannot reproduce the experimental excita-
tion energies. Similar calculations have also been per-
formed for a 6 fiw model space. From a comparison of both
results we find that convergence of the calculations has
already been achieved even for such small values of g'
as 0.2.

In order to study the hadron scattering from A = 48
nuclei we have done the antisymmetrized DWIA-caiculations
using the G3Y-interaction ' of Love for the effective
projectile-target nucleon Interaction. From the depen-
dence of the 48Ca(p,p')l+, 10.24 MeV-differentUl cross
sections on the parameter g' (E = 160), we observe a
similar enhancement at high momentum transfer as in

(e.e1), although the dependence 1s rather weak. The (p.n)-
reaction to unnatural parity states is more selective
than {e,e') and (p,p') because i t always requires a spin-
isospin f l i p . Therefore the (p,n)-reaction is a good
probe for testing pion-like correlations. In f i g . 2 we
study the dependence of the 48Ca(p,n)48Sc(l+, T=4, 16.8
MeV) reaction on the value of g1 . The wave function of

+ 48 °
this 1 state in Sc has been constructed by simply
applying the isospin-lowering operator to the 1+ state

48in Ca as has been done in ref. 7. Then we have basically
the form

|1+,T-4,48SC> = - « £ - |2p2h>
o

where T, = 4 is the isospin of the 1 + state in the parent
48nucleus Ca. Under the assumption of a direct process

only the lp-lh component of the wave function can be
excited. In f i g . 2 the calculated (p,n) cross sections
are compared with the low momentum transfer data of ref.
3. The theoretical angular distributions agree with the
data tn shape although the absolute magnitude is over-
estimated by a factor of 4. As in the case of the (p.p1)
cross section, the dependence on the parameter g' is
rather weak. I t ts seen that even for an unrealistically
weak repulsive interaction (g' = 0.2) the enhancement in
high-q region is very small.

From this analysis we conclude that the precritical
phenomena are unlikely to occur in A=48 nuclei.

q lfm'1]

Fig. 1 : Calculated DWBA form factors of the ^Cate.e1 )
1 * , 10.24 MeV reaction (E i n = 250 MeV). The dependence
on the force parameter g0 1s shown (g0 = 0.6).
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.8 MeV) reaction at Ep = 160 MeV. The data are
taken from re f . 3.
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3.16. Does Pion Condensation Prevent Pion Condensation?

i/.H. Dickhoff , A. Faessler , J. Meyer-ter-

Vehn+++, B. Mather

During the last few years the question of the existence
of pion condensation in nuclear matter of a certain
density has extensively been studied. Nevertheless, the
question under which conditions (cri t ical density of
nuclear matter p and cri t ical momentum of the pionic
state) such a phase transition to a pion condensation
may happen, is s t i l l discussed quite controversially. I t
has been found ' that, in order to clarify the cr i t ical
point theoretically, i t is essential to take into
account the coupling of the pion to isobar (A(1236))
excited states of nuclear matter and that the results
depend quite strongly on the treatment of the residual
nucleon-nucleon (NN) correlations. In schematic models
these correlations or, to put i t differently, the re-
sidual interaction of NN particle-hole states, which
have the same quantum numbers as the pion, is repre-
sented by a constant Y. I f this constant Y Is more re-
pulsive, o'ne obtains a higher cri t ical density for pion
condensation. In the l imit of pton momentum k=0, the

constant Y can directly be related to the parameter g'
of the Landau-Migdal interaction. Calculations which
determine the residual particle-hole interaction from a
microscopically calculated Brueckner 6-matrfx indicate
that i t is a rather good approximation to replace the
very complicated interaction by such a simple constant

which hardly depends on the nuclear density consid-
2 31ered ' ' . Such calculations yield pion condensation at

about p = 2p (p the normal density of nuclear
matter).

The question is now: Is i t sufficient to describe the
particle-hole interaction in terms of the Brueckner
G-matrix? The answer is : No, i t is not. Let us consider
a system which is fa i r ly close to the crit ical point of
pion condensation. This means that the pion strongly
interacts with the excitation modes of nuclear matter,
such that the propagator of the pion in the medium
almost has a pole. In this case, however, one should
take into account the coupling of the pion to the
nuclear medium also 1n the One-Pion-Exchange part, whtch
contributes to the residual interaction. This means
that in nuclear matter the NN interaction is not con-
structed in terms of the exchange of bare mesons but of
mesons which polarize the nuclear medium. This follows
the concept of the induced interaction as discussed e.
g. by Babu and Brown ' .

Calculations have been performed ustng the Brueckner
G-matrix calculated for the Reid soft-core potential as
a starting point. The dependence of this •interaction on
three momenta and the starting energy has been treated
carefully. Beside the coupling to NN particle-hole
states also AN~ states were considered. To character-
ize the resulting interaction the average interaction
strength Y has been determined by considering the Lan-
dau l imit for the particle-hole interaction. Results

for the constant Y at normal densities are listed in
table 1. One can see that already at normal densities
the terms of the induced interaction yield a significant
enhancement. The inclusion of isobar configurations is
very important. At higher densities the contributions
from the induced interaction wi l l be more important,
especially i f one approaches the cr i t ical density p ,
and lead to a much more repulsive y. This dynamic effect
wi l l push up the crit ical density for pion condensation
to much higher values.

Y

G

0.48

G+NN"1

0.6

G+NN^+AN"1

0.66

Table 1: Results for the ef fect ive interact ion strength
for the bare G-matrix (G) and af ter inclusion of the i n -
duced interact ion with NN"1 states (G+NN"1) and also
with isobar states ( ^ 1 )
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5.17. Three-Body Forces from Intermediate N (1470)

States

K. Shimizu , A. Polls , H. Miither, A. Faessler

The classical model for a microscopic description of
ground state properties of a nuclear system is to con-
sider nuclei as a system of inert nucleons, treated as
elementary particles, which interact via a two-body
nucleon-nucleon (NN) potential determined by adjusting
i t to f i t the two-nucleon data. A possible extension of
this conventional many-body theory for nuclear systems
is to investigate effects due to internal excitation
of single nucleons. Such investigations have been per-
formed by several groups especially for the excitation
to the A(1236) resonance. I t was found that the explicit
treatment of isobar excitations leads to a quenching of
attractive parts of the effective NN interaction in the
nuclear medium as compared to the NN interaction in the
vacuum of the two-nucleon system ~ ' . This quenching ts
due to Pauli and dispersion effects and leads to a re-
duction of the calculated binding energy, which depends
on the density of the nuclear system considered. Fur-
thermore, the explicit treatment of excitations of the
nucleons in a nuclear many-body theory also gives rise
to three-body terms, which in.a conventional theory
have to be simulated by effective three-body forces.
For the case of the intermediate A(1236) resonance the
contribution from three-body terms with two interaction
lines vanishes because of the spin-isospin quantum num-
bers of the A resonance '. Therefore the attractive
contributions from these three-body terms are typically

too weak to counterbalance the repulsion due to the
4 51quenching of the NN Interaction * ' .

In the case of the intermediate N*(1470) resonance, which
has the same spin-isospin quantum numbers as the nucle- .
on, already the lowest order terms contribute to the
effective three-body force and therefore a significant
contribution can be expected although the coupling to
the N* resonance is weaker than the NA coupling. The
transition potentials (.NN-MM*) describing the excitation
of the N* resonance are derived in the framework of the
One-Boson-Exchange potential. The coupling constants
f(aNN*) (a stands for a meson) are assumed to be pro-
portional to the corresponding f(aNN) coupling constant
and the ratio f2{irNN*)/f2(1TNN) = 0.125 is determined
from the experimentally observed width r(N*->uN). Also
the effects of two-body correlations on the effective
transition potential G«N* are taken into account.

Using these transition potentials'the effect of Pauli-
quenching of the effective two-body interaction and the
lowest-order three-body contributions on'the binding
energy of nuclear matter and 0 are calculated. Results
are presented in table 1. One can see that for inter-
mediate N* states the attractive contributions from the
three-body terms are larger than the repulsive effects
of the Pauli-quenching and an overall attraction re-
mains. Beside the results for the whole transition
potential S we also l i s t the result i f the transition

potential is described by the bare one-it exchange term
(V^). The comparison shows that the one-ir contribution
is rather weak and that the main effect comes from ex-
change of heavier mesons and due to the consideration of
two-body correlations. This indicates that the effects
of intermediate N* states cannot appropriately be de-
scribed using dispersion relation ' , since then only the
Tr-exchange contributions are taken into account.

1 6 0

nuclear matter

wp
W T

Wp

H T

a
0.11

-0.41

0.30

-1.26

V
TI

0.01
.-0.02

0.02
-0.04

Table 1 : Effects of Pauli-quenching (Wp) and three-body
terms [Vj) with intermediate N* states on the calculated
binding energies per pa r t i c le .

References

1) A.M. Green,Rep. Prog. Phys. 39 (1976) 1109.

2) B.D. Day, J . Coester, Phys. Rev. C13 (1976) 1720.

3) M.R. Anastasio, A. Faessler, H. Müther, K. Holinde,
R. Machleidt, Phys. Rev. CIS (1978) 870.

4) A. Faessler, H. MUther, K. Shimizu, W. Wadia, Nucl.
Phys. A333 (1980) 428.

5) T. Kouki, L.E.W. Samelter, A.M. Green, Nucl. Phys.
A290 (1977) 381.

6) S.A. Coon, M.D. Scadron, P.C. McNamec, B.R. Barret t ,
D.W.E. B la t t , B.H.O. McKellar, Nucl. Phys. A317 •
(1979) 242.

+ I n s t i t u t für Theor. Physik, Univ. Tübingen

3.18. Non-Iterative Isobar Diagrams and the i r Effect

in NN Scattering

K. Holinde , R. Machleidt , A. Faessler .,

ff. mther, M.R. Anastasio***

The standard model for nuclear matter is to consider a
collection of nucleons interacting through a two-body
potential like e.g. the Reid soft-core potential. Con-
sidering such a static model for the NN interaction and
employing e.g. Brueckner theory with inclusion of three-
body correlations to solve the nuclear many-body problem,
one typically obtains too much binding energy for systems
of high density (nuclear matter) ' and not enough energy
for small densities ( f in i te nuclei) ' . This defect of
the classical model for nuclear matter can at least
partly be eliminated i f a meson theoretical ansatz for
the NN interaction is considered. In this framework a
large fraction of the medium range attractive part of
the NN interaction arises from irreducible ^-exchange
processes like e.g. the 2u cross-box terms or iterative
2n-exchange terms involving intermediate isobar excita-
tions. Due to Pauli and dispersion effects these inter-
mediate-range, attractive parts are suppressed in a
nuclear medium especially at high densities. This means
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that the effective NN interaction in the nuclear medium
is less attractive than in the vacuum of NN scattering
and therefore the overbinding of nuclear matter at high
densities 1s prevented.

To investigate such modifications of the NN interaction
in a nuclear medium, one has to calculate the irreducible
2n-exchange terms explicit ly. This is done in the frame-
work of non-covariant perturbation theory ' . As an ex-
tension of earlier work we now also consider non-itera-
tive 2ir-exchange diagrams involving intermediate NA
states (M^J.I t has been argued4* that these terms MĴ
together with the iterative 2ir-exchange contribution
M^, involving intermediate NA states, should give an
isoscalar contribution to the NN interaction which could
be approximated by an iterative 2ir-exchange term neg-
lecting retardation effect. Our investigations show that
this approximation is reasonable for the S channel of
the NN interaction, but i t grossly overestimates the
isobar contribution in the Sj channel (see f i g . 1).

?_ -1 -

Fig- 1: Matrix elements <q|MN4(Z)|q1!» in the 3Si channel
for q1 = 100 HeV/c and Z = 2m. While the solid curve
shows the exact results treating al l NA diagrams ex-
p l i c i t l y , the dashed-dotted curve represents the approx-
imation by the isoscalar part of an iterated pion-range
potential.

Our final ansatz for the NN interaction consists out of
a One-Boson-Exchange part, iterative diagrams with NA
and AA intermediate states (the transition potentials
contain ir- and p-exchange) ' , and non-iterative 2rr-ex-
change terms with intermediate NN5' and NA states. The
parameters of this ansatz (coupling constants and form
factors) can be adjusted to obtain a reasonable f i t of
the NN data. The 2TT exchange terms treated explicit ly in
our model replace about 50 % of the a-exchange part in
a pure One-Boson-Exchange potential. This is in reason-
able agreement with the results of dispersion-theoretic
models. In contrast to a disperston-theoretical descrip-
tion, which only allows the calculation of the NN inter-
action in the vacuum, the present model for the NN In-
teraction can also be used for calculations of nuclear
many-body systems.
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3.19. Three-Body Forces and Three-Body Correlations

B. Mather, A. Faeesler ., J. Uvhano

During the last few years a lot of theoretical effort has
been made to investigate the importance of isobar degrees
of freedom, which means the inner excitations of single
nucleons, for a microscopic description of ground state
properties of nuclei. I t has been found that especially
an explicit treatment of the excitation to the A(1236)
resonance yields significant, medium dependent effects
for the effective NN interaction ' ' and also non-negli-
gible three-body tenns with intermediate excitations
which may be considered as effective three-body forces * ' ,
These three-body terms crucially depend on the
correlations between the interacting nucleons ' .
The contribution to the binding energy ^ 1s comparable
to the effects due to an explicit treatment of three-N
correlations which are calculated by solving Bethe-
Faddeev equations.

These two observations lead to the suggestion that i t
might be necessary to consider effects from three-body
forces and three-body correlations simultaneously. This
means, one should try to sum up al l three-particle
ladder diagrams containing intermediate NNN, NNA and i f
possible also NAA and AAA states. Already the solution
of the Bethe-Faddeev equations with only NNN intermediate
states is very involved and there exist only very few
calculations. With inclusion of isobar states, however,
the numerical effort increases quite drastically and
therefore certain approximations have to be made. First
of al l we consider wave functions of the harmonic oscil-
lator for the single-particle wave functions. Then we
allow only NNN and NNA intermediate states. Finally, we
do not consider processes with "long-living" isobars,
i.e. whenever a A resonance is excited, i t wi l l be de-
excited by the next interaction. This "active isobar
assumption" is supported by the results of lowest order
calculations K Using these approximations the extended
Bethe-Faddeev equations may formally be written as

FNNN a

FNNA ' GAA T

'NA e l b N i rNNA ;

* + G N A e 'G"FNNNJ

(1)
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The quantities used in these, equations are defined in
analogy to ref. 5. Gu. and G are effective transition
potentials describing NN+NA and a transition like NA-*AN,
respectively, with inclusion of 2-particle correlations.
The permutation operator X may be defined by

(2)

where y(k,,k2;k3) is a three-particle wave function
which is antisymmetric with respect to an exchange of
the "active" particles 1, 2 only. Q and e are the usual
Pauli operator and energy denominator respectively. Using
the solutions of eq. (1) the energy contribution can be
calculated as the expectation value of

(3)

Such extended Bethe-Faddeev equations have been solved
for the nucleus He. Preliminary results are given in
table 1. The fu l l calculation yields a result which is
by 50 % larger than the contribution of the lowest order
term (three interaction lines). I t should be mentioned
that i t is very important to take into account the
effects of the interaction in partial waves with i>0.

4He

E/A
[MeV/nucleon]

low order

-1.03

full calc.

-1.61

Table 1: Preliminary results from extended Bethe-
Faddeev equations for He.
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3.20. Magnetic Moments of Nucleons and Isobars in the

Chiral Bag Model
+ Ä -4-1

J. Wambaoh , I. Bulthage

The chiral invariant bag model ' introduces pions as
Goldstone bosons outside a confined space-time region in
which quarks and gluons couple perturbativeiy. The MIT-
bag without pion cloud ' predicts too small magnetic
moments for nucleons and the A -N transition moment for
bag radii less than ^ 1.5 fm. In this model the moment
is a linear function of the bag radius R

, z, e 4 V 3

<B u B ' > = ° m I

q *6".2(n - l )o

(1)

«o " i, |B> and |8'> denote the spin-isospin wave
functions of the nonstrange baryons. Perturbative one
gluon exchange corrections ' are of the order of 10 %,
which is no significant improvement. In the chiral in-
variant bag the pion f ield also carries electromagnetic
current

T • I (? x (3 J) - (3 J) X fJ (2)

(the arrow means vector in isospin space). Because of
the static approximation to the chiral Lagrangian the
time component of J" vanishes. The 3-vector current V
however, is non zero and contributes to the moment

(3)

The integration volume V~ in eq. (3) goes from the bag
surface to in f in i ty . In a perturbative expansion of the
Euler-Lagrange equations of the chiral Lagrangian ' the
pion f ield is easily calculated from the Klein-Gordon
equation outside the bag volume and the boundary condi-
tions at the surface. To lowest order in the effective
pion-quark coupling parameter 1/f^ (f^: pion decay
constant) we find the solution for the pion f ield

(4)

The operators act again on the spin-isospin wave func-
tions of the baryons. After some simple algebra we get
for the magnetic moment (eq. (3))

(5)

This expression contains genuine two-body terms ( i / j )
similar to the well known "Sachs-moment" from exchange
currents and arises from effective quark-quark inter-
actions where the two quarks are different. The "two-
body" contributions to the nonstrange baryons are both
large for the nucleon (^-body^l-body „ 6 / 5 j and t h e

A+-N transition (y2-body/vil-body „ 3 / 2 ) F o r d i a g o n a l

A-A terms they vanish, however, since the quarks are in
an S = 3/2 T = 3/2 state. The total moments
<B|u^+y^|B'> are rather independent of the bag radius
for .6<R<1.5 fm (table 1), a feature, which is also
observed in the "hogdohog"-moment K

Our treatment of the nonstrange baryon moments has two
chief shortcomings:

( i ) The pion cloud gives only contributions to the iso-
vector part of the moments. To incorporate isoscalar
terms three-pion effects have to be considered (the <ir
meson in the vector dominance model would be a correlate
state in this picture).

( i i ) y-ray coupling to the baryon via p-meson exchange is
neglected; only the pion continuum is included.

Point ( i ) indicates a shortcoming of the chiral bag in
i ts present form. The SU(4) ratio of -2/3 for neutron to
proton moment given by the quark part of wZ is not re-
produced naturally by the model, since the cloud tends
to decrease the ratio to -1 for small rad i i , i .e. strong
pion f ields. As known phenomenologically from the vector
dominance model, however K the way the u-meson contrib-
utes to the magnetic form factor of the nucleon, three
pion effects wi l l restore part of the empirical ratio.
Point ( i i ) means that our results may not be quantitative
yet. We think, however, that effects of long range in
space are correctly handled in the model, since low mass
effects in the p-channel are given by chiral theories,
like the Weinberg description of the pion scattering
length ' .

R (fm)

0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
1.3
1.4
1.5

T=l
UN

3.45
3.20
3.05
3.02
3.01
3.01
3.02
3.10
3.18
3.26
3.40

A+-N
V

4.46
4.06
3.77
3.68
3.61
3.59
3.61
3.65
3.75
3.80
3.91

A +

V

1.71
1.78
1.88
2.01
2.15
2.30
2.46
2.62
2.79
2.96
3.13

A "
V

4.18
4.19
4.30
4.48
4.71
4.97
5.25
5.55
5.86
6.18
6.51

Table 1 : Magnetic moments of nonstrange baryons as the
function of the bag radius R. A l l moments are in units
of the nuclear magneton j i„ = <*!_.
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3.21. The Mass Distribution Width of Heavy-Ion Induced
Fission for Various Composite Systems

U.E. Fabev

1)Just recently Sahm et a l . ' determined the variations of
the width of the mass distribution of fusion-fisston
events for various composite systems. They have dis-
covered a correlation between the width and the height
of the liquid drop fission barrier. In ref. 2 a micro-
scopic calculation of the deformation energy in the
fission valley has shown that the component of the
driving force which tends to press an asymmetric com-
posite system versus synmetry decreases with increasing
angular momentum I . The calculation of ref. 2 tends to
show that not only the fission barrier is responsible
for the width but the whole fission valley influences
the mass distribution. I t seems that this fact has been
underestimated in the earlier investigations. The recent
measurements of Sahm et a l . ' support this idea. In f ig .
1 a set of shapes along the liquid drop valley is shown.
In f ig . 2 the rotating liquid drop energy for the cora-
posite system At at I = 60fi is shown in the space of
f ig . 1. By a simple argument (see ref. 3) one can show

that the equi-energy parabolae in the fission valley
2

broaden with increasing Z /A. This effect can be seen in
221f ig . 3. An asymmetric deformed nucleus Pa has less

205
tendency to reach symmetry than a At nucleus with the
same shape. Since the height of the fission barrier de-

2
pends also on Z /A the broadening of the mass distribu-
tion is correlated with the decreasing height of the
fission barrier.

o.o 1 .4

Fig. 1: A set of shapes along the liquid drop valley.
The neck ratto r vartes together with the elongation
according to r = 1.0 for ß s 0.6 and r = 1.6-e for
e > o.e.

°0-0 1 .4

Fig. 2: Liquid drop energy of 2 0 5At at I = 60fi.

1 . 4

Fig. 3: Liquid drop energy of 221Pa at I = 60fi.
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z.22. The Influence of Angular Momentum on the Mass
Distribution of Heavy-Ion Induced Fission

U.E. Fdber

There exist two types of heavy-ion reactions: the com-
plete fusion and the deep inelastic events. At "low"
bombarding energies of about 200 MeV and sufficiently
asymmetric systems like Ar+ Ho the two reaction
types are well separated. The complete fusion events are
centered around half the mass of the compound nucleus
and show no dependence on the center of mass angle d.
Experiments ' have shown that the width of the mass
distribution of the fusion-fission events increases when
the incoming angular momentum was increasing. With the
help of a microscopic calculation of the driving force
which tends to change the shape parameters of a rotating
heated nucleus one can show that one should expect this
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FREE ENERGY (T=1.6MeV)
1=40 h

riflss
Fig. 1: Free energy surfaces of 20;>At for mass asymmetric shapes along the fission
valley at a temperature of 1.6 MeV. The elongation $ varies together with the neck
ratio r according to ß = 1.6-r. The angular momenta I = 10, 40, 70, lOOfi are shown.

increase of the width of the mass distribution with in-
creasing angular momentum. In f i g . 1 equi-energy lines
of the free energy are drawn along the fission valley
for four angular momenta. The neck ratio ' is plotted as
ordinate and the mass asymmetry coordinate as abscissa.
For low angular momenta the equi-energy lines are narrow
parabolae. The driving force jS = -3F/gq"|T acting in the
deformation parameter space <J on a mass asymmetric
compound nucleus has a strong component towards symmetry
and a very small component along the fission valley. The
width of the equi-energy parabolae increases slowly for
low angular momenta and faster for high angular momenta
I . Therefore, the component of the driving force towards
symmetric fission decreases. Simultaneously the bottom
of the valley descends steeper. The neck narrows faster,
since the component of the driving force in the direction
of the fission valley increases. An asymmetric compound
nucleus at high angular momenta has less tendency and
less time to develop towards symmetric fission ' .
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3.22. Microscopic Calculation of Rotational Bands

P. GrOmer, K.W. Schmid*, A. Faeaaler

A computer code has been developed which can be used for
the description of rotational states within a given
single particle basis giving an effective two-body
Hamiltonian. The model uses angular momentum and particle
number projection techniques applied to a basis of many-
body wave functions consisting out of an HFB-reference
wave function
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and a set of two quasiparticle wave functions

U > • ßV"|

(1)

(2)

Within this space a variation after projection is per-
formed yielding wave functions for a given total angular
momentum 0 of the type

1*°»- yvITpv
(3)

where P, is the angular momentum projection operator and
(L and Q, are the particle number projection operators
for neutron and proton numbers. The general formalism is
described in more detail in refs. 1-2. Given a spherical
single particle basis and an effective Hamiltonian the
calculations are completely parameterfree and proceed in
the following way:

1) A Hartree-Fock-Bogoliubov calculation is performed in
order to obtain the reference wave function (1).

2) The effective Hamiltonian is transformed to the quasi-
particle basis resulting from the HFB-calculation.

3) The projected overlap and energy matrices are bui l t
up for either the complete or a truncated basts of
two quasiparticle states.

4) The resulting matrices are dtagonaltzed giving ener-
gies and total wave functions of the form (3).

5) Finally the spectroscopic amplitudes

(4)

are calculated, which in turn may be used to calcu-
late moments and transitions. They provide the com-
plete information about the calculated wave functions.

I t should be noted that the same effective Hamiltonian
is used for the HFB-calculation and for the calculation
of the energy matrices. This guarantees a fu l l y self-
consistent, parameterfree calculation. The program is
planned to be applied to the description of low-lying
rotational bands in heavy deformed nuclei in order to
obtain more insight in the systematics of the back-
bending phenomenon, as well as to the description of the
giant resonance region in l ight deformed N̂Z nuclei,
which were up to now not accessible with the model of
ref. 3.

3.24. g-Factors and Transition Probabilities in the
l13/2-Model

F. Grthmer, K.W. Schmid*, A. Foessler*

During the recent years simple models investigating the
behaviour of particles in a single j-shel l coupled to a
rigid-rotor have been quite helpful in understanding the
mechanism and the systematic behaviour of the backbending
phenomenon "* ' . Thus i t seems to be worth-while to calcu-
late also moments and transitions with such a model in
order to get some insight in the systematics of those
quantities. We used a model proposed earlier ' in order
to calculate the variation of magnetic moments and B(E2)-
values withtn the ground state rotational bands throughout
the i j ^ - r e g i o n . The wave functions of this model can be
written as

I
R,N
I,Nv

'JMNi lR,N
C

(1)

where R, I and J are the angular momenta of the core, the
valence shell and the total angular momentum, N , N and
N are the corresponding particle numbers and a and i are
additional labels for the valence states and the total
wave function. The coefficients c are obtained by diag-
onalizing a pairing + quadrupole Hamiltonian.

One can now easily calculate transitions and moments
ut i l iz ing the wave functions (1). An extremely simple
expression one obtains for the g-factors, namely

(2)
' lMNi JMNi'

where the g-factors for the core and the valence-shell
are chosen to be g = 0.42 and gy = -0.3, which are
appropriate for the rare-earth region and an i13/2"
neutron shell .

First we performed calculations with a fixed even number
of particles in the valence shell coupled to a rotor.
The resulting g-factors within the yrast band as function
of the total angular momentum are plotted in f i g . 1. One
finds a strong angular momentum dependence for two
neutrons in the 1,.,,--shell,, the g-factor becoming even
negative at high spin values. With increasing valence- .
shell occupation the curves become smoother and for a
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nearly f i l l ed valence-shell the g-factor stays approxi-

mately constant. This reflects that the g-factor as a

function of the angular momentum depends strongly on the

degree of rotational alignment.

I f one includes the possibil i ty of scattering patrs of

particles between core and valence-shell the behaviour

of the g-factors is not much affected. We do not observe

any behaviour which is connected with the oscillations

of the yrast-yrare interaction ' K

On the other hand, the behaviour of the B(E2)-values

within the yrast band reflects those oscillations very

sensitively. For values of the chemical potential where

the yrast-yrare interaction is large, we obtain only a

reduction of the B(E2)-values of 10 % at the crf t tcal

angular momentum, whereas the reduction can be more than

50 % when the yrast-yrare interaction is roughly zero.

Summarizing we may say that the g-factors within the

yrast band should decrease strongly for nuclei at the

beginning of the rare-earth region and remain constant

for the heavier nuclei, whereas the B(E2)-values should

vary strongly for a l l nuclei which exhibit a sharp

backbending behaviour.
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4. NUCLEAR REACTIONS

4.1. E las t ic and Ine las t ic Breakup Processes i n Nu-

cleus-Nucleus Col l is ions

G. Bcair, F. RÖsel , B. Shyam t D. Trautmann

In peripheral nucleus-nucleus collisions the fragmenta-

tion of the projectile is a dominant reaction process.

The quasifree interaction of a part of the projectile

(nucleon, or cluster of nucleons), which can be elastic

or inelastic, leads to strongly forward peaked energy

spectra of the spectator particle. The peak energy is

around the energy Ek = jz- E,, where E. is the energy of
0 "'a a a

the incident projecti le. With the help of unitarity and

the peripheral nature of the process the sum over a l l

inelastic channels can be performed, in order to calcu-

late the inclusive spectra. We study (d,p), ( He,d),
3 "i 6

( He,p), (a, He) and (a.t) inclusive spectra. L i - in -

duced breakup spectra of d, t , He and a-particles at

E6. . = 156 MeV are studied in collaboration with B. Neu-

mann and H. Rebel ( Inst i tut für Angewandte Kernphysik,

Kernforschungszentrum Karlsruhe).

Simple gross properties are found for the breakup prob-

ab i l i t ies , l ike A ' -dependence and "factorization". For

further details see ref. 1.
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4.2. Coulomb Dissociation of the Deuteron

B. Bofftoann, G. Baur

In general, deuteron breakup is well explained in terms

of the post form DWBA * ' ' , which is a good approxima-

t ion as long as the f ina l state interaction V can be
4 5V p

neglected. Recently, experiments ' ' with 15 MeV deu-
232

terons on Th showed that the approach ci ted above
underestimates the observed inclusive proton spectra for

rather low energies, E < 6 MeV. I t is shown that in

this region of energy the dominant breakup mechanism i s

Coulomb exci tat ion of the deuteron into a continuum

state.

The Harailtonian H describing scattering of deuterons

from a heavy target nucleus A i s :

H ' Ho + V n P V + VnA (1)

where H denotes the kinetic energy and V the inter-

action between particles x and y. To discuss breakup as

consequence of Coulomb excitation, we choose the same

channel Hamiltonian for the entrance channel a and the

exit channel ß

H (2)

where V /g» denotes the corresponding channel inter-

actions. As distorting potential we choose

= V dA (3)

The t r a n s i t i o n amplitude fo r the process d+A-+A+p+n Is

given by:

r-DWBA

T+DWBA
T

(4)

V , denotes the polarization potential

If _ "7*t / 1 / _ (5)

Actual calculations were done neglecting the nuclear
part of the interaction and approximating V j by i ts
dipole term

Here x denote pure Coulomb scattering wave functions

for. the deuteron's cm . motion. 9 describes the deu-

teron ground state:

a = 0.2317'fm"1

(7)
rQ = 1.79 fm

including corrections for finite range. The results

given in fig. 1 show that the model of Coulomb dissoci-

ation gives the order of magnitude for the breakup

cross section. The shape of the angular distribution

cannot be reproduced so well, one reason being that in-

elastic processes (excitation of the target nucleus) are,

not taken into account. Both effects are included in the

calculations according to refs. 2,3. We included nuclear

effects using a strong absorption model (SAM, see e.g.

ref. 6) in our calculations.

The conclusion, at least for the reaction,4.5) <investi-
gated here, is that breakup processes cannot be described

over the whole region of energy by one step DWBA models.

One has to include either higher order terms or one must

solve integral equations of Faddeev type.

is '

2 3 2 ThCd.p)

Ed-lS HaV

Ep-e.0 MeV

22 10 6B 90 180 120 140 1GB

That« Proton [Dag]

Fig. 1 : Comparison of various theoretical approaches for
breakup reactions with experiment.
.(.|,|.|.|,|.j.j. experiment ( re fs . 4 , 5)

calculated according to re fs . 2, 3
Coulomb dissociation
Coulomb dissociation and SAM.
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4.3. Theoretical Study of Line Shapes in 1 3C(a,a')

Inelast ic Scattering to Resonant States

S. Leneke and G. Baur

The line shape of the J* = 3/2+, Ex = 7.677 MeV reso-
nance excited by inelastic scattering of a-particles
shows an asymmetry with a dip on the high energy side.
This is in contrast to the line shape of that resonance

as seen in the 2C(n,n) C elastic scattering and the
12 13

corresponding C(d,p) C reaction, where the dip is on
the low-energy side. The asymmetric line shape in the
inelastic a-scattering, which can be parametrized by a
(complex) parameter q ' is explained theoretically as
the interference of a continuum transition and the ex-
citation of a quasibound configuration, in close analogy
to the analysis by Fano ' of asymmetric line shapes in
inelastic electron-atom scattering. The line shape
parameter q is sensitive to nuclear models and thus is
a new tool in the study of nuclear wave functions. For
details see ref. 3.
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4.4. The Role of the Coulomb Interaction in Isospfn-
Violating Direct Nuclear Reactions '

H. Lenske and G. Baur

Possible sources of isospin mixing in direct nuclear
reactions are investigated. We find that there are
mainly two effects which enter coherently into the
direct reaction amplitude:"induced isospin mixing"
caused by the Coulomb interaction between the target
and the projectile, and "wave function effects" of the
target nuclear states. These arise mainly through the
difference of corresponding neutron and proton single-
particle wave functions. These differences are especial-
ly noticeable just in the surface region where direct
reactions take place. As Il lustrative examples we per-
form model calculations for the pickup reactions
13C(d,3H)12C*(l+,15.11 MeV) and 13C(d,3He)12Bn e (1+)

12 12 * "
and the inelastic scattering C(d,d ) C leading to
the 1+ states at 12.71 MeV and 15.11 MeV. These model
calculations are compared with the corresponding
experimental data.
Reference
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4.5. Theoretical Study of the Elastic and Inelastic

Breakup of the 3He Particle1^

R. Shyam t G. Baufj F. HOeel , and D. Tvaut-

Within the framework of the post form distorted-wave
2)Born approximation theory of breakup reactions 'we study

the elastic and inelastic breakup of the He particle.

With a standard set of parameters for the optical model

potential we are able to understand coincidence and

inclusive data for this process which were recently

measured by Matsuoka et al. ' at the incident He energy

of 90 MeV. The elastic breakup accounts only for about

20 % of the total inclusive (3He,d) yield. With our

theory we are able to understand quantitatively the

breakup process of the He particle; a dominant periph-

eral reaction mechanism. As an example we show in fig. 1,

taken from ref. 1, a comparison of our theoretical cal-
3

culations for inclusive ( He,d) spectra with the
experimental results of ref. 3.
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Fig. 1: Comparison of experimental 90Zr(3He,d) inclusive
spectra3) with our theoretical calculations (continuous
line) for inclusive breakup. The theoretically calcu-
lated contribution due to elastic breakup alone is shown
separately in the dashed line.
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4.6. D-State Effects in (d,t) and (d,3He)Reactions

A.A. laormidea t H.A. Nagarajan , and R. Shyam

The measurements of the tensor analyzing power for (d,t)

reactions have shown ' that they are sensitive to the

D-state components in the t r i ton wave function. In the

lowest approximation the components lOn y ie ld a value
2 q

for the Dp parameter of -0.24 fm where D2 is defined by

/
1 o

u2(r)r
4dr

(1)

oU(

where u and u? are the S and D state components of the
relative motion of neutron and deuteron in the triton,

1/2-1/2.

l/2m
nls

where the x's and n's are the spin and isospin
functions. us is the wave function for the totally
symmetric S-state, v" and v' are two components of the
mixed symmetric S' state and H , and U „ are the two
components of the D-state. The explicit form for this
wave function may be found in ref. 2. We calculate the
overlap function R(r) from this wave function and extract
the functions u_(r) and U2(r). The deuteron wave function
used in this calculation is given by

•d(p) - (P)*1Mo d
(4)

(2)

1/2 o |So>

% D-state

deuteron

4.0

7.0

% D-state

triton(3He)

5.09

9.6

Reaction

type

(d,3He)
(d.t)

(d,3He)
(d. t )

Do(Me

with S1-
state

-153.73
-163.22

-151.26
-160.42

V-fm3'2)

without S1-
state

-137.87
-147.52

-136.55
-146.03

D2
with S1-

state

-.221
-.219

-.203
-.202

(fm2)

without S'-
state

-.238
-.236

-.216
-.215

Table 1

The calculation of D 2 from a number of variational
triton wave functions yields values which are smaller
than the empirically extracted value of -0.24 fm by a
factor of 2. The reason for this discrepancy may be due
to the fact that the "best variational" triton wave
functions optimize the binding energy and the charge
radius of the triton and do not necessarily yield the
correct asymptotic wave function. D2, on the other hand,
depends upon the 4th (2nd) moment of u-(r)(u (r)), and
hence is expected to be inaccurate when evaluated from
a wave function which is not correct in the asymptotic
region.

In the present study, we use the triton wave function
given by Phillips '. This wave function has been ob-
tained as an approximation to the solution of the
Faddeev equation and consists of the S, S' and D states.
It is designed to include the observed two and three
nucleon properties in the manner in which the spectator
wave function is parametrized, and it is correct in the
asymptotic region. In momentum space it is given fay

l/2m 1/2-1/2.
'id

l/2m

I Ms V^'WiIs

l/2m
xld

1/2-1/2.

After having calculated uQ(r) and u,(r) the D 2 parameter
defined by eq. (1) is simple to calculate. The results '

are shown tn table 1. In this
table we show the results of
our calculation for D (zero
range normalization constant)
and D 2 parameters with two
sets of triton and deuteron
wave functions corresponding
to different D-state proba-
bilities. It can be seen that

our results for D 2 are in a good agreement with the value
obtained by fitting the experimental results '. Also the
S'-state of the triton has only a 10 * effect on D 2

parameter whereas it fs quite substantial for DQ

parameter.

The exact ftnite range analysis of the (d,t) and (d. He)
data ustng the wave functions UQ(r) and U2(r) is in
progress.
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4.7. Nuclear Structure Approach to the Calculation of
the Imaginary a-Nucleus Optical Potential

B. Dezmxuxmj F. Oaterfeldt V.A. Modaen

A microscopic calculation of the second-order imaginary
optical potential for Ca(a,a) is made for incident
energies of 31 and 100 MeV using RPA transition densi-
ties ' for intermediate excited states. Since we treat
the a-particle as elementary, no exchange effects are
included expl ici t ly. The a-nucleon interaction is nor-
malized by f i t t ing the inelastic cross section to the,
f i r s t 3" collective state with a folded M3Y potential2 '
at each energy. We use an optical Green's function for
the intermediate a-particle propagator, which for <*-
scattering gives rather different results than a free-
particle propagator or a pure-Coulomb propagator does.

In second order the generalized imaginary optical poten-
t ia l is given as

. - ' fj o1 ' N r ~Nl ' ' N1 ' 0 r

where 4* are the intermediate states of the target,
GN(r,r') is the intermediate projectile Green's function
with kinetic energy E-EN, and V is the a target-nucleon
interaction. We find that the resulting imaginary poten-
t ia l is highly non-local and that the local approximation
usually made for nucleons is doubtful. The local approx-
imation was nevertheless used to calculate an "equiv-
alent" local potential.

In f igs. 1 and 2 the comparison of the local equivalent
potentials W(r) with phenomenologtcal potentials for
Ea = 31 and 100 MeV is shown. Results of calculations
with both RPA and pure particle-hole intermediate states
are included. Collectivity of the RPA wave function s t i l l
plays a role even at 100 MeV incident energy. The sum over
intermediate RPA states gives a considerably larger cross
section than the sum over the corresponding pure particle-
hole states.

In contrast to the results for 30 MeV (n,n) scattering ' ,
the resulting imaginary optical potential is sensitive
to the type of the intermediate Green's function used in
i ts calculation. The imaginary potential of the micro-
scopically calculated equivalent local potential has
been used in the calculation of the elastic scattering
cross section. Figs, 3 and 4 show comparisons of elastic
scattering differential cross sections calculated with

4 5)each of the potentials of f igs. 1 and 2 with data ' '.
At 31 MeV the RPA-theoretical potential gives 92 % of
the reaction cross section of the phenomenological
potential and agrees fa i r ly well with the experimental
data; the particle-hole theoretical potential gives 80 %.
At 100 MeV the RPA-theoretical potential gives only 78 %
of that of the phenomenological one, indicating too
l i t t l e absorption.

At 31 MeV incident energy, we would not expect large
contribution from breakup processes, and the RPA-
theoretical potential should account quite well for the

absorptive strength. On the other hand, at 100 MeV the
limitation of the RPA basis to 3 Aii probably makes the
RPA spectrum Inadequate to describe the intermediate in-
elastic strength. Furthermore, at 100 MeV, breakup
channels not included in our calculation wi l l undoubted-
ly make a substantial contribution to absorption from
the elastic channel. I t is l ikely that breakup accounts
for a large fraction of the absorption outside the
nucleus and for the long range of the phenomenological
imaginary potential K We conclude that the nuclear
structure approach including only inelastic channels as
doorways to absorption gives a sensible description of
the Imaginary optical potential at lower energies. When
E is much greater than the binding energy of the a-
particle, breakup effects are expected to make important
contributions to a-absorption. Serious questions remain
concerning the adequacy of the local approximation '
which we have used. The highly nonlocal form of this
potential suggests that test using the calculation non-
local W{f,r') in a fu l ly nonlocal calculation would be
valuable in assessing the validity of a local optical
model for a and heavy-ion elastic scattering.
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4.8. General Properties of Energy Independent Nuclear

Optical Model Potentials

S.2. Lee+, F. Oaterfeld, K. Tarn*, T.T.S. Kuo*

In a recent paper ' we formulated a new microscopic the-

ory of the opt ical potent ial fo r e last ic nucleon-nucleus

scattering which, i n contrast to the Green's function

formalism ' and also Feshbach's formalism ' , leads to a

formally energy-independent optical potent ia l . This

energy-independent potential is complex and non loca l ,

and can be wr i t ten i n an exact diagrammatic perturbation

expansion based on the Rayleigh-Schrödinger (folded

diagram) type of perturbation theory. Here we investigate

the speci f ic properties of the energy independent poten-

t i a l in more d e t a i l , in par t icu lar we study i t s threshold

effects and also derive a generalized dispersion re la t ion

for i t . In order to do th is we fol low ref . 1 and t rans-

form the (A+l)-many body problem into a one body, model-

space problem which, when antisymmetrization between the

pro jec t i le nucleon and the nucleons tn the target \s

neglected, i s given by

<v voP t ) p l*A+" ! ( E ) > - (1)

In eq. (1) T is the kinetic energy operator of the tn-
cident nucleon, V . the optical potential operator,

i.\ Opt

* j£f(E) the f u l l £A+l)-body wave funct ion, and P the

projection operator defined by

P = .ik-r (2)

with |%> being t!ie true ground state of the target

nucleus.

In order to derive the energy independent potential we

introduce the Möller wave operator a which is defined by

the equation

(3)

In Feshbach's theory ' of the optical potent ia l , the

Möller wave operator, ftA ' , is energy dependent, i . e .

E+-QHQ
QVP ; P + Q = I

One can, however, also construct an energy independent
41

wave operator. Following Lee and Suzuki ' , we may wr i te

the operator ft in the form

ft = P + (5)

where the second term on the r igh t hand side (rhs) of . '

eq. (5 ) , QuP, is an operator which transforms the P-

space wave function P i *«* ! * in to the Q-space wave

function Q l ^ i J * . To obtain an equation for n, or Q<uP,
ftl i (+\

we use eq- (5) in eq. (3) and the fact that I'J^J»
fu l f i l l s the Schrödinger equation

' A + l '
(6a)

The last equality sign in eq. (6) is obtained by re-
placing EP|*j£|{E)> in the f i r s t line of eq. (6) with
EP|?J[*|(E)> = P(Hfi)P|*j£}(E)>. I t is this step which
eliminates the energy dependence from our equations and

which leads to an energy independent, but nonlinear

operator equation ' for the Möller wave operator ft

HUP = flPHnP (6b)

By acting with the projection operators P and Q on eqs.

(6) from the l e f t we obtain the fol lowing two equations

(hereafter, we use = P|*J[*}(E)> for brevity)

QßPHtl = QHft

(7a)

(7b)

The first equation, (7a), states the model state problem
while eq. (7b) is a defining equation for the effective
interaction to be used in solving eq. (7a). It is ob-
vious that eq. (7b) is nonlinear in n, and that it is
independent of the energy E. Using eq. (5) in eqs. (7)
we may rewrite eqs. (7) in the form

|PTQP + PVP

QVP + QHQ(QuP) = QÜIP[PT0P + PVP + PV(QuP)P] (8b)

Eq. (8b) can be solved for QuP which, when inserted into

eq. (8a), leads to the energy independent opt ical model

equatton. The energy independent optical potential is

then given by

Vopt = PVP + PVQuP ' (9)

The operator QuP has a rather complicated structure.

When QioP operates on an eigens täte of eq. (8a) we obtain

formally

QVP|4+)> (10)

I t i s important to notice that the whole set of solutions

|$ |+ '> with variable E forms a complete basis of the P

space. Thts fact allows us to wr i te the operator QuP

in i t s spectral representation

E'1+J-QHQ
(ii)

where <$i ' * is the biorthogonal vector to |$I '>

normalized such that < ^ l ' | ^ + ' > = ö(E'-E). Insert ion of

the rhs of eq. (11) into eq. (9) gives us the energy

independent optical potential

PVP dE" PV (12)
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To discuss the general properties of V . we introduce a
complete system of eigenfunctions of the Q-space Hamil-
tonian QHQ. Inserting this into eq. (12) we obtain

PV|q.:
i > <$

o i

I / * » .
V 0

/ dE' / da /
o o

PV]e,a><a,c|
(13)

^ E E

li U 11

PV|E,a><a,E|V , . y ,

Here, the sums over u and i represent the sums over the
bound state wave functions of the P-space and of the Q-
space, respectively.

Several observations are now in order, which are also
partly found for the energy dependent optical poten-
t ials3>:

(1) The numerators in expansion (13) are positive
definite, i .e. for an arbitrary wave function \x>
we have

<x|PV|qi><qi|VP|x> = l<x|PV|qt>|2 a 0 (14)

(2) The f i r s t three terms tn expansion (13) contribute
only to the real part of the optical potential.

(3) The only term which contributes to real absorption
in the sense that incident flux goes to energetic-
ally open inelastic channels is the fourth terra on
the rhs of eq. (13). The imaginary part of V t is
given by the energy conserving contribution to this
term

Im V t = -IT / / dE1 da PV|E',a>
(15)

Finally we formulate a type of dispersion relation. From
eq. (13) we find the real part of the optical potential
as

E-e,

+ <? j dE / dE
/ da PV|e,axe,a|V|4+)x£E

+>|
(17)

with ̂ meaning Cauchy principal value. The imaginary
part Im v t has already been given in eq. (15). By
comparison of eqs. (15) and (17) it is evident that
Im V . involves a single integration over the energy E1

while the last term of Re V in eq. (17) involves a
double integration over energies E and e. Therefore a
"simple" replacement of the kernel of the principal
value integral by Im V . is not possible as it is in

opt = 3)the energy dependent o p t i c a l p o t e n t i a l s ' . However, one

can add a zero term t o eq . (17)

Re l / o p t = PVP

IS de / da

7 dE1 f dE

/ , r. IH-JXH.J |" |?

PV|o,e><o,e|V
(18)

da

It can be noticed that the subtractive term in the
numerator of the last term of eq. (18) integrated over
E1 is just the imaginary part of eq. (15). This term
actually does not contribute to the principal value
double integral because it is a "zero term", but it has
the nice feature that it makes the numerator vanish for
e = E1 so that the kernel in the double integral is
smoothed and therefore well behaved. It is interesting
to multiply eq. (18) from left and right with the pro-
jection operator P_ = |̂ 1 ><$c | since then we recover
the dispersion relation for the energy dependent
potentials

(4) Projecting eq. (13) from le f t and right onto the
elastic channel wave function Ui+^> we obtain the
well known energy dependent optical potential

= PE V PE

de

(19)

+ J de J d « - ^
P|-V|e,<xxe,o|VPI

(16)

where P£ = U ^ x ^ l - From eq. (16), it is clear
that the scattering process of a nucleon with in-
cident energy E is governed effectively by the same
optical potential in the energy dependent and energy
independent version oi the optical model theory.
Therefore the energy independent potential includes
the same threshold effects as the energy dependent
potentials do.

Because of the fact that eq. (18) implicitly contains
the dispersion relation in eq. (19) we may view eq. (18)
as a generalized dispersion relation for the energy in-
dependent optical potential.
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4.9. Nuclear Structure Approach to the Coulomb Cor-
rection of the Imaginary Nucleon-Nucleus Optical
Potential

F. Oaterfeld, V.A. Madsen

The difference in neutron and proton optical potentials
due to the Lane symmetry potential V^+tW, has been known

\ L 1
for some time

i p
. I t is usually determined empirically

by analyzing proton optical potentials for different
nuclei as a function of the neutron excess N-2 or by
comparing neutron and proton optical potentials of a
fixed nucleus, for which the Lane term has opposite
sign. Besides the Lane terra, a Coulomb correction ' is
made in the real part of the proton optical potential
accounting for the difference in kinetic energy of
neutrons and protons in the region of the nucleus. This
correction is necessary because the nuclear part of the
optical potential is energy dependent, and the presence
of a Coulomb potential means that a proton senses the
nuclear potential at an energy reduced by the average
Coulomb potential in the nucleus.

In this contribution ' we calculate the Coulomb effect
on the imaginary optical potential ' for a f in i te
nucleus using the so-called nuclear structure approach
to the optical potential as basis for our calcula-
tions ' . Differences between proton and neutron
imaginary optical potentials are expected due to the
following charge-dependent effects: Coulomb excitation,
dependence of the intermediate projectile Green's
function on the Coulomb potential, Coulomb shifts of the
states of the intermediate nuclei excited by charge
exchange, and isospin impurities in intermediate states
of the target. We have calculated the various Coulomb
effects using the microscopic, fu l ly antisymmetric
formulation of the imaginary optical potential of ref. 5
which uses an optical Green's function for describing
the propagation of the intermediate particle. The optical
Green's function includes, of course, the Coulomb po-
tential in case of a propagating proton. The energetic-
ally open, intermediate target states are described by
RPA doorway states, which have been obtained by using
empirical single particle energies and a nuclear plus
Coulomb potential for protons. Thus, Coulomb effects due
to both target and projectile are taken into account
properly.

Our method of calculating the optical potential for a
f in i te nucleus seems ideally suited to study the Coulomb
dependence of the potentials, since al l the Coulomb
effects are rather realistically included in the
different phases of the calculations. In addition, we
have the advantage that the spectrum of intermediate
particle-hole strength is fa i r ly realist ical ly described
by the RPA transition densities ' .

To eliminate other Coulomb effects and to study Coulomb
excitation alone, we calculated the imaginary potential
with a free-particle Green's function and used the same
force for proton and neutron scattering. In our calcu-

lations Coulomg excitation was largest beyond the nuclear
surface where i t amounted to about a 3 % effect, which
is negligible.

The isospin purity effect has been tested by using a free
particle Green's function for the intermediate projectile
propagator both for neutrons and protons and turning of
the Coulomb excitation. Only inelastic intermediate
states are included in the comparison, so the only
difference which can appear between (n,n) and (p,p)
optical potentials comes from the lack of isospin purity
of the RPA transition densities. However the effect is
found to be very small and can be neglected.

In nuclear matter many intermediate states are excluded
due to the constant, repulsive, background Coulomb
potential, which effectively lowers the energy of protons
and closes out high lying states. For scattering from
fin i te nuclei, however, no states are actually excluded
asymptotically since the Coulomb potential goes to zero
at r = ». At f in i te radii high lying intermediate states
may be effectively closed for protons because of the
Coulomb repulsion. To isolate this effect a comparison
of neutron and proton nonlocal potentials has been made
with no Coulomb excitation. The results were unexpected
and were characteristic of essentially al l our calcu-
lated potentials: the diagonal nonlocal potential W(r,r)
was greater for neutrons than for protons only at sraal1
radii r 's 2 fm but at higher values of r i t was larger
for protons. In retrospect these results are not so
surprising: the small-radius behaviour is the expected
exclusion effect and at the larger radii the proton wave
function is typically larger than that of the neutron,
reflecting the larger amount of time spent by the slower
moving proton in the repulsive Coulomb f ie ld. (In the
WKB approximation this property is expressed by way of

a k(x)-1/2 factor in the wave function.)

This effect ts , in addition, accentuated upon calculation
of the local-equivalent imaginary potential, for which
smaller local wave numbers are favoured leading to a
larger absorbing potential for protons. These two
effects are so great that, i f i t were not for charge
exchange, the absorption would always be greater for
protons than for neutrons.

A nuclear projectile not only can excite the nucleus
tnelasttcally, i t can also exchange in charge with a
nucleon in the target before returning to the elastic

40channel. In a self-conjugate nucleus like Ca, charge
exchange for neutrons, (n.p), (p,n) is favoured over
(p,n), (n,p) because the analogue states formed in
charge exchange are lower by twice the Coulomb energy
for the former compared to the latter. In fact, at the
projectile energies considered in our calculations the
(p,n), (n,p) contribution is entirely negligible while
the (n,p), (p,n) makes an important effect.

In table 1 we present volume integrals of the various
contributtons to the imaginary optical potential at
17.7 and 25 MeV incident energies.
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2

(P
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.P)
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O
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calc.

1.23

.98

erop.

1.26±18

1.18±17

Table 1: Volume integrals of W.
a = sura of columns 2 and 3.
b = ref. 4.

The volume integrals are about 35 % smaller than those
for the empirical potentials whtch are consistent with
ref. 5. The agreement of the calculated and empirical
ratios is reasonably good. At 17.7 MeV the neutron ab-
sorptive strength is somewhat stronger, but at 25 MeV
the strengths are about equal, the proton value slightly
larger. Such a trend is also seen in ref. 4 but the
near equality starts at about 30 MeV. Since the nearly
equal strengths come about differently for neutrons
and protons, there is no reason to believe that a trend
toward equality at E a 25 MeV should be expected. At
very high energies, where the Coulomb potential ts
negligible, one would, of course, expect a trend
toward w"n=W .

In summary we have shown that the Coulomb correction is
complicated, that there are several Coulomb effects,
some favouring larger W for protons and others
favouring larger W for neutrons. In view of these
results, a simple Coulomb correction, as has been made
in the past for the real nuclear potenttal on the basis
of the kinetic energy difference is not expected to be
valid for the imaginary potential.
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4.10. Ionization of Atomic Inner Shells in Asymmetric
Systems

F. Rösel t D. Trautmarm*t G. Baur

We study the ionization of inner shells by Coulomb ex-
citation with l ight projectiles (p,a, . . . )

< Z t + e >K.L , . . . shell V Z t (1)

Starting from a quantum mechanical description (DWBA) a
semiclassical approximation can be derived ' . This cor-
responds to a classical (Rutherford) trajectory of the
projectile, where a time-dependent perturbation acts on
the target system. The transition of the electron into
the continuum is caused by the interaction

Z e 2 Z Z e 2

AVtf.ft) = £ + —*4 (2)

where the distance between target nucleus and projectile

is denoted by ft, the distance between target nucleus and

electron is given by r. The second term in eq. (2) de-

notes the recoil term, it becomes very important for

small impact parameters (large scattering angles). In

our formulation we can handle this term just as the

first term. Another method to treat recoil effects is
2 31the use of an accelerated frame of reference ' '. We

discuss the relation between the two methods. Further-

more, our theory contains the results of Migdal ' and
51Levinger ' as special cases.
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5. HEAVY ION REACTIONS

s.l. The Real Part of the Low Energy HI Optical

Potential

K. Goeke, P.-G. Reinhard*, J.N. Vxbano**

Elastic HI scattering is mostly described by means of an
optical potential V(r) = V(r) + iW(r) to be inserted into
the scattering equation

3.
(1)

2

dr

2
= E,

with r being the distance between the heavy ions. In

recent years there has been an increasing ac t i v i t y

towards a microscopic understanding of V ( r ) . Approaches

of th is kind are based on choosing an appropriate set of

many body wave functions |+ ( r )> , obtained e.g. from con-
1-31

strained Hartree-Fock or density functional approaches ' ,

Then a quantization procedure has to be invoked which

allows one to derive V(r) from 1*(r)>. As has been

shown ' in the past by ATDHF the scattering equation

to be solved is

Tr +

= 0 (2)

Here V(r) = <*{r)|H|*(r)> with H being a two body micro-
scopic Hamiltonian. The M(r) and e(r) are mass param-
eters and rotational moment of inertia taken e.g. from
dynamic theories like ATDHF or, less fundamental, from
the cranking model. The Z(r) contains the corrections
to l/(r) due to spurious zero point energies contained in
V{r). Those are

(3)

with

Z(r) =

Zk(r)

Z (r)

Zk(r) + ZpCr)

= X(r)/4M(r)

= l/"(r)/4A(r)

Zrot(r) = h2<J2>/26(r)

where X(r) is given by X{r) = 2<*(r) |-^-r-g-r|*(r)>. The Zk

and Z are associated to the spurious radial relative
motion of the two ions and 2 t to the spurious rotation-
al relative motion of the two ions.

Although the above considerations are well known.in most
practical calculations the following simplifications are
used: M(r) •+ u,Z(r) •* 0 and e(r) •* vr . The justif ication
for this in case of the 0+ 0 reaction is investigated
in the present paper by means of the liquid drop model
including Strutinski corrections based on the two-centre-
shell model and pairing corrections. The M(r) is shown
in f i g . 1 together with x(r) . Both quantities show a
peak at r * 4 fro which originates from both the internal
change of the single particle wave functions and quasi
level crossings. Actually the e(r) is quite different

2
from H(r)r invalidating some results of ref. 3. Fig. 2
shows the three zero point energy corrections. Alto-
gether they show a variation of about 5 MeV and an in-

creasing tendency with increasing r. The corresponding
potentials are given in fig. 3 where a constant is added
to Z in order to make it vanishing with r-«° such that
both the uncorrected f(r) and the corrected V{r)-Z{r) have
asymptotically a Coulomb tail. Apparently the effects of
M(r) and z(r) on the mass and the potential are rather
large and one does not see off hand a justification to
neglect them. The only possibility is perhaps the pres-
ence of the imaginary part W(r) of the optical potential.
This will be investigated in a separate contribution.
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B.2. Quantum Corrections to HI Elastic Scattering

and Molecular Resonances in the 0- 0-Reaction

K. Goeke, P.-G, Reinhard 3 J.N. Urbano**

I f one derives the real part of the optical potential
1-31from large amplitude collective theories like ATDHF '

and adds ad hoc an imaginary part of the optical poten-

t ia l in order to take into account the noneiastic
1-11channels, one ends up with a scattering equation ;

j *2 J

(1)

Actually in practical calculations often the collective

mass M(r) is replaced ' by the reduced mass u. the zero

point corrections Z(r) are ignored and e(r) is replaced
p

by yr . The evaluation of these quantum corrections and
their physical origin are described in a separate con-

tribution. For low energy scattering the effect of these
1 fi 1 ft

approximations is studied at the 0- 0 reaction. For
the numerical solution the scattering equation is trans-
formed by means of r+R,

RL(ECH) = e (3)

dR (2)

to a new one with M(R) = p and with modified boundary

conditions. The subsequent evaluation of the elastic

scattering cross section is straightforward and can be

seen at f i g . 1 and f i g . 2 for E-u = 20 MeV using a

volume- and a surface-absorbing imaginary part. In both

cases the ° /° ro u i *s plotted resulting from the Schrö-

dinger equation with and without quantum corrections.

Apparently the corrections are quite remarkable for the

surface-absorbing potential and less, but s t i l l notice-

able, for the volume-absorbing one» which is taken from

a phenomenological f i t . For higher energies the effect

becomes more pronounced, however, the adiabatic assump-

tions made in the derivation of the theory are less

just i f ied.

The effect of the quantum corrections can also be de-

monstrated at the width and position of the molecular

resonances. Those can be identified by the minima of

the reflection coefficient for a given partial wave L

in dependence on the relative energy Eg.:

where ß
L (

E
C M ) is

 tne total phase shift of the elastic
channel. Figs. 3 and 4 show various reflection coeffi-
cients for both kinds of absorbing potentials. For a
surface absorbing one the resonances are clearly pro-
nounced and are shifted in their position by about 2 MeV
which is a change of 15-20 %. Also the slope of R, (E™)
is remarkably changed. For a volume absorbing potential
the shifting is still there although the resonance as
such is less pronounced since it is very broad and co-
incides with the overall fall off. In summary one must
conclude that quantum corrections have to be taken into
account in order to have a proper description of elastic
HI properties.
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£.3. Calculation of Astrophysical S-Factors

K. Goeke, P.-G. Reinhard t J.N. Urbano

For the understanding of the abundance of elements in

the universe and the vartous stages of the stel lar

evolution the knowledge of heavy ion fusion cross

sections at energies of about 0.1-5 MeV 1s tndispensible.

Nevertheless, only l i t t l e theoretical work has been done

although even the experimental data are often very un-

certain and need unjustified extrapolation to low

energies K Actually the situation 1s d i f f i cu l t since

the fusion cross sections vary over several orders of

magnitude over a change of E.« of few hundred keV, stnce

one faces a penetration process through the Coulomb

barr ier .This process can he descried in the WKB

approximation. There the total fusion cross section is

given by

with

T|JECM>
[ b 1

TL(ECH) - e x p - 2 / I(r)dr

(1)

(2)

Here a and b are the classical turning points from inside

and outside and the I ( r ) is given by

"CM (3)

The i/(r) is the usual classical potential energy surface,

which 1s in the present case obtained by l iquid drop with
21Strutinski-corrections ' . The M(r) is the Inglis mass

calculated by two centre shell model, the e(r) is the

rotational moment of iner t ia , the z(r) are quantum cor-

rections due to spurious relative and rotational motions

in V(r). As a matter of convenience one does not plot in

general the afus(ECM) but rather the astrophysical S-

factor being defined as

with

n

2
e /fiv.

(4)

Fig. 1 shows the S-factor of the 0 + 0 reaction. Beside

the known experimental data the figure shows two theo-

retical curves. The lower one includes the quantum

corrections whereas the upper one is obtained by
2

assuming M(r)-»y, e(r)-nir and z{r)-^0. Two conclusions
can be drawn. First : The theoretical curve is about one

order of magnitude smaller than the experimental data.

This is probably due to the fact that the l iquid drop

plus Strutinski-procedure is not good enough for those

l ight systems as 0+ 0. One should expect an improve-

ment i f one uses a fu l l ATDHF approach '. Second: The

quantum corrections play an important role since they

reduce the S-factor by an order of magnitude. This can

be concluded although the absolute magnitude of S is

wrong since the quantum corrections are a difference

effect.
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5.4. TOHF Approaches to the Optimal Collective Path

K. Goekej P.-G. Reinhard , D.J. Roue

The present paper is concerned with a comparison of four

adiabatic time dependent Hartree-Fock approaches for the

description of large amplitude collective motion in terms

of a collective path |*(q)>. The theories are formulated

by Rowe and Basserraann and Harumori (RB), by Vil lars

(VI), by Goeke and Reinhard (GR) and by Baranger and

Veneroni (BV). Their common objective is to determine

an optimal collective path {|$(q)>} exclusively on the

basis of an effective nucleon-nucleon interaction. The

comparison is done in a two-dimensional potential land-

scape model and the results can be summarized as follows.

1 2}
The Rowe-Bassermann-Marumori ' ' approach defines the

collective path by requiring the constraining operator

to be the lowest solution of the local RPA equations.

This path can be evaluated analytically in the potential

landscape model. In general many body dynamics, however,

i t is less simple since i t requires a double-iteration

procedure at each point of the path. A graph is given in

f i g . 1 showing that i t follows the bottom of the poten-

t i a l valley.

In the ATDHF approach of V i l la rs 3 ' the collective path

is defined by a coincidence of the constraining operator

with the linear response to the collective momentum, the

latter one being defined as the displacement operator

along the path, i .e. i3QUa>. This yields a coupled

system of a constraint Hartree-Fock and a linear response

equation which can be solved by double i terat ion proce-

dure, according to a proposal of V i l lars . However the

studies within the potential landscape model reveal an

instabi l i ty of this procedure, as can be seen at f i g . 2.

In addition the path is not uniquely defined.

The approach of Goeke and Reinhard ' defines the col-

lective path by a differential equation obtained by an

adiabatic expansion of the TDHF equation. I t provides

in particular a criterion for adiabaticity which allows

to select the collective i n i t i a l conditions and to

check the applicabil i ty of the theory to the considered

phenomenon. The studies within the potential landscape

model show that the collective path is the one which

integrates the ATDHF differential equation from the

saddle point to the potential minimum. This path op-

timizes the val idity condition and i t comes very close

to the RB-path (see f i g . 3). The latter feature means

that the two approaches may be different in principle

but in practice they seem to be interchangeable. However,

the ATDHF differential equation of the GR-approach is

preferable for reasons of numerical ease and computation-

al speed. The similar i ty of the RB- and the GR-path

allows a simple technique (the so-called " ro l l and kick"

procedure) to approach rapidly the collective path.

The Baranger-Veneroni approach gives a trial-and-error

procedure to f ind the collective path by superposing a

bunch of classical trajectories with collective i n i t i a l

conditions and varying energies. The results in the

potential landscape model do not show any remarkable

bundling towards the collective path (see f i g . 4). I t is

an open question whether some more selection cr i ter ia

are needed to extract the collective path from a bunch

of classical trajectories.

- Rowe - Bosser mann:'
;LOCAL HARSSNIC APPROACH

R=2

Villars: global
iteration method

R=2

0 1 -

0.1 0.5 1

ATDHF-theory: Goeke-Reinhard
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. Baranger-Veneroni

start at HF
via RPA
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5.5. Time Dependent Ground State Correlations in an

Extended TDHF Theory

+ ++
R.Y. Cuseon , X. Gceke, P.-G. Reinhard

Time Dependent Hartree-Fock (TDHF) calculations for

heavy ion reactions have gained great attention in the

last years. In TDHF one approximates the time evolution

of a many body system by a time dependent Slater deter-

minant. This provides a reasonable description of one

body properties, like multipole moments, fragment

energies, fragment masses, mean scattering angles, etc.

However, TDHF becomes inappropriate i f one wants to

describe properties which imply two body operators (or

even higher ones), as e.g. spreading widths of one body

operators. I t is known by experience that TDHF applied

to heavy ion scattering predicts far too small spreading

width of particle number and internal excitation of the

fragments and also a too small angular spread of the

cross section.

Thus i t is necessary to go beyond TDHF towards a theory

which allows ito describe two body correlations. Several

attempts have been made in that direction; most of them

try a statistical extension of TDHF, few of them aim at

a quantum mechanical (coherent) description. We have

concentrated on the second way and developed a theory of

time dependent ground state correlations which is a

dynamic extension of the RPA for stationary states ' . In

ref. 1 we have given a derivatton using the equation-of-

motion technique within the algebra of lp-lh operators.

In order to put the theory on a formally sound basis we

have carried through an alternative derivation ,in the

framework of a time dependent Generator-Coordinate-

Method (GCM). Thfs new derivation is explained shortly

in the following and applied to some examples.

Usually GCM is a theory for stationary states, describing

correlations by a continuous superposition

db

of (collectively) deformed Slater determinants \^b>. In

the extension to a TD-GCM we describe time dependent

ground state correlattons by the superposition

db[*bCt)>f{b;t) (1)

where |$fa(.t)> is a TDHF trajectory for an in i t i a l l y

deformed state |$b(0)>; the type of deformations |*b(0)>

determines the type of correlations described by the

states (1). The interesting information about the size

of the correlations is carried by the superposition

function f (b; t ) whose time evolution is determined fay

the generalized GriffTn-Htll-Wheeler equation

db'{<*b(t)H-i3 t |*b,(t)>fCb';t)

<* b ( t ) | * b , ( t )> i3 t f (b ' ; t ) } = 0
(2)

As in the stationary case we derive the RPA l imit from

the GCM by performing the Gaussian-Overlap-Approach up

to second order in (b-b1) for the kernels in eq. (2).

This leads to a second order differential equation

for the half-fold superposition function

»(b;t) * / db1 exp(-(b-b')2/2p)f(b';t) (4)

(5)

with

V= 2w2<»b(t)|P
2H+HP2|$b{t)>

y"1 = 2<*b{t)|P2|*b(t)> - (6)

where H = H-<H> and P|*,> = i3 k | * t>. The parameter V) can
b o b 2

have both signs; a?)>0 broadens the distribution Ul

whereas a 7)<0 makes i t sharper. I t can be seen by eq.

(5) that 3?"measures" exactly the 2p-2h part of H which,

of course, is the driving force of 2p-2h correlations.

A further step towards the RPA limit is to assume a

Gaussian superposition

<p(b;t) * exp(-b2/2a(t) (7)

From eq. (3) we obtain for the width parameter <*(t)

= o(0), Im(a(t)) » - / dt1 £>(0;t') (8)
o

Having all pieces to determine |f(t)> we finally need
to evaluate expectation values; in particular we are
interested in the spreading width of a one body operator
Ä

(9)

<T(t)|AZA|T(t)> = / dbdb1f*(b,t)<*b(t)|A
2
h!*b.(t)>f(b

1;t)

We perform again a Gaussian-Overlap expansion of the

kernel <(*b'ADh'*b'>l i n s e r t t h e Gaussian of eq. (7)
and use the Quasi-Boson approach

= 2

and

This yields f inal ly

= 2|<*b|{P,Ä}|*b>

J T - W)|<*0I[P,A]|*0>)

(10)

I t is important to note that al l quantities which we

need, namely u,?), <[P,A]> and <{P,A>>, can be extracted

from the knowledge of only two neighbouring TDHF tra-

jectories |*0(t)> and l*5b(t)> by approaching

sb'*b(t>>lb=o= ( I V t } > " I V * ^ 1 * 6 - T h u s the TD"6CM

in the RPA limit can be easily implemented in existing
TDHF codes.
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For test ing purposes, we have applied the above theory

to heavy ion scattering in one dimension (SLAB-TDHF),

using a two-body Yukawa force and a zero-range three-

body force, a space gr id representation for the single

par t ic le wave functions and the unitary time-step

technique for solving the TDHF equations.

As a f i r s t tes t we have studied a case where the exact

solut ion i s known, v i z . center-of-mass motion, exc i t ing

the deformation path by |«b(0)> = ( l - ibP c M ) | * 0 (0 )> .

For the spreading width of Rc M one knows that
2 2

 ^ ^A2RC M ( t ) = A2RC „ (0) + ( This behaviour

has been reproduced numerically with a precision of
-22

better than 1 % for a time interval of 5x10 sec,

whereby Im(a) is the least precise quantity; the others

(u, <[P,A]>, <{P,A}>) come much close to take exact

value. This precision is also confirmed by other tests.

As a second test we have studied f in i te breathing os-
2

d i la t ions. For these, the mean square diameter, EX., is

the collective operator. The |*n(t)> is taken as a
2breathing TDHF vibration where <zx.> oscillates in time;

for the measuring operator we take the collective
2operator A = z x- and the deformation path is init iated

also by this A, i .e. |*h(0)> = (1-ibA) |i> (0)>. The
D 0 o

result ing time dependency of the spreading width A A is

given in the fol lowing f igure .

0.84

0 82

0.80

0.78

t
From pure TDHF we obtain the dotted l i n e ; th is A A i s

constant i n time but too smal l , ref lect ing the fact that

a determinantal condition enforces too small widths. The

f u l l l ine is obtained from a TD-GCM where we s tar t wi th

the pure TDHF sta te , |v(o)> = | * o (0 )> , but allow corre-

lat ions to develop i n t ime; th is exhibits nice osc i l l a -

tions due to the fact that we did not s tar t with the

proper spreading width, t f we s ta r t |f(o)> already corre-

lated with the r igh t A A, we obtain the dashed l ine which

is constant in time (within 1 % precision) as .4 should

be for a f a i r l y harmonic motion. This picture shows

clearly that the method i s able to describe re l iab ly

(col lect ive) correlations throughout a l l the many a r i t h -

metic operations involved in tracing two neighboured

TDHF t ra jec to r ies .

Final ly we have studied the case of co l l i s ion of two

ions. As simplest example we took each ion to consist

only i n one " I s " state occupied with mu l t i p l i c i t y 4 ,

i . e . a "SLAB-a-particle", We have studied two d i f fe rent

deformation paths, f i r s t re la t ive center-of-mass exc i -

tat ion by R r i a ht~ R l e t t anc* s e c o n c l breathing exci tat ion

as above in each cluster separately. Me have considered

three measuring operators, the re la t ive center-of-momen-

tum P , = P r iqh t "P le f t * t* i e breathing in each cluster

and the par t ic le number sh i f t N .,,u t-Ni - . . We made

following experience; For the A2A the dominating con-

t r ibu t ion comes always from that channel which also has

been excited by A, i .e . 3 k l * o ( 0 ) > ^ * I*oC0)>; a l l other

channels give only small contributions (these many small

contributions are best to be studied in a s ta t i s t i ca l
2*

theory). For the spreading width A P , we obtain from

TD-GCM a resul t which is 5-10 times larger than the TDHF

resu l t . That proves that coherent correlations can give

a substantial increase of spreading widths in heavy ion

reactions.
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5.6. The Functional Approach and ATDHF

K. Goeke, F. Grüimer, B. Reinhardt , P.-G. Rein-

hard

In the last years microscopic theories suitable for the
description of large amplitude collective phenomena such
as fission, soft vibrations, low energy HI scattering,
subbarrier fusion, etc. have frequently been discussed.
There appear to exist two distinct kinds of theories
describing the same phenomena. One is the functional
approach (FA) resulting in a sort of TDHF with periodic
boundary conditions, the other is ATDHF. I t is the ob-
jective of the present contribution to discuss the
relationship between both approaches by performing an
adiabatic approximation within the functional approach.

For a bound state with period T we have in the function-
al approach the periodic density matrix, i .e. p(t+T)
= p(t). I f one extracts properly a phase one obtains
also periodic single particle wave functions |f (t+T)>
= |f (t)> obeying the time dependent eigenvalue equation

Assuming furthermore Q to have only lp-lh parts one can
combine both equations to one equation for the lp-lh
part of P, which is sufficient to provide the ATDHF eq.
(2). Thus the functional approach and ATDHF are closely
related.
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2) K. Goeke, P.-G. Reinhard, Ann. Phys. 112'(1978) 328;

Phys. Rev. C20 (1979) 1546.

+ ZfK Rossendorf, Dresden, DDR

•*"*" Inst. f. Kernphysik, Univ. Mainz

= 1 A
(1)

with W being the TDHF Hamiltonian, W = T+Trvp and

In ATDHF one starts from the assumption that for an

adiabatic motion the intrinsic structure of the states

involved should be independent of their classical

velocity. Assuming the TDHF equation as equation of

motion this yields the well known ATDHF equations for

the Slater determinants constituting the collective path:

(2)

where H is the total effective two-body Harailtonian, the
W is i ts HF part H = T+Trvp and the suffix ph indicates
the projection on the lp-lh part.

An adiabatic expansion of the FA consists now in re-
quiring j f (t)> = N(t)|o (q(t),p(t))> and inserting this
into eq. (1). This gives N = exp(-iS) with
S = /tdt'<?v!W-qP+pQ-evUv> and P|<PV> = 1 |q l V ™<*

QU > = - i §'I|PV
>- The equation corresponding to (1) is

then

(W-qP+pQ)[?v> =

If one performs an expansion in powers of p, i.e.

I? (q>P)> =9 (q) + ••• and considers each power

separately one obtains

<W - | q Q ) | » > ) > - l J > | | j l °

(IH.QJph+TjP>l»!!(q)>

(3)

(4)

(5)
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5.7. Path Integral and Classical Dynamics of Many
Fermion Systems

2*. Suzuki

I t is known that Feynman's path integral method is a very
powerful approach for the investigation of the classical-
quantum correspondence. The method has been extended to
many fermion systems through the introduction of a set of
Slater determinants as a basis of the quantum mechanical
representation ' . By applying a stationary phase condi-
tion to the path integral expression for the transition
amplitude we can obtain the variatfonal principle which
leads to the time dependent Hartree-Fock equation. To
define the path safely within a well defined state space
we have uti l ized in ref. 1 the group theoretical infor-
mation contained in the algebraic structure of the fermt-
on pair operators. I t is more convenient for a practical
purpose, however, to express the quantities such as the
invariant measure of the representation without asktng
for the group theory explicit ly. For this aim we f t rs t
pick up a set of path generators A (y = 1,2,....M) tn
such a way that they satisfy the following relattons
under a proper choice of the reference state |0>:

a) [[A.A^.A*] * I A*
w

b) A|0> = 0 , [A,A+]|0> * |0>
(1)

This allows us to define a set of states parametrized by
complex numbers Z (v = 1,...,M) as

Z A )|0>> (2)

where/Tis the normalization function dependent on Z .
From the relations (1) we can prove the relation

/|Z>du(Z)<Z| = 1

du(Z) = const • det [g J • n dReZ dfiqZ C3)

which holds within our space of states. Thus the set of
states {|Z>} forms an overcomplete non-orthogonal family
of basis states of a "continuous" representation ' . Some
examples from a nuclear many body problem are shown in
the table, where we can check the validity of (3) from a
group theoretical argument.

I t is now straightforward to derive a path integral ex-
pression for the time evolution operator U(T) = exp(-iHT/tf)
of the system. The transition amplitude between an arbi-
trary couple of in i t ia l and final states is given by

<*f|U(T)|T1> » /du{Z l)d»i(Z f)<f f|Z f><Z l|f1>
(4)

with the path integral measure and action functional
given by

N
£)M = lim n dy(Z.)

k 1 K

*)] = / <Z(t)|(tft|t- H)[Z(t)>dt
o

The boundary points of the path Z(t) are fixed by

Z(0) = Z- , Z(T) - Z f

(5)

(6)

for each component of Z (y = 1,2 M ) . It is easily
seen that the stationary phase condition on the path
integral (4) gtves a variational equation similar to
TDHF. The resultant classical equations of motion have
the form

ifi%vk\ = < * * - <Z|H|Z» (7)

and define a path in a generalized phase space whose
geometrical properties are represented by the Z-dependent
metric g . Special features of the solution of (7) are
listed in the following:

a) The expectation value PC of the Hamiltonian is con-
served along the classical path. The corresponding
classical action is given by

generators

A+

u

|0>

|2>

classical
equation of
motion

spin raising operator

J+ - Ox+iJy

|J,J2 = -J>

spin (SU(2)) - coherent
state

1
(l+z'z)*

motion on a sphere

particl

•X

e-hole pairs

i= l , . . . ,m
k=l , . . . ,n

p-h vacuum

Slater determinant
Z: m x n matrix

[det(I+Z+Z)]" ( in+n)

time-dependent
Hartree-Fock

quasiparticle pairs

BCS state

Slater determinant
Z: n x n matrix
<Zaß = - W

[det(I+Z+Z)] - (n -1 )

time-dependent
Hartree-Fock-Bogoli ubov

Table 1
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(dZ -3 -dZ*-3*)log>T (8)

where the f i r s t term gives the two-dimensional area
of the phase space swept within the time interval T.

b) The equation (7) can be cast into a standard canoni-
cal form by a proper Introduction of Poisson-type
bracket. I t is also possible to prove the extended
Liouville theorem, the phase space density of which
is given by det[g 1 {see eq. (3)). These confirm
the phase space nature of the description and also
the consistency of the Invariant measure (3).

c) Because of the boundary conditions (6) which are
twice as much as needed to solve (7), the solution
exists only for special couple of points (Z.,Z f). In
a final expression for the transition amplitude (4),
however, an infinited number of classical paths
contributes because of the integration over Z* and
I*. To find the precise connection of the classical
paths with the quantum mechanical amplitude (4) one
has to take into account the fluctuation from the
classical paths ' .

d) Although the equation (7) describes the path in a
curved space i t is possible to embed the description
into a larger " f lat" space ustng a method of Dirac ' .
This time, we regard Z and Z as 2M coordinates and
introduce 2M new momenta which are redundant. Thts
redundancy is removed by •imposing a corresponding
constraint. The Dirac bracket, which includes con-
sistently the above constraint is shown to be equiv-
alent with the bracket mentioned in b).
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5.8. Semiquantal Interference of Classical paths in
Phase Space

T. Suzuki

In ref. 1, we have Investigated a classical dynamics of
many body systems, the special case of which is the
TDHF, starting with a path integral method based on a
"continuous" representation. In order to find the direct
relation between the classical paths and the quantum
mechanical quantities such as transition amplitude, we
must calculate the probability amplitude accompanied by
each of the classical paths. This can be done by expand-
ing the paths Z(t) in the path integral (P.I.) around
the classical paths Z(t) with the same boundary condi-
tion, i.e.

second order in the fluctuation c(t). For the standard
P.I. defined in the coordinate space the result is well
known ':

= t iSc]/fi

x (phase)
(2)

where U(T) = exp[jiH(tf-t,)/fi], x^ and x* are the bound-
ary points and the summation is taken over all the
allowed classical paths. The pre-exponential factor A
coincides with the square root of the "classical proba-
bility" calculated for the classical path which connects
the boundary points. The phase factor is related to the
number of times where the classical path touches the
caustics. Thus the "semiclassical" formula (2) is ex-
pressed entirely with the classical quantities although
the quantum mechanical superposition principle is fully
incorporated '.

For the path integral in continuous representation the
situation is different because of its phase space nature
and of boundary conditions. The classical probability
which connects two points in phase space must be one or
zero because of the Liouville's theorem. Since there is
no caustics, the phase must be constant. Therefore we
are led to the following formula for the semiclassical
time evolution operator in continuous representation
after taking into account properly the phase space
density function p(Z,Z*):

=«/du(Z0)|Z(tf)>exp(iS/ti)<Z(ti: (3)

where S is the classical action corresponding to the
classical path t(t) and Z = Z(t ) is the point on the
path at fixed time tQ ( t .£tQ£t f ) . We can choose the time
t arbitrari ly because of the invariance of the phase
space volume element dy(Z) = p-dReZ*dImZ along the
classical path. Physical pictures implied by (3) are
illustrated in f i g . 1.

In order to prove (3), we must calculate the pre-ex-
ponential factor similar to A in (2). By substituting
the expansion (1) into the P.I. in continuous repre-
sentation we obtain

N
= l im n p(Z.

N+ - k=l *

(4)

Z(t) -2(t) +c(t) (1)

where 5 is the fluctuation part of the action functional
and is of the second order in 5. The Gaussian P.I. of
(4) can be calculated for a one (-complex)-parameter
path case by modifying the technique developed by
Dashen et a l . ' . The main steps of the proof are:
( i) Transform to real variables (Z = (x+iy)/»'?,
t = ( S + inJ/vT) and transform 5 into a symmetric
form through partial-integration,

and then by evaluating the Gaussian P.I. which is of the
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& - - • ? / (?.n)A(«) dt
*1

A = - fig ° M+92
(5)

where* = (g 3 )(g a )<H>, etc., and g is the metric
function which is proportional to p. ( i i ) Introduce a set
of arbitrary functions (F,G) of Z which satisfy A- (F,G)
= 0. For example, (F.G) = (x,y) satisfy the requirement
because of the time-translation invariance of the Hamil-
tonian. Using functions F,G we can introduce new variables
p,q which diagonalize the matrix A, i .e.

- $ <gq)Z]dt (6)

for p = n/G and q = I - nF/6 + fiGpV(gM) with M = *X)(.
( i i i ) Perform the Gaussian path integration (4) by taking
care of the boundary conditions ; ( t j ) = c(t^) = 0. The
result shows that A in (4) is constant (independent of 1).
This proves (3). The overall normalization constant n i n
(3) must be one at least for t~ -* t , (see below).

I t is easily seen that the semiclassical fomrula (3) satis-
fies the following properties required by Utt^.t^):

a) Trivial l imi t : Cfft^,^) = 1.

b) Time reversal property: Ef(t^,t f) = Ö(t f , t . j )*

c) Gauge invariance. Expression (3) is invariant
under the transformation of the basis, |Z> -*• exp{ia(Z,Z )}
\Z> with an arbitrary function a of Z.

d) Composition rule: &(t f . y O ^ , ^ ) = &( t f . t ^ ) .
Actually this is true only when we pick up the continuous
paths which has already been assumed in the course of
the stationary phase approximation.

e) Unitarity: li{tftt^)* = tT(t f , t f)~2 as a result
of b) and d).

In addition, the substitution of (3) into the
Schrbdinger equation gives the relation

Fig. 1: I l lustration of the semiclassical transition
amplitude <f f |U(t f , t i ) |Yi>: Ini t ial wave function |"?i>
is decomposed into the mutually overlapping wave
packets |Zi>, each of them propagates along classical
paths and f inal ly they are summed up to the final wave
function \tf>.
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(7)
exp(i5/ft)<2(tt)|

where the r.h.s. must be equal to zero for the exact U.
I t is proven from (7) that Üf coincides with U for those
systems where the Hamiltontan is a linear combination
of the path generators. Apparently there is an inf inite
number of classtcal paths which contribute to the
propagation kernel <Z-|Ö|Z1->. In some cases K the one-
path approximation to the kernel gives already an exact
result. In general, however, this does not satisfy many
of the properties listed above. For a boson-pair
creation Hamiltonian, for example, the one-path approx-
imation is completely breakdown whereas the fu l l ex-
pression (3) is almost exact.
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5.3. Superposition of TDHF Paths in a Collision of
Lipkin Nuclei

T. Suzuki

The time-dependent mean-field approximation (TDHF) is
one of the most promising microscopic methods for the
study of large amplitude motions such as heavy ion
reaction and nuclear fission. One of the main problems
of TDHF is i ts classical nature, i .e . , i t does not
contain the wave function concept intrinsically. There-
fore we cannot expect to obtain a good description for
such a phenomenon where the interference of TDHF paths
is important because of a lack of superposition

principle. The recovery of this principle in TDHF has
1 21been done implicit ly for a stationary problem * ' via

path integral formalism. The concept of wave function
is s t i l l hidden, however, since i t was not easy to take
into account the boundary conditions which is not
periodic. In ref. 3 we have developed a path integral
suitable for many nucleon systems by explicit ly de-
fining the representation basis. Stationary phase
approximation gives the following "semiclassical"
formula for the final state wave function \v{J)> at
time t=T evolved from the in i t i a l wave function |v >
at t=04>:

= /du(ZJ[Z(T)>ei§/fi<Z(O)k (1)

where |Z> is the overcomplete set of basis states, Z(t)
is the classical (TDHF) path and S is the corresponding
classical action. For simplicity we choose the integra-
tion measure dw(Z°) at t=0, i .e . , Z = Z(0).

To investigate the interference effect between TDHF
paths we apply the formula (1) to the model of inter-
acting schematic nuclei ' which simulates a nucleus-
nucleus coll ision. This analogy is not complete. But i t
is possible to compare with the exact result.

The model consists of two two-level (Lipkin) nuclei a
and b, each of them is described by a quasi-spin
J.(k=a,b), and interacts within a limited time interval T:

H " Ha + "b + Vab

(2)

'ab
otherwise

The basis states are described by two complex parameters
Za and Zb,

b . -Jk
|Z> = n (1 + 1*7) k exp(Z.J.+)|O> (3)

where |0> is the particle-hole vacuum, lJ |A z
 = " V * '

The invariant measure is the product of those for SU(2)
coherent states.

The classical equation of motion is given by the two
first-order differential equations in the complex
variables Zk>

2 ^ , 3 6 - <Z|H|Z> (4)
3Zk

Since it is practically impossible to perform the
integration (1) over all the starting points Z = (Z,(0)

a

we have arbitrarily selected several points
Z,,. . . ,Zj . so that the sum of the'wave packets

IV =

simulates the in i t ia l wave function |f > which is a
product of the ground state of both nuclei. The simplest
(N=l) of this N-path approximation corresponds to the
ordinary TDHF apart from a phase expiS/fi.

I t turns out that for short reaction time T only the
simulation (5) is important in obtaining good result.
For longer reaction time i t may be necessary to take the
(quasi-) periodic path into consideration. Each nucleus
is classified as spherical (aSl) or deformed (a>l)
depending on the parameter a^ = (2J.-l)Vk/Ek. We take

2J, = 2J , = 8, = 1 MeV.

Figure 1 shows the result for a spherical-spherical
system (Va=Vb=V=O.l MeV). PN = |<N|4-(t;>|2 denotes the
wave function projected to the total number of excited
particles N. The semiclassical results are produced in
8-path approximation. Because of the symmetry there is
no N=odd component. I t should be noted that there is no
a priori favourable choice of the in i t ia l point for the
ordinary (1-path) TDHF except for ]Z=0> which, however,
never develops in time. The semiclassical wave function
simulates the exact one rather well, although the dis-
crepancy becomes large at T^IO. After T£15 i t becomes
smaller which may be due to the stabi l i ty of the orbits.
The observables such as <J > follow this trend. Fig. 2
shows the value of observables for a (weakly) deformed-
deformed system (V =V.=V=0.2 MeV). The 4-path approxima-

Fig. 1: Distribution of the final wave function over N
at various reaction time (in units of 10"22 sec).
Starting points of the semiclassical wave functions are:
(Za,ZK) = (±0.3, ±0.3), (±0.3, TO.3), (±0.3, 0.0) and
(0?0,D±0.3).
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t ion, starting with the HF-miniraa of both nuclei,

corresponds to the fu l ly projected TDHF. The 2-path

approximation is the part ia l ly projected TDHF. Although

the semiclassical calculations reproduce the trends of

the exact results, the la t ter has a different time

behaviour for T>10 whereas the former is more or less

periodic. This suggests the importance of other TDHF

paths which have not been included in the present

calculation. For strongly deformed nuclei, the 4-path

approximation is expected to give a more satisfactory

agreement.
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S.10. A Complex Effective Force for Heavy Ion Colli-
sions

+ 1.1

A. Faeeeler , T. Izwnoto , S. Rrewald,

R. Sartor

The optical potential model provides one of the most
useful and general tools tn the analysts of nuclear
reactions. For the nucleus-nucleus scattering, a mtcro-
scopic derivation is desirable, because the strong ab-
sorption only allows the ta i l region of the heavy ton
optical to be studied phenomenologtcally. Doubly folding
with an effective interaction seems to be one of the
most promising methods to compute the optical poten-
t ia l K So far, however, only real forces were used and
thus nothing could be said about the imaginary part of
the optical potential which had to be added subsequent-
ly "by hand" K I t might be tempting to use a complex

5)interaction as derived by Brteva and Rook ' for the
case of nucleon-nucleus scattering tn a folding calcu-
lation, however, i t ts clear ' that the nature of the
absorption in heavy ton reactions is fundamentally
different of the one pertaining to nucleon-nucleus
scattering. This fact makes necessary the construction
of a complex effective force more directly related to
heavy ion dynamics.

Here we obtain a complex G-matrtx for a system of two
interpenetrating Perroi gases whtch is more appropriate
for heavy ion studies. Decomposed in partial waves, the

21G-matrix in momentum space ts (using standard notation ; ;

(1)

100

I'j
LL'M

An effective interaction which reproduces the same
binding energy in coordinate space is given by ̂ :

> 50

0

-50

-100

^1 T

ll Nonsphericai

r[fml

(2)

Fig. 1: Effective interaction in the 3Si state for a non
spherical Fermi sea corresponding to a system of inter-
penetrating Fermi gases with a density of p = 0.17 fm~3
and an average relative momentum per particle of
Kr = 0.5 fm"r. Solid: real part; dashed: imaginary part
x 100.
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For practical purposes, we use an averaged effective
interaction

VS T(r) • L

I (21+1) / d ^ k ^ k ^
(3)

This interaction in the Sj state for a non spherical
Fermi sea is shown in f i g . 1.

An analytical expresston whtch pararaetrtzes thts inter-
action:

VSV) .i (1 - I
ta=l

(•>

with x = 0.7 r has been published in ref. 4.

5.11. Folding Computation of the 0+160 Optical Po-
tential with a Complex Effective Force

R. Sartor , A. Faeselev 3 S.B; Khadkikar ,

S. Krevald

One of the most successful approaches to a microscopic
computation of the heavy ion optical potential is pro-
vided by the double folding method which defines the
optical potential as follows:

= '

where p. are the matter distributions of both projectile
1 11

and target, and V ff is the effective interaction '. In
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general only phenömenological interactions (Skyrme,

Gaussian) were used which cannot explain the energy

dependence or the imaginary part.

Recently we have considered the possibility of defining

a non-hermitian 6-matrix directly related to the heavy

ion collision dynamics. That G-matrix is obtained as the

solution of a Bethe-Goldstone equation corresponding to

two nuclear matter units streaming through each other.

In contradistinction to the static nuclear matter case,

two nucleons inside the Fermi sea can now suffer a real

scattering which brings them into excited states above

the Fermi surface. The energy'denominator of the Bethe-

Goldstone equation can thus vanish and this gives rise

to the non-hermiticity of G. In ref. 2, the correspond-

ing G-matrices were translated into a local, complex,

relative momentum, density, and kinetic energy dependent

effective force.

In this work we improve the folding model ( i ) by using

this complex interaction of ref. 2 and ( i i ) by using a

ful ly antisymmetrized cluster wave function which keeps

the exchange terms dropped in eq. (1). Therefore our

optical potential is :

, - 1 .

\ I I (2S+l)(2T*l)["<1j|V
£ i j k l ST L

STi
(2)

with B. - = <i |j> and <p. are the single particle wave

functions building up a Slater determinant which

describes two colliding ions separated by a distance R.

In figs. 1 and 2 the depths of both real and imaginary

parts of the potentials are shown to increase with in-

creasing energy as expected from the decreasing role of

Pauli principle effects. In f i g . 3, we also compare our

results with phenomenological Woods-Saxon potentials

giving a "decent" f i t to the experimental 0+ 0 data.

The agreement with the real part of the potential is

particularly striking in the relevant ta i l region. On

the other hand, the imaginary part has too short a range.
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5.22. Nuclear Matter Approach to the Heavy Ion
Optical Potential: Imaginary Part

+ 41

T. Izutnoto , S. Kraxild, A. Faeaalev

The imaginary part of the Heavy Ion Optical Potential is
investigated in a nuclear matter approach. The Bethe-
Goldstone equation is solved for a gas of two interpene-
trating Fermi spheres (see fig. 1). Since two inter-

acting nucle-
ons can
scatter into
unoccupied
states while
conserving
their energy»
this system is
not stable.
This leads to
a pole in the
denominator of
the Bethe-
GoIdstone

Fig. 1: Momentum space distribution of a
gas of two interpenetrating Fermi gases,
represented by two spheres with radii
kpj and kp, which are separated by the
average relative momentum per particle
Kr. Two interacting nucleons k„ and kv
are shown.

equation:
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kr-l.7t

G = V + V

which therefore acquires an imaginary part. In standard
Brueckner-Hartree-Fock (BHF) calculations, however, the
potential energy of the unoccupied states is assumed to
be zero for computational convenience ( f ig . 2). There-

fore a large gap
between occupied
and unoccupied
levels occurs
which a r t i f i c i a l -
ly suppresses the
decay process.
Now Mahaux et
a l . ' argue that
even for un-
occupied single
particle states,
the selfconsist-
ent potential
should be used,
because this
choice guarantees
that the BHF
approximation to
the mass operator
has the same
analytic struc-
ture as the exact
one. Fig. 2 shows
the BHF single

particle potentials both tn the standard and tn the
"continuous" choice.
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Fig. 2: Momentum dependence of the
single particle potentials for spheri-
cal Fermi distributions; dashed:
standard choice U(k) = 0 for k>kp;
solid and dash-dotted: real and imag-
inary part of the ful ly selfconsist-
ently calculated single particle en-
ergies. The potentials are displayed
for several nuclear matter densities.

The complex binding energy for two interpenetrating
Fermi gases is computed using this continuous choice,
using following numerical approximations: (i) An angle-
averaged Pauli operator is employed, (ii) A spherical
single particle potential was used for the unoccupied
states.

In the spirit of the resonating group method, the
optical potential is taken to be the interaction energy
of the two ions at a given distance. The two ions are
described by an antisymmetrized cluster function in
coordinate space, so that both Pauli Principle and
relative motion are carefully incorporated into the
wave function. The results for a Ca+ Ca collision at

"LAB = 240 MeV are shown in fig. 3.

0.05 -

0.01 -

0.005 -

The quality of
the fit should
not be compared
with the one
obtained from
phenomenological
fits, since this
calculation is
based on a micro-
scopic derivation
of the potential.
The overall shape
of the fit, how-
ever, is quite
satisfactory. At
larger angles,
the processes
other than two
particles
omission appear
to dominate.

Fig. 3; Angular distribution of the
HUCa+'"JCa elastic scattering at
ELAB = 240 MeV corresponding to
Kr = 0.5 fm"1. Note that the cross
sections are normalized by the non-
symmetrized Rutherford scattering. .

References:
1) J.P. Jeukenne, A. Lejeune, C. Mahaux, Phys. Rev. C16

(1977) 80.
2) T. rzumoto, S. Krewald, A. Faessler, Nucl. Phys. A341

(1980) 319.
+ Present address: Texas A&M University, Cyclotron

Institute, College Station, Texas, USA
New address: Institut für Theor. Physik, Univ.
Tübingen

- 129 -



>
a>

>

0

-10

-20

-30

-40

^ REAL PARTS

\ fT- \ / /

/
-

IMAGINARY PARTS

/! ' -2.5

-5.0

6 8

Dffm]
6 8

Dlfm]
Fig. 3: Comparison of 83 MeV optical potential (sol id)
with phenomenological Woods-Saxon of re f . 3 (dashed) and
local energy density results of re f . 4 .

5.13. A Resonating Group Approach to the Heavy Ion

Optical Potential

V. Bauhoff*

The Resonating Group Method (RGM) has been used exten-
tively to describe the scattering of nuclei ' . I t is a
rigorous approach leading to a nonlocal interaction be-
tween the two nuclei. By introducing suitable approxi-
mations i t can be related to more intuit ive expressions
for the heavy ion optical potential as e.g. proposed by
Fließbach K The Hamiltonian kernel of the RGM can be
related to the corresponding one of the Generator Coor-
dinate Method (GCM) by the following transformation3^:

of HRgu i t is s t i l l a nonlocal interaction. A local
approximation to i t may be defined by:

V(«) (3)

Studies in the case of nucleon-nucleus scattering ' have
shown that V(ft) defined in this way is a reliable
approximation to the nonlocal interaction in the sense
of yielding the same phase shifts provided that t(&) is
chosen selfconsistently as the local momentum, i .e . :

* vcft) (4)

(K is the asymptotic momentum of the projectile.) The
choice K = KQ» however, will lead to a potential which
is much too deep.

So V(R) calculated in this way can be considered as the
heavy ion optical potential. If the definition H G C M is
written out fully, it will be seen immediately that it
coincides with the expression given by Fließbach ^ and
used recently in the calculation of the heavy-ion op-
tical potential in a nuclear matter approach '.
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(1)
with

Here, N is the total number of nucleons in the scattering
system, and a is the harmonic oscillator constant used
for the internal wave functions of the nuclei. In the
limit of large particle number the integrals in eq. (1)
can be performed by using a stationary phase argument:
Only the immediate neighbourhood of £' = -iaS1 will con-
tribute an appreciable amount to the integral. So the
method of steepest descent leads to:

Though the calculation of H Q C H is much simpler than that
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5.14. Empirical Constraints on the 0+ Ca Optical
Potential

S. Rneaald, A. Djaloei8t S. Gopdl

In analogy to the light ion (/L £ 3) case, the descrip-
tion of the elastic scattering of heavy ion has been
generally attempted in terras of optical model. Analyses
performed so far have unfortunately given inconsistent
pictures regarding how far the elastic scatterfng data
could give information on the potential shape, in par-
ticular, in the interior region. For example, using the
notch perturbation method, Cramer and De Vries ' have
found that neither l ight- nor heavy-ion scattering at

any energy probes the interior of the nucleus. On the
21other hand, using a similar method, Del bar et a l . '

have shown* that angular distributions for the a-parttcle
an ü

elastic scattering on HU>HXa nuclei at EQ = 36.2 MeV
are influenced not only by the ta i l region of the
potential, but also by the very inner part around
R = 2 fm. In fact, the details of the potential shape in
the interior region was found to be responsible for the
so-called "anomalous large angle scattering" (ALAS)
observed in Ca(a,a) elastic scattering ' . I t is

worth mentioning that deep penetration of a-partfcles
40into the Ca nucleus was also suggested by Friedman and

Batty ' from their model independent analysis of a+ Ca
elastic scattering at E = 140 MeV. Taking advantage of

40 a

the transparency of Ca to a-partfcles, Michel and
Vanderpoorten ' succeeded to obtain a consistent

40description of a- Ca elastic scattering over a wide
range of incident energies using a "spiine-parametrization'
technique!

I t is well known that the ALAS phenomenon has also been
7-91observed ' in some heavy-ton elastic scatterings.

Attempts to explain this phenomenon in terms of, e.g.,
quasi-molecular resonance, cluster exchange mechanism or
simple ^-independent potential scattering have been
summarized in ref. 10. While enhancement of the large-
angle cross section can be obtained easily with a con-
ventional i-independent optical model potential having
Woods-Saxon shape in both real and imaginary parts by
simply reducing the strength of the imaginary poten-
t ia l \ the details of the angular distribution cannot
be reproduced correctly.

In this report, we present results of optical model
analysis of 0+ Ca elastic scattering angular
distribution at E = 35.7 HeV, measured up to e
= 180° ' . The objectives are:

1. to check whether a better description of the ALAS
phenomenon can be obtained by giving more degrees of
freedom to the real and/or imaginary part of the optical
potential, and

40'
2. to see whether the Ca nucleus would also be trans-
parent to 0 projectile which is considered to consist
of a-clusters; in particular, i t is important to
establish whether the elastic scattering cross section
is also sensitive to the details of the optical potential

in the interior region.

The experimental 0+ Ca elastic scattering angular
distribution ' has been analyzed by means of the optical
model code OPTY ' which automatically searches the
optimum values of the potential parameters by minimizing

2
the x value. For both the real and imaginary parts, the
standard Woods-Saxon (WS) and Spline-function (SPL) '
parametrizations of the optical potential have been
investigated. The starting spline parameters at the
corresponding radii r. are either read in or computed in
the program from the best-fit WS potential. The values
of r. were chosen in view of the expected sensitivity of
the cross section to the radial dependence of the
potential in the surface region. Several sets of r̂  were
used to study the changes in the resulting best-fit
potential with respect to the variation of the starting
condition in the search-procedure. In addition the in-
fluence of changing the potential values in the deep
Interior region on the cross section was investigated.

In the angular region e < 112°, where the angular
distribution exhibits practically no oscillatory struc-
ture, i t is possible to obtain good f i t s using the
standard WS-WS shapes for both the real and imaginary
parts of the optical potential. However, no f i t could
be achieved when the complete data ( i .e . e 1 180°)
Is analyzed. No further improvement could be obtained by
giving more degrees of freedom to the imaginary part
using WS-SPL potential combinations. On the other hand,
excellent f i t s to the complete angular distribution were
obtained for either SPL-WS or SPL-SPL potential combina-
tions. But SPL-SPL combinations did not produce signif-
icantly better f i t quality compared to the SPL-WS ones.
The success of spline parametrization of the real part in
reproducing the data suggests in this case a .direct
dependence of the ALAS on the shape of the real potential
in the interior region. For the best-f i t SPL-WS poten-
t ia ls , the real part is found to exhibit significant
wtggles in the interior region, similar to those ob-
served by Barrette and Kahana ' in their analysis of

16 280 + 5 1 elastic scattering angular distribution at
Ê  m

 = 21.1 MeV. In addition, the imaginary part is
found to have a radius Rj ^ 1.60 [Ap' +AT' J fm, which
Is significantly larger than those extracted by Kubono
et a l . ' and theoretically estimated by Izumoto et a l . ' ,
Further analysis is in progress.
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6.2 Solar Collector Test Station in Brasil

J. Anhalt, B. J. Stein

Based on the bilateral agreement on scientific and tech-
nological co-operation between Brasil and the Federal
Republic of Germany, the Instituto de Fisica of the Uni-
versity of Sao Paulo/Brasil and the Institut fUr Kern-
physik of the KFA Jiilich have started in 1977 a project
for testing solar collectors in the temperature range
above 100 °C. Three types of commercially fabricated
collectors have been proposed and selected by the German
side for that purpose:

- a double-glazed flat-plate collector with a selective
aluminium rollbond absorber (temperatures up to 120°C),

- a tracking, low-concentrating collector (n=3) consist-
ing of a single-glazed, selective, f lat-plate collec-
tor with booster mirrors (temperatures up to 160 °C),

- a tracking, linear-concentrating collector (n=12) con-
sisting of parabolic troughs in polar-axis orientation
(temperatures up to 200 °C).

The overall scope of a two years testing programme should
comprise:

- determination of efficiency curves following standard
test procedures such as ASHRAE 93-77 ' or BSE, part

- measurements of the daily, monthly, and yearly energy
output of the different collector types,

- observation of deterioration of materials along the
time.

Each collector type has been installed in a f ie ld having
2

about 20 m aperture area each, Fig. 1, and connected to
separate high-temperature test loops. Since no commer-
cial high-temperature test loops were available on the
market we constructed our own loop, Fig. 2. I t is a

closed loop designed to match the following specifica-
tions:

- adjustable collector f ie ld Inlet temperature: 30 to
100 °C, + 0.3 K stabi l i ty ,

- maximum collector f ie ld outlet temperature: 250 °C,

- adjustable mass flow rate: 0.014 to 0.22 kg s ,
+ 1 % stabi l i ty,

- maximum pressure: 3 bar,

- working f lu id : organic heat-transfer l iquid.

Fig. 1: View of the collector test station in Atibaia,
Sao Paulo/Brasil. A Radio Observatory operates in this
place and gives al l the necessary infrastructure.

Fig. 2: Scheme of the high-temperature collector test
ToopTT circuit pump, 2 f i l t e r , 3 flow-controller, 4 flow-
meter, 5 thermometer, 6 regulated heater, 7 heat-exchang-
er, 8 water pump, 9 lake, 10 three-way-valve, 11 tempera-
ture-controller, 12 mixing tank, 13 compensation tank,
14 hopper, 15 safety valve, 16 collector f ie ld. Host of
the test loop components are integrated in a transpor-
table frame, photograph above.

A small solar-meteorological data station has been
additionally installed in order to correlate the long-
term thermal performance test data to the meteorological
conditions at the test si te. The measured parameters are:

- the global solar irradiance in the horizontal plane
(pyranometer),

- the direct solar Irradiance (automatically tracked
pyrheliometer),

- the dry and wet bulb temperature (psychrometer),

- the wind velocity and the wind direction (three cup
anemometer and wind vane).
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III. SOLAR ENERGY
6.1. Sunmary of Activities

J. Anhalt, W. Ebke, J. (/. Grütev, H. R. Kooh,
K. Kruck, B. LabuB, K. MaSmeyer, R. Poeoreki,
B. Ringel, B. Sack, R. SchrOer, O.W.S. Schult,
H. J. Stein, B. D. Talarek, R. Wagner

The institute's solar energy group is engaged in the
following three fields:

- Solar collector testing comprising development of
thermal performance test procedures and long-term
durability testing of a broad variety of collectors.

- Solar data acquisition in view of handling existing
solar meteorological data and development of simple
but precise instrumentation for the registration of
solar and'related weather data.

- Solar system testing with the aim of verifying theo-
retical simulation models and detecting design errors
in commercially developed systems. Here, the insti-
tute's activity is restricted to a small number of
representative installations. The responsibility for
the observation and measurement programme for large
scale hot water systems at military barracks has been
transferred to a newly founded group at KFA, Zentral-
stelle für Solartechnik (STE-ZfS). As a new activity,
investigations on the usefulness of heat absorbers in
combination with heat pumps for heating purposes under
German climatic conditions have been started.

The institute is participating in the solar energy pro-
grammes of both the International Energy Agency (IEA)
and the Commission of the European Communities (CEC).
H. D. Talarek is in charge of the Operating Agent for
the IEA TASK III collector testing programme. J. W.
GrUter ' acted as project leader for the CEC project F
solar meteorological data project.

On a bilateral basis, there exist a number of coopera-
tive efforts to promote solar energy in developing coun-
tries. The collector test station at Atibaia/Brasil has
been In operation since spring 1980. Here, flat-plate
and concentrating collectors are being tested for their
applicability in the temperature range above 100 °C. A
simple test loop for comparative testing of hot water
collectors has been developed at KFA and partially put
into operation at the site of several partner institutes
as, e.g., Egyptian Electricity Authority, Cairo/Egypt,
Universities of Joao Pessoa and Porto Alegre/Brasil, and
University of Yogyakarta/Indonesia.

1) Since Oct. 1, 1980 with KFA-STE (Programmgruppe für
Systemanalyse und Technologische Entwicklung)

Fig. 1: View of the solar collector test field at KFA-IKP
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For the registration of all data were installed two 12-

channel strip-chart recorders and a 6-channel line re-

corder with appropriate transducing amplifiers.

The collector fields and the solar-meteorological

station were mounted during 1979 and 1980. Full opera-

tion started in April 1980. Up to now there have been

measured efficiency curves according to international-

ly used standards, Figs. 3 a), 3 b), 3 c).

It should be noted that the Individual collector mo-

dules in a single field are interconnected in series.

Neglecting a possible manufacturing scatter of the col-

lector modules, the data points partially represent

testing of the same collector type at different tempe-

ratures under identical weather conditions '.

Whilst the parabolic-trough collector type up to now

meets the expected performance, there have been diffi-

culties with the flat-plate collectors and the booster-

mirror collectors. In contrast to efficiency curves sup-

plied by the manufacturer, the flat-plate collector has

much higher thermal losses than expected. It is sup-

posed that these high thermal losses are caused both by

a poor back side insulation (soaked material) and de-

teriorated absorber surfaces. These conclusions are

supported by BSE-type efficiency measurements of the
41same collector type at JUlich ;. Similar disappointing

observations were made with the booster-mirror collec-

tor. Therefore, the testing of these two collector

types will be finished soon.

The future work will be aimed at detailed short-term

and long-term testing of the parabolic-trough collector

which is now functioning properly after having corrected

the tracking system.

In addition to. this main goal the collector test loops

will be used by the Brasilian partner for his own pur-

poses in order to develop collector test standards spe-

cifically applicable in Brasil. A forth loop has already

been intensively used to test commercial flat-plate col-

lectors from Brasilian companies.

We are grateful to Jose M. V. Martins and Christian

Stegmann for the productive co-operation.
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procedures (A5HRAE, BSE indoor), fluid (oil, water) and
instruments.
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Fifl^ 3b): Instantaneous-efficiency data of the single-
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6.3. IEA Round Robin Testing

H.D. Talarek

The International Energy Agency started a program to
develop and test Solar Heating and Cooling Systems in
early 1977.

A round robin testing of two liquid-heating flat-plate
collectors was conducted. Thermal performance data accor-
ding to standard test procedures from an international
group of laboratories were intercompared and evaluated.
While the f i r s t phase evaluation had already indicated
that the uncertainty of measurements could explain most
of the data scatter, i t was considered worthwhile to
reevaluate the data to quantify the measurement uncer-
tainty and the meteorological impact. A flat-plate
collector model ' was applied to quantify different
meteorological conditions during collector testing and
the measurement uncertainty introduced by f ini te
instrument accuracy.

The modelling was conducted under the assumption that
the relevant meteorological parameters varied between
extreme values allowed by the ASHRAE-standard 93-77 ' .
The requirements for the instrumentation implied an un-
certainty of measurements.

Fig. 1 to Fig. 4 clearly demonstrate the inherent uncer-
tainty of the testing procedures.
The scatter of data of the efficiency curves is in the
"traditional" range obtained from round robin tests.
3, 4, 5)

The analysis has given an indication that systematic
test uncertainties of the testing fac i l i t ies are a key
reason for the scatter of measured collector efficien-
cies.

Apart from the analysis conducted, Participants have ex-
pressed their concern about the uncertainty associated
with the accuracy of the pyranometers. The Participants
had di f f icul t ies to ascertain the nominal accuracy of
+ 3 % for their pyranometers.

T'-U(Tm-T,l/G

Figure 1: Data enclosed by extremes of collector
performance (12 test facilities)
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Figure 2: Data enclosed by extremes of collector
performance (8 test facilities)
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Figure 3: Data enclosed by the combined effect of mete-
orological extremes and measurement uncertainty (12
test faci l i t ies)

aa-

u

e
u
J
L

•ilram««

IE A-2

M*aaur*manl
S . imeafUlnty

T'-U(Tm-T,)/Q

Figure 4: Data enclosed by the combined effect of mete-
orologicai extremes and measurement uncertainty (8 test
faci l i t ies) ,

Nomenclature for al l figures:
T, = ambient temperature
a

T = mean fluid temperature
G = insolation
U = normalizing coefficient 10 W/m • K
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6.4. Investigations on al l day collector performance

R. PosoTskif ff. D. Talarek

From June to November 1979 calorimetric measurements

were made to determine the useful energy output of an

one-cover f lat-plate collector with non-selective coat-

ing. In addition to the test loop a second collector of

the same model was run in no-flow condition to deter-

mine maximum stagnation temperature ' . The meteorologi-

cal data were recorded simultaneously. For data acquisi-
21

tion a MADAS-system ' was used, which provides a data

base of instantaneous measurements with a sampling rate

of 25 seconds.

Figure 1: Test si te
1) test-loop-collector
2) no-flow-collector

While the clear-day-performance was Investigated in pre-

vious experiments with compatible results % emphasis was

given to study collector-performance with respect to the

influence of fluctuative solar radiation. A typical radi-

ation pattern 1s shown 1n f i g . 2,

In the vincinity of the conversion factor n0 the collec-

tor performs as a linear converter of insolation to sen-

sitive heat.

A significant impact on the efficiency during transient

insolation was not observed 1f reflexion losses (diffuse

fraction, angular modifier of the (TO) product for d i -

rect solar radiation) and thermal losses were taken into

account. The model used for computing the collector e f f i -

ciency from the meteorological data showed for al l oper-

ating conditions an accuracy of ± 2 % compared with the

measured results ( f i g . 2 and 3).

Prediction of all-day collector efficiency based on the

instantaneous efficiency curve according to the BSE-pro-

cedure for an air velocity of 5 m/s showed deviations of

6 % from the measured results, which lead under low e f f i -

ciency conditions to considerable differences between

predicted and measured useful energy output ( f ig . 1 and

2). For meteorological conditions of the test site and

neighbouring regions the accuracy of the estimations

could be improved by using an efficiency curve for an

average air velocity of 3 m/s i f no specific wind speed

data is available.

For predicting the useful energy output more accurately

a higher resolution of the efficiency curves with respect

to «1r velocity Is necessary, alternatively a method to

model the influence of air velocity is adequate. The re-

sults indicate that the usability of BSE-Test procedures

in the climatic conditions of middle Europe could be

largely enhanced, i f transient conditions were accepted.

Diffuse filiation

Figure 2: Typical radiation pattern (2.11.79)

Sol»r tioa[h]

Figure 3: Accumulated values of Insolation and useful
energy output (2.11.79)

Nomenclature for all figures:
A = aperture
v,, = air velocity

= A / G dt
= ambient temperature
= mean fluid temperature . . .
= integration time interval
= measured useful energy output (ueo)

Q B S E = predicted ueo by BSE efficiency curve
Q M n n = predicted ueo by the collector model
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G
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Figure 4: Measurement uncertainty dependent on
integration intervals for clear-day and transient
radiation conditions

Experimental determination of the collector efficiency
is possible for fast transients of radiation if time
intervals for data acquisition is properly extended. An
integration interval At of 30 to 60 minutes is recom-
mended (fig. 4). Additional efforts in equipment and
instrumentation are required if this idea is adopted
in standard test procedures.
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6.5. Development of instrumentation

H, Labus

High resolution AT-amplifier

For solar measurement applications a low cost amplifier

has been developed to detect a small temperature diffe-

rence (<20 K) between two platinum resistance thermo-

meters with very high resolution (<3'10 K noise) and

long time stability (<3-10~3K from 10 to 40°C) and

simultaneously the absolute temperature of one of the

thermometers with moderate accuracy (<1%), linearity

(<1%, depending on dynamic range) and response time

(<2 sec). For further cost reduction a very simple ad-

just procedure allows the use of not narrowly toleranced

thermometers.

To achieve these unique features a special scanning pro-

cess ^ is used as shown in the basic circuit and timing

diagram of Fig. 1. A lOOJlreference resistor R0 and two

platinum resistors Rl and R2 are fed through their supply

lines LI and FET switches SIO, SI1 and SI2 during suc-

cesssive time intervals TO, Tl and T2 by the same cur-

rent I from a common current source Q. Within time inter-

vals F0, Fl and F2 each beginning after and ending before

TO, Tl or T2, the differential FET-switches SUO, SU1 and

SU2 are closed and capacitors CO, Cl and C2 are charged

via sense lines LS to the voltage drop across their as-

signed resistors R0, Rl or R2. During a time interval FD,

following immediately after T2, the FET-switches SDO,

SD1 and SD2 are closed simultaneously to transfer the

voltage differences between Cl and CO to capacitor CIO

and between C2 and Cl to capacitor C21. The voltages

across CIO and C21 are proportional to the resistor dif-

ferences Rl-RO and R2-R1 and can easily be amplified as

they are referred to ground with single ended amplifiers

V10 and V21. All FET-switches are plastic dual-in-line

packed COS/MOS analogue multiplexers CD 4053 from RCA.

The layout of amp V21 is chosen to give at its output a

sensitivity of 1.0 Volt/K within a range of + 18 Volt

for the temperature difference between R2 and Rl. Amp V10

has a sensitivity of 0.1 Volt/K within + 18 Volt for the

temperature difference between Rl and RO, which is equal

to the absolute temperature of Rl if RO is a 100J1 refe-

rence resistor. Other values of RO, which is connected to

the front panel in the same way as the platinum resistors,

may be used to center the output of V10 to other points,

e.g. 100°C if RO is 140J1. RO may itself be a platinum

resistor to measure a second temperature difference bet-

ween Rl and RO. A dual instrument was first packed in a

2/12 NIM module. A single instrument is now designed to

fit on a Single Europe Board.

Fixed current il and variable current i2 (il, i2*vO,Ql"I)

from auxiliary current sources Ql and Q2 allow to compen-

sate slightly different platinum resistors. By adjusting

i2 with a front panel trimmer to become zero volt at the

output of amp V21 after both resistors R2 and Rl have

been forced to any but an exactly equal temperature one

can use extremely mismatching resistors for very high

resolution difference measurements.

One reason for the good performance of this instrument

arises from the pulsed currents through the platinum

resistors which can be much higher (10 mA) than in

standard dc-circuits without causing auto warm-up.

Another reason is the capability of the scanning pro-

cess to supress the high offsets of the platinum re-

sistors right in the origin, to prevent different common

mode levels between the parallel arranged resistors, and

to compensate to a high degree drifts of parasitic capa-

citors of the switches.

GND

TO

JT1

JFD

FIG 1: BASIC CIRCUIT AND TIMING DIAGRAM

Reference

1) H. Labus, Messgerät für die praktisch simultane
AT,T-Messung, Deutsches Patentamt, Offenlegungs-
schrift P 29 10 608.

Integrating Solar Power Meter

A low cost integrating solar power meter has been deve-

loped with following specifications:

The true differential input accepts differential vol-

tages of max. 100 mV. Common mode input voltage is max.

+ 3.0 V; permanent overvoltage between any inputs may be

+ 50 V.

Calibration voltages from pyranometers or pyrheliometers
?

between 5.0 and 25.0 mV'm/KW may be normalized by a
2

front panel trimmer to a sensitivity of 1000 c-m /KW.
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Normalized radiation power N is displayed by a 4-digit
LED-display with a resolution of 1 W in the range
(XW4095 W. Stability is 1 W from 10 °C to 40 °C,
linearity is <0.02 %. The display indicates negative
input polarity and overvoltage. Nonvolatile integration
of the solar power is accomplished by a mechanic coun-
ter with a sensitivity of 1 pulse/Wh.

The good overall performance of the instrument is
achieved by a circuit as basically shown in Fig. 1,
which consists of only 3 IC's: a dual-slope-integrator
ICL-7109, a one chip microcomputer MCS-8748, and an
intelligent LED-display DL-1416A. The use of monolithic
dual-slope-integrators as input-pickup for this and
related applications is patended '. Voltage to fre-
quency converters, normally used as input device,
cannot compete regarding linearity, zero-stability and
even costs, as they need high performance preamplifiers.

Sens. Adjust
mechan ic

1114181716101
Counter

GND>

Fig 1: Basic Circuit

-40 -20 0 20
Deviation /mK +•

Figure 1: Deviations of measured temperature values
obtained from twelve platinum resistance thermometers
of high precision (1/10 DIN tolerance) as functions of
the temperature A The diagram can be used to select
matched pairs of P.R.T. sensors for very precise AT
measurements, e.g. 2-4, 3-8, 5-7, 10-12, 6-11 and 1-9.

Reference
1) R. Nellen, H. Labus, Langzeitintegrator für eine

Spannungsquelle kleiner Spannung, Deutsches Patent-
amt, P 2856 687

6.6. Use of AT Amplifier in Selecting Matched-Pairs
of Platinum Resistance Thermometers

fl. Labus, E. Wagner

Though the AT amplifier described above was designed to
allow precise AT measurements even with resistance ther-
mometers not narrowly toleranced, its high resolution
provides advantages in the handling of narrowly tole-
ranced temperature sensors, too. As an example, the
selection of matched pairs is described. The fulfil-
ment of specifications ( /._ DIN tolerance) of a dozen
platinum resistance thermometers (P.R.T.'s) had to be
checked, and matched pairs were needed for a tempera-
ture range between -30 i.,u +80 °C.

A thermally insulated temperature bath was used con-
sisting of a small (2 1) Dewar vessel with a copper
block for the twelve sensors, a polystyrene foam cover
and an additional outer polystyrene foam insulation for
the whole vessel.

As each plug-in unit of the pilot series contains two
AT amplifiers, the P.R.T.'s No. 1 - No. 12 were divided
into two groups of six, and in each group a reference
sensor was chosen. At three temperatures of the bath
(and the copper block), 18 °C, 0 °C, and 63 ... 58 °C
(decreasing approximately 1 K/hour), the deviations bet-
ween the P.R.T.'s and one of the reference P.R.T.'s, and
also the deviation between the two reference sensors
themselves were measured as virtual temperature diffe-
rences. (The use of the second amplifier of the plug-
in unit and, hence, of an auxiliary second reference
P.R.T. is, of course, not essential, but in many cases
time saving.)

For very precise absolute measurements of temperatures
with the sensors thus examined, an absolute calibration
of one, e.g. the reference sensor at two temperatures
(e.g. the freezing and the boiling point of water)
would have to be made. But for by far most of the pos-
sible applications the procedure described is suffi-
cient.

In figure 1 the deviations of the twelve P.R.T.'s are
recalculated relative to their mean value at the re-
spective temperature and are thus independent of a cer-
tain reference sensor, but depend only on the ensemble
as a whole. They are plotted versus the bath tempera-
ture.
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6.7. Indoor measurements on the heat balance of an
absorber plate

K. MaQneyer, R. Posorski, H. J. Stein

With an appropriate set of parameters - measurable in
principle by indoor experiments - it should be possible
to characterize the heat transfer behaviour of an absor-
ber element and to calculate the instantaneous heat
gains of such an element under actual weather and oper-
ating conditions.

To minimize the influence of uncontrolled meteorological
parameters, such as global irradiance, thermal radiation
and wind speed, all experiments were performed by indoor
testing under steady state conditions. Calorimetric mea-
surements were carried out on two absorber plates mount-
ed in series on a comparative test stand designed for
solar flat plate collector testing. The plates were tilt-
ed under an angle of 45° and their back sides were iso-
lated.

In addition to the above mentioned meteorological data,
ambient temperature (indoor air temperature ** 22 °C)
and humidity were recorded together with the inlet/out-
let temperature of the heat transfer fluid. The mass
flow (72 l/(hm )) was kept constant by a mass flow con-
troller.

The inlet temperatures ranged from 4 to 76 °C though
producing heat gains and losses of the absorber plate.
The results for natural (a) and forced (b) convection
are shown in Fig. 1. Plate temperatures below the dew
point make the utilization of latent heat of the con-
densed water vapour possible. Only in the case of
strongly forced convection - 6 m/s in the plane of the
absorber - the dew formation was fertile enough to show
a significant heat gain represented by a steeper gra-
dient. The deficiency of such an additional heat gain
for natural convection may be an indication that the
accuracy of the measurements has to be improved. Recali-
bration of the sensors and detailed measurements con-
cerning the heat transfer are currently carried out to-
gether with developing a reliable model to predict the
energy output of an absorber plate under outdoor con-
ditions.

*C1

•

-

' v

' b

Figure 1: Measured temperature spread of the heat trans-
fer medium in a two sheet type absorber plate (area =
1.1 m 2) monitored under different operational indoor con-
ditions (a: natural convection, b: forced convection)
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6.8. An outdoor test facility for heat absorbers

R. Wagner

For a reliable assessment of the heat absorber techno-
logy and its potential use for house heating, the vali-
dity and accuracy of computer simulations should be
checked by experiments.

An outdoor studies facility was constructed for this
purpose having the following features:

1. Four parallel fluid loops to study simultaneously

a) different configurations and/or orientations
of equal absorber elements or

b) equal configurations (and orientations) of
different absorber elements.

At present, case (a) is realized for the outlined
fundamental studies; switching to case (b) later
for comparative tests of different types and pro-
ducts is no problem.

2. The inlet temperature of all loops is the same; it
is controlled by a thermostat with a heating power
of 3 kW, a cooling power of 4.5 kW at + 10 °C and
3 kW at -10 °C, and a lower temperature limit of
-40 °C. The thermostat contains a buffer bath with
a volume of nearly 20 liters.

3. At present, the thermostat allows two operational
strategies:

a) constant inlet temperature or

b) a constant difference between the inlet tempe-
rature of the fluid and the ambient temperature.

(If necessary or desirable, an optional accessory
will allow to program a variety of temperature
profiles, linear in time dependence, instead of the
constant inlet temperature.)

4. Whilst the inlet temperature is the same for all four
loops, the fluid flow can be set individually for
each loop in the range 10-150 liters/hour or 30-350
liters/hour, is kept constant within about + 2 per-
cent by a mechanical flow controller, is indicated
by a flow meter and measured by a volume flow coun-
ter with a pulse output (0.01 liters/pulse) and a
mechanical counter.

5. Solar absorber panels (2.00 m x 0.55 m) of the two
sheet type (originally designed for the construction
of fully roof-integrated collector areas covered by
glass tiles) are used as heat absorber elements for
the first equipment of the facility. Three of the
four loops are used for studying three different con-
figurations of these absorber elements:

a) Configuration I consists of four elements. Orien-
tation: south; inclination: ca. 60° from horizontal
The rear sides of the elements are thermally insu-
lated with 5 mm of polyurethane foam plus 20 mm of
polystyrene foam.

b) Configuration II consists of three elements with

the same orientation and inclination, but without
thermal insulation: the ambient air has free ac-
cess to the rear surface, too.

Configurations I + II are mounted on a simulated
wooden roof half 2.25 m x 5.75 m on a steel support
which allows to change the inclination. The distance
between the roof surface and the rear surface of con-
figuration II is 13.5 cm.

c) Configuration III consists of four elements (in
two groups of two) mounted vertically at the north
fagade of the prefabricated steel cabin which
houses the data acquisition systems of the solar
group. The rear sides of the absorbers are not
thermally insulated; their distance from the
facade surface is 16.5 cm.

6. By using a combination of fix copper tubing and
interchangeable rubber hosing and a sufficient num-
ber of valves, it is possible in each configuration
to use the absorber elements in parallel or in se-
ries, or in any combination of parallel and series
circuits. Besides, any of the absorber elements can
be short-circuitted and excluded from the fluid flow
for stagnation temperature measurements.

7. Ports for temperature sensors are provided at the in-
let and outlet of each absorber element, and, if ne-
cessary, a second temperature sensor is applicable at
the inlet or outlet of any absorber element without
soldering (e.g. for analog registration of selected
data in parallel to the automatic data acquisition of
the facility).

Data acquisition and meteorological instrumentation will
be described in a further communication.
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6.9. Heat and radiation balance measurements at the
solar energy test stand of KFA-IKP

K. Maäneyer, J.W. Grüter

Efficiency, thermal losses and stagnation temperature of
solar collectors are very sensitive to changes in mete-
orological parameters as solar insolation, air tempera-
ture or wind speed. The influence of these variables on
the stagnation temperature of a flat plate solar collec-
tor is discussed by Maßmeyer '. Moreover the meteorolo-
gical station ' enables the calculation of the daily
variation of the energy exchange at the surface of the
ground. The governing equation for this physical process
at the surface is

(1) Q = H + V + B

where Q is the all wavelength radiation balance, B the
soil heat flux. The turbulent fluxes of sensible heat H
(not involving changes of state) and of latent heat V
which is the contribution of latent heat of evaporation
and evapotranspiration of plants were calculated accord-
ing to the method of Sverdrup * '.

This relative rough model derived for horizontal homo-
geneous terrain yields also good results in the inhomo-
geneous surrounding of the collector test field. Figures
1 and 2 show the daily variation of the components of
the radiation balance for clear sky conditions on August
19, 1978 and the rather cloudy sky of September 10, 1978.
The radiation balance in the spectral region greater
than 3 urn is negative all day long. This cooling of the
earth's surface is balanced by the gain of energy in the
spectral range between 0.3 ym and 3 um due to the absorp-
tion of radiation. The size of the radiation balance 1s
a function of cloudiness and cloud type. The vertical
profile of water vapour, carbon dioxide and ozone des-
cribes the atmospheric counter radiation E.4. Cloudiness
raises the counter radiation in the "atmospheric window".

On August 19 the counter radiation sinks below 300 W/m
because of the absence of clouds. During the first hours
of September 10 the cooling of the earth's surface is

2
lowered by higher counter radiation (370 W / m ) . With in-
creasing global radiation E-4. the longwave radiative
fluxes raises, too, due to the solar heating of the
atmosphere and of the ground surface. A sharp increase
of the counter radiation coupled with a decrease of
solar insolation was found on September 10 at 8.30 MEZ.
The radiation balance must be known for the calculation
of the fluxes of latent and sensible heat, whereas the
soil heat flux can be computed from the soil tempera-
ture profiles alone. Sensible and latent heat fluxes
were calculated with the Sverdrup method according to
the profiles of dry and wet bulb temperatures, the radi-
ation balance and the soil heat flux. The results are
shown in fig. 3 and 4.
On August 19 the energy balance is characterized by the
following features. The energy fluxes are nearly con-
stant at night because of constant cloudiness, the vari-

ation during daytime 1s nearly sinusoidal and symmetric
to local noon (12.34 MEZ). Because of the Intensive in-
crease in the radiation balance, high vertical energy
transport develops. Soon after sunrise the soil heat
flux decreases until the latent heat flux stagnates.
The course of the energy transport is strongly coupled
with a transfer coefficient which is dependent on wind
speed and temperature profile of the atmosphere '.

Future investigations will involve other models for
determining the heat fluxes. In particular the influenct
of the inhomogeneity of the surrounding will be con-
sidered.

The study is being carried out in collaboration with
the Institut fUr Geophysik und Meteorologie of the Uni-
versity of Köln.

Figure 1: Daily cycle of the components of the
radiation balance Q = E-i + E, 4- - E T - E, t from
August 19, 1978 b L r L

Eg4-global radiation E. J. atm. counter radiation
E t global radiation E,T thermal radiation from

reflected from the the ground plus reflec-
ground ted counter radiation

(W/m2)

MEZ

Figure 2; Daily cycle of the components of the
radiation balance from September 10, 1978
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Figure 3: Dally variation of the vertical energy
fluxes of August 19, 1978
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Figure 4: Daily variation of the vertical energy
fluxes of September 10, 1978
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6.10. Radiation temperature correlations for the

computation of the heat production of collectors

H. R. Koch, K. Ma£meyer> W. Schelle*

One of the necessities for the development of optimized
solar systems is a reliable computation of the expected
energy output of solar collectors on the basis of mete-
orological data. We have learned from collector test
experiments that this energy is easily determined for
short periods of steady state conditions with the help
of an efficiency curve n which is a function of the re-
duced temperature T* = U (T - TJ/G.1*

o c a

U = 10 W/(K-m2){normalizing coefficient)

T = mean collector temperature

T = air temperature
a 2
G = incident radiation power (W/m )

In a more precise representation corrections should be

applied for effects caused by wind speed and by vari-

able angles of radiation incidence. Nevertheless, the

determination of the short time energy output of a low

temperature solar collector with the help of an effi-

ciency curve may be regarded as sufficient in view of

the considerable uncertainties In the estimation of the

overall efficiency of a complete solar system.

For low temperature collectors the main contribution to

energy losses arises from heat flow to the ambient air

and it is obvious that the correlation between radiation

and air temperature must be accounted for 1n energy out-

put calculations. The seasonal and stochastic variations

of our climate lead us to regard these correlations

separately for every month. Relevant data sets should be

derived from measurements during several years.

The complete information on weather conditions is only

preserved in data sets containing time sequential mea-

surements. An appropriate integration length for one
21data point is about 1 hour for flat plate collectors. '

The amount of data obtained in this way, is difficult to

handle. Data reduction methods are needed 1n order to

apply relatively simple procedures for useful energy

computations.

Within our contribution to the action F 3.4 of the solar

research programme of the European Community we have

started to study a method of data reduction which pre-

serves the radiation temperature correlation. The method

is based on the work of P. Kesselring and his co-work-

ers.3>

The heat output of a collector for short Intervals it,

distinguished by "i", can be written as

AEi = A-n(T
JVG.j-At (A = collector area)

The energy contributions which are obtained during a

longer period, for example 1 month, can be grouped

according to the magnitude of T*. The groups are

distinguished by "j":

iE.. ^ A . ^ . - A t

The efficiency n depends only on T or the index jtlead-

ing to the following expression for the sum of the

energy output:
m

E = Z 1J
= A- t 4 4 i

m = number of measurements

n = number of T -groups

«jj.-l if J=J'

We define a radiation energy distribution RED(T*) which

is represented by

m
RED, = I i

i=l
D.
J

AT* = width of the T*-groups

and we obtain

or

E = A-/r,(T*)-RED(T*) dT*

The above given equations correspond with the mathemati-
cal formalism described by Kesselring ' . We have re-
placed the integrals by sums, which can be directly used
in the application of the method. We hope that in this
way the procedure is understood more easily. The aim of
this formalism i s , to separate to a certain degree the
collector dependent parameters from weather parameters.
The function RED(T ) is computed with the global radia-
tion on the collector surface as a function of T which
is given by a fixed average collector temperature and by
the air temperature. The properties of the collector are
given by i ts efficiency n(T ). The definition of our RED-
function differs in the following way from Kesselring's
MURD-function: we use the quantity i as ordering para-
meter instead of the x-parameter which contains as fur-
ther collector specific characteristics incident angle
modification and an assumption on the temperature vari-
ation of the thermal loss coefficient of the collector.
Therefore, the RED function is more general and 1t can
be computed more easily. On the other hand the MURD
function eventually gives more precise results for the
computed energy output. An example of the RED-function
is shown in figure 1. The roughness of the curve is due
to statistical fluctuations as only one month was con-
sidered. We have started to study the usefulness of re-
duced meteorological data sets of the discussed types
within the CEC action 3.4 and we hope to achieve quan-
t i tat ive results which wil l have some influence on the
measurement of meteorological data and suitable ways of
data reduction.
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see

Figure 1: The RED-function (see tex t ] for JUHch,
Mav 1980. Collector temperature: 60 °C; col lector t i l t :
60° south; AT =0.025.
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6.11. Observation and measurement program for large
solar hot water supply systems at military
barracks

J. W. Grüter*, E. Riemer** and B. Ringel***

In the years 1978 to 1980 eight solar hot water supply
systems (SHWS) were installed and brought into ope-
ration ' in various military barracks in the F.R.G.
Since summer 1980 all installations but one are formal-
ly accepted and operated by the staff of the military
barracks. The SHWS are flat-plate collector systems,
different in size and orientation. The collector areas
range from 130 to 230 m . The tank sizes are from 6 to
12 m covering 1 to 2 daily nominal loads of hot water.
The solar systems are combined with the existing central
hot water supply system in two ways:

1. a mixing of hot water from the central supply with
hot water from the solar system,

2. the solar system is used as a preheating system and
a secondary heat source boosters the temperature of
the solar heated water to the nominal temperature.

The system's design was made by the manufacturers.

In June 1979 a first seminar was held 1n the KFA where
the manufacturers gave reports about design and construc-
tion of the 8 systems. 55 invited participants from the
federal and county financial and building administra-
tions discussed very openly the different problems of
solar energy systems. In autumn 1979 a commission of
engineers from the financial governmental administra-
tion on behalf of the Ministry of Defense and a member
of the KFA research group made a first Inspection tour
to all systems. A comprehensive German report on these
two events combined with the first results of the obser-
vation and measurement program of the KFA has been pub-
lished in summer 1980. '

Three major problems have been identified:

1. Bad quality of collectors. In one system the third
generation of collectors has been installed.

2. Connection with the secondary supply system.
Pressure problems are to be solved.

3. Low load demand. Most of the systems have too large
dimensions compared with the real load in the
buildings.

Regarding point 2: the mixing which suppresses the low
temperature heat source "solar energy" will be omitted
in the near future by reassembling the installations. In
most cases modifications are possible which solve also
topic 3: The SHWS output is transferred through the cir-
culation tubes into the central supply. By this the
SHWS is used as a preheating system. In summer, espe-
cially on weekends, the SHWS can cover the load demand
of the whole camp with at least ten additional barracks
of the same size, as observed in Kassel for example.

The measurements are performed regularly since spring
1980 in two ways. Three installations have been observed
by "solarnet" ', 5 installations are equipped with inte-
gration units so that staff personnel of the camps can
read off the integrated heat fluxes in regular inter-
vals. Several difficulties in the measurement equipment
and data transfer system resulted 1n only preliminary
data on the performance of the SHWS:

- hang up in the mass flow meters, not recognized by
the operator (missing training),

- late data communication to the KFA, sometimes
months after read off,

- inoperable data communication lines,

- a flash destroyed the data acquisition system at
Unna in July 1980.

The winter 1980/81 will be used to remedy the different
errors.

costs per absorbing collector area

Regarding costs figure 1 shows the specific costs/m
installed. For the average system, installed for a
nominal daily load of 195 kWh at 311 °K, one gets ave-
rage installation costs of 295 TDM resulting in a
specific price(costs/loadpower)of 36 DM/Watt installed.

For the whole project inclusive installation too few
manpower was available. Recognizing this difficulty the
project was transferred into the responsibility of the
"Zentralstelle fUr Solartechnik" (ZfS), a working group
founded at the STE in October 1980, stimulated partly
by the experience in the described project. The ZfS is
responsible for the observation and measurement of 35
HSWS installed in 1980/81 at military barracks and
other projects sponsored by the BMFT.

+ now at Programmgruppe für Systemanalyse und techno-
logische Entwicklung (STE)

++ STE
•H-+ left KFA July 1980
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6.12. Data acquisition from solar test facilities by
telecommunicati on

B. Ringel 3 J. W. GvUter , F. Rangen

In 1979 MADAS ' type data acquisition systems have been
installed at three hot water supply systems in Unna,

2)Achern and Borkum '. In addition a radiation station on
the roof of the IKP building and the small energy
balance station ' at the IKP are monitored by MADAS.
These five systems are connected as a network called
"Solarnet", fig. 1.

SOLARNET

Four systems are connected via the public telephone net-

work with MODEM to a Central Communication Prozessor
_r II

(CCP1) in the ZEL , 1 system is connected to the CCP2
(a PDP11/1O).
The data acquisition network is run by the method of
"distributed intelligence". MADAS is an autonomeous
switch on system, based on the INTEL 8080 CPU with 24 K
data buffer memory. The monitoring program resides on
PROM starting immediately after power on. The program
synchronized to a battery buffered real time clock dumps
the data after the programmed averaging period into the
buffer memory.

A data handling overhead structure based on methods de-
veloped in CERN ' is superimposed in order to allow easy
orientation in the data flow in case of disturbances
during transfer. At fixed terms the CCP calls the sta-
tions and transfers the data onto the disk system of the
CCP. The data transfer procedure is developed in coope-
ration with the ZEL simplifying standard procedures. On
MADAS the transfer routines are identically programmable
in BASIC, for the two CCP's, only the connection module
differs occupying the same position in the crate. The
according assembler routines are used by identical BASIC-
calls using the same space in the EPROM's,

Automatically, the data are transferred from the CCP's
via JOKER4' Into TSS5' residing on the central IBM
computer system of the KFA at ZAM. Data handling rou-
tines have been developed which strip the data transfer
overhead and sort the data into the data bank system
"Sonne". This data bank is easily accessible for scien-
tific programmers familiar with FORTRAN. Simple proce-
dures are available for printing and plotting of basic
parameters of the stations. An extensive documentation
is under preparation.

The experience with the system components is quite rea-
sonable. The MADAS is functioning well; no malfunction
was detected during the past 2 years. Difficulties had
to be overcome for the data line via the PDP11. There
are still hang ups of the system during transfer which
occur every 1-2 weeks. A decision was taken to cancel
this line of development. The data from the energy
balance station until now transferred via the PDP11 will
then be transmitted via telephone starting in February
1981.

The telecommunication via public telephone functioned
quite well but no permanent connection to Borkum was
possible because of malfunctions and damping in the
lines. An improvement will be achieved in January 1981
as indicated by the Federal Post Office.

An analysis of the costs and system configuration for
the ZfS + + + + which has to order additional data acquisi-
tion systems led to the following conclusions:

- for the non-experienced user the system components

are too manyfold,

- the CAMAC overhead is too expensive, the advantages
are applicable only if variability is mendatory,

- BASIC is well-adapted to the problem of data acqui-
sition in solar energy.

These facts stimulated the decision to change the hard-
ware configuration of MADAS. By now the ZfS will order
a MADAS based on the personal computer APPLE II K

+ left KFA July 1980
++ now at Programmgruppe für Systemanalyse und techno-

logische Entwicklung (STE)
+++ Zentrallabor für Elektronik (ZEL)
++++ Zentralstelle fUr Solartechnik
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IV . TECHNICAL DEVELOPMENT

7. ISOCHRONOUS CYCLOTRON

7 . 1 . Cyclotron Operation and Improvement

L. Aldea, H.G. Böge, W. Bräutigam, H. Borsch,
R. Brings, R. Fiedler, I. JarmakoB, C. Mayer-
Böricke, J. Reich, A. Rets, U. Rindfleisch,
G. Schlierikamp, H. Schwan, P. Wucherer

In 1980 the cyclotron was in 21 shifts per week operation
during 45 weeks being available for experiments, beam deve-
lopment and testing new components for 84X of the scheduled
operating time (see table 1). This result has been achieved
in 167 different runs, for which energy and/or target sta-
tion were changed.

CYCLOTRON OPERATION

Cyclotron tuning and
beam handling

Beam on target

Beam time for experiments

Beam development, testing
new components

CYCLOTRON OPERATIONAL

SCHEDULED MAINTENANCE

SYSTEM FAILURES

SCHEDULED OPERATING TIME

BEAM TIME DISTRIBUTION

Guest scientists
(U.Bonn, TH Darmstadt, U. Ham-
burg, MPI Heidelberg, KfK
Karlsruhe, U.Köln, U.Münster,
IPN Orsay, U.Tübingen)

Scientists of KFA
exclusing IKP (ICH1-IME.-ARA)

Scientists of IKP

Beam time for experiments

546

5223

5769

529

6298

232

958

7488

1323

569

3877

5769

h

h

h

h

h

h

h

h

h

h

h

h

7.3 %

69.7 %

77.0 %

7.1 %

84.1 %

3.1 %

12.8 %

100.0 %

22.9 %

9.9 %

67.2 %

100.0 %

Table 1: Cyclotron time distribution in 1980

In the following the improvements and developments at the
cyclotron are shortly described. In f i rs t place they have
been carried out to improve the performance of experiments
with the spectrograph BIG KARL.

1. After the EVIDAL Aluminum cooling plates of the 3 RF-
resonators had to be cured from corosion in 1979 ' the
shorts between inner and outer conductor (being the
parts with maximum RF-power dissipation) have been re-
placed by new cooling plates during the annual shut
down. They have been manufactured from copper plated
Aluminum sheets to which stainless steel tubes have
been soldered. The interchange of cooling plates at the
RF-resonators has to be carried on.

2. A new frequency control unit has been installed and
tested during the annual shut down. The design de-
tai ls are given in chapter 8.2.

21

3. The focusing channel ' leading the beam through the

fringe field of the cyclotron has been modified for

remote positioning (see also chapter 15 ) to improve

the beam extraction. At the same time detailed field

mapping within the focusing channel was done at three

cyclotron magnet excitations. The analysis of the field

data by means of a modified program SOTRM ' was in pro-

gress by the end of the year. The program calculates the

first and second order transfer matrices and searches for

a reference trajectory giving minimum beam distortion.

According to this evaluation 2 smaller graphite diaphragms

shall be inserted in the focusing channel in spring 1981.

4. The adjustment of the beam line to the spectrograph BIG

KARL has been revised to find the origin of steering

effects in the region following the switching magnet SM3.

A vertical offset of 1 mm in the optical axis before and

after SM3 was the main origin.

5. To facilitate the steering procedures in the beam hand-

ling system two additional steering magnets have been in-

stalled (1 within the cyclotron vacuum chamber, 1 in the

beam line to BIG KARL).

6. The first order focusing in the Oülich double monochro-
4)mator ' can now be monitored via an object plunger at the

intermediate slit IS and a viewing screen at the outlet

slit DS2. The slits AS1 and 2, which are the entrance and

exit slits for achromatic mode operation and angular de-

fining slits in dispersive mode operation have been made

additionally movable in their center position and serve

as beam diagnosis tools as well (see also chapter 13).

7. The components of the new microprocessor controlled emit-

tance measuring device, which was designed last year ',

were delivered in May, assembled and successively tested.

According to the specifications the manufacturer (NTG

Gelnhausen) eliminated hard- and software bugs. The sys-

tem was finally accepted in December. Since in the mean-

time the software, which handles the data transfer bet-

ween microprocessor and PDP 11/34, has been written and

debugged (see also chapter 12.2) the system is now working

off line. It will be installed at the cyclotron in spring

1981.

8. A voltmeter and scanner system (Fluke) monitoring the

actual values of parameters at the cyclotron and the beam

handling system has been installed and interfaced via

CAMAC to the PDP 11/34. For this a total of 70 shunts,

which are independent from the individual power supply,

has been calibrated and installed. Some of the necessary

handling, display and cyclotron operator guiding soft-

ware has been written. The parameter monitoring led to

an improved reproducibility.
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7.2. A New Frequency Control Unit

W. Bräutigam^ K. Kennepohl

As the RF-system of JULIC is of self oscillating type,
the actual frequency in the range of 20-30 MHz is achie-
ved by a mechanical tuning of the three dees. Coarse fre-
quency setting is done with the aid of panels, while the
closed loop control uses servo motor driven rotating
loops in the space between dee and dummy dee. A brief
description shows the disadvantages of the present situ-
ation: The instantaneous frequency is measured by a nor-
mal gated counter with a sampling rate of about 100 sec .
The digital output of the counter is compared with the
preselected value in a simple computing circuit, which
feeds the difference between actual and nominal value
including the sign to a digital/analog converter. The DC
output via servos then controls the angular position of
the tuning loops in the cyclotron. This system establishes
a good long terra stability, dependant only on the quality
of the gate time reference in the counter, but operates
very slowly and cannot provide sufficient suppression of
short term (>lHz) instabilities. Other disadvantages are
obvious too: The frequency resolution is principally res-
tricted to 100 Hz minimum. There is only a limited con-
tinuous regulation, which forbids the future use of high
speed tuning elements.

To overcome these limitations we decided to develop a new
device with the following features: compatible with the
present serve system, real time frequency information,
resolution better than 1 Hz, adequate for a future more
sophisticated fast frequency tuning system. The principle
of real time frequency detection is well known from FM
radio communication, but we had to built an instrument,
which meets our special requirements. Comparing various
high quality frequency discriminators we found, that
quartz devices would be the best choice, because they are
easily available in various types and offer exceptional
good performance. An idea of the total system is given in
Fig. 1.

A signal f from the cyclotron is fed via a bandpass
filter for the operating range (20-30 MHz) to the RF port
of a double balanced mixer, where it is mixed with the lo-

cal oscillator frequency generated by a synthesizer. It
is programmed in such a way, that its output offsets the
cyclotron frequency f by the intermediate frequency fIfr.
An impedance matching amplifier Al couples the signal fjp
to a crystal filter with a bandwidth of B=5kHz. The sub-
sequent limiting amplifier A2 provides a constant ampli-
tude signal for the discriminator independant from the
input level in the range of -30 - +20 dbm. The characte-
ristics of the discriminator are the following: peak to
peak distance fQ± Af = 9 MHz±2,5 kHz, slope AU/Af*2 mV/Hz
for an input voltage of 5V,linearity S 1 % for a band-
width of 1 kHz, temperature stability of the zero crossing
is i 1 Hz/°C. So with the discriminator in a relative
constant temperature enviroment it is easy to detect fre-
quency deviations of less than 1 Hz with good sensitivity.
- As the slope of the discriminator in the operating
range changes sign at the peak points it is not well
suited for regulation purposes. We had to add some logic
to achieve the desired shape: The input frequency counted
by a frequency counter, is available as a 6 digit BCD
coded information, labeled A in the block diagram. Compa-
rator 1 decides whether the actual frequency A is greater
or smaller than the preselected value B. A subtractor com-
putes the absolute value |aF|=|A-Bj, which is then com-
pared in comparator 2 with a switch selected constant
value K. The output |aF|<K is combined with A<B and A>B
in a simple logic. Now if |AF|>K is true, then the output
voltage of the discriminator is substituted by a constant
voltage +U or -U when the logic controlled switches S+ or
S_ are actuated. If )afj<K is true than S is closed and
the discriminator output is switched through. The cha-
racteristic at the output of 5 identical buffers A.-Ag is
indicated in the circeled diagram. One of this outputs
can be directly connected to servo motors without ambi-
guity in respect to the sense of rotation during closed
loop operation.

We use this instrument with a new frequency tuning servo
system with 3 low inertia disc rotor motors'. They are
electronically coupled for synchronous operation at the
three dees of the cyclotron.

*2entrallabor für Elektronik, KFA Jülich
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Figure 1: Block diagram of the frequency control unit.
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7.3. Status of ISIS

H, Beuscher, C. Mayer~Börioke and J. Reich

For the acceleration of heavy ions up to Neon between
22.5 and 45 MeV/nucleon the project ISIS (.Injektion
schwerer _Ipnen nach EZR-Stripping: Injection of heavy
ions after ECR-stripping) has been started at
the beginning of 1980. This project comprises
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Figure 1: JULIC after realization of ISIS in comparison
with other accelerator fac i l i t ies. Accelerators under con-
struction are represented by dotted lines.

the design and construction of an Electron-Cyclotron-Re-
sonance (ECR)-ion source, a beam preparation, -guiding
and injection system as well as a new RF-center region
for JULIC. Last year in spring the funding of the
project has been included in the budget of KFA.

In fal l the design of ISIS was well advanced and specifi-
cations of the main components were sent out for f i rs t
bids. These main components are a superconducting magnet
structure and high power microwave generators for the
ECR-source as well as magnets and power supplies for the
beam guiding and injection system. By the end of the year
a detailed report on the design of ISIS has been worked
out together with a cost estimate. The following sections
describe the design of the ECR-source, the injection sys-
tem and the new RF-center region of the cyclotron.

7«4- Design of the Electron-Cyclotron-Resonance (ECR)-
ion source

H. Beuscher, R.-G, Mathews and J. Reich

The f i r s t ECR-source which was able to produce highly
charged heavy ions was the Super-Mafios B (SMB) built by
Geller in Grenoble ' . The proposed ECR-source for Jülich
(in Fig. 1) is designed for higher beam intensities and
higher charge states.

The source consists of two plasma stages: The injector-
and the stripper-stage. In the injector stage with a small
aperture and a gas pressure of 10"3 Torr a cold plasma is
produced by ECR. The ECR is caused by microwave injection
into a suitable axial magnetic f ie ld. The cold plasma con-
sisting mainly of ions in the lowest charge state diffuses
into the second plasma stage with a larger aperture and a
very low pressure (<10"7 Torr). This stripper stage is a
magnetic bottle with a rising magnetic f ield in the axial
and radial direction, a so-called B , -structure. The
Bmin~ s t r u c t u r e i s r e a l ised by super-position of a magnetic
mirror f ield and a hexapole f ie ld. The B . -structure of
the magnetic f ie ld and the low gas pressure lead to a
long confinement time of the electrons in the plasma. By
injecting microwaves from a second powerful generator into
this stage a plasma with a high density of fast electrons
is produced (hot plasma), which is able to generate in a
step by step process highly charged heavy ions.

The magnet system of the proposed Jülich source is de-
signed to be completely superconducting. This choice was
made because of the low power consumption at considerably
high fields. The device consists of one short solenoid for
the f i r s t plasma stage, two mirror coils, one additional
weak solenoid to adjust the mirror ratio and a hexapole
magnet for the second stage (see f i g . 1). For the vacuum
system of the source i t is planned to use only refrigerator
cryopumps (CP) and turbomolecular pumps (TP). The required
high pressure gradient between the cold and hot plasma stage
is achieved by differential pumping. Since the extracted
heavy ions wil l be injected into the Jülich cyclotron with
an energy up to 10 keV per charge the whole plasma chamber
of the source has to be on a positive potential up to lOkV
relative to the extraction electrodes.

Fig. 2 shows the magnetic f ield along the source axis
(z-axis) for about the maximum current in the coils. The
maximum mirror f ield is about 1 Tesla (z=42 cm). The mirror
ratio in this case is B(z=42)/B(z=0)=2.1, but can be ad-
justed within a wide range. The radial dependence of the
magnetic f ie ld in the middle of the source (z=0) can be
seen in f i g . 3. The lower curve represents the f ield of
the hexapole alone (|B|-vr ). The other one is the super-
position of the hexapole and mirror f ie ld . At the inner
diameter of the vacuum chamber (r=10 cm) the total f ield
has about the same value as the maximum mirror f ie ld
(31 Tesla). In this superimposed f ield of the hot plasma
stage the points where ECR can occur form a closed sur-
face. The projection into the drawing plane of this re-
sonance surface for 18 GHz belonging to a magnetic f ie ld
of 0.64 Tesla is included in f i g . 1. The mirror and hexa-
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Figure 1: Schematic view of the proposed ECR-source for the Julien Cyclotron.
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Figure 2: Magnetic f ield along the axis of the source.

pole fields have to be strong enough to keep this reso-
nance zone ful ly within the vacuum chamber. In order to
achieve a sufficient confinement time for the accelerated
electrons the magnetic f ield has to increase strongly from
the resonance zone towards the walls of the hot plasma
stage. The chosen magnet configuration provides an in-
crease in |B[ of at least 1.5, i .e. |B|>0.96 Tesla at any
point on the walls of the second stage.

The shown f ield shape in f i g . 2 allows to use microwave
frequencies of 28 and 18 GHz in the f i rs t and second
stage respectively. These frequencies are considerably

higher than those used
in existing ECR-sources
(Grenoble ' ) or sources
under development (Karls-

21ruhe ' , Louvain-la-
31Neuve ' ) . Since the

attainable electron den-
sity n increases with
the square of the micro-
wave frequency an im-
provement in the pro-
duction of highly
stripped ions can be ex-
pected. Since the re-
quired microwave power

magnetic f ield at the mirror cen- i s proportional to the
ter (z=0). electron density, power-

ful and expensive microwave generators of 1.5 kW at 28 GHz
for the f i rs t plasma stage and 10 kW at 18 GHz for the
second stage are needed for the Jülich ECR-source.

Fig. 4 gives an estimate for the increase in charge with
rising electron density under the assumption, that the
confinement time T remains constant. The two neT-lines in

o 5 io
Figure 3: Radial dependence of the
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the picutre represent experimental values for SMB ' and ex-

trapolated values for the Jül ich ECR-source. According to

the d i f ferent microwave frequencies for the two sources of

8 GHz (SMB) and 18 GHz for the J i i i ich source the n-r-value

10

ECR-Jülich
2x10

S.M.B.ix109

20 40 60 80
Nuclear charge, Z

Figure 4: Average charge states, Q, produced in a plasma
for various nei and ion species 2 (ref. 4).

is expected to increase by a factor of 5. Applying this
extrapolation one can expect the ion species given in
table 1 to be accelerated in the Jülich cyclotron and to
be available with currents larger than 10 particle-nA for
experiments.

Ion

1 2 c 4 +

1 2 c 5 +

1 2 c 6 +

1 4N 5 +

1 4H 6 +

14,7.

1606*

1607+

1608+

2 0Ne 7 t

2 0Ne 8 +

2 0Ne 9 +

40ftr14+

40Ar15+

q/A

0.333

0.417

0.500

0.357

0.429

0.500

0.375

0.438

0.500

0.350

0.400

0.450

0.35

0.375

max. energy

per nucleon (MeV)

22.5

31.3

45.0

22.9

33.1

45.0

25.3

34.5

45.0

22.5

28.8

36.5

22.5

25.3

max. particle

enerqy (MeV)

270

375

540

321

463

630

405

552

720

450

576

730

900

1012

Table 1: Ion species and the i r maximal energy which can be
expected with a current >10 particle-nA at the ex i t of the
cyclotron.
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7.5. Design of the External Inject ion System for JULIC

R.K. Bhandari, J. Reich

An external injection system has been designed to trans-
port heavy ions from the ECR source ' and inject them
axially into JULIC. The ECR source wil l be located in
the radiation free south hall in the cyclotron building.
I t is expected to deliver ion beams with an emittance of
about 160 IT mm-mrad in each plane and a momentum spread
of about ±0.5 %. The ions wi l l travel nearly 25 meters
from the source to the center of the cyclotron through
the injection system which consists of various subsys-
tems. These subsystems wi l l do the charge and mass selec-
tion, beam transport, phase space matching, achromatic
bending etc. in a simple way such that a) beam envelopes
are Small with a minimum no. of elements and parameters for
simplicity during operation; b) the subsystems are teles-
copic as far as possible allowing easy and reliaDly diag-
nostics at various stages as well as maintaining the mo-
dular character; c) second order and chromatic aberra-
tions are small; d) corrections for space charge blow-ups
are possible without increasing the no. of parameters;
e) magnetic elements are used as far as possible to take
advantage of space charge neutralization.

2)

A hyperboloid type inflector ' will inflect the transpor-

ted ions into the median plane of the cyclotron. During

the evolution of the present design of the injection sys-
31

tern various alternatives were studies '. Various sub-

systems were designed using the TRANSPORT code '. Calcu-

lations and optimization of space charge effects were

carried out using the MIRKO code ' which is based upon

the Kapchinskij-Vladimirskij formalism '. Layout of the

injection system envolved thus is shown in figure 1. The

subsystems are briefly described below in the sequential

order.

1. TELESCOPIC SYSTEM OF EINZEL LENSES: This system has a

property of point to point and waist to waist imaging

(telescopic). It consists of two einzel lenses and forms

a magnified real image of the extraction aperture. In this

way the divergence of the beam will be reduced for a given

emittance and an extraction aperture of 1.5 cm 0. Beam en-

velopes in the subsequent subsystems will consequently be

reduced. The effect of the fringing field of the ECR source

on the beam optics in this region has, however, not been

taken into account in the calculations so far. The sub-

system may hence be modified in the future.

2. 180° BENDING + CHARGE STATE ANALYSIS SYSTEM: This sys-

tem bends the beam by 180° and translates it vertically

down by 3.65 meters. The bending is doubly achromatic. It

consists of four identical unit cells each made up of one

dipole magnet 'MS1 and two quadrupole magnets 'QS1. Two

such cells in succession form a dispersive system with

the spacial part of the transformation matrix being -I.

So, the charge state selection of up to 1 in 30 will be

done at the end of first two cells. However, the full

transformation matrix of four cells in succession is +1.

This system has no second order aberrations. Moreover,

all the second order chromatic aberrations also vanish if

proper radii of curvature are given to the faces of the

dipole magnets. Such systems are known as second order
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Figure 1: Layout of the external injection system for ISIS at
H hyperboloid inflector,

achromats '. The total system is thus doubly telescopic.
It has only two parameters - the strengths of the two
quadupoles 'QS' of the unit cell.

3. BEAM GUIDING SYSTEM OF SOLENOIDS : It is about 12.5 me-
ters long and consists of six identical solenoid 'LH' all
operating at the same field level. The transformation ma-
trix at the middle of the system is +1 and so is at its
end making it doubly telescopic.

4. PHASE SPACE MATCHING SYSTEM: This system is used for
matching in transverse planes the emittance of the injec-
tion system at the exit of the inflector to the acceptance
of the cyclotron central region depending on the v and v
values, the latter of which will vary slighly with acce-
lerating conditions. The system consists of four equispaced
independent quadrupole magnets 'QM\ Four matching condi-
tions in two planes can thus be satisfied. We have done
the calculations for vr=l and vz=0.5. The beam was traced
back from the exit of the inflector up to the exit of
this system. Having the beam conditions from the source
side at the entry, the quadrupole strengths were calcu-
lated for matching.

5. DOUBLY ACHROMATIC 90° BENDING SYSTEM: This system be-
low the cyclotron bends the beam up by 90° into the axial
hole in the lower magnet yoke. It consists of two 45° di-
pole magnets 'MI' interspaced by three quadrupole mag-
nets 'QI'- The system is symmetric. It operates with two
parameters and has small second order aberrations.

6. TRANSPORT SYSTEM IN THE AXIAL HOLE: There are two
identical solenoids 'LV in the axial hole operating at
the same field level but with opposite polarity. They
form a 2 meters long telescopic system with -I transfor-
mation. At the end of the system an einzel lens converges
the beam into the narrow opening of the inflector. An
einzel lens was chosen because of its compactness.

JULIC. L source for light ions up to Helium, B buncher,

7. HYPERBOLOID INFLECTOR AND HOLE LENS: We calculated the
2 9^

trajectories through this part analytically '. The ma-
trix elements were calculated using the measured magnetic
field. In analytical treatment this system consists of a
solenoid without an exit edge (hole lens) and the hyper-
boloid inflector. The field strength of the solenoid is
equal to the cyclotron median plane field. A coordinate

Figure 2: (Top): Beam envelopes through the total system
for zero beam current (thick lines) and 100 yA beam current
(thin lines). (Bottom): Beam envelopes optimized for 100 pA
beam current (thin lines). Beam envelopes for zero beam
current system (thick lines) for comparison. The numbers
refer to the subsystems as given in the text.
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rotation was applied to decouple the motions in the two
planes at the exit of the inflector2).

SPACE CHARGE EFFECTS were calculated and optimized for a
100 nA beam of 10 keV deuterons. In figure 2 (Top) beam
envelopes are shown in the total system up to the entry of
the hole lens-inflector system for the cases of zero and
100 iiA beam current. Optimization of the system for a
100 yA beam was done in 3 steps. First, the parameters of
subsystems 1 and 2 were varied to obtain beam conditions
closest possible to the zero beam current case at the exit
of subsystem 2. Then the subsystem 3 was optimized in the
same way with the new beam conditions at i ts entry. Final-
ly , the parameters of subsystems 4 and 6 were varied to
obtain the conditions at the end corresponding to zero
beam current. Fig. 2 (Bottom) shows the beam envelopes
for 100 yA beam in the optimized system. The correspon-
ding phase space ellipses are shown in figure 3. I t should
be mentioned that after the beam has passed the ^ 8 cm
hole lens and the inflector the corresponding phase ellipses
are both upright. They then correspond to v = 1 and
v = 0.5. The overall effective emittance increase due to
second order effects is below 7 % in each plane which is

a small number for a source-emittance e = e = 160 it mm-mrad.
x y

X-PLANE
too

200

-2O0 -200

-400

Figure 3: Phase space ellipses for the cases of figure 2:
dotted lines: at the beginning of the system; thick lines:
at the end of the system for zero beam current and for the
optimized 100 yA beam current case; thin lines: at the end
of the non-optimized system for 100 yA beam current.
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7.6. Design of a Center Region for External Beam Injec-
tion at JULIC

L. Aldea, P. Wucherer

The center region of JULIC had to be redesigned for the
project ISIS ' because of two reasons: 1) The inflector2)
needs more space than the internal ion source and 2) the
energy at the starting point (ion source s l i t or exit of
the inflector, resp.) has increased from zero to
2.2 - 4.5 keV/amu. The beam has well defined properties
now at this point. Since for some ions the dc-current

31from the ECR-source ' may be rather low, there is a strong
demand to have a large acceptance of the cyclotron. At
the same time an excellent beam quality is required by
some experiments. I t turned out that this goal cannot be
achieved for a center region, which is designed as a com-
promise between internal and external ion source opera-
tions. Therefore, we decided to give preference to exter-
nal injection and to couple an external l ight ion source

41to the injection system ' in addition to the ECR-source.

The harmonic number h=3 wil l not be changed and the orbits
wil l be scaled as before. For technical reasons the Dee
structure should only be changed up to the 4 orbit , but
i t turned out that this was no restraint for the design
procedure. For a good design a self optimizing computer
code is needed. Therefore, in this stage, an analytic
orbit calculation procedure ' was used: The magnetic field
and the electric f ie ld in the gaps are homogenous i.e. the
electric f ield is constant in the gap but varies in time
as a cosine function. Only the particle motion in the
median plane was calculated. The emittance was assumed to
be 160itmm mrad '. For all the calculations we started
with an upright phase ellipse with a radial spread of
± 1.6 mm and maximum divergence of ± 100 mrad (v =1).
This ellipse was represented by a center particle and 8
particles on i ts circumference. Another fixed parameter
was the phase width of ±20° RF at the exit of the in-
flector. We expect that a buncher in the beam line is
able to focus the beam in this time interval. The phase
width is represented by 3 particles with central phase

*o' *o + ^ a n d *o "* ^ ' T^e t o t a l phase space is thus
represented by 3 x 9 = 27 particles. The central phase
$0 and the geometry of the puller region (coordinates of
the inflector and the puller) are the most sensitive free
parameters. The f i t procedure minimizes the weighted sum
of functions which take into account the following beam
properties on the f i rs t 4 turns: 1) deviation of the cen-
ter of gravity of the centers of curvature of the center
particle orbits from machine center for (coherent
amplitude, one particle); 2) spread of the orbit centers
of the three center particles for $ , $Q ±20° (incoherent
amplitude for zero emittance); 3) radial spread of al l the
particles relative to the center particle with a = A

r 0

("radial bunching", 27 particles).
The axial focusing is guaranteed by the restriction to
positive phases after the second gap. These phases are
specified at the center of each gap. The fitting calcula-
tions were carried out in three steps. Various available

- 156 -



parameters were tried for fitting. In the first step the

six free parameters were related to the first gap (inflec-

tor-puller gap). These are: 1-3) coordinates of the point

and the angle at which the beam leaves the inflector

4) the distance between the inflector and the puller

5) the angle of the puller edge and 6) the central phase

* . In this step the geometry of the Dee-gaps was taken

as the existing one and fixed. In the second step the Dee

voltage and the injection energy were also set as free

parameters. However, they did only change in a reasonable

range during the fitting from their initial values of

40 kV and 5.3 keV/amu (maximum possible value). This

fact is favourable because the higher the injection

energy is the larger the inflector aperture and the

lower the space charge effect are. Moreover, we wanted

the optimum Dee voltage around 40 kV due to technical

reasons as well as to keep a flexibility in tuning at

higher energies. In the last step the geometries of the

2nd to the 7th gaps were also left variable but they did

not tend to change much and neither the results changed

significantly. The most important parameters are given

in table 1 and the results of the above calculations

are shown in figures 1 to 3.

Parameter

Horizontal
emittance
center phase
at start, $

phase width
at start

injection energy

Deevoltage

resonance frequency

magnetic field

type

fixed

free

fixed

free

free

fixed

fixed

value

it* 1.6 mm-100 mrad

- 105° RF

+ 20° RF

4.5 keV/amu

41 kV

29.3 MHz

1.28 Tesla

Table 1: The most important parameters in the fit proce-
dure. For the free parameters the final results are given.

Figure 1 shows the spread of the centers of curvature in

the median plane during the fourth revolution for the opti-

-5 -

Figure 1: Centers of curvature before each gap on the
fourth revolution for particles with different starting
phase (A = -125°, O = -105°, V = -85°) but the same spa-
tial starting coordinates (center particles) BC = Beam
center; MC = Machine center.

mal phases and demonstrates the good centering of the

beam. The distance between the machine center HC and the

beam center BC corresponds to the fit function no 1 (co-

herent amplitude) and is less than 1 mm. The starting

phase $0 is extremely negative and the particles leaving

the inflector are first decelerated! The spread between

the centers of curvature for the starting phases -85°,

-105° and -125° (see fig. 1) corresponds to the fit

function no 2 (incoherent amplitude) and is also less

than 1 mm. Fig. 2 shows the first orbits in the median

plane for all the 27 particles together with the fitted

Figure 2: RF-structure of the center region together with
the orbits of 27 particles (which effectively form a beam
envelope) for starting phases of -(105±20)° and an emit-
tance of 160 TT mm mrad.

geometry of the accelerating gaps and the inflector. Small

radial spread of the orbits is the result of the minimized

fit function no 3. It shows further that the beam is

sufficiently well matched to the starting phase space con-

figuration corresponding to the radial oscillation num-

ber v =1.

There are some other representations by which we have

checked the quality of the design. Among them the phase

plot vs. gap number in figure 3 seems to be an obvious

-150
2-2 3 5 7 9 11 O 6 17 19 21 23 25

GAP NUMBER

Figure 3: The blackened region represents particles in
the first gap with starting phases of -(105+20)° RF but
same spatial coordinates (zero emittance). The vertically
hatched region shows the broadening caused by an emittance
of 160 IT mm mrad. The outmost lines are the envelopes for
phases of -(105+40)° RF and the same emittance.
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one. I t shows clearly a very rapid motion of the par-
ticles in the time coordinate (phase) during the f i rs t
two gap transitions. The particles with a starting phase
from -85° to -125° RF and the identical spatial coordi-
nates (center particles) are focussed in time within the
f i r s t gap (blackened area). The f i rs t gap acts as an
extremely strong buncher for these particles. The par-
ticles on the circumference of the phase ellipse (which
represents an emittance of w160 mm-mrad) are overfocused
during the f i r s t gap crossing (blackened and vertically
hatched area up to gap number 1) but get focussed again
between the f i r s t and second gap (lable 21, vertically
hatched area). This second focussing effect results from
adequate path length variations in the section between
f i rs t and second gap and corresponds to the broadening
of the beam in this section which can clearly be seen in
figure 2. Beyond the second gap the phase band remains
practically constant with a width of about 10° RF. The
outmost lines show the envelopes for starting phases
between -65° and -145° RF, i .e. a starting phase width
of 80° RF and the same emittance. Since all these par-
ticles are accepted by the cyclotron but have only a
moderate beam quality the buncher in the beam line should
focus them into the desired 40°-phase width.

The realisation of the puller region satisfying the assump-
tions made in the calculations is a problem which now has
to be worked out. We have to realize a sufficiently homo-
genous electric f ield in the f i rs t (and second) gap or
find out a modified geometry which nearly gives the same
good result. Three dimensional potential relaxation cal-
culations and additionally magnetic analogue measure-
ments are necessary. With the measured or calculated
fields General Orbit Code integration has to be per-
formed.
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7.7. Correlation Measurements of the Energy Resolu-

t ion of BIG KARL against the Cyclotron RF

I. Katayama and W. Bräutigam

At JULIC, the high resolution magnetic spectrograph BIG
KARL has sometimes been found not to work well. This
may come from the property of the cyclotron. Beams are
extracted from several orbits with precessional beam
density variation along radius in the extraction
region ' . The external beam quality, especially radial
emittance and energy width, is therefore influenced by
any type of RF fluctuations. Changes in beam quality may
leave an impact on the overall resolution of the system
cyclotron/spectrograph in case of second order and
higher order aberrations.This wi l l be furthermore
pronounced in a case when magnets and quadrupoles in the
system are not well set to meet the f i r s t order ion
optical requirements. Therefore in principle correla-
tions are expected between RF-amplitude and/or frequency
deviation and the elastic line positions in the focal
plane counter.

The RF amplitude is measured by a capacitive probe in
the cyclotron. After rectif ication, the signal is ampli-
fied by a low pass amplifier and DC offset is subtracted.
The frequency deviation signal is obtained as described
in ref. 2. The system is able to demodulate signals with
good phase linearity up to 10 kHz. The signals for the
amplitude or the frequency deviation are sampled by a
coincidence pulse from the HWPC and sent to ND 6600
multi-parameter data analyzer together with other
counter signals. RF-instabilities of amplitude and
frequency are observed as shown in f i g . 1. As the RF-
system of JULIC is of self-oscillating type, the re-
sidual frequency modulation of 1-2*10" is due to
mechanical vibration of the dee system and i t wi l l
produce 2-3 turn fluctuations of 500 turns tota l . On
the other hand, amplitude instabil it ies of 2-4-10" are
caused by a non sufficient ripple suppression in the RF
system power supplies and i t wi l l produce 1-2 turn
difference. One of the f i r s t results for the correlation
between RF frequency instabil i ty and spectrograph re-
solution is shown in f i g . 2. The elastic line was from
208Pb(a,a)208Pb at e l a b = 8° (E = 140 HeV) and BIG KARL
dispersion was 19 cm/%. In this experiment no correla-
tion for amplitude and frequency instabil i t ies are found.
Measurements wi l l be further continued for various
energies and different particles.
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Fig. 1: Time structure of the RF amplitude and
frequency instabilities.
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FiFig. 2:
RF frequrequency instabi l i ty and elastic line position on
the focal plane of BIG KARL.
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8.1. Study of a Storage Ring System with an Internal

Target

S.A. Martin, W. Schott*, C.A. Wiedner**

High resolution nuclear physics experiments e.g. with mag-

netic spectrographs require thin targets (< 100 j ^ ) and a

high beam quality in order to obtain the desired resolu-

tion. Therefore the possibility of recycling the beam

after the target has been investigated. This can be

accomplished by a storage ring. The target is located in

the ring. An image of the target spot is produced in a

RF cavity after the beam has been bent by a 180 degree

achromat. The cavity is able to cool down the phase space

loss caused by energy and angular straggling in the target.

The second 180 degree magnet system bends the beam back

to the target. The feasibility of such a system has been

studied.

TU München

MPI für Kernphysik Heidelberg

8.2. The Hagnet Spectrometer BIG KARL

G.P.A. Berg, U. Hacker, A. Hardt, V. Hürlimann,
I. Katayanu. , M. Köhler**, S.A. Martin, J. Meiß-
burger, A. Rets, Th. Sagefka, O.W.B. Schult,
B. Styazen

Spectrometer development:

During the las t year the spectrometer Big Karl has been

used to perform d i f ferent experiments

To improve the par t ic le discrimination an ionizat ion d r i f t

chamber with res is t ive wire posit ion detectors has been

b u i l t and is reaJy for a f i r s t tes t .

A second mult i wire proportional chamber (MWPCII) has been

b u i l t as back up system for the HWPC which is in use now.
2

The active area of the MWPCII is 400 x 100 mm . I t measures

the two positions x and y using the delay l ine read out

fo r two cathode planes on each side of the centered anode.

Read-out electronics is already described ' .

A data acquisi t ion system MEMPHIS2' (MODULAR EXPERIMENT

MULTIPARAMETER PULS ĤEIGHT I_NSTRUHENTATION-SYSTEM) has

been b u i l t for use in connection with a VAX-11. F i rs t tests

demonstrate a data rate of Z0000 events/sec {128 b i t /event ) .

Operating system:

a) Hardware: A new 64-channel mult iplexer has been added

to provide d i f fe ren t ia l and f loa t ing voltage monitoring in

a 1 «.V to 5000 Volt range. This device is used to monitor

shunt currents, s c i n t i l l a t o r voltages, MWPC voltages and

gas pressures.

A separate set of 24 d ig i ta l panel meters has been developed

and replaces the old Ht correction current meters. True

sign- and current values of a l l 24 Ht power supplies are

now displayed wi th 4 d ig i ts accuracy and control led by

the operating system through an opto-coupled I/O-port.

b) Software: System: Most changes in software concern the

handyness of the system to the experimental physic is t . The

whole operating system is now self-documenting at a l l levels .
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At startup, time and data are automatically set from a

CAMAC real time clock and a self-test feature checks for

CAMAC malfunction before installing the operating system.

During operation automatic error logging keeps track of

any device- or software malfunction in a fully user

transparent way.

Operating support: In order to facilitate the bookkeeping

of magnetic tape usage, CAMAC - and NIM status or any

other experiment - related data Digital Equipments data

base management system "Datatrieve" has been installed

and made available with a set of supporting procedures.

For easy program and data transfer tapes written in card

image format can now directly be read and copied on disk

in files-11 format. A sort program allows to sort data

tapes written on our PDP 15 data acquisition machine

directly under RSX and analyze the generated spectra.

Two independent kinematic programs "KINE" and "ELITE",

the Osaka-RCNP kinematics program are available on the

PDP 11 to support experimental setup. The cycling proce-

dure for the main dipole magnets has been modified to

provide fast rise while driving the magnets into satura-

tion and an automatic wait/undershoot to compensate

eddy current effects when approaching the final current

value. This is important to save time during spectrometer

optimisation where every change in correction current

involves cycling of the main magnets.
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8.3. Interactive Graphics Monitor IGM

U. Hacker, J. Meißburger

In 1980 the "Big Karl" Interactive Graphics Monitor IGM '

has further developed and now includes bar plots, collec-

tive histograms, two-dimensional scatter plots and a

fast 3D plotting with labeling and hidden lines. As before

high quality microfilm hardcopies can be made of either

interactively or automatically created plots. Data input

to the monitor is through an arbitrarily formatted data

file on a line-by-line basis or directly from the key-

board in free format. The monitor has its own english-

like command language and requires no programming to

produce the desired graphical representation although

for software people all commands are callable as Fortran

subroutines too. For positioning text strings, defining

windows or similar interactive tasks the keyboard or

simply the graphics cursor may be used. To create standard

plots or long series of plots with fixed legend layout

the monitor runs in a batch mode requiring no interaction

at all. At present the system runs on the KFA central

IBM computer and supports all Tektronix 4010 compatible

terminals. It will run on our forthcoming VAX-11 based

data acquisition system since it intentionally was kept



fully portable to run on any virtual Fortran system.

C o l l e c t i v e H i s t o g r a m s

61.592—I
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- 8.4. Design of a Low Energy Pion Spectrometer

R.R. Johnson t S.A. Martin

A series of measurements of u" elastic scattering at the

TRIUMF pion facilities is proposed ^ in the calcium region

to measure nuclear radii. The experiments will involve

S, S, Ca and Ca as target nuclei fnr pions in an

energy region from 30 to 70 MeV. A QQD-spectrometer has

been designed fnr these measurements. It is planned to use

a magnet systen which has been used for field measurement

purpures during the design of Big Karl. The magnet system

has a solid angle of about 8 msterad. Additional flux is

obtained by installing a hodoscope in the dispersion plane

of the pion channel.

TRIUMF, University of British Columbia, Vancouver, Canada
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9. A Bent Crystal Spectrometer for On-Une Measure-
ments at the IKP Isochronous Cyclotron

J. Bojowald, G.L. Box-ahert, A. Ercan, O.W.B. Schult,

B. Svefevt, K.P. Wieder

The bent crystal spectrometer at the IKP ' has been in-
stalled at the beam line G of the cyclotron. The perfor-
mance of the instrument has been extended considerably
by three major inprovements:

1. Computer control
A PDP11/1O computer has been incorporated in the electro-
nical control system. It allows to run the spectrometer
automatically under software control, thus providing a
large flexibility with respect to measurement program.
The data are stored on magnetic disquetts and can be
transfered via the IKP conputer link to a P0P11/34 for
further analysis.

2. Intensity Normalization
To account for intensity fluctuations due to beam current
variation or to a possible drift of the beam position on
the target, a Ge(Li) detector has been installed close to
the spectrometer. It monitors only the radiation from the
target. A SCA is used in order to select out of the full
spectrum one gamma or X ray transition, the intensity of
which serves to normalize the count rate of the crystal
spectrometer.

3. Fast electronics
To make use of the time structure of the cyclotron beam
the data acquisition is now performed with an extended
set-up of fast electronical devices. The anode signal of
the Nal detector (risetime % 2.5 ns) operates together
with the RF signal of the cyclotron on a TAC. Its time
spectra and the corresponding energy spectra are stored
for each angular position of the crystal spectrometer
after analog-to-digital conversion by the computer.

In the f i r s t on-line experiment with the crystal spectro-
meter we have studied the level scheme of Eu populated
through the 147Srn(p,2n) reaction with a 22 MeV proton
beam of about 3 uA.

To demonstrate the energy resolution of the spectrometer
we measured the doublet of the 114.7 keV and 115.5 keV
lines. I t is shown in figure 1 and compared with the best
GeLi data2 '.

146
In the level scheme of Eu a 275 keV transition is pro-
posed to be a doublet with a spacing of the components of
less than 200 eV '. Therefore we studied this transition
in different orders of reflection.
As it is populated partly by the isomeric state we also
measured the reflections in the prompt time peak, where
we obtained a time resolution of 7 ns FWHM, and between
the cyclotron bursts. The result is shown in figure 2
for the second order of reflection, where a line width
of about 7 are sec has been obtained. The 275 keV re-
flection has also been recorded in the fifth order, where
the doublet structure is clearly visible.

In the fifth order of reflection, which can be utilized
for the spectroscopy of intense lines, the resolution
(FWHM) of our spectrometer is A E Y £ 2.8-10" (EY/keV) .

A
\

\\\.

\ \
' ( A

"W-/

Energy/keV

Fig. 1: Gamma-ray doublet in Eu recorded with a 1 cm3 Ge
detector (upper part) and with the on-line curved crystal
spectrometer (lower part). The FWW is * 120 eV for the
114.7 keV line. The measurement time was -v 40 sec per
point.

274.9 keV
2°"order

- -J I \ V-
\

466950

Fig. 2: Second order reflection of the 275 keV line. The
upper line is obtained without a time window. The re-
flection in the middle was recorded with a time window
of 18 nsec set on the burst. The lower peak was measured
with a 28 nsec broad time window between the bursts
(delayed component).
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10. DETECTOR LABORATORY

1 0 . 1 . Semiconductor Detectors

A. Hamacher, T. KÜnater, E. Lawin, H. Metz,

K. Nicoll, D. Protii, G. Riege

Similar to the last year a series of detector systems
was kept available for charged particle spectroscopy and
particle discrimination in nuclear reaction experiments
(IKP and visiting groups): 7 large cryostats of different
design (for a 100 cm scattering chamber) equipped with up

to 4 side-entry Ge(Li) detectors or HPGe detectors with
2 2

thin entrance contacts (areas between 80 mm and 1000 mm ),
several cryostats with Ge(Li) detectors to be used as mo-
nitors, and 2 mounts with large area HPGe detectors (sen-

2
sitive area 1400 mm ) for the operation at 210 K. All
these detectors were made by the detector laboratory,
their parameters were checked before and after each ex-
periment, and radiation damaged detectors were regenera-
ted or replaced by new ones. More than 100 commercial Si
aE detectors had to be checked routinely.
A problem of steady concern has been for quite some time
the quality of ion-implanted n -contacts in HPGe. Many
series of detector samples had been prepared, with various
parameters of the technology being changed, until s igni f i -
cant improvements were obtained. This refers mainly to the
reproducibility and stabil i ty of the detector properties,
and to the abil i ty of the n p-junction to support high
electrical fields (up to 10 kV/cm). The last feature is
the crucial one for p-type HPGe, i f high overvoltages are
•to be applied for creating a substantial electrical f ield
at the rear contact, and thus reducing its dead layer.

A restriction in the choice of technology parameters re-
sulted from the fact, that the ideal detector has to
withstand heating up to 200 C - a treatment which prac-
t ical ly elimimates also the effects of radiation damage
caused by charged particles.

A general experience in detector preparation concerning
crit ical procedures also applies to n+-contacts: the
chance to obtain a high f ield supporting detector is dec-
reasing proportionally with its area.

More than 10 thin-contact HPGe transmission detectors
2

with areas of up to 1450 mm and thicknesses up to 15 mm
were fabricated by the ion-implantation thechnology for
a multi-detector telescope.

A stack arrangement consisting of 7 detectors of this
type with a total thickness of 80 mm was used in a set-up
for the investigation of the pre-equilibrium reaction-
mechanism with 200 MeV protons at Orsay, France ' . To e l i -
minate the effects from s l i t scattering an active collima-
tor was mounted at the f i rs t place of the stack. As shown
in figure 1, i t consists of a 2.3 mm thick HPGe detector
with implanted contacts, one of which is divided into two
circular areas by special etching techniques ' . The dia-
meter of the central area is 6 mm, the width of the grove
around i t is 0.2 mm.

I
n

COINCIDENCE

ANTI-COINCIDENCE

Fig. 1: Schematic view of the active collimator

A transmission type HPGe detector with a sensitive area
2

of 20 cm and a thickness of 1.1 cm was fabricated and

two commercial HPGe detectors were regenerated for charged

particle spectroscopy at SIN.

Several coaxial Ge detectors of commercial origin were

regenerated or repaired.

References

1) See contribution 1.28. (Didelez et al.) in this report

2) A. Hamacher et al., IKP Annual Report 1979,
Jül-Spez-72, März 1980, p. 147

11. Target Laboratory

J. Pfeiffer, G. Riepe

For the use in experiments (IKP and visiting groups) at

the cyclotron, at the research reactor, and at university

laboratories about 180 targets (with and without backing)

were prepared from 25 different elements by the following

techniques: vacuum deposition, rolling (mostly after re-

duction or melting), pressing and sedimentation. The thick-
2 2nesses were ranging from 20 yg/cm to 12 mg/cm , and the
?

areas were between 30 and 530 mm .

Especially the preparation of large area targets to be used

for a magnetic spectrometer (BIG KARL) was creating new

problems.
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12. COMPUTER DEVELOPMENT

1 2 . 1 . New Hardware Components

J. Siefert, R. Hellen, B. Siefert

The fol lowing add-ons and modifications were instal led for

our ONLINE data acquisi t ion systems:

- Six non-volat i le fast BORER 1635/16 CMOS-CAMAC-memory

modules (each containing 16 K 16-bits/word) were in t ro -

duced as external data regions, accessible by any user

task. A b u i l t - i n buffer battery backup secures stored i n -

formation (e.g. sorted gate spectra) during any power-down

condit ion. For the support of about 3 times faster incre-

ments of memory locations for spectra generation during

sorts or online data acquis i t ion, the exist ing CAMAC func-

t ion codes F and A of the BORER memory modules were a l -

tered and extended by hardware modif ications. The former

standard feature of auto-incrementation of the memory ad-

dress pointer by both read and wr i te functions is now op-

t ional available via F0A0 (read) and F16A0 (write) for

fast memory area transfers, or may be suppressed via F0A4

(read) and F16A4 (write) in fast memory increment mode.

Further, now F0A1 reads and F16A1 writes the memory ad-

dress pointer. A set of FORTRAN cal lable subroutines were

implemented for the support of the CAMAC memories, extend-

ing the logical data address space of a user task up to

currently maximal 96 K. The new routines support consid-

erably faster accesses to data structures bu i l t in the

CAMAC memories than the excessive time-consuming address

mapping procedures via v i r tua l address windows of the

RSX11-M executive. The PDP11 SORT system ' was modified

for the usage of the new CAMAC memories for fast gate

spectra generation, reducing considerably the overall

run-times of the sort tasks.

- A 4-colour-pen CALCOMP 1012 drum plot ter with an

RS-232-C interface was insta l led at our PDO11/34 RSX11-M

system, using a DZ11 V24 terminal channel with 9600 baud

rate. The p lot ter w i l l be used with an appropriate plot

spooler task as common graphic output device for applica-

t ion programs, running under RSX-11M.

- Two low-cost SOROC IQ140G video display terminals were

instal led as additional user terminals for our PDP11/34

RSX11-M system2^. Although cheaper than a DEC VT52 te r -

minal, a SOROC IQ140G terminal is much more e f f i c i e n t , be-

cause of i t s functional capabi l i t ies and options. The

SOROC terminals support either a RS232 or 20mA current

loop interface as main port with transmission rates in the

range 110 to 19200 baud. Al l options may be choosen easily

by appropriate switch set t ings. This is especially useful

for our applications, requir ing either 20mA terminals as

(TT0:) system console or RS323 terminals as (TTn:) user

terminals via DZ11 channels at d i f ferent PDP11 systems.

Moreover, an additional RS232 auxi l iary pr in ter port

supports hardcopies of the screen on a pr in ter . A low-cost

IDS440 impact pr inter with graphics option was insta l led

as either local hardcopy for a SOROC terminal or as addi-

t ional RSX11-M l ine pr in ter .

- A DEC KK11-A IK fast cache memory was insta l led in our

PDP11/34 RSX11-M system to decrease substant ial ly the

average access time to main memory. Thus e .g . , every cache

h i t (85 to 90 percent) saves about 750 ns of an otherwise

1.2 ps MM11-DP memory read. Using the cache, system

throughput is enhanced considerably (especially for our

memory-bounded sort application tasks).

- A hardware correlat ion box for 4 parameter listmode

yy-coincidence experiments with high event rates was de-

signed and bu i l t as a CAMAC module. The correlat ion module

generates a l l additional external timing and control s ig -

nals needed for 100% correlated ADC addresses of 4 para-

meter events ' . The box is connected to four CAMAC BORER

1302 ADC buffer modules. Each 1302 ADC buffer is in ter -

faced to a 8060 CANBERRA ADC. The 1302 CAMAC ADC buffers

and the NIM 8060 ADCs were modified to force the generation

and acceptance of a zero address parameter fo r any possible

ADC reject condition (e.g. overflow, inval id or no data,

. . . ) as conversion resul t of an applied ADC event-gate

signal. Special addti t ional hardware modifications of the

ADC 1302 buffers support now under control of the corre-

la t ion box a continuous fast ADC read-out via the two 256

16 bit/word memories with minimal dead times. F i rs t fast

listmode experiments using the new setup were carried out

with a higher degree of correlated events than check ex-

periments, which were run concurrently with the ND6660

multiparameter system.

- A special COMBUS-DMA interface for high-speed, hal f -

duplex data-transfers from/to memory areas of our ND6660

multiparameter system via a UNIBUS-DMA DA11-B interpro-

cessor l ink to/from the PDP11/34 ONLINE system2 '3* was

ins ta l led . The COMBUS-DMA interface consists of a general

DMA board from NUCLEAR DATA and a special in ter fac ing,

simulating the bus interface of the companion computer of

a DA11-B UNIBUS-link. The COMBUS interface operates simi-

lar as the DR11-B part of the DA11-B l ink in two di f ferent

modes: ei ther block t ransfers, using the DMA f a c i l i t i e s of

the COMBUS, or single-word transfers are supported with

optional completion interrupt requests for both transfer

modes. Data blocks up to 32 K words in length can be

transmitted via the new l ink in a single operation with

maximal transfer rate of about 500 K words per second

(about 2 ysec/word transfer in DMA mode). A special hard-

ware echo mode, implemented in the COMBUS-DMA interface

and by additional modifications of the UNIBUS DR11-B part ,

allows the opt ional , automatic re-transmission and data-

checking during DMA block and single word transfers from

the ND6660 to the PDP11/34 ONLINE system by hardware. This

option supports error detection without slowing down the

transfer rates and simpl i f ies the communication protocol

to be used. The COMBUS-DMA interface was developed and

implemented according our specif ications by the MUNIC

design engineer Mr. Stampka. Al l software tests and checks

during the development and ins ta l la t ion periods were

carried out by members of our ONLINE DV group. The new

ND6660-PDP11/34 high-speed DMA-link w i l l be used in future

for single spectra and listmode data transfers from the

ND6660 multiparameter system during ONLINE experiments to
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the PDP11/34 ONLINE master for time-critical and more exten-

sive ONLINE data analysis.

- The design and development for the interfacing of a

CAMAC crate (as generalized I/O port for experiments) to

the high-speed synchronous COMBUS of a ND6660 system was

started. The interface consists of two parts: the inter-

facing to the COMBUS is performed with a general digital

I/O board (GDB) from NUCLEAR DATA. The GDB is essentially

a CLASS II COMBUS interface that converts signals of the

synchronous COMBUS into a simpler, asynchronous I/O bus

structure intended for user CLASS II non-DMA type peri-

pherals. The GDB bus signals are interfaced via external

cables to a new developed CAMAC module COMUNI. It converts

the GDB I/O bus signals to a subset of standard DEC UNIBUS

data, address and control signals and vice versa. The

UNIBUS side of COMUNI is connected to a standard CAMAC

BORER 1533A single crate controller, interfacing a CAMAC

crate to any UNIBUS. The COMUNI module was built and first

tests were carried out.

- An uninterruptaple power supply (UPS) DELTEC DSU 1510G

with 1.5 KVA power was installed for only the system rack

(without peripherals) of our ND6660 tnultiparameter system

to secure the MOS memory contents against any power-down

condition, spikes, surges, high- and low-frequency noise

on the AC-lines. Bad experiences with too often system

crashes, loss of stored spectral data, unexpected system

halts, erratic system performance and unexplainable damage

to electronic components were traced out prevailing to

AC-line problems, using power line disturbance analyzer/

recorders (e.g. DRANETZ serie 616). Further, they have

shown the relative high sensitivity (in comparison with

DEC systems) of the ND6660 system against any AC-line pro-

blems. First positive experiences with the UPS recommend

to install a larger UPS to power also all peripheral

devices.

- A microprocessor based DATA I/O system 19 PROM pro-

grammer with RS232 remote control and universal program-

ming pak was introduced. The PROM programmer is used for

PROM copies of control PROMs of our ND6660 multiparameter
2 31system ' ', MACAMAC and other systems, as well as for

the development of new control PROMs for the bit sliced

microprocessors of the ND6660 system and other micropro-

cessor based systems.
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12.2. PDP11 Software Developments

J. Siefert, B. Siefert

- The program system AOCS for control and ONLINE data
21acquisition ' of either 4 single spectra or up to 4 yy-

coincidence listmode parameters for our PDP11/34 ONLINE

system ' was functionally extended and implemented with a

new overlay structure under RT11/V3B. The ADCS software

package for single and listmode acquisition consists cur-

rently of about 390 routines written in MACRO and 110 rou-

tines written in FORTRAN. According to the wery critical

real-time response of the implemented functions, most rou-

tines had to be implemented as MACRO routines. ADCS sup-

ports the high-speed data-taking of ADCs for single spectra

(maximal 20 KHz/ADC) or a fast listmode for yy-coincidence

experiments. A sum rate of maximal 12 - 14 KHz listmode

data may be written onto a magtape, limited only by the

speed of the used TE16 magtape drives. 3 K listmode records

with data header informations are used now. All single or

listmode events are converted by modified 8060 100 MHz

ADCs and are derandomized by modified CAMAC BORER 1302 ADC
31

buffer modules ', using the two 256 word stacks of the ADC

buffers. The single or listmode projection 4 K monitor

spectra are generated in the high memory above 32 K of the

PDP11/34 system, using new implemented high-speed memory

access routines for the memory management of the PDP11/34

CPU. The user may specify for listmode experiment control

by easy cursor inputs intensified gate regions for online

gate sorting. Maximal ten 4 K gate spectra may be sorted

online during data-taking without additional experiments

dead-times. All gate spectra are also generated in the

high PDP11 memory above 32 K. All single or listmode data

may be written onto magtape either in 800 bpi NRZ or op-

tionally 1600 bpi PE mode. The default density after ADCS

start may be re-defined. The listmode output to tapes may

be suppressed during experiment setup tests. ADCS supports

optionally 1 or 2 magtape TE16 drives to be used for list-

mode output. Using 2 TE16 drives in a round-robin manner

reduces substantially the experiment dead-times due to

magtape rewind time after detection of physical end-of-

tape and loading of a next tape. A new magtape driver

package MTP with FORTRAN callable FUNCTIONS for all ne-

cessary magtape operations were introduced. The calibra-

tion of any monitor or related gate spectrum may be per-

formed now during active data-taking. Moreover, any 4 K

monitor or gate spectrum, or any part of it may be trans-

mitted within maximal 1 second via a new supported fast

DR11-C interprocessor data link of the IKPNETwork to the

PDP11/34 RSX master system to be plotted either in a

linear or logarithm scale on the new installed CALCOMP

1012 drum plotter '. Any gate or monitor spectrum may

also be stored on a RK05 disk as sequential ASCII for-

matted file, pressing the FILOUT button of the user-orien-

ted pushbutton console. The spectra stored on disk may

later replayed into memory for display or further pro-

cessing, pressing the FILIN pushbutton. 3 CAMAC JEA20

SCHLUMBERGER fast sealers are used for the dead-time

measurements. They display the true experiment coincidence

event rate, the reduced ADC gate rate after event pile-up
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rejections via a new built CAMAC correlator module ', and
the number of accepted events by the ADCS control system.
All sealer values are protocolled with additional informa-
tion continuously in the data header of each written list-
mode record. All calibration parameters, gate definitions,
and common variables, flags and data values are stored
automatically into a direct-access file on disk at definite
checkpoints. This information may be restored by an op-
tional RES(ART) procedure after a possible system crash
due to e.g. power-down, or a new start of the ADCS task.
A modified version of ADCS was developed for control and
data acquisition of single spectra, using only one ADC
with maximal 20 KHz conversion rate, but gating the ADC
data after user-specified time intervals into different,
maximal five 4 K memory regions (multi spectra mode). The
time slices for one single spectrum accumulation may be
defined in the range from 0.1 sec to hours. The switching
times from the current to the next spectrum to be accumu-
lated are less than 200 ysec. All defined multi-spectra
are saved automatically onto tape by pressing the I/O
pushbutton with the magtape selected as I/O device. All
other ADCS online functions as energy calibration, in-
tegration, background or FWHM calculations, ... are also
available. Another version of ADCS supports the event
specified generation of maximal six 4 K spectra, using
the same ADC. Each event signal must be accompanised by a
user tag signal, which gates the converted address into
the desired spectrum.

- A set of tasks were developed for the experiment control
of a high resolution X-ray crystal diffraction spectrome-
ter with a PDP11/10 system. The existing small PDP11/10
control system was extended by additional 16 K of memory,
a RX11 floppy disk system with dual RX01 disk drives, a
VT55 video terminal and a BORER 1533B single crate con-
troller for interfacing of a CAMAC crate. RT11/V3B was
introduced as operating system. All software developments
for the crystal spectrometer were performed on our PDP11/34
ONLINE system ', using an opto-coupled DL11-E data link
between the PDP11/10 and PDP11/34 system to transfer the
generated task files on the remote PDP11/10 system. The
experiment supervisor overlay task CRY with about 20 im-
plemented commands controls the ONLINE data acquisition
and storage on a floppy data disk. CRY consists of about
40 FORTRAN and 10 MACRO written subroutines. A PAR(ARMETER)
command defines (or optional lists) the number of spectro-
meter positions, the position values, the number of points,
the step width between positions and the measurement time
for each position to be used for a run. A spectrometer
position is proportional to a number of stripes of an
interference pattern. The up and down counting of inter-
ference stripes during any spectrometer positioning with a
stepping motor is performed by a special PHOTO PICKUP NIM
box with an internal fast sealer. CRY reads out the
sealer, calculates all parameters and controls the stepp-
ing motor for a new spectrometer position. A TIME(E)
command defines the present count for a JEA20 CAMAC
sealer from SCHLUMBERGER used as timer during the data
acquisition. The SAV(E) command saves all defined para-
meter values into a disk file. Parameters from that file

may be restored for a later run by a RES(TORE) command.
All accumulated data values during a run are stored in a
direct-access file. A DIR(ECTORY) command generates a
directory listing of the direct-access file with experi-
ment-run specific informations. A ZER(O) command initia-
lizes the data file. During the measurement, the CRY task
controls the exact positioning of the crystal spectrometer,
using the stepping motor, as well as status information
from a special PIEZO control box, which tries to compen-
sate all mechanical jittering of the spectrometer, and
the current sealer contents of the PHOTO PICKUP module.
The task PLOT displays data points from the direct-access
file for a specified position of a choosen experiment-run
on the VT55 terminal as a graph with optional X- and Y-grid
lines for scaling. A displayed spectrum may be send via
the DL11-E data link to the PDP11/34 ONLINE system and
plotted there on a local 1200 baud LS120 DECWRITTER III
terminal. The task ADC supports the ONLINE data-taking of
correlated 2-parameter events as monitor spectra (energy
and time) via 100 MHz ADCS from NUCLEAR DATA and CAMAC ADC
buffers for spectrometer checks and adjustements.

- The general SORT task/subtask system2' for the PDP11/34
RSX11-M system was functionally extended by a new spectrum
handling subtask system SPT (SORSPT, SPTARI). The spectrum
processor subtask SORSPT may be invoked either at the
S0R> levels of the SORT main task by a SPT command, or at
the DIS> level of the display processor subtask SORDIS,
or from the MCR command level by a RUN SPT command. The
spectrum processor command input level is identified by a
SPT> prompting. 9 spectrum handling commands are currently
implemented at the SPT level. E.g., the ADD command adds
two spectra SPEC1 and SPEC2 from disk files and stores
the result in a COMMON main memory partition, referenced
logically as ME for other SOR>, DIS> or SPT> commands.
The ADD processor performs the function SPEC1 + F1/F2 *
SPEC2 with optional normalization factors Fl and F2 (de-
faults are 1.0) for the second spectrum. The SUB(TRACT)
command subtracts and the DIV(IDE) command divides spectra
(SPECTUF1/SPEC2). A COP(Y) comnand coppies either a sor-
ted gate spectrum into the area of another gate spectrum
of an direct-access library file with sorted gate spectra,
or transfers a gate spectrum as single spectrum into a
sequential ASCII formatted output file or vice versa, or
a single spectrum file into another ASCII formatted output
file. The DIS(PLAY) command issued at the SPT level exits
the SPT subtask and enters the display processor subtask
SORDIS, as well as the SOR(T) commands invokes the SOR>
command level of the SORT main task. A TRA(NSFER) command
at the SPT level copies the result spectrum, processed by
a SPT command from the COMMON memory ME as single spectrum
into a sequential ASCII formatted output file or prints
all or specified spectral data from ME on the lineprinter.
An INT(EGRATE) command at the SPT> level integrates all
channels within a specified region and calculates the
centroid of a peak. Further standardized spectrum arithme-
tic command will be implemented.

- A task/subtask-system EMA was developed for controlling
a new cyclotron-beam emittance measurement device (EMA)
(see contribution of the cyclotron group of this report
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for further details). The RS232 I/O port of the EMA device

was connected via a 9600 baud DL11-E interface to the cyc-

lotron control PDP11/34 system. A high-priority, privileged

subtask CYCEMA was written as interrupt driven front-end

driver, controlling the data flow, command and status in-

formation between the micro-processor based EMA device and

a COMMON partition in main memory. A set of commands with

appropriate status and data printouts was implemented in

the EMA main task as user interface. Simple commands as

e.g. INI(T), PAR(AMETERS), STA(RT), TRA(NSFER), ... allow

the complete control of the EMA device. The EMA task

communicates via the COMMON memory partition and global

event flags with the CYCEMA driver. Extensive test runs

for checking all specifications of the EMA hardware system

were carried out.

- An IKPNETwork task ONLLP was developed for the PDP11/34

system, running under RSX11-M/V3.1. ONLLP supports (to-

gether with a task MTONL under RT11/V3B nn the P0P11/34

ONLINE system1' the transfer of ASCII files from an ANSII

structured magtape, loaded on a local TE16 magtape drive,

via the RH11 UNIBUS-A/UNIBUS-B DMA-link (1) into the

memory, and as listings onto the local TELEPRINT 6720

linprinter of the PDP11/34 RSX system. ANSII magtape

ASCII files with formats generated by utility programs of

the operating systems RT11/V2C/V3B (e.g. PIP, MACRO, LINK,

...) and MIDAS+C of the ND6660 multiparameter system

(e.g. EDIT, DKMT, ...) may be listed on the lineprinter.

Two DR11-C interfaces are used as physical interprocessor

link together with an appropriate communications protocol

as logical command and status link between the PDP11

systems.

- A further IKPNETwork task system NETCYC was implemented

for FILES-11 structured ASCII file transfers between nur

PDP11/34 RSX system and the cyclotron control PDP11/34

system, running also under RSX11-M/V3.1. A 9600 baud DZ11

RS232 terminal channel of each system is used as data link.

ASCII files may be send by a simple TRA(NSFER) command

from any UIC-area of the transmitter system to the login-

UIC area of the receiver NETCYC task. Moreover, ASCII

files from the cyclotron PDP11/34 system may be spooled

on the lineprinter of the PDP11/34 RSX system.
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12.3. The New Desk-Top-Computer Configuration of the

Theoretical Group in IKP

E. Brökel

Since a long time, i t was desired to have a fac i l i ty to
digitize data from graphs and have them available under
TSS. There was already a digitizer HP 9864 A connected
to a desk-top-computer HP 9810 A from Hewlett Packard.
But the installation of terminals from Hewlett Packard
(HP 2648 A) for TSS by'the Zentralinstitut fur Ange-
wandte Mathematik (ZAM) made i t possible to realize thfs
desire for the f i r s t time. To do i t , our desk-top-
computer HP 9810 A was replaced by a desk-top-computer
HP 9835 A with 128 kbyte read access memory (RAM), fu l ly
programmable in BASIC and an integrated mini-card-ridge
unit.

By interfacing, i t is possible to connect the terminal
HP 2648 A to the computer HP 9835 A. That ts the way to
transfer data from the desk-top-computer to the terminal
but also from the terminal to the desk-top-computer.

This bi-directional processing made f t desirable to have
also a plotter connected to the desk-top-coraputer. So i t
became practicable to create graphs from data generated
either by TSS or by MVS. I t was decided to buy an
HP 9872 A plotter and with i t a large field of applica-
tions was opened for the use of HP 9835 A.

To document the programs for the HP 9835 A desk-top-
computer, also to print the results of application
programs, an HP 2631 G graphic printer was bought. The
graphic fac i l i ty of this printer should be used to make
preliminary plots before one decides which set of data
one would like to use for creating the final graph on
the HP 9872 A plotter.

The configuration is shown in f ig . 1.

HSkbylf
P9835A desk-top -computer

ftp98O32A IS bit inledoc«

/jp966iA digitizer

03iA KP-IB intertoce
IEC bus

fto9872A i color plotter

fto?631G graphic printer

O36A » m l I/O inter-
lace (RS232I

0DN&800 modem Ifor th«
use with TSS I

graphic terminal
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13. Electronic Division

ff. LabuSj J. Bojowald

The following devices, partly announced in the annual re-
port 1979, have been set into operation:

1) A series of special NIH-modules to reduce costs and
space of complex experiments to investigate nuclear reac-
tions and scattering processes have been developed and pro-
duced:

1.1) An analog Sum-amplifier with 10 inputs each having
i ts own attenuator and Pole-Zero-adjust.

1.2) An analog Fan-Out-amplifier with 14 outputs each
having i ts own attenuator and on/off-switch.

1.3) A 14-fold 50 nsec delay for fast photomultiplier or
Fast-NIM signals using packed RG-127/U coax cable.

1.4) An 8-fold frequency divider for TTL-signals each
channel having switch selectable attenuation (1/10 to
1/10.000) and variable delay (0.2 to 2.0 usec).

1.5) An 8-fold shaping and converting (TTL to Fast-NIM)
module to adapt the Busy-signals of eight ADC's to special
gating purposes.

1.6) A module to monitor the correct operation of the mag-
tape of the ND-6660 Multi-Channel-Analyzer.

1.7) A plug on card to monitor the supply-voltages of
WENZEL-NIM-Crates by LED displays.

1.8) An 8-fold high voltage distributor box, each output
having i ts own attenuator and on/off-switch to adjust
multi-photomul t i pi ier-arrang orients.

1.9) A coincidence control to gate a multi-purpose coinci-
dence system.

(G. LUrken, K. Pelzer, K. Winkler)

2) The control units of the 24 current supplies of the
BIG KARL Ht-windings have been equipped with f ive-digit
LED-displays and read-out of the true current values. The
current measurement is performed by Texas TL500/TL502 dual
slope ADC with +20.000 resolution, 0.001% linearity and
high ripple suppression. Read-out is performed with a pa-
ral lel bus, transferring the information as normally coded
to drive multiplexed seven segment displays. This bus is
connected via opto-isolators to a CAMAC I/0-module (BORER
1031A for further processing in a PDP11. To allow high
common-mode-voltages of 50 volt between individual power
supplies the analog circuit TL500 has a floating supply
and is opto-isolated from the digital circuit TL502.

(K. Kruck, W. Ernst)

3) Dif f icult and time consuming maintenance and repair
work caused by inappropriate components has been spent to
the Ht-power-supplies. A lot of improvements were
necessary to assure correct polarity inversion, current
setting and on-off-switching.

(K. Kruck)
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4) The following modifications and installations of de-

vices within the cyclotron, the Beam Line and Big Karl

have been performed:

4.1) The control electronic of the two axial phase slits

has been adapted to redesigned mechanical devices.

4.2) The Beam Line slits AS1 and AS2 have been modified to

allow independent width and offset displacements.

4.3) The slits SD1L and SD1R in the Big Karl have been

equipped with remote control. For this purpose existing

electronics has been modified to drive 24V-DC-motnrs in-

stead of synchronous motors.

(N. Dnlfus, K. Winkler)

5) The preregulation of the power amp of the external

microscopic beam pulsing was accomplished within an engi-

neering task ' in cooperation with the Fachhochschule

Aachen, Abt. Jiilich.

(S. Matula, N. Dolfus, H. Labus)

6) The bent crystal spectrometer controlled by a PDP11/10

together with six NIM-modules has been up-graded to re-

lease the computer from counting the interferometer pulses.

This was necessary to prevent skipping of position dis-

placements due to mechanical disturbances, which could

happen to be faster than the interrupt processing time of

the computer. For this purpose two 24-bit comparators

(SN74C85), two 24-bit latches (SN74C173), and one 24-bit

multiplexer (SN74LS157) had to be inserted into the six

NIM-modules together with various boards for logic

interconnections.

(N. Dolfus, G. Lürken)

21
7) A modern concept ' to control slow mechanical devices,
as mounted in a large variety around the Beam Line of the
cyclotron has been investigated using low cost personal
computers with graphic capabilities to give quick image
and comprehensive operating intructions to untrained users.
To do this a lab-test model of an intrinsically safe
scattering chamber with completely new layout of al l fea-
tures has been built to get improved re l iab i l i ty , easier
maintenance, faster target motions and higher precision
compared to the old models. This machine was then con-
trolled by an APPLE-II-computer using a set of I/0-boards
of the SMP-system (Siemens modular Micro-computer Board
system) to act as a peripheral interface for the APPLE-II.
The set of I/0-boards consisted of E211 (opto coupled pa-
ral lel output), E212 (opto coupled parallel input), E230
(dif f . analog input) and E240 (quad analog output). The
interface between the SMP-Bus and the APPLE-II-BUS could
be realized straightforward by buffering the data- and
address-lines and by some simple interconnections between
the clock- and control-lines of both systems. Software
has been developed with support of the comfortable UCSD-
operating system as implemented and extended by the APPLE
computer inc. The main program has been written in Pascal,
and the driving routines for the SMP-boards with the resi-
dent Macro-Assembler.
(H. Labus, H. Diesburg, K. Kruck, A. Retz, U. Rindfleisch,
G. Brittner, K. Winkler)



8) About 160 repair- and maintenance-jnbs of NIM- and
CAMAC-modules, TV-cameras and monitors, power-supplies
of all categories, electronically controlled scattering
chambers and Beam sl i ts and a great variety of special
instruments from own or external production have been per-
formed .

{H. Diesburg, G. Brittner, K. Winkler, W. Ernst)

Main activities are now concentrated to following subjects:

1) The crystal rotation of the bent crystal spectrometer
now being controlled by eight 2/12-NIM-modules, which are
connected to a PDP11/10 via DR11K Interfaces, is redesigned,
I t is intended to improve response times and rel iabi l i ty
as well as space- and pnwer-coosumption by using Single
Board Computers, e.g. Siemens SKC85. Within this task
another attempt is made to suppress the crystal j i t t e r
caused by mechanic vibrations by a PID-controller acting
onto the sandwitched piezo-ceramics. The latter has been
equipped by an improved attachment giving less j i t t e r than
one band of the interferometer which is a pre-supposition
for j i t t e r compensation by electronic means.

(N. Dolfus, G. Lürken, H. Labus)

2) The control room of the nuclear experiments has
disturbed line- and ground-potentials which prevent in
some experiments high resolution spectroscopy at long
distances between main amplifiers and ADC's. The reasons
are manifold but ground-loops and wrong-wired line f i l ters
seem to be most important. Measurement techniques are
developed to test line and ground potentials over a wide
frequency range. Systematic trouble-shooting and removal
of faults is done during measurement interruptions.

(J. Bojowald, K. Kruck, H. Labus)
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14. Radiation Protection

B.J. Probst

In 1980 the trend of the administrative authority to

prescribe also details in the area of the radiation pro-

tection was continued steadily. The sum of all doses accu-

mulated by the personnel working in the institute was 13

Rem. There were no large extremity irradiations. Nobody

attained the dose limits even only approximately. For the

radiation at an accelerator, measurement of the doses and

dose rates near the surface of activated materials is very

important. However, there are not dosimeter suitable for

the purpose available commercially. Thus two measuring

devices of Zentralabteilung Strahlenschutz, a surface

barrier detector ' and a "three times TL-dosimeter", were

tested for practical use.

Some measured values at different places are compiled in

the following table:

measuring point dose rate (R/h)

Graetz
X5E

surface
barrier
detector

"three times TLD"

internal beam
probe

near the degrader,
outward the
beam tube

8 cm distance from
the degrader box

deflector flansch

3.3

2.6

4.0

0.60

deflector-septum I 1.3

compensating
channel,
entrance slit

35

96

3.4

4.5

0.60

7.2

600

)
b)
c)

93
63
42

a) 4.0
b) 3.6
c) 3.3

a) 0.66
b) 0.58
c) 0.61

a) 9.6
b) 4.8
c) 4.1

a) 1000
b) 570
c) 400

100
67
51

3.9
3.5
3.3

0.58
0.59
0.59

16.0
5.4
3.8

generally two "three times TLD" were used for a measuring
point; the thicknesses of the 3 TLD in the stack were:

a): 0.14 mm, b): 0.4 mm, c): 0.4 mm

The measurements show especially the following results:

1) The dose rate measurements using ^-dosimeter are

sufficient, if the radioactive material is located inside

the cyclotron or the beam line.

2) This measurement results totally incorrect values, if

it is carried out near the surface of the activity, in-

cluding also largely extented radioactive material.

3) The dose rate decreases very strongly at distances

only a few millimeters away from the surface of the acti-

vity. A high fraction of low energy ß-rays seems to be the

reason for that.

References
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15. Engineering Office and Mechanical Workshops

W. Bviell, D. Groß, K.H. Ranaaher, A. Rets,
U. Rindfleiachj H. Schwan

In addition to the service and maintenance of the cyclo-
tron and the experimental facilities there was an increase
of activities for the solar group. During the annual main-
tenance several important components of cyclotron and beam
line have been improved.

Cyclotron and beam line
- because of corrosion damages of the Dee-cooling platines

new shorting plate were installed and tested.
- for the improvement of the extraction procedure a new
remote controlled focussing channel and two steering
magnets for correction in x and y direktion were instal-
led (see fig. 1).

Fig. 1: 1 remote controlled motor drive
2 channel profile
3 slits
4 steering magnet for horizontal deflection
5 steering magnet for vertical deflection

- the phase slits were mechanically improved
- the beam line was equiped with additional movable slits,

steering magnets and object diaphragms.

Hagnetspectrometer BIG KARL
- additional slits in front of the first dipol and the
detector plane are mounted for the reduction of back
ground and the improvement of the optimization proce-
dure.

- the large vacuum chamber with adjustable focal plane
detectors inside was removed and the detectors are moun-
ted as fixed stack. This became possible because it was
found to be very easy to rotate and shift the focal
plane electrically in the detector plane.

- a new gas supply system for the focal plane detectors
with adjustable gas pressure has been installed.

- a second MWPC for 0°~ experiments was constructed.

Cri staispectrometer
- a new adjustable table for the optimization of the
distance between cristal and source has mounted.

- a pneumatically coupled motor drive for the cristal
rotation was installed.

a variable source mount was constructed (see fig. 2).
This arrangement allows the quasi-simultaneous measure-
ments with two probes for the determation of energy
shifts of AE % 10" . As probes radioaktive and inactive
sources can be used. With this adjustments it is possible
to optimize the effective geometrical source width and
the fluorescence yield.

1 flourescence source
2 probe mount
3 lead shielding
4 chopper diaphragm
5 exit diaphragm
6 adjustment micrometers
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Prof. Dr. 0. Schult (E2)
(Prof, at the Univ.
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until Oct. 16, 1980
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V I I I . PUBLICATIONS (appeared before December 16, 1980)

IKP-100180
Aldea, L.; Seyfarth, H.
Analysis of the a-Part ic le Spectrum for l l*3Nd{nth»a) lt*°Ce

d ^ 3 N d ( ) l l t 0 C
Proc. 2nd Int. Symp. on Neutron Induced Reactions,
Smolenice, CSSR, 25.-29.6.1979 (VEDA Pub!. House of the
Slovak Academy of Science, Bratislava, 1980) S. 95-102,
Hrsg.: I. Ribansky, E. Betak.
20.06.0 + 2o.3o.o

IKP-100280
Anhalt, J . ; Schult, O.W.B.; Stein, H.J.
Teststation für Solarkollektoren in Brasi l ien - Stand
Dezember 1979.
Statusbericht Sonnenenergie (VDI-Verlag GmbH, Düssel-
dorf, 1980) ISBN 3-18-419067-6, Bd. 1 , S. 183-192.
2o.6o.l

I KP-100380
Ansari, A.; Civitarese, 0.; Faessler, A,
The Pairing Correlations and Nuclear Shapes at Very
High Angular Momenta.
Nucl. Phys. A334 (1980) S. 93-108.
2o.8o.o

IKP-100480
Arbeitsgemeinschaft "Mustersolarhäuser" - KFA-IKP, KFA-
STE, VdZ/GFHK.
Vorphase des Projekts "Mustersolarhäuser", Arbeitsge-
meinschaft Mustersolarhäuser - Stand Dezember 1979.
Statusbericht Sonnenenergie (VDI-Verlag GmbH, Düssel-
dorf, 1980) ISBN 3-18-419067-6, Bd. 1, S. 203-209.
20.60.1 + 64.2o.l

IKP-100580
Bäckman, S.-O.; Brown, G.E.; Klemt, V.; Speth, J.
Pauli Principle Sum Rule and Consistency Relations for
Phenomenologically Adjusted Fermi Liquid Parameters.
Nucl. Phys. A345 (1980) S. 202-220.
2o.8o.o

I KP-100680
Battistuzzi, G.; Kawade, K.; Kern, B.D.; Khan, T.A.;
Lauppe, W.-D.; Lawin, H.; Selic, H.A.; Sistemich, K.;
Wolf, A.
Studies at the Fission Product Separator JOSEF.
IAEA Progress Report in Fission Product Nuclear Data,
INDC (NDS) - 112U/G+P, June 1980, Vol. V, S. 35,
Hrsg.: Qaim.
2o.65.o

IKP-100780
Baur, G.; Shyam, R.; Rösel, F.; Trautmann, D.
The Importance of the Break-Up Mechanism for Composite
Part ic le Scattering.
Phys. Rev. C21 (1980) S. 2668-2671.
2o.8o.o

IKP-100880
Baur, G.; Shyam, R.; Rösel, F.; Trautmann, D.
The Importance of the Inelastic Break-Up Mechanism for
Nucleus-Nucleus Scattering.
Proc. In t . Conf. Nuclear Physics, Berkeley, USA, 24.-
30.8.1980, Report LBL-11118 (1980) S. 490.
2o.8o.o

IKP-100980
Baur, G.; Rösel, F.; Trautmann, D.; Shyam, R.
A Survey of Direct Reaction Mechanisms for Continuous
Part ic le Spectra in Light Ion Induced Reactions.
Proc. In t . Symp. on Continuum Spectra of Heavy Ion
Reactions, San Antonio, Texas, USA, 3.-5.12.1979
(Harwood Academic Publ. , 1980) Vol. 2, S. 131-147,
Hrsg.: T. Tamura, J.B. Natowitz, D.H. Youngblood.
2o.8o.o

IKP-101080
Baur, G; Rösel, F.; Trautmann, D.; Shyam, R.
The Contribution of Peripneral Fragmentation Processes
to Continuous Part ic le Spectra in Nucleus-Nucleus
Col l is ions.
Lecture Notes in Physics, Vol. 117 (Springer-Verlag,
1980) S. 268-280, Hrsg.: W. von Oertzen.
2o.8o.o

IKP-101180
Baur, G.
Inclusive Particle Spectra and Fragmentation in Nuclear
Reactions.
Proc. 2nd. Conf. on Nuclear Reaction Mechanisms, Varenna,
Italien, 18.-21.6.1979 (Cooperativa Libraria Universita-
ria Editrice Democratica, Milano, 1980) S. 247-266.
2o.8o.o
IKP-101280
Bechstedt, U.; Machner, H.; Baur, G.; Shyam, R.; Alder-
l ies ten, C.; Bousshid, 0 . ; Djaloeis, A.; Jahn, P.;
Mayer-Böricke, C ; Rösel, F.; Trautmann, D.
Experimental and Theoretical Study of Continuous Proton
Spectra from High-Energy Deuteron Induced Reactions.
Nucl. Phys. A343 (1980) S. 221-233.
2o.6o.o + 2o.8o.o

IKP-101380
Bernas, M.; Pougheon, F.; Roy-Stephan, M,; Berg, G.P.A.;
Berthier, B.; Le Fevre, J .P. ; Wildenthal, B.H.
2l(Mg(180,160)26Mg Reaction at E18O = 50 MeV Including
Scattering in Entrance and Exit Cnannel.
Phys. Rev. C22 (1980) S. 1872-1884.
2o.o6.o

IKP-101480
Beyer; Birnbreier; Cordes; Falkenberg; Frühauf; Hußmann;
Kehl; Kersten; Luke; Mühle; Müller; Renner; Schubert;
Stein, H.J.; Wallner.
Gebrauchstauglichkeit von Solarkollektoren, B. Langzeit-
test von Solarkollektoren.
Hrsg.: Bundesverband Solarenergie, Essen, Januar 1979,
6 Seiten.
2o.6o.l

IKP-101580
Björnstad, T. ; Blomqvist, J . ; Ewan, G.T.; Hansen, P.G.;
Jonson, B.; Kawade, K.; Kerek, A.; Hattson, S.; Siste-
mich, K.
Neutron Particle-Hole States in 132Sn.
Proc. In t . Conf. Nuclear Physics, Berkeley, USA, 24.-
30.8.1980, Report LBL-11118 (1980) S. 169.
20.65.0

IKP-101680
Björnstad, T.; DeGeer, L.-E.; Ewan, G.T.; Hansen, P.G.;
Jonson, B.; Kawade, K.; Kerek, A.; Lauppe, W.-D.;
Lawin, H.; Mattson, S.; Sistemich, K.
Structure of the Levels in the Doubly Magic Nucleus
1 ^ S n 8 2 .
Phys. Lett. 91B (1980) S. 35-38
2o.65.o

IKP-101780
Bochev, B.; Lieder, R.M.; Didelez, J .P . , Kutsarova, T. ;
Beuscher, H.; Haenni, D.R.; Morek, T. ; MÜller-Veggian,
M.; Neskakis, A.; Mayer-Böricke, C.
Measurement of Part ic le Spectra of a Induced Non-Equi-
l ibr ium Reactions for 206-2iop0-

Proc. In t . Conf. Nuclear Physics, Berkeley, USA, 24.-
30.8.1980, Report LBL-11118 (1980) S. 452
2o.lo.o

IKP-101880
Bocquet, J.P.; Schussler, F.; Monnand, E.; Sistemich, K.
Dependence of Isomeric State Yields on the Kinetic
Energy of Fission Fragments from 2 3 6U.
Physics and Chemistry of Fission (IAEA Vienna, 1980)
S. 179-191.
2o.65.o

IKP-101980
Bogdan, D.; Faessler, A.; Schmid, K.W.; Vertes, P.
Is Weak Magnetism Important for the Nuclear Beta Decay
of ia6Re and 189Re?
J. Phys. G6 (1980) S. 993-1016.
2o.8o.o

IKP-102080
Borchert, G.L.; Desclaux, J.P.; Hansen, P.G.; Jonson,
B.; Ravn, H.L.
Comparison of the K X-Ray Energy Ratios of High Z and
Low Z Elements with Re la t iv is t ic SCF DF Calculations.
Proc. In t . Conf. on Atomic Masses and Fundamental
Constants 6 (1980), East Lansing, USA, 17.-21.9.1979
{Plenum Publ. Corp., New York, 1980) S. 189-195, Hrsg.:
Jerry A. Nolen, J r . , and Walter Benenson
2o.lo.o
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IKP-102180
Borchert, G.L.; Hansen, P.G.; Jonson, B.; Ravn, H.L.;
Schult, O.W.B.
Dynamic K X-Ray Energy Shifts.
Proc. XVII Int. Winter Meeting on Nuclear Physics,
Bormio, I tal ien, 21.-26.1.1980, S. 579-584, Hrsg.:
University of Milano,'1980.
2o . lo .o

IKP-102280
Bousshid, 0 . ; Machner, H.; Alder l iesten, C ; Bechstedt,
U.; Djaloeis, A. ; Jahn, P.; Mayer-Bb'ricke, C.
Gross Structure in Tr i ton Spectra from 3He-Induced
Reactions.
Phys. Rev. Let t . 45 (1980) S. 980-982.
2o.o6.o

IKP-102380
Cheifetz, E.; Seli'c, H.A.; Wolf, A.; Chechik, R.;
Wilhelmy, J.B.
Even-Even Neutron-Rich Isotopes.
Inst . Phys. Conf. Ser. No. 51 , Chapter 4 (1980) S. 193-
207.
2o.65.o

IKP-102480
Daly, P.J.; Kleinheinz, P.; Broda, R.; Lunardi, S.;
Backe, H,; Blomqvist, j .
Proton h u / 2 and Octupole Excitations in 1g|Dya2 and

Z. Physik A298 (1980) S. 173-185.
2o.lo.o

IKP-102580
Daly, P.J.; Kleinheinz, P.; Broda, R.; Lunardi, S.;
Backe, H.; Blomqvist, J .
How Particle-Octupole Exchange Coupling Affects the
Yrast Lines of Dysprosium Nuclei.
Proc. I n t . Conf. on Nuclear Behaviour at High Angular
Momentum, Strasbourg, Frankreich, 22.-24.4.1980, Hrsg.;
Centre de Recherches Nucleaires de Strasbourg, S. 61-62.
2o.lo.o

IKP-102680
Daly, P.J. ; Kleinheinz, P.; Broda, R.; Lunardi, S.;
Backe, H.; Blomqvist, j .
Twoparticle-Phonon Exchange Coupling in Yrast States of
Dysprosium Nuclei.
Proc. I n t . Conf. Nuclear Physics, Berkeley, USA, 24.-
30.8.1980, Report LBL-11118 (1980) S. 361.
2o. lo .o

IKP-102780
Didelez, J . -P . ; Lieder, R.M.; Beuscher, H.; Haenni, D.
R.; Machner, H.; Miil ler-Veggian, M.; Mayer-Bbricke, C.
Experimental Study of Excitation Functions and Isomer
Ratios for 2n>2i2Po_
Nucl. Phys. A341 (1980) S. 421-439.
2o.o6.o + 2o . lo .o

IKP-10288fi
Djaloeis, A. ; Gopal, S.
Elastic Scattering at E = 130 MeV: A Model-Independent
Analysis. T

Proc. Int. Conf. Nuclear Physics, Berkeley, USA, 24.-
30.8.1980, Report LBL-11118 (1980) S. 131.
2o.o6.o

IKP-102980
Djaloeis, A.; Alderliesten, C ; Bojowald, J.; Mayer-
Bbricke, C ; Oelert, W.; Turek, P.
Study of Some Selected Transitions in the 5BNi(T,a)57Ni
Reaction at E a = 130 MeV.
Nucl. Phys. A342 (1980) S. 252-260.
2o.o6.o

IKP-103080
Ercan, A.; Broda, R.; Piiparinen, M.; Nagai, Y.; Pengo,
R.; Kleinheinz, P.
The 235 us 9+ Isomer in ^ E u g g .
Z. Physik A295 (1980) S. 197-198.
2o.lo.o

IKP-103180
Faber, M.E.; Faessler, A.; Ploszajczak, M.
The Fission Barrier of Nuclei at Very High Angular
Momenta.
Proc. In t . Symp. on Physics and Chemistry of Fission,
Jü l i ch , 14.-18.5.1979, Vol. I (IAEA Vienna, 1980)
S. 361-371.
2o.8o.o

IKP-103280
Faessler, A.
Collective Description of Deformed and Transitional
Nuclei.
Lecture Notes in Physics, Vol. 119 {Springer-Verlag,
Berlin, 1980) S. 97-136, Hrsg.: G.F. Bertsch, D. Kurath.
2o.8o.o

IKP-103380
Faessler, A.
Description of Transitional Nuclei.
Inst. Phys. Conf. Ser. No. 51, Chapter 4 (The Institute
of Physics, Bristol und London, 1980) S. 244-257, Hrsg.:
Till von Egidy.
2o.8o.o

IKP-103480
Faessler, A.; Izumoto, T.; Krewald, S.; Sartor, R.
Brueckner Approximation to the Heavy Ion Optical
Potential.
Proc. Int. Workshop VIII on Gross Properties of Nuclei
and Nuclear Excitations, Hirschegg, 14.-19.1.1980
{TH Darmstadt, 1980) S. 80-83, Hrsg.: H. Feldmeier.
2o.8o.o

IKP-103580
Faessler, A.; Ploszajczak, M.; Schmid, K.W.
Description of High Spin States.
Prog, in Part ic le and Nuclear Physics 5 (1980) S. 79-142.
2o.8o.o

IKP-103680
Faessler, A.
Description of Hult ipole Resonances.
Anales de Fisica 76 (1980) S. 47-63.
2o.8o.o

IKP-103780
Faessler, A.; Ploszajczak, M.
Description of High-Spin Isomers in the N=82 Region.
Z. Physik A296 (1980) S. 237-250.
2o.8o.o

IKP-103880
Faessler, A.; Miither, H.; Shimizu, K.; Wadia, W.
A ( 3 , 3 ) Excitations and Effective Three-Nucleon Forces in
Fin i te Nuclei.
Nucl. Phys. A333 (1980) S. 428-442.
2o.8o.o

IKP-103980
Faessler, A.; Kuo, T.T.S.; Hüther, H.
Variational Def ini t ion of the Single-Part icle Potential
in the Brueckner-Hartree-Fock Approach.
Z. Physik A294 (1980) S. 95-100.
20.80.0

IKP-104080
Faessler, A.
Do we Understand the Spectra in Transitional Even Mass
and Odd-Odd Mass Nuclei?
Future Directions in Studies of Nuclei Far From Stab i l i t y
(North-Holland Publ. Comp., 1980) S. 1-13, Hrsg.: J.H.
Hamilton et a l .
2o.8o.o

IKP-104180
Fuchs, H.; Nolen, J.A.; Wagner, G.J.; Lenske, H.; Baur,
G.
Experimental and Theoretical Study of Line Shapes in
!3C(a,a') Inelastic Scattering to Resonant States.
Nucl. Phys. A343 (1980) S. 133-147.
2o.8o.o
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IKP-104280
Goeke, K.; Reinhard, P.-G.; Cusson, R.Y.
Spreading Widths in Strongly Damped Heavy Ion Collisions.
Proc. Int. Workshop VIII on Gross Properties of Nuclei
and Nuclear Excitations, Hirschegg, 14.-19.1.1980 (TH
Darmstadt 1980) S. 84-86, Hrsg.: H. Feldmeier.
2o.8o.o

IKP-104380
Goeke, K.; Maruhn, J.A.; Reinhard, P.-G.
Adiabatic Time-Dependent Hartree-Fock Calculations for
the Optimal Path, the Potential and the Mass Parameter
for Large Amplitude Collective Motion.
Proc. I n t . Conf. Nuclear Physics, Berkeley, USA, 25.-
30.8.1980, Report LBL-11118 (1980} S. 344.
2o.8o.o

IKP-104480
Goeke, K.; Caste!, B.; Reinhard, P.-G.
Isovector Giant Monopole Resonances: A Sum Rule Approach.
Proc. Int. Conf. Nuclear Physics, Berkeley, USA, 24.-
30.8.1980, Report LBL-11118 (1980) S. 178.
2o.8o.o

IKP-104580
Goeke, K.; Reinhard, P.-G.
The Generator-Coordinate-Method with Conjugate Parameters
and the Unif icat ion of Microscopic Theories fo r Large
Amplitude Collective Motion.
Ann. Phys. 124 (1980) S. 249-289.
2o.8o.o

IKP-104680
Goeke, K.; Castel, B.; Reinhard, P.-G.
Isovector Giant Monopole Resonances: A Sum Rule Approach.
Nucl. Phys. A339 (1980) S. 377-389.
2o.8o.o

IKP-1047JJ0
Gopal, S.; Djaloeis, A.; Bousshid, 0 . ; Bojowald, 0 . ;
Mayer-Bb'rrcke, C ; Oelert, W.; Puttaswamy, N.G.; Turek, P.
Observation of a Broad Structure in t-Spectra from ( i , t )
Reaction at £ i n c = 130 MeV.
Proc. I n t . Conf. Nuclear Physics, Berkeley, USA, 24.-
30.8.1980, Report LBL-11118 (1980) S. 253.
2o.o6.o

IKP-104880
Grüter, J.W.
The KFA Instrument Package.
Validation of the Guidelines for Portable Meteorological
Instrument Packages, IEA Interim Technical Report Doc.
No. USA DOE IER 0083 (U.S. Dept. of Energy, Washington,
October 1980) S. 5-8.
2o.6o.l

IKP-104980
Harakeh, M.H.; Morsch, H.P.; v.d. Heg, K.; v.d. Woude, A.;
Bertrand, F.E.
Isoscalar Giant Resonances in 2 3 2Th.
Phys. Rev. C21 .(1980) S. 768-771.
2o.o6.o

IKP-105080
de Haro, R.; Krewald, S.; Speth, J .
Giant Resonances in Heavy Nuclei with the Fourier-Bessel
RPA.
Proc. Int. Conf. Nuclear Physics, Berkeley, USA, 24.-
30.8.1980, Report LBL-11118 (1980) S. 189.
2o.8o.O

IKP-105180
Helmbold, M.; A l le le in , H.Ü.; Koch, H.R.
The Combination of Laser Micro-Boring and High Resolution
a-Spectroscopy for the Analysis of a-Emitting Isotopes
in Irradiated High-Temperatur-Reactor Fuel.
Nucl. Ins t r . and Meth. 169 (1980) S. 235-238.
2o.lo.o

IKP-105280
Helmbold, H.j A l l e le in , H.J. ; Koch, H.R.
Neue Methode zur Analyse von o-Strahlen im Brennstoff
von Hochtemperatur-Gasreaktoren (Trtel aus dem Russischen
übersetzt).
Atomnara Technika sa Rubejon 9 (1980) S. 32-35.
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