




EDITORIAL BOARD: 

Dr. F. Grümmer 
Prof. Dr. C. Mayer-Böricke 
Prof. Dr. 0. Schult 
Dr. H. Seyfarth 
Prof. Dr. J. Speth 
Dr. P. Turek 

Front cover: Highresolution spectra (7 -10 keV) of the inelastic proton scattering on 48Ca at 44.4 MeV incident energy 
and three different scattering angles measured with the magnet spectrometer BIG KARL. Besides the identification 
of 50 new Ievels in the measured energy range these spectra show the strong excitation of the unnatural parity 
1 + spin-flip state at 10.212 MeV excitation energy. The present interest in spin-flip states is motivated by the possibility to 
·study the distribution of spin excitation strength in nuclei and, directly related to it, the spin and Isospin dependent part of 
the parfiele hole residual interaction. 



Preface 

This annual report of the Institut für Kernphysik (IKP) at the Kernforschungs
anlage (KFA) Jülich contains short descriptions of current research carried 
out by members of our institute and by guest groups frequently in cooperation 
with scientists of the IKP. 

The majority of the experiments was performed with the use of the 1 ight charged 
particle beams with 22.5- 45 MeV/amu from our cyclotron. Spin-flip states 

in 48ca were studied under conditions of very high resolution at our large 
magnetic spectrograph 'Big Karl • in collaboration with Santo•s group from 

Münster. Schmidt-Rohr's group from the Max Planck Institut (MPI) Heidelberg 
has investigated the residual interaction through a 209Bt(d, 3He) reaction 
study at Big Karl. This spectrograph has also been used for a test of the 
Born approximation for the description of the electron transfer in the 
3He++ + C + 

3He+ + c+ reaction. Big Karl has furthermore allowed measurements 

at angles as low as 1.5° for detailed multipolarity assignments of giant 
resonances. Theseries of studies on giant resonances carried out in collabora
tion with the MPI-group from Heidelberg was supplemented by a measurement 
of the decay of the E2 giant resonance of 24Mg. Gamma-ray spectroscopy at 

the cyclotron gave evidence for h1112 neutrons to be responsible for back
bending in 134ce and for a transition from deformed shape to sphericity in 
133La. Through the measurement of the E3 speed of the 1.57 MeV transition in 
147Gd, the two-phonon octupole character of the 2.57 MeV level was confirmed 
in quantitative agreement with the expected strength, The nh1112 + vh

912 
GT-decay of n-deficient Tb isotopes vtas investigated for obtaining spectro
scopic information about the N = 82 gap in 146Gd. 

Neutron rich nuclei were studied also at the cyclotron, where 36P was produced 
in the (n,2p) reaction for an investigation of levels in 36s. The spectroscopy 
of the transittonal region at A ~ 100 was extended to 102zr at our fission 
product separator in the KFA. Work in the 132sn and Ce-regions were carrted 
out in collaborati.on with various groups mainly at Ute ILL, CERN and BNL. 

An Aachen-IKP collaboration has started a search for y-eyents in connection 

with the question about the existence of the axfon. 

The theoretical studies have shown that the admixture of the ~-resonance and thus 
11 quenching 11 depends on the momentum transfer i'n the reaction, L3-subshel 1 altgnments 
have been studied in the frame of a semt-classical theory because the alignment 



should allow a sensitive test of the theory of ionization. A program has been 

completed whtch permits the calculation of •escape widths 1 of giant resonances 
also in heavy nuclei. The adiabatic time dependent HF theory has been applied 
to problems in heavy ion physics. 

The solar energy group has developed a universally applicable collector 
test stand which is now being buil t by a company near Jül ich. Absorber pannel s 

have been tested both in-doors and out-doors. The systematic study of our 

solar warm water system has led to a yield curve that allows the determinati.on 

of the solar energy fraction based on the annual sunshine hours and few 

measurements under typical weather conditions., ~ound-robin tests were carried 

out in accordance with the IEA and CEC agreements, and additional work is 

going on in bilateral collaboration with various partners. 

The cyclotron has been in operation for other users from the KFA for ~ 11 % 
and for guest scientists for ~ 25 %. Bestdes machine operation, work is carried 

out for the installation of an external source. In addition steps are in 
preparation for an improvement of the beam quality, particularly in view of 
high resolution work at Big Karl. 

Our on-line computer system (largely PDP 15) is being replaced by a VAX 11/780. 

Here additional support by the board of management of our center is gratefully 

acknowledged. 

At present, our budget is extremely tight, and a ten percent reduction of the 

IKP staff has been imposed on us. This reduction is planned to reduce the solar 

energy activities to only 20 % of the level in 1980. Our attempts to find a 
successor for Amand Faessler have so far been unsuccessful. We do hope though 

that it will be possible to fi'll his former position within the year 1982. 

Directors of Institutes for Experimental Nuclear Physics at the neighbouring 

Universities in Bocnum, Bonn, Köln and Münster., Prof. Bodenstedt~ Prof. Kamke~ 

Prof. Mayer-Kuckuk~ Prof. Santo~ Prof. v. Brentano~ Prof. v. ButtZar and their 

coworkers have started to discuss tagether with us various possibilities for 

an optimal development and use of the regional nuclear physics facilities. 

Planning proceeds in a very cooperative atmosphere, and all of us hope that 

we can soon start work for setting up a powerful facility which is largely 

complementary to others. 
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EXPERIMENTAL NUCLEAR PHYS!CS 
l, NUCLEAR REACTIONS AND SCATTERING PROCESSES 

1.1. Strang 1+ Excitation in 48ca(p,p') Scattering at 

Ep = 44.4 MeV 

G,P,A. Berg> G. Gaul+> vl. HilJ:>limann> I, Katayama++, 

S,A, Martin> J. M~ißburger> J, Römer> R, Santo+> 

G, Sondermann+> B, Styczeri; F. Osterfeld 

Investigation of magnetic M1 transitions to unnatural 
parity 1+ states provides an ideal tool to study the 

distribution of spin excitation strength in nuclei and, 
directly related to it, the spin and isospin dependent 
parts of the particle-hole residual interaction, 

Mainly two reactions have been used so far in order to 
study magnetic nuclear excitations: inelastic electron 
scattering and the (p,n) charge exchange reaction. Also 
inelastic proton scattering is a good reaction to excite 
nuclear spin flip modes, In this experiment we measured 
the 1+ state at Ex = 10.212 MeV in 48ca using (p,p') 
scattering at 44.4 MeV which has been seen before in 
48ca(e,e') by the Darmstadt group1) 

Fig. 1 shows the spectra at 3 different angles wi.th about 

50 new levels in the range Ex= 9,2- 10.7 MeV and the 

48Ca(p,p') 48Ca" , Ep = 44.4 MeV 
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Fig. 1: Momentum spectra at 3 angles measure with magnetic 
spectrometer BIG KARL, energy resolution 7 - 10 keV, Strang 
1+ state at E = 10.212 MeV. 

X 
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strong 1+ state. The high resolution of 7 - 10 keV was 
obtained by using the magnetic spectrometer BIG KARL. 
The solid angle was 2.5 msr. 

In Fig. 2 the angular distribution of the 1+ states is 
plotted tagether ~1ith the results of a microscopic DWBA 
calculation, This calculation was performed with the code 
FROST-~~Rs 2 ) using the M3Y-interaction of Bertsch et al 3) 
and RPA-wave functions of ref. 4) for the nuclear des
cription of the 1+ state. The rather good agreement of 
the measured and calculated magnitude is surprising since 
the calculation does not contain the important coupling 
to the 4 isobar-nuclean hole excitation and also two 
step processes are not included in our analysis. Ta arrive 
at definite conclusions an the amount of M1 strength 
araund E = 10 MeV it is therefore necessary to study the 

X 
energy dependence of the 1+ excitation. This experiment 
demonstrates that such investigations with protons have 
to be performed with extremely good energy resolution in 
order to isolate possibly weak 1+ states from other 

levels which are present at the excitation energy rele
vant to 1+ excitations. 
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Fig, 2: Measured angular distribution of the 1+ state 
(data points) and microscopic DWBA calculations (solid 
and dashed lines). 
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1.2. . 102 110 Proton Scattenng on Pd and Pd at Ep=45 ~1eV 

Using the Magnetic Spectrograph BIG KARL 

G.P.A. Berg, E. FretuluPst*, 'ft. Hilrlimann, G. Lind
ström*, S.A. Martin, J. MeißbUY'ger, f/, Oelert, 

K.F. von Reden*, V. Riech , J.G.M. Römer 

The systematic investigations of the proton scattering 
on Palladium isotopes were continued in 19811). During 
this period it was our main purpose to get high resolu
tion data on the less kno11n target nuclei 1o2pd and llOpd, 
In addition to experiments performed in Amsterdam and 
Harnburg 2)3) angular distributions were measured at 
Ep = 45 MeV with the magnetic spectrograph BIG KARL. We 
used self supporting targets with isotopic enrichment of 
77% for 102Pd and 97% for llOPd. 

An example of the proton energy spectra of 11opd is shown 
in fig.l. 

110pd (p,p') 

Epd,5MeV 

01 =80• 

+ t 
N 0 

I}) 
rn 

Fig.1.: 11°Pd (p,p') proton energy spectrum (e = 80°) 

In addition to the low lying one and t~1o phonon vibra
tional levels transitions to many states with higher 
excitation energies are to be seen. The values are in 
good agreement with the level scheme given by Lederer4). 

In our measurements small distortions in the X - Y distri
butions of the MWPC could not be avoided. They showed up 
in a small overall rotation and in a bending of the sing
le peak lines, In anormal sorting routine the x-pro
jected data produce the energy spectrum, thus leading to 
a broadening of the peaks. With a projection routine that 
takes into account this bending in first order a clearly 
better resolutionwas obtained. The normal and improved 
version are shown for comparison in fig.2. 

In a preliminary analysisangular distributions were ex
tracted for the most pronounced transitions in both 102Pd 
and 11°Pd (fig. 3 and 4). Good fits were obtained by 
coupled channels caluclations using the code ECIS. The 
resulting deformation parameters are in good agreement 
with measurements at lower energies2•3l. In the case of 
1o2pd a 4± level ~~asclearly identified at 2300 keV being 
well fittedas a one phonon hexadecapole state. 

In recent years much progress was achieved in reproducing 
the phenomenological optical model by microscopic nuclear 

- 2 -

1? 
ß 

VI c 
::J 

3 2 

(a) 

matter calculations (see e.g. 5)6)), It is ~1ell kno~m. 
that the accuracy of the phenomenological DM-parameters 
suffers from·ambiguities mainly due to different possible 
geometri es. Therefore ~1e present i nstead the vo 1 ume 
integrals for the real and imaginary part and their root 
mean square radii (table 1). Further discussions are 
outl ined in2). 

Table 1 

I/A IwfA <R > v rms <R~/ rms 

(MeVfm3) (MeVfm3) (fm) (fm) 

102pd - 359,4 - 114. 1 5.082 6.060 

110pd - 363.6 - 101.7 5.287 6.267 
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1.3. Seach for 1~ States in 58Ni(p,p') 5cattering 

G.P,A. Berg, G, Gaut"'", rf. HUrZimann, I. KatayamaH, 

S,A, Martin, J. Meißb!AX'ger, J, Römer, R. Santo.\ 

G. Sondermann + and B. Styazen+++ 

Encouraged by the clear observation of the l+ state in 
48ca(p,p') (see Gontribution in this report) at E = 10,212 
MeV ~1e extented our search for 1+ states to the 5~Ni 
nucleus. According to a shell model calculation by Mc 
Grory (private communication) several isoscalar 1+ states 
are expected at excitation energies Ex~ 8 MeV in this 
nucleus, For this purpose we measured cross section angu
lar distributionsof the 58Ni(p,p') inelasttc scattering 

in the angular range elab = 7° - 75° at 45 MeV incident 
proton energy using the bigh resolution magnetic spectro

meter BIG KARL. Fig, 1 shows a spectrum at elab = 20°, 

The resolution of 10 keV allows the identification of 
more then 30 energy level in the range from Ex= 7.1 
to 8,4 ~1eV. The excitation energies shown are pre
liminary results with an error of about ~ 10 keV. 
From the comparison of the measured angular distribu
tion and DWBA calculations we expect the determination 
of the transferred angular momenta and Information on 
possible 1+ states in 58Ni. The analysis is in progress. 

+ 

++ 
+++ 

Institut fUr Kernphysik, Universität Münster 
RCNP, Osaka University, Japan 
Institute of Physics, Jagiellonian University, Cracow 
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Fig. 1: Typical spectru~ of 58Ni(p,p') scattering at Ep = 45 MeV. Arro1·1s indicate excitation energies 11here 1+ states 
are calculated 1n the shell model (Mc Grory), 

1.4. Nuclear spectroscopy of 108Ag using the (p,d)
transfer reaction in comparison to neutron capture 

investigations 

G,P,A. Berg, W, HürZimann, I. Katayama; S.A. 

Martin, J. Meißburger, J, Römer, H, Seyfarth and 

B. Styazen ++ 

The doubly-odd nuclei 108Ag and 110Ag are located between 
the vibrational nuclei of Pd and Cd and therefore are 11ell 
suited to study the coupling of neutrons and protons and 
their coupling to the vibrational excitation modes, The 
splitting of the resulting multiplets - plottedas func
tion of the angular momentum I(I+1) - is expected to 
follo~1 a parabolic rule with the vertex being sensitive 
to the predominant particle or hole cbaracter of the 

- 4 -

quasiparticle1), Both nuclei 108Ag and 110Ag have been 
studied extensively by y-ray and conversion-electron 
spectroscopy us i ng therma 1 and resonance neutron capture, 
These investigations complement (d,p)- and (p,n)-measure
ments2•3). In spite of the great amount of data high reso
lution charged particle reaction studies are necessary 
to resolve remaining ambiguities in spin and parity assign
ments. Further the knowledge of experimental spectroscopic 
factors he 1 ps to veri fy the mode 1 wa ve func t i ons, 

In a first measurement of the deuteron spectrum for the 
reaction 109Ag(p,d) 108Ag (Fig. 1) the resolution of 
AE = 4.0 keV (AE/E = 2.2 • 10-4) was achieved in tbe spec
tra using the high resolution, variable dispersion spectro
meter BIG KARL4), Because of tbe limited energy range four 

different magnet settings were necessary to cover excita-
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Fig. 1: Spectrum of the 109Ag(p,d) 108Ag reaction (Ed = 18 MeV for GS excit~tion). Four spectra have been measured with inte
grated beam current of 1.6 mCoul (each two channels summed up in contrast to Fig. 2). Peak components of known states are 
labelled with accuracy of 0.1 keV, ne~1 energies are given to 1 keV. The lines at 79.1, 379.2, 679.~ and 1012.5 keV have been 
used for energy and line-shape calibration. 

tion energies from Ex = 0 to 2.1 MeV. The dispersion of 
the double analyzing magnet system of the beam line was 
matched to the dispersion of the spectrometer set to 16.1 
cm/% momentum. The solid angle was dn = 1.2 msr. A 30 cm 
long multi-wire proportional chamber in the detector plane 
(spatial resolution x < 0.4 mm) was used to measure the 
momentum spectra. The target consisted of a 100 ~g/cm2 

thick selfsupported 109Ag foil (isotopic enrichment: 
99.4 %) . 

The spectra ~1ere ana lyzed with use of the program SAM PO 
which fits peaks of Gaussian shape with exponential low
energy tails. The quality of the obtained fits is demon
strated in Fig. 2. From the 41 components resolved for 
Ex < 1 MeV 35 can be assigned uniquely to states known 
from the neutron capture studies. The fitted energies 
agree with the known states within 0.5 keV except for the 
very ~1eak states. Up to Ex"' 2.1 MeV the systematic errors 
of the given energies are estimated to increase to 6 keV 
due to the lack of calibration lines above"' 1 MeV in the 
present preliminary measurement. An additional measure
ment with a target of well suited Q value can yield these 
necessary lines. The planned measurement of angular 
distributionswill give additional spectroscopic Infor
mation, and will help tosortout possible impurity 
lines above Ex"' 1 MeV. 

+ RCNP Osaka University, Japan 
+t Inst, of Physics, Jagiellonian University, Cracow, 

Po land 
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1.5. Investigation of Core-Coupled Multiplets in 143Nd 
by 145Nd(p,t) Reaction 

J. Wrzesinski+, C. Wesselborg+, K,O, Zell+, 
+ + ++ D, Bazzacco , P. von Brentano , C,F, Moore , 

{! 

G.P.A. Berg, Fl, Hib:>Umann, I, Katayama , S.A. 

Martin, J, Meißburger, W. Oelert, J. R8mer and 
'i'bt: 

B, Styczen 

The investigation of the particle vibration coupling is 
important in view of the shell model and the collective 
model theories, Complete multiplets are usually investi
gated using direct reactions such as (p,t) or (p,p 1

) an 
odd target nuclei. With in-beam gamma-ray spectroscopy 
only few states of a multiplet can be observed due to the 
large cross section of the Yrast Ievels. 

Searching for core-coupled multiplets in the 146Gd region 
we performed the 145Nd(p,t) 143Nd t~1o-nucleon transfer 
reaction at an incident energy of Ep = 25 MeV. 

High resolution spectra (E/ßE = 2000 - 3000) of the reac
tion products were measured using the BIG KARL magnetic 
spectrometer and a position sensitive multi-~lire-propor
tional chamber in the focal plane, ßecause of the limited 
energy range excitation energies from 0 to 3,5 MeV ~1ere 

measured using 6 different magnet settings for the 
scattering angle of Blab = 5°, The six spectra were 
combined and the resulting triton spectrum is sho~m in 
fig. 1. The resolution is 7 - 10 keV depending an the 
position along the detector plane due to higher order 
aberrations. Angulardistributions of the tritons have 
been measured for the excitation energy range from 2.8 
to 3.5 MeV. In Fig. 2 some of the angular distributions 
are presented showing·a clear dependence an angular 
momentaL. L-values have been assigned by comparison with 
the shape of the angular distributtons in the 144 •146Nd 
(p,t) 142 •144Nd reactions1- 2). 

An extension of our measurements to the rema1n1ng excita

tion energy range (Ex< 2,8 MeV) and to the 143Nd(p,p 1
)
143Nd 

reaction is in preparation, 

Due to the short usable length of the detector system 
(around 30 cm) a lot of beam time was spent in this high 
resolution experiment. Therefore it was decided to build 
in collaboration ~lith the Los Alamos Laboratories a new 
detector system covering the full focal plane of 100 cm, 
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1.6. High Energy Proton Stripping by 27Al and 28si 
Nuclei: Ground State Transitions 

A. Djaloeis, S. GopaZ, J. Bojowald, C. Mayer

Böricke, fol. Oelert, N.G. Puttaswamy and P. Turek 

Proton stripping experiments on 27Al and 28si targets 
through the (T,d) reaction,have been performed at 
E = 130 MeV. Experimental details and some preliminary 

T 1) 
results have been reported earlier. 

In this report we present experimental results and their 
analysis for the ground-state transitions which involve 
two different single (~j)-transfers, namely (1d512 ) and 
(~ 112 ) for the 27Al(T,d

0
)
28si and 28Si(T,d

0
) 2 9P reac

tions, respectively. For these two experimental angular 
distributions, \'le have studied systematically the dynami
cal aspects of the reactions in order to obtain a con
sistent set of best-fit D\•JBA parameters. Using these 
parameters the spectroscopic information has been ex
tracted and compared with that available in the litera
ture. 

The theoretical cross section is calculated in the DWBA 
formalism, employing the DWUCK4 2) programme. The relation 

between the experimental (dcr/dn)exp and the theoretical 
(dcr/dn) 0w cross section for a (T,d) reaction is given 
bll: 

(dcr/dn)exp=4.42~f:j ~}:ij) (dcr/dn)ow] 

2J +1 
l'lhere G(n~j) = _f_ c 2s(n~j). 

2J;+1 

The quantity c2 is the isospin coupling coefficient, 
S(n~j) is the spectroscopic factor and G(n~j) is the 
spectroscopic strength for the proton stripped into the 

Set 
V(a) rv a 

V 
\o/b) 
s 

\•/a) 
V 

(MeV) (fm) (fm) (MeV) (MeV) 

+ JVSH 110.0 1.128 0.856 21.6 T ; 

JSSH 110.0 1.113 0.860 20.2 
DVSH 110.0 1.084 0.973 28.4 
DSSH 110.0 1.081 0.988 19.9 

d*: DMSD1 55.0 1.170 0.873 3.0 13.1 
DMSD2 55.0 1.170 0.873 3.0 13.1 
BSSD1 47.0 1.180 0. 720 10.0 
BSSD2 47.0 1.180 0. 720 10.0 
BSSD3 47.0 1.180 0. 720 10.0 
BMSD4 58.9 1.180 0.754 5,5 7.6 

In all sets rc = 1.3 fm. 

orbit specified by the principal quantum number n and by 
the orbital and total angular momentum ~ and j, respec
tively. The initial (target) and the final (residual nuc
leus) spins are denoted by Ji and Jf' respectively. 

A 1 ist of the optical model potential (OMP) and DWBA para
meters used in the present work is given in table 1. 

Extensive calculations show that the use of the OMP com

bination DSSH(T)-BSSD3(d) including non-locality (NL) and 
finite-range corrections (AFR) gives the best description 
of the experimental data. The results are shovm in fig. 1. 
Consequently, the DSSH-BSSD3 OMP combination was used to 
extract the spectroscopic strengths. 

The spectroscopic strengths for the proton stripped to 
the ground state of the final nuclei 28si and 29 P extrac
ted in this work as well as those available in the litte
rature are summarized in table 2. It can be seen that for 

the 29 P case, previ ous experi menta 1 G( 2s 112 ) va 1 ues shovl 
large discrepancies up to a factor of 3, the l01·1est and 
;the highest values being 0.42 and 1.36, respectively. 
Similarly for 27Al, experimental G(1d512 ) values are 
found to vary from 0.25 to 1.0. At lower incident ener
gies these discrepancies might reflect the inadequacy of 
the DWBA to describe the reaction mechanism since at these 
energies indirect processes and even fluctuation in the 
cross sections may play a significant role. Further uncer
tainties are introduced because of the subjectivity in 
normalizing the DWBA to the experimental angular distri
bution, in particular when the fit is not good. 

In this work the G (2s 112 ) for the 28Si(T,d
0

)
29 P reaction 

is found tobe 0.89±0.18. This value agrees well l'lith 
that obtained (0.90) by a shell model calculation20 ) per
formed in a full 1d512-2s 112-1d312 basis space. For the 
27Al(T,d

0
)
28si reaction, on the other hand, the presently 

rw aw V r a Ref. so so so 
(fm) (fm) (MeV) (fm) (fm) 

1. 613 0.643 present 
1.105 0,833 II 

1.466 0. 707 II 

1.050 0.886 II 

1.262 0.730 3.0 1.070 0.660 3) 
1.262 0. 730 6.0 1. 070 0.660 present 
1.15 0.900 12.5 1.100 1.000 4) 
1.150 0.900 6.0 1.100 1.000 present 
1.150 0.900 6.0 1.180 0. 720 II 

1.270 0.814 6,0 0.900 0.900 5) 

Proton bound-state parameter: A = 25,0 (Thomas spin-orbit form), 
r0 = 1.25 fm, 
a = 0,65 fm. 

Non-locality parameter: ß(P) 
ß(T) 
ß(d) 

-1 = 0.85 fm 
1 

0.25 fm:1 ref. 6) 
0.54 fm 

Finite-range parameter: R 0. 77 fm 
+ The analytical form of the potential shapes is given in ref. 7). 
* 3). ref. 
a) Woods-Saxon. 
b) Woods-Saxon derivative. 

Table 1: Optical-model and DWBA parameters 
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Figure 1: see text. 

Reaetion 

(T,d
0

) 

Target: 27Al (d,n
0

) 

J~ = 1 
5/2+ (T,d

0
) 

J1T -f - o+ (o.,to) 

n.l-j = 1ct512 (a,to) 

(o.,to) 

(T,d
0

) 

theory 

(d,n
0

) 

Target: 28Si (T ,d
0

) 

~~ = o+ (T,d
0

) 

~f = 1/2+ (T,d0 ) 

~.v_j = 2s 1/2 (T,d0 ) 

(T,d
0

) 

' theory 

10' 

10° 

\. 

Eine (MeV) 

37.7 

6 

8 

104 

27.2 

25.2 

130 

7.9 

35.3 

38.5 

25 

29 

130 

26Si(t,d0 ):l9P 

Et=130 MeV 
G (25112) "0.69 

t -DSSH 

20" ~0" 

8c.M. 

G( n.l-j) Ref. 

0. 44 11) 

0.26 12) 

0.49 8) 

1.0 13) 

0.44 14) 

0.58 15) 
0.86 
0.90 

0.22±0.04~ pres .war~ 
0.53 ~61 0.61 
1. 36 17) 

0.42 16) 

1. 02 9) 

1.30 10) 

1.08 18) 

0.89±0.18* pres.work 
l.D m 0.90 

~The quoted error refleets only the experimental error 
and .the uncertainty in ma~ehing the theoretieal eurve 
to the experimental angular distribution. 

Table 2: Speetroseopie strengths G(ntj) = (2Jf+1) 
(2J.+1)- 1c2s(ntj) for proton stripping to the ground-

1 28 . 29 
states of S1 and P. 

extraeted G(1ct512 ) = 0.22±0.04 differs largely from 
G(1ct512 ) = 0.61 predieted by the same shell model ealeula
tion20), The reason for this diserepaney is not under
stood at present, in partieular if one eompares the ratio 
G(2s 112 )/G(1ct512 ) of the presently extraeted speetroseo
pie strengths for the two transitions studied and the 
one predieted by the shell model. However, eonsidering 
the deformation of the 27Al and 28si nuelei, the negleet 
of 1f-2p shell in the above shell model ealeulation 
might not be justified. How far the inelusion of the 
1f-2p shell will affeet the present shell model predie
tions remains to be seen. 
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1. 7. The (d, 3He) Reaction on Iron Isotopes 

N.G. Puttaswamy, A. DjaZoeis, P.fi.M. GZaudemans*, 

K. Heyde"'*, P. van Iaaclwr"'"", V. Lopac"'""'*', c. 
Mayer-Böricke, B.C. Metsch"', Ii. OeZert, V. 

Paar~*"', P. Turek, M. flaroquier*"', G. flenes""* 

The structure of the energy levels of nuclei near the 
doubly-magic 56Ni has rec~ived considerable attention in 
recent years 1). Therefore 1·1e started a systematic inves
tigation on one-nucleon-transfer reactions in the middle 
of the fp-shell. Spectroscopic factors extracted this 
way should provide a test of the 1'/ave functions and 
hence should supply arguments for the model space and 
residual interactions used for the theoretical calcula
tions. With this aim we studied the (d,3He) reaction on 
the even iron isotopes at Ed=BO MeV and have obtained 
spectroscopic information on the energy levels in 
53,55,57Mn. 

Typical 3He spectra, which have been detected by three 
öE-E silicon surface-barrier counter telescopes mounted 
inside the scattering chamber, are shown in Fig. 1, An 

2SO 

><Fe { d, JHe )S'Mn 
200 

\50 

"' i ~ 

~ 
::J100 

50 

2200 
CHANNEL NUMBER 

5GFe{d,3He)55Mn 
80 

(KBI) and surface delta interactions (SDI), ii) quasi
particle-core-coupling calculations (QPCC), where up to 
three quadrupole phonons, up to two octupole phonons or 
up to mixed two quadrupole and one octupole phonon states 
are considered, iii) cluster-vibration-model (CVM) calcu
lations, where odd Mn and even Fe isotopes are described 
by coupling three- and two-proton holes, respectively, to 
the quanta of quadrupole Vibration. For more detail's on 
the experimental and theoretical evaluation of the spec
troscopic infonnation \'le refer to Ref. 3 and references 
therein. The results indicate in general fair agreement 
between the experimental and the theoretical values of 
the spectroscopic strengths. A comparison of the distribu
tion of the experimental and the shell-model f 712 ~=3 

strengths is presented in Fig. 2 by adding up the strengths 
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10 

0.1 
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Figure 2: Comparison of the distribution of experimental 
·g f7 /2 s trength wi th she 11-mode 1 predi ct i ons for 5 3Mn. Both 
.~ the experi menta 1 and the theoreti ca 1 s trengths ha ve been "' f ~ s 1.0 
~ added up in 0.5 MeV bins. 
~ 

20 

CHAt-l1'~L NUMBEA 

SB Fe {d,3He)57Mn 
\28 

~ 96 

8 64 

32 

3000 

Figure 1: Energy spectra of 3He particles at 9.9o lab. 
from the (d,3He) reaction on iron isotopes. The peaks are 
numbered in the order of increasing excitation energy, A 
straight-line background is assumed only for the 53 Mn 
spectrum. 

energy resolution of about 70 keV FWHM has been obtained. 
Distorted-Wave-Born-Approximation (DWBA) calculations 
have been performed employing the zero-range code DWUCK4 2) 
using a finite-range correction factor of 0.77 fm and 
non-locality parameters of 0.54, 0.25 and 0.85 fm for the 
particles d, 3He and p, respectively. 

The extracted spectroscopic factors are compared to three 
different theoretical predictions: i) shell-model calculations 
performed in truncated model spaces A and B using Kuo-Brown 
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in 0.5 MeV energy bins. For the model space A, the theore
tical strength for the g.s. is larger than the experimen
tal value l'lhereas the agreement for the excited states is 
satisfactory. In the case of model space B, the strength 
to all states is reduced by about 50%. An extension of 
the model space for 53Mn by the inclusion of an additional 
particle-hole configuration is expected to enhance the 
predicted strengths. Such a calculation seems desirable 
but is impeded by the enormous dimensions of the corres
ponding model space. 

The QPCC calculations yield agreement to the experimental 
data with regard to the positive-parity levels, The ground 
s tates of a 11 the Mn isotopes are predi cted to be 7/2-, 
whereas experimentally both 55Mn and 57Mn have spin and 
parity 5/2-. This difficiency is removed by the CVM cal

culations and the correct spin-parity is predicted for the 
ground states of all the Mn isotopes. 

A comparison of the distribution of the experimental and 
the theoretical ~=2 strengths for d312 and d512 pick-up 
is presented in Fig. 3. The agreement for the case of the 

d312 strength is satisfactory. The d512 strength predic
ted around Ex = 9 MeV by the QPCC calculation is not seen 
in the present experiment indicating (i) that the strength 
may actually be expected tobe present at higher excitation 



d312 Pickup 

1 01 

~ om,I:--.-.-.-.-,--E!ili--.---!ili--.---l!L-.IjLU!ji.U.IjLUI!IL-,Jl-EI,----EI,il--,----.------l 

10 

01 

Figure 3: Comparison of the distribution of the experimen
tal d3;2 and d5;2 strengths 1~ith the predictions from 

QPCC and CVM calculations for 53 Mn. 

energy, and/or (ii) that there is a large spreading of 
the strengths. The CVM calculation indeed predicts a low 

value for the d5~ 2 strengths. The present experimental 
study of the (d, He) reaction on iron isotopes has led 
to the identification of many new levels in the odd Mn 
isotopes; most of theselevels with Ex~ 4 MeV are found 
to have ~=2 pickup strength. The experimentally deduced 
excitation energies and spectroscopic strengths for the 
1/2+ and 3/2+ levels in the Mn isotopes are rather well 

predicted by the QPCC and CVM calculations; in par
ticular, the agreement for the lm~est 1/2+ and 3/2+ 

levels is very good. 
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1.8. Study of the 62 Ni(d, 3He) 61 co Reaction 

A. Mwinov"', G. Berg, f/. Hürlimann, I. Katayama**, 

S. Martin, C. Mayer-Böricke, J. Meißburger, 

W. Oelert, J. Roemer, M. Rogge, J. Tain, P. Turek, 

L. Zem-ta*** 

A study of the 62 Ni(d, 3He) 61 co reaction has been started 
using 78 MeV deuteron beam from the isochronaus cyclotron 
JULIC and the QQDDQ magnetic spectrometer BIG KARL. The 
aim of the experiment is to study proton hole states in 
61co up to an excitation energy of about 7 MeV at high 
bombarding energy and with as good resolution as possible. 

About 100 ~g/cm2 nickel target enriched to 99.3 % with 
62Ni has been bombarded with a well-focused iilomentum-ana
lysed deuteron beam of 78 MeV. 3He particles were measured 
using the multi-l·lire proportional counter situated in the 
focal plane of the BIG KARL magnetic spectrometer. Addi
tionally a 6E gas proportional and a plastic scintilla
tion counter were used for particle identification; they 
are situated behind the focal plane. Meanwhile a region of 

. t t. b . 61 exc1 a 19n energy up to a out 2.6 MeV 1n Co has been stu-
died. Total energy resolution of about 25 keV (FWHM) has 
been obtained. Figure 1 shows a typical spectrum which 
was obtained at 7.5°. Energy spectra were measured in the 
angular range of 3° to 33,6° to the incident beam in steps 
of 1.5° to 3°. The ground state and eleven excited states 

61 in Co are clearly seen in these spectra. In addition 
few states which are very weakly populated in the (d, 3He) 
reaction were also seen. The analysis of the data in 
terms of the DWBA calculations is in progress. 

,_ ül 500 
z z 
=i 400 
u 

-

,_ Vl 300 
1-
z 
::::> ,_ 0 200 
u 

100 -

~ 
N 

-~ 
1Ä !J:;l:~ ':'A /.,, 

62Ni (d, 3He) 61Co 
Ed=78MeV 
8tab.='Z5° 
Q =483.1tJC 

§ 
~ 

~ ;;; 
~ A 8 
~~ ~ 
J 

1000 
CHANNEL NUMBER 

~ 

2000 

Figure 1: 3He-particle spectrum of the 62 Ni(d,3He)6 1Co 
react1on measured at a deuteron energy of 78 MeV and at 
a scattering angle of 7,50 to the incident beam. 
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1.9. Investigation of proton-particle proton-hole multi
plets in 208Pb 

G, P.A, Berg, T-1. Hü:roZimann, I, Katayama;~ G, Mai1•Ze +, 

S. Martin, J, Meißbw:'ger, J. Römer, K. SchindZer*, 

V. Sclmridt-Rohr+, B. StyczenH 

Angular distributions of 3H.e particl es from the 
208

Pb(d,
3

He) 207Tl and 209Bi(d, 3He) 208Pb reactions have 
been measured at 45 MeV using the magnette spectrometer 
BIG KARL. A 01•/BA analysis shows that the four lo~1est states 
of 

207
Tl can be regarded as pure single proton hole states 

0 th 208 1n e 3s112 , 2d~62 , 1h1112 and 2d512 shells of Pb. 
The 

209
Bi(d, 3He) 8pb spectra can be interpreted, there

fore, as consisting of proton-particle (1h
912

) proton
hole multiplets with respect to 208Pb. The related 
effective residual interactions can be deduced from the 
distribution of the spectroscopic strengths if all final 
spins and the detailed j-mixing are known. A first tnspec
tion of the spectra yielded the monopoles of these effec
tive interactions: -0.29 MeV, -0.32 MeV, -0.37 MeV and 
-0.30 MeV for a proton in the lh912 shell and proton holes 

in the 3s112 , 2d312 , 1h1112 and 2d512 shells, respectively. 
A more refined analysis will provide high~r multi-

poles and diagonal matrix elements of the effective resi
dual interactions. The data contain new information on 
high spin states and complete results from recent (e,e') 
and (p,p') experiments; they can be used as a test of 
available shell model calculattons and can be treated as 
a basis for new ones, 

+ MPI für Kernphysik, Heidelberg 
* RCNP Osaka University, Japan 

++ Institute of Physics, Jagiellonian Untverstty, Cracow, 
Pu land 
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1.10, Alpha-Transfer-Reaction 5tudy in the Middle of 
the sd-5hell 

fv. OeZert, G.P.A. Berg, A. DjaZoeis, C, Mayer

Böricl<e, and P. Tu:Pek 

The alpha-transfer reaction study on 325 and 345 leading 
to final states in 285i and 305i measured via the (ct,6Li) 
reaction at Ed = 80 MeV has been completed. This inves
tigation should be of interest to observe: i) the beha
viour of the ground state to ground state transition 
spectroscopic factors in the middle of the sd-shell, 
where strong deviations have been observed between theo
retical shell model predictions and experimental results 
which themselves do not give a consistent picture, and 
ii) the alpha spectroscopic strengths for excited 
states, which e.g. for the first 2+ states are predic
ted1) to increase with increasing mass number throughout 
the sd-shell for pickup reactions. 

A typical energy spectrum is shown in Fig. 1. A gas cell 
filled with H/5 was used as target. Unfortunately all 
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Figure 1: 6 Li spectrum of the 325(d,6 Li) 285i reaction 
a and b denote impurity yield. 

materials ordered (by three different producers) had 
either 14N or 16o impurities, 1·1hich was identified by 

1500 

the kinematic shift of the 6Li reaction products and by 
measuring the (d,6Li) reaction on air as gas target. 
After identifying the yield resulting from the impurities 
their peak positions ~1ere used for the energy calibration 
of the spectra. Even though the pressure in the cell re
mained constant during a run, the H25 gas deteriorated 
under the influence of the beam. The nurober of sulfur 
atoms of the H25 gas in the cell decreased by a factor of 
two after the bombardment ~1ith 17 m Coulomb ( rather i nde
pendently of the beam intensity). Therefore a monitor de
tector, which counted the elastically scattered deuterons, 
was essential to determine the relative cross sections. 
Because of the rather low cross sections a high intensity 
achromatic beam was used. An overall energy resolution of 

350 keV f\~HM was typi ca 1 for the 6Li s pectra. 

The experimental angular distributions 1~ere compared to 
FR-DWBA calculations using parameters as described 
earlier2) to extract alpha spectroscopic factors 5 , The 

a 
quality of the fits obtained between experimental angular 
distributions and theoretical DWBA curves can be seen in 
Fig. 2 and Fig. 3. Details of the comparison bet1·1een ex
perimental and shell model theoretical spectroscopic fac-
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Figure 2: Experimental angular distribution for transi
tions observed in the 32S(d, 6 Li) 28Si reaction, compared 
to DWBA predictions. 
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Figure 3: Same as Fig. 2 for the 34S(d, 6 Li) 30 Si reaction. 

tors are given elsewhere 3l, With respect to the analysis 
of excited states, the following results may be summarized: 
The experimental and theoretical relative spectroscopic 
factors for the first excited 2+ states are in rather 
good agreement. In 28si the first 4+ state is. predicted 

to be vteakly excited (\. = 0.02), whereas the experimental 
va 1 ue i s a factor of twenty 1 arger, Experi menta 1 and 
theoretical spectroscopic factors for the second 4+ state 
are in reasonable agreement, both being relatively large. 
It seems that at least phenomenologically the situation 
here is similar to that as described4) in the case of the 
26Mg(d,6Li) 22Ne reaction. 

As summarized by Fulbright5l and Chung et al .6l the ex
perimental ground state to ground state transition alpha 
spectroscopic factors do in general foll01~ the theoreti
cally predicted decrease with increasing mass up to the 
middle of the sd-shell, independently of the reaction 
type. For larger masses, however, significant deviations 
from the predicted values of the shell model calculations 
are observed and, furthermore, the experimenta 1 va 1 ues 
themselves do not give a consistent picture. Since the 
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experimental spectroscopic factors are extracted by the 
ratios of experimental to DWBA cross sections the question 
arises whether the source of inconsistencies is due to 
experimental deviations between different investigations 
or due to insufficient description of the reaction me
chanism by the DWBA. Fig, 4 shows that the slope of the 

1.0 

0.8 
~ ·c: 
~ 0.6 

d~ 
f:Jr 0,4 

0.2 

18 

20Ne "Ne "Mg 26 Mg 2"Si 3051 325 "S 36Ar "Ar 4DCa 
Altarget) 

Figure 4: Solid line and scale at the left hand side: 
Theoretical ground state alpha spectroscopic factors for 
sd-shell nuclei. Points and scale at the right hand side: 
Experimental cross sections at the maximum of the angu
lare distribution at ~ 15° c.m .. 

experimental cross sections agrees very vtell with that 
of the predicted spectroscopic factors throughout the 
sd-shell. Consequently the figure provides strong in
dications that the commonly extracted experimental 
spectroscopic factors are extremely dependent on the 
DI~BA parameters employed. As described by Fulbright5l it 
seems that employing a radius dependence as R = r0 • 

(A 1/ 3 + 61/ 3) for the 6Li optical potential in the DWBA 
calculations diminishes the discrepancies between theore
tically predicted and experimentally evaluated spectros
copic factors. However, this ad hoc prescription pro
bably indicates the necessity of selecting the correct 
opti ca 1 potent i a 1 fami ly and the necess i ty to s tay v1i th in 
this family in a systematic investigation with a decrea
sing value of the volume integral for increasing masses 
as described recently by a systematic 6Li optical poten
tial consideration7l. Preliminary results of the analy
sis for ground state to ground state alpha transfer tran
sitions seem to resolve the strong discrepancies between 
experimental and theoretical relative spectroscopic fac

tors observed in the upper half of the sd shell. 
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1.11. Breakup of 3He-projectile at Ein = 130 MeV 

J. Bojowald) A. Djaloeis) s. Gopal) c. Mayer

B8ricke) W. Oelert) N.G. Puttaswamy and P. Turek 

Deuteron spectra from the bombardment of 27 Al, 
59

co, 
9~b 

and 197Au targets by 130 MeV 3He-projectiles have been 
measured at the Jülich cyclotron. The experimental de-

' 1) tails have been reported previously . 
30,---------------------
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27AI 
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Figure 1: Examples of d-spectra from the (3He,d) reaction 
at Ein = 130 MeV. 
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Figure 2: Dependence of d-spectra on the target mass for 
the (3Re,d) reaction at Ein = 130 MeV. 
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Examples of the measured spectra are shown in fig. 1, 

~1hi eh cl early exhibi ts the 3He-breakup peak 1 ocated at 
about 2/3 Ein' Apart from the forward peaking of the 
3He-breakup cross section, one sees that the peak posi
tion tends to move to~1ards lo~1er energies as the angle 
increases (see also fig. 4). Fig. 2 shows the dependence 

of the breakup peak on the target mass A for 9L = 9° and 

15°. 

> 
OJ 
~ 
....: 
VI 

" _Q 

E 

----:d+p+T 
-· -· -·-:d+p+n+i'l 

59Co (3He,d) X 

Ei =130 MeV 
8Lab.= go 

Figure 3: Illustration of two types of background used in 
extract1ng the breakup bump. 
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Figure 4a: Angular distribution of do/dn of the 3He
break up bump at Ein = 130 t~eV. 
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The quantities dcr/dn (breakup differential cross section), 
Ec (centroid position of the breakup peak) and r (FWHM of 
the breakup peak) have been extracted from the spectra 
after subtracting the backgrounds shown in fig. 3. The 
quoted uncertainties of the extracted quantities reflect 
the di fference bet~1een the two chosen background shapes. 
The "true background" is e*pected to lie somewhere in 
between. 

Fig. 4 shows the angular dependence of da/dn, Ec and r. 
For all the four targets, da/dn and Ec fall down almost 
exponentially (with a slope a ~ -0.18/deg.) and linearly, 
respectively, as the angle 9 increases. On the other 
hand, r increases with 9, with a trend, different from 
one target to the other. 

The A-dependence of da/dn, Ec and rat different angles is 
shown in fig. 5. The trend da/dn "'A1/3 [see ref. 2)] is 
observed only at very forward angles (8L ~ 15°). At 

8L = 9° the Ec-values seem to follo~/) Ec~[2Ein-Vc(Z)] 
where Vc(Z) denotes the Coulomb barrier suffered by 3He 
due to the target charge ~ large deviations are seen at 
larger angles. Similar comments can be made on the values 
of r, wh i eh ~las previ ous 1 y reportei) to fo 11 ow 

r = 1.41(13Vc/Ein){EinE', E being the proton binding 
energy in He. 

To understand quantitatively the features of the data, a 
theoretical analysis similar to that reported in ref. 3) 
is necessary. 
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1.12. Srnall angle ct scattering experirnents 

H.P. Morsch, M. Rogge, P. Turek, P. Decowski, 

L. Zem~o, S.A. Martin, G.P.A. Berg, I. Katayama, 

J. Meißbu:Pger, J. Römer, J, Reich, P. flucherer, 

f/, Bräutigam 

He continued our efferts 1) to investigate srnall angle ct 

scattering (at Ex = 172 MeV) using the rnagnetic spectro
graph BIG KARL. The rnotivation for these experirnents is a 
detailed·study of the new giant resonances 2) (isoscalar 
octupo 1 e and di po 1 e resonances) as 1~e 11 as the i nves ti ga
tion of the giant quadrupole and rnonopole resonances at 
low rnornenturn transfer. In the srnall angle region there 
are large differences in the excitation of L=1 and 3 re
sonances (fig. 1), in the angular range 3-5° the giant 

o(+lOtlipC 

E..c& t1Z MeV 

Figure 1: Srnall angle behaviour of L=1 and 3 differential 
cross sections. The data points indicate the giant octu
pole yields. 

octupole resonance is strongly excited whereas the L=1 
excitation is weak. At srnaller angles of about 2° we ex
pect also strong excitation of the L=1 resonance. Thus, 
frorn a careful rneasurernent of srnall angle scattering 
these tv1o resonances can be studied separately, this was 
not possible at larger angles (see ref. 2). 

A problern in these forward angle experirnents v1as to con
fi ne the ernittance of the bearn to a few rnrn rnrad wi thout 

creating too rnuch halo. This was done already in the 
cyclotron by using special sl it heads at the S- and SH
target in addition to the axial phase slits in the cyclo
tron center. The other sl its in the bearn 1 ine v1ere used 
to clean up the bearn, Another quite severe problern encoun
tered i s re 1 ated to sca tteri ng frorn the wa 11 s of B IG KARL. 
It gives rise to increased background but can also cause 
a broad structure in the region of giant resonances 
due to scattering of the elastic line at very 
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srnall angles. To elirninate these contributions a 
single wire counter was set up3) which was 
placed about 60 crn behind the rnultivlire propor
tional charnber. By this rneans it was so far possible 
to rneasure the broad giant resonances at high excitation 
energies down to angles of 2. 5° v1hereas results from the 
giant quadrupole and rnonopole region were obtained for 
angles 8>1.5°. In spectra taken for seven nuclei betv1een 
Sn and U the giant octupole resonance was clearly observed, 
Fig. 2 shows a spectrurn from 208Pb in which the high lying 
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Figure 2: Spectrurn of ct scattering from 208 Pb at a scat
tering angle of 5.2o, 

resonance bump is clearly seen. In the region of the giant 
quadrupole resonance (E = 10.9 ± 0.2 MeV) there is evi
dence for the fine stru~ture seen 1n proton4) and electron 
scattering5 ). rwo structures at Ex= 10.2 and 11.2 are 
consistent with those from (e,e'). However, the isoscalar 
sum rule strength extracted frorn hadron scattering6) is 
significantly larger than that extracted from electron 
scattering7). 

References 
1) H.P. Morsch, S.A. Martin, G.P.A. Berg, J. Meißburger, 

M. Rogge, P. Turek, c. Sükösd, J. Reich, Annual Re
port 1980, IKP, KFA Jülich, JUl-Spez-99 (1981) 10 

2) H.P. Morsch, M. Rogge, P. Turek and c. Mayer-Böricke, 
Phys. Rev. Lett. 45 (1980) 337 

3) P. Decowski, M. Rogge, L. Zemlo, H.P. Morsch, contri
bution to this annual report, p. 126 

4) H.P. Morsch, P. Decowski and ~1. Benenson, Phys. Rev. 
Lett. 37 (1976) 263 and Nucl. Phys. A297 (1978) 317 

5) F.R. Buskirk, H.-D. Gräf, R. Pitthan, H. Theissen, 
0, Titze and Th. Halcher, Phys. Lett. 42B (1972) 194; 
A. Schwierczinski, R. Frey, A. Richter, E. Spamer, H. 
Theissen, and 0, Titze, Phys, Rev. Lett. 35 (1975) 1244 

6) H.P. Morsch, c. Sükösd, M. Rogge, P. Turek, c. Mayer
Böricke, Phys. Rev. C22 (1980) 489 

7) G. Kühner, D. Meuer, S. Müller, A. Richter, E. Spamer, 
0. Ti tze and 1•1. Knüpfer, Phys. Lett. 104B ( 1981) 189 



1.13. Fission decay of isoscalar giant resonances ex
cited in 172MeVa scattering from 238u 

H.P. Morsch, M. Rogge, C. Sükösd, H. Machner, 

P. David*, J. Debrus*, H. Janßen* and J. Schulze* 

The 238u(a,a 1f) experiment discussed in ref. 1 was com
pleted. Fig. 1 shows a spectra coincident with fission 
in different direction. Pronounced threshold peaks are 

~ z 
:::> 
0 
u 

200 

1.0 20 

236U ( a,a'f) Ea =172 MeV 

So: =13° 

Sf=-11.00 

0 1.0 
Ex(MeV) 

20 0 

Figure 1: a spectra of the reaction 238 U(a,a 1f) in coin
cidence with fission fragments at 9f = -750, -100°, -1400 
in plane and 90° out of plane (ll· 

observed at Ex ~ 8f and > Bnf' these are most pronounced 
in the U recoil di rect i on. In the excitat i on regi on of the 
new giant resonances seen in (a,a 1

)
2) a broad bump is ob

served 1·1hich is interpreted as decay of these giant re
sonances. In fig. 2 a comparison is made between singles 
(a,a 1

) and coincidence (a,a 1 f) spectrum in the U recoil 
direction (for Ex~ 11 MeV). The coincidence data were 
analysed by assuming a smooth background which extends 
from the high energy region to the foot of the first 

chance fission peak (above Bf). Threshold peaks above 

Bnf and B2nf due to second and third chance fission 
threshold effects were added. The remaining structure \•Jas 
fitted by two resonances at 17 and 21 MeV taken from the 

fits to the (a,a 1
) spectra3l. To reduce uncertainties in 

the extraction of resonance yields and threshold parame
ters data at lower incident energy4l 1•1ere included in our 
analysis. At this energy of 120 MeV high lying giant re
sonances are weakly excited, so the spectrum is dominated 
by threshold effects. The background shape shown in 

fig. 1 and 2 is consistent with the lo~1er energy data in 
position and relative size of all three threshold peaks. 
Correlation functions are given in fig. 3, The yields due 
to threshold peaks sho~l a strong unisotropy, the in plane 
data are well fitted by the model in ref. 5 assuming only 

K=O decay in the region of the barrier. 

In the region of the giant quadrupole resonance (GQR, 
Ex = 10.8 ± 0.3 MeV) which is excited strongly in the 
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Figure 2: Camparisan of (a,a 1
) spectrum with the coinci

dence (a,a 1 f) spectrum at 9f = -75°. Background and fits 
to the giant resonances are indicated. 

"' 
L 
(f) 

........ 

.0 
E 

0.1 

0.01 

23BU ( a.,a.' t) 

Ea.=172 MeV 

+-- ----.,.-------"-+""' 

\"' .. 
9- _.,.---"-+-........e 

~ .. 

t 

t 

120° 

Thresh. Peaks 

lch.F. 
Ex~I..B-7.2 MeV 

2.ch.F. 
Ex~12.2-16 MeV 

3ch.F. 
Ex~18-21.8 MeV 

BG 

Ex~ 7. 2-11.1. MeV 

Ex~11..8-21.2MeV 

Ex= 21 MeV 

Ex =17 MeV 

180° 8t 
Figure 3: Double differential cross sections as a function 
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(cx,cx 1
} reaction only a small peak is seen in the (cx,cx 1 f} 

reaction in recoil direction. This peak is identical to 
the one interpreted by ref. 6 as GQR decay. Assuming a 
correlation function W2t ~ IP 21

2 a GQR fission probabili
ty Pf of 3 % is obtained. In ref. 6 a much larger fission 
probabi lity v1as extracted by assuming isotropy of this 
peak or K=1 and 2 decay at other fission angles; this is 
not confirmed by our results in which this peak is seen 
only in the U recoil direction. Correcting the results of 

ref. 6 using w2+ as discussed above yields Pf ~ 0.07 which 
is in agreement with our results if the background line in 
our spectra is drawn somewhat lower. Dur results are con
sistent with other results 7- 9) indicating a fission pro
bability of the GQR smaller than that of the background. 

Different from the GQR the fission decay of the high lying 
resonances is quite large. Quite surprisingly, the corre
lation functions for these yields showalso an unisotropic 

behaviour which is v1ell described by pure IP 11
2 and IP 3 1

2 

distributions. The fact, that a good description of the 
data ds obtained assuming pure L=l and 3 decay supports 
the L assignments for these resonances from the (cx,cx 1

} 

experiment2). 

In fig. 4 the fission probability is given for background 
and giant resonance peaks. The hatched area is obtained 
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Figure 4: Fission probability of the background (solid 
line), giant resonance (points) and the whole giant re
sonance region (hatched area). The horizontal bars indi
cate the widths (FWHM) of the assumed giant resonances. 

by evaluating the yield above background. An increase 
of giant resonance decay yield with increasing excitation 
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energy is obtained which is stronger than that of the 
underlying background. The behaviour at higher excitation 
energy confirms the assumption of a strong resonance at 
Ex~ 21 MeV (isoscalar giant dipole resonance), The fact 
that a very different fission probability is found for 
the giant resonances and the background is in disagree
ment 1~ith the usual statistical decay model. 
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1.14. Experimental Evidence for Asymmetrie Excitation 
of Nuclei 

V. Bechstedt, H. MachneP, A. Budzanowski~, P. 

Jahn and C. Mayero-Böricl<e 

Last year we reported on an coincidence experiment we 
performed to study the decay of continuum states via 
particle emission 1). In th'at experiment ~le measured the 
58Ni(a,a'c) reaction (c = charged particle A: 4) at an 
incident energy of Ea = 140 MeV. We have now completed 
the analysis of the data. Spectra of protons were deduced 
in coincidence with a'-particles from three energy bins 

each 20 MeV l~ide with mean a'-particle energies 
I, = 65 MeV, 84 MeV and 103 MeV in the lab. system. The 

a o 0 0 
proton spectra were taken at angles -150 , -120 , -75 , 
-60°, +30°, +60°, +105°, +120° in lab. system. (For the 

notation of angles see Fig. 2). Proton spectra in coinci
dence 1~ith Ea' = 65 MeV are sho~m in Fig. 1. The spectra 

l5 ,.... 
I
u 
UJ 
Vl 

Vl 
Vl 
0 a: 
u 

PROTON LAB ENERGY (MeV) 

Figure 1: Proton spectra in lab. system detected at angles 
-150ö, -120o, -75o, -60°, +30°, +60°, +105° and +120° in 
coincidence with inelastically scattered a-particles at 
-300 ~1ith Ea, = 65 MeV. The dashed 1 ines are the exp[-E/T] 
functions fitted in the energy interval 6-12 t~eV. 
The solid lines are the experimental (p,p') spectra4 1 at 
the angles indicated on the right hand side (see text). 

for the other a' energy intervals look similar. As can be 
seen proton spectra show a maximum of the cross-section 
at the Coulomb energy and to~1ard; higher energies an 
exponential decrease of cross section with energy that 
can be resonably well approximated by a simple e-E/T de

pendence in the range from 6 MeV to 12 MeV. This enabled 
us to ascribe a nuclear temperature T to each spectrum by 
means of a least square fit. The results of these tempe
rature fits are sho~m as dashed lines in Fig. 1 and for 
each a'-particle energy interval in Fig. 2 a-c as func
tion of the angle of proton emission. 

We notice that for each an~le the temperature falls do~m 
with decreasing energy transfer. Its angular distribution, 
however, shows a striking feature namely that it is not 
symmetric about the direction of the transferred momentum 
q. The highest values of the temperature are found on 
the right hand side ofithe q direction in the forward 
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Figure 2 a-c: Angular dependence of the extracted nuclear 
temperatures for Ea' = 65 MeV (part a), Ea' = 84 MeV (part 
b) and Ea' = 103 MeV (part c). The linear momenta of the 
incoming and outgoing a-particles (Pa and Pa' resp.) as 
well as the momentum transfer q are indicated by arro~1s. 
The small circle indicates the temperature of the fully 
equilibrated system at corresponding energy transfers. 
Part d: Schematic picture of underlying reactions mecha
nism (see text). The shaded area indicates the early 
stage of the equilibration process. 

hemisphere (with respect to the beam direction). This 
indicates that a coincidence experiment selects events in 
which the nucleus is asymmetrically excited. As reported 
before2) different models like exciton model, fireball or 
firestreak model, hot spot model or quasi free scattering 
model QFSM which areorthogonal in their physical assumptions 
can equally well reproduce the continuous spectra of 
secondary particles from inclusive measurements. It is 
the hope that a coincidence experiment can discriminate 
between some of these models. According to QFSM we expect 
each a'-particle being accompanied by a fast nucleon 
moving into q-direction and starting an equilibration pro
cess. The observed proton spectra should then show some 
similarity to the spectra of inelastically scattered 
protons as pointed out by Cowley et al .3l. The solid 
lines in Fig. 1 show spectra of protons from the 54 Fe(p,p') 
reaction measured by Bertrand and Peelle4l at Ep = 62 MeV 
suitably normalized to our data. The angles of the in
elastically scattered protons are chosen as close as 
possible to the angles between the q direction and the di
reaction of proton emission measured in our experiment. 
The shapes of both spectra follow each other to a great 
extend on the right hand side of the beam direction, 
whereas on the left hand side the coincidence spectra 
show less high energetic protons. This is another indi
cation for an asymmetrical excitation of the emitting 
nucleus. This can be explained when considering that the 
mean free path of the a-particle (1.8 fm according to an 
optical model estimation) is short compared to the nuclear 

dimensions. From this one expects that the region emitting 
the fast a-particle is localized on the a'-emission side of 
the nucleus. So protons detected on the right hand side of 
the q-direction have to pass a shorter way through nuclear 



matter than those detected an the left hand side. A 
schematic picture ofthat effect is shown in Fig. 2d. 
As a consequence the spectra from the right hand side of 
the q-direction are dominated by the early stage of the 
equilibration process and show higher temperatures where
as proton emission from the left hand side occures when 
the dissipation process is spread over a larger volume 
of the nucleus thus showing lower temperatures. 

From a simple calculation using energy and momentum con
servation one can estimate the number N of nucleons 
sharing the excitation energy U corresponding to the mea
sured temperatures T: U+Ek. =l'IE ,q2=2NmEk. ,T- 1=~-5 · 1n a 1 n 
(4U)- 1 where l'IE and q are transferred energy and momen-

a 
turn, m nucleon mass, a Ievel density parameter and Ekin 
the kinetic energy of the group of N nucleons. vlith an 
a-value of 9.33 Mev- 1 given by Täke and Swiatecki 5) for 
a nucl eus of mass A=64 1~e get from the temperature at 

-60°: N=12~~. N=11~~ and N=7~~ for Ea, = 64, 88 and 
103 MeV respectively. From the temperature at +120° 1·1e 

+11 +12 +8 correspondingly get N=34_8 , N=46_8 and N=35_ 6 . 

Results of this investigation rule out definitely the 
model of a static hat spot6l since temperatures of the 
emission in q-direction are always higher than in the 
opposite direction ~1here temperatures near to that of 
the fully equilibrated system show up. 

However, we claim that 11e have found experimental evi
dence for a locally excited nucleus with a hat zone 
araund the q-direction. 
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1.15. Fireball analysis of 54Fe(a,a'x) reactions at 
120 MeV 

H. Machner, U. Bechstedt, A. Djaloeis,and P. Jahn 

The quantity d3a/dv3 is invariant under Galilei transfor
mations. Thus, a countour diagram of d3a/dv3 versus linear 
momentum perpendicular to the beam axis p~ and versus the 
rapidity y = arctanh (v

11
;c) should sh01~ up features of the 

emitting system. If a system emitts particles isotropic 
in its rest frame - as da campeund nuclei - the contour 
diagramm shows concentric semicircles araund the system 
rapidity. At non relativistic energies the rapidity re

duces to pl I the linear momentum parallel to the beam 
axis. 

vle ha ve deduced d3 a /dv3 for a-emi s s i an from 120 MeV a pa r
ticles an 54Fe. Notall data points are an semicircles. 

But large cross sections at backward angles and small 
ones a t fon1a rd ang 1 es tend to be semi concentri c ab out 
an origin vs. In fig. 1 data (dots) are shown tagether 
with semicircles araund v5 = 31~1eVju' with u being the 

nucleon mass. 

Figure 1: Contour diagramm of Galilei-invariant cross sec
tlans ai (given by dots, in units of 
105 mb u = nucleon mass) as function of the 

MeV siYMeV u' ' . 
velocityparallel to the bea~ axis PJ 1 and the velocl~Y 
perpendicular to the beam ax1s PJ,.· ABo shm·m are sem~
circles centered araund Vs=3/MeV;u and the beam veloc1ty 
Vp and the campeund nucleus velocity vcN obtained from 
linear momentum conservation. 

These points are nearly an the semicircles indicated in 
the figure and may therefore origin from a source moving 
with v in the beam direction. Indicated are also the s 
beam velocity v and campeund nucleus Velocity VCM' From 
linear momentumpconservation we get (neglecting the bin

ding energy of a-particles): 
( 1) 

This Ieads to ms~10 nucleons. 

The a-emission is assumed to have a Maxwellian distribu
tion ~1ithin the rest frame of the source, 

d2
0

, -e ,/T 
-:r-r:r;:o- = c ;;:-;e a 
de,ull a 

(2) 

~Ii th T the temperature of the source. 
A fit of (2) to the data results in T=28 MeV. This seems 
to be a very high temperature l~hen compared to the total 

excitation energy of 148 MeV. In a simple fermi gas model 

the total excitation energy is 



and 

Using the values obtained from the rapidity analysis 1'/e 
get U=980 MeV and Ek. = 45 MeV. This contradicts to 

1 n 
energy conservation. Therefore the assumption of a 
movin~ source is questionable. Comparison with data is 

made in figure 2. 

100 

"Fe(a,a'x) 
Ea=120 MeV ... 

-----2fJ' 

1Q-' • 

~40° 
10-2 x10-1 

0 50 100 Ea(MeVI 

Figure 2: Data (dots) are compared with calculated spectra. 
The calculations assume a moving source with velocity 
Vs = 31MeV/uin beam direction and a temperature of 28 MeV. 

1.16. Time Scales in Pre-Equilibrium Model Formulations* 

H. Machner 

A number of different pre-equilibrium models has been 
formulated. Some of these treat the nuclear excitations 
in terms of particles (p) and holes (h) (= excitons 
n=p+h) with respect to the Fermi surface1). Besides this 
feature they have some common assumptions, namely: 
- the transitions between two different states can in

crease (or decrease) the number of excitons at most 

by two; 
- the contributions to the cross sections from different 

particle-hole states can be incoherently summed up. The 
last assumption leads to the criterion 

< T ( 1) 

with tresp the responsetime (i.e. the time an inter
action needs to take place) and T the time between 
tl'/0 interactions. In the hybrid model 2) TH is simply 
estimated from the transition rate At going from a 
state n to a state n+2: 

H 1 =~~ 
T =~ V (2) 
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with A(E) the mean free path of nucleons in nuclear 
matter and v the particle velocity. The quantity K is 
a scaling factor for the mean free path. A is calcula
ted from free nucleon-nucleon cross sections corrected 
for the Pauli-Principle. 

The response time tresp has been calculated in the spirit 
of the hybrid model as for free nucleons. The response or 
interaction time is derived from the range b and the 
depth V

0 
of the nucleon-nucleon potential 

tH _ 2bt X 
resp -~ 

" 2m 

(3) 

m being the nucleon mass. The de Broglie 1~ave length Xis 
only a very small correction to the potential range. The 
range is given in two limiting cases: with a repulsive 
core at high energies and without at low energies. We 
have chosen b = 1.7 fm and 2.7 fm for these cases 3), res
pectively. From the ground state of the deuteron we learn 

V
0
b2 = 102 t~eV fm2 (4) 

This relation defines n01·1 V
0 

and therefore t~esp The re
sulting u..o curves are shcMn in fig.l. They are compared l'lith 

lifetimes TH(E) calculated for K-values of 1, 2 and 4. 
Obviously only TH(E) with K=4 satisfies condition (1) in 
the range of some tens of MeV where this model has been 
applied, This seems to contradict recent comments on mean 
free pathes in nuclear reactions4l, 

For the exciton model 5) TE(n,E) has been derived from the 
transitionrate A(n+n+2) areraged over all possible con
figurations: 

( -1 . -1 TE n,E)=A (n+n+2,E)=(~(p,h,E)) 

E 
[ JA~(u)c;,(p-1 ,h ,E-u)·'i'(1,0,u)+ 

0 

h ( J -1 A+ u)~(p,h-1,E-u)?(0,1,u)du (5) 

l'lith <;>(p,h,E) the Ericson-level density. Again values for 
K=1,2,4 are sh01·1n for a t\'10 particle-one hole state in 

fig. 2. The response time tE has been calculated in resp 

16 

14 

12 

-10 
lll 

1'1 8 
N 
I 

6 0 ..--- 4 

2 

0 
1 10 

E !MeV) 

Figure 1: Response times tresP. for free nucleon-nucleon 
interaction in the approximation for low (thick solid 
curve with open circles) and high (thick solid curve with 
open squares) energies. The timeT between two succeeding 
interactions is calculated in the hybrid model approach 
for mean free paths multiplied by the factor K indicated 
in the figure. 



10-24+--~--.-------.---
10 100 1000 

E (MeV) 
Figure 2: The response time tresp (n) (thick solid line) 
from equ. (6) is compared with times Tn between two in
teractions. Again a mean free path multiplier is indica
ted. All calculations for this figure have been performed 
in the frame~10rk of the exciton model for the exciton num
ber n=p+h=3(2p,lh). 
the framework of the exci ton mode 1 fo 11 o~1i ng a conj ecture 

of Agassi et al .6l as 

E + d~(n,E) 1 dAc(n,E) 
tresp (n) = n max {--ar--- ~)' dE 

d [A+ ( n , E) +A- ( n , E )] • ..,---r::--,..;1~--r:-:....,.-..-
dE A+(n,E)+A_(n,E) 

(6) 

For n=3 (2p+lh) this function is shown in fig. 2. Again 
K=4 satisfies the condition (1). For energies above 
100 MeV shorter mean free path values (K=2) seemalready 
to satisfy condition (1). This is in agreement ~lith the 
practice to use K=3-5 to adjust calculated cross sections 

to experimental values2•7). 

~Condensed from Z. PhysikA- Atoms and Nuclei, 302 (1981) 
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1.17. Investigation of the (p, 3He) Reaction on 13c, 
15N and 16o at E = 45 MeV p 

V. Rapp*, G, Staudt* 

Dur last measurement of (p, 3He) reactions completed the 
investigation in the p-shell at an incident energy of 
45 MeV, mainly. The experim~ntal set up 1~as a conventio
nal triple telescope with a veto as third detector. The 
particle discrimination has been obtained off-line at 
Tübingen1). From the spectra one could reduce angular 
distributions (10°-150°) for various transitions leading 
to states up to 15 MeV excitation energy of the residual 
nuclei 13c and 14N. 

In the reaction 16o(p,3He) 14N the transitions leading to 
states with negative parity, which cannot be populated 
through a one-stage two nucleon pick-up are turning out 
with a comparable strength. This is obvious since the 
sd-shell will play its part most strongly in this reac
tion rather than in any other one using p-shell nuclei as 
target. In fig. 1 the angular distributions of transitions 
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• 15Nip!HePc 

I 0 5 " 
160ip,3He)1'N a d ~b,<t;J 
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Figure 1: Angular distributions for the reaction (p, 3He) 
on 160 and 15 N leading to various states in l4N and 13c, 
respectively. 

leading to states having the same parity as the ground 
state. They can be explained in a direct reaction model. 
A series of DWBA calculations for direct two-nucleon-pick
up reactions for target nuclei ranging from 10B to 16o has 

been undertaken1). The most satisfactory set of entrance 
potentials 2) found is one which varies smoothly with 
energy and mass number of the target nucleus. Similar a 
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cons i s tent one nucl eon potenti a 13 •4) ~las used to descri be 
the various t~10-particle states of the bound state of the 
target nucleus. The real part of the He potentials for 
the various exit channels were adjusted to fit the respec
tive ground state transitions, ~1hereas the imaginary part 
~1as left unchanged5). The fitted values are V = 118.61 MeV, 
r = 1.15 fm, and a = 0.5739 fm. 

The deuteron transfered can be either in its ground state 
(s=l, and t=O) or in its first excited state (s=O, and 
t=1). This mixing of configurations in one reaction re
quires a careful consideration of the relative strengths 
of both. One has to take into account the isospin Clebsch
Gordons for the target and the ejectile and both spec
tros copi c factors 6 • 7). Wi th these wei ghts the mJBA ca 1 cu

lations for the reaction 13c(p, 3He) 11B are being shown in 
fig. 2. The spin for the state at 8.56 ~1eV in the residual 
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Figure 2: Camparisan between experiment and microscopic 
DWBA calculations. 

nucl eus has been taken to be 3/2 in accordance ~Ii th the 
assignment for the corresponding state in 11c 8). The ex
perimental result is 1·1ell described by the calculation. 

In fig. 3 there is a comparison beb1een the experimental 
transition strength, which is considered tobe the inte-

d 
lfJbl 
800 
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~00 
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-=dexp. 
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E 

Figure 3: Camparisan between aexp(00-9QO), and bare spec
troscoplc factors and ath· 

grated cross-section (0°-90°) and the spectroscopic fac
tors for the tarqet nucleus and the theoretical transi
tion strength. It is amazing that the bare spectroscopic 



factor for the target nucleus coincides with experimental 
data, so v1ell. On the other hand this effect is neither 
specific for 13c nor (p,3He) 9 •10 ), 
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1.18. Analysis of the Reaction 20Ne(p,a) 17F 

T. RohvJer~, fv. Oelert 

He have analysed the reaction 20Ne(p, )17F to the first 
four states in 17F. Differential cross sections were mea
sured at 22.5, 27,0, 35.0 and 45.0 MeV incident energy 
(using the cyclotron JULIC) in order to get information 
about the reaction mechanism. 

The angular distributions are shown in fig. 1 tagether with 
the results of Falk et al, 1) at 42.6 MeV. For the higher 

incident energies the distributions of a transition to 
the same level in 17F are much alike and characteristic 
of the transfered angular momentum2l. 

He therefore tried to describe the distributions with 
zero-range DHBA using cluster form-factors. The optical 
potential for the protonswas taken from the literature3l. 
For the outgoing channels the optical potential was fit
ted4) to give best agreement of the transition to the 1/2 
state at 3,1 MeV. The potential is given in table 1. The 

V r a H' r' a' 

176.9 1. 754 
1.866 

0.677 
0,55 

10,0 1. 754 0.677 

Table 1: Optical potential parameters used in the DHBA 
calculations, ~ varied to yield binding energy. 

parameter of the radius in the bound state potential of 
rb=1. 886 fm is necessary to describe the slope of the 
distributions. 

The result of the DHBA calculation is shown in fig, 1 as 
solid line. Each DWBA cross section is normalized to the 
experiment according to the formula: 

20 2 
crexp = EX S(a) x S( Ne) x Do X crDWBA . 

S( 20Ne) is the spectroscopic factor for the three nucleon 
trans fer g i ven by Chung5) and Do2 = 23 x 104 fm 3 t~ev 2 i s 
gi ven by Kunz6). 

The normalization factor as a function of incident energy 
is shown in fig. 2 for the ground state and the first ex-
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da 
Cifl Ex= 0.5 MeV 

f :::1/i'" 

Ep (MeV) 

22.5 

Figure 1: Angulardistributions of the reaction 
2öNe(p,a) 17F between 22.5 and 45 MeV. The solid lines 
represent DHBA calculations. 

cited state in 17F. In the case of the 1/2- state at 
3.1 MeV and the 5/2- state at 3.86 MeV the product 
EXS( 20Ne) is shovm. The normal ization factor lies in the 
range between 100 and 10 and decreases with increasing 
energy, This may be due to the fact that the antisymme
trization is not properly taken into account. According 
to Fliessbach 7) this effect should decrease with increa
sing energy, 

Fig. 2 sho~1s that the normal ization factor for the trans
fer to the 1/2+ state at 0.5 MeV in 17F is about a factor 
of 2 lower than the value for the ground state. Besides 
the possibilitv that the spectroscopic factors are wrong 
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Figure 2: Normalization factors as a function of energy 
obta1ned from the DWBA analysis of the four transitions. 

one has to notice that the fit to the angular distribu
tion is very poor. A much better agreement between theorv 
and exoeriment is obtained if one includes couplings bet
ween the first two states in 17 F due to rotation (solid 
line) or vibration (dashed line) in the residual nucleus, 

as shown in fig. 3. 

Ex= 0.0 MeV 

f=Sit 
Ex= 0.5 MeV 

J 11 ::1/t 

Figure 3: Results of the coupled channel analysis. Solid 
hnes shovl results of the channel couplings due to rota
tions dashed lines due to Vibrations in the residual 
nucleus. 

This interoretation is supported bv the description of the 
positive-parity states in 17F using the intermediate coup
ling unified model bv Chung and Shin8l. We took the defor
mation parameter of ß = 0.32 from this work. The optical 
potentials are the same as for fig. 1 except that the ima
ginary part of the a-potential is reduced to 7 MeV. 
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Before coming to final conclusions one has to take into 
account other two-step processes as for example inelastic 
excitations in 20Ne or EI-transitions in 17F 9). This 
analvsis has to be postooned, however, until the spec
troscopic amplitudes 1·1hich enter the calculation are 

known. 
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1.19. DWBA analysis of the (p,a) reactions on 26Mg and 
27 Al 

F. Hoy~er*, G. Staudt*, S.A. Martin, W. Oe~ert 

The (p,a) reactions on 26M~ and 27Al have been measured 
using the 45 MeV proton beam of the JULIC cyclotron. In a 
first experiment the outgoing a oarticles v1ere detected 
with silicon surface detectors. In order to resolve more 
excited states in 23 Na the 26M~(p,a/ 3 Na experiment ~1as 
also performed usin~ the magnetic spectrometer BIG KARL1l. 

In fig. 1 the angular distributions of some transitions to 
states in 23Na measured in the scattering chamber are 
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10 2 ' 
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' 

26 Mg(p,a) 2tJa 

Ep=45.0 MeV 

Elc.m. 
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Figure 1: Angulardistributions 
of the reaction 26Mg(p,a)23Na 
solid lines represent DWBA cal
culations. 

shown. The 0.44 MeV level 

was used to normalize the 
spectrometer data. The 
solid lines represent 
m/BA calculations in zero 
rangeclusterform factor 
approximation. The opti
cal potential parameters 
are summarized in table 1. 
Since no elastic a-scatte
ring data in this region 
of energy for 23Na are 
known, the a opti ca 1 po
tential has been fitted 
to the reaction data shown 
in fig. 1. Forthis pro
cedure the fi tti n~ code 
GOMFI L wri tten by Leeb2) 

has been used. 

Fig. 2 shows some results 
of the BIG KARL experiment. 
The solid lines represent 

DWBA calculations done with the same set of parameters as 

used in fig. 1. 



V r a 

Mg+p 43.07 1.17 0.75 
27Al+P* 40.69 1.17 0.75 
23Na+a 202.6 1. 279 0.676 
24Mg+a* 202.7 1. 32 0.565 
23 Na+t ** 1.3 0.65 
24Mg+t ** 1.3 0.65 
24Mg+p 54.0 1. 236 0.62 
24Mg+n 54.0 1.236 0.62 

HI v/Surf r 

7.2 12.57 1.32 
11.27 1.32 
8.09 1.279 

36.49 1. 41 

a 

0.624 
0.51 
0.624 
o. 58 

24.16 
26.52 

7.0 

1.01 
1.01 

0 .,75 

0.75 

1.236 0.65 
7.0 1.236 0.65 

1.2 
1.2 
1.3 
1.3 
1.2 
1.2 
1.2 

Table 1: Optical potentials as used in DHUCK4, * as used in Dv/UCK5, ** varied to vield binding energy. 
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Figure 2: Angular distributions of the reaction 
26Mg(p,a) 23Na BIG KARL experiment. Solid lines represent 
DWBA calculations. 
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Figure 3: Transition strength for 26Mg(p,a)23Na at 
Ep=45 MeV experimental data (white bars), shell model 
prediction (black. bars) and single nucleon transfer 
(hatched bars) normalized to 0.44 MeV level. 

In fig. 3 the experimental (p,a) transition strengths to 
states in 23 Na (white bars) are compared with shell mo
del predictions (black bars) given by the DWBA- cross 
sections multiplied by the spectroscopic factors of 
Chung and Wildenthal 3) and with the corresponding experi
mental sinqle particle transfer spectroscopic factors 
(hatched bars) taken from the compilation of Endt4l. The 
data are normalized to the first 5/2+ level in 23Na and 
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are plotted on a logarithmic scale. The shell model predic
tions agree reasonably well with the experimental data, but 
there are some severe deviations especially for the 3/2+ 
states. An even better aqreement is observed in the compa-
rison to the sinqle particle transfer. This supports the 
spectator model v1hich predicts the two neutrons being 
coupled to seniority zero and hence acting as a specta
tor. But in this model the 7/2+ or the 9/2+ states cannot 
be excited via triton transfer. The rather strong transi
tions to the 7/2+ and 9/2+ states imply the importance of 
seniority three transfer for the (p,a) reaction . 

In order to investigate the influence of the different 
configurations of the three transfered nucleons, micros
cooic calculations are in progress. These calculations are 
based on microscopic form factors calculated in the forma
lism of Oberhummer5). In this formulation exact finite 
range DWBA calculations are possible. In fig. 4 results 
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Figure 4: Finite-range DWBA cal
culation for 2 7Al(p,a) 2 4Mg g.s. 
at Ep=45 MeV. 
Optical potentials of tab. 1. 
Solid line:cluster form factor, 
dashed line: microscopic form 
factor. 

of this type of calcula
tions are presented for 
the 27Al(p,a) 24Mg g.s. 
reaction at 45 MeV. The 
so 1 i d 1 i ne represents the 
cluster form factor cal
culations in finite ranqe 

usin~ the code DWUCK5. 
The optical potentials 
(table 1) have been 
found by fittin~ the 
elastic scattering data 
for both, the proton and 
alpha channel at appro

priate ener~ies. The 
dashed line represents 
a finite range micros
copic form factor calcu
lation. The spectrosco
pic amplitudes of the 

nine configurations taken into account have been calcula
ted by Pfeifer6) and are collected in table 2, the parame-
ters for the sin~le particel bound states are given by 
Hodgson7). It should be noted that in this calculation no 
free parameters have been used apart from a normalization 
constant N ~ 2000 in order to give the correct absolute 
cross section. As can be seen from fig. 4, in both cases 
the shape of the calculated angular distributions is 
nearlv the same. Bevond it further calculations have 
shown, that the shape is nearl.v insensitive to the spe-



n l j n l j L n l j slf2(y,LSJ) tw 
1 1 1 2 2 2 12 3 3 3 

1 d5/2 1 d5/2 0 1 d5/2 0.107 

1 d5/2 1 d5/2 2 1 d5/2 0.0683 3 

1 d5/2 1 d5/2 4 1 d5/2 0.0917 3 

1 d5/2 1 d5/2 2 2 s 112 0.0101 3 

1 d5/2 1 d5/2 0 1 d3/2 -.0027 3 

1 d5/2 1 d5/2 2 1 d3/2 -. 0011 3 

d5/2 1 d5/2 4 1 d3/2 -.0021 3 

d3/2 1 d3/2 0 1 d5/2 0.0313 1 

2 s1/2 2 s1/2 0 1 d5/2 0.0824 

Table 2: Spectroscopic amplitudes for the reaction 
27AJ(p,a)24Mg g.s., An~ular momentum transfer L=2, J=5/2. 

cial three - nucleon configuration: the cluster approxi
mation is a good approximation to a microscopic calcula
tion. An open problern is the discrepancy in the absolute 
cross sections, which is well known from other investiga
tions of (p,a) reactions 5), 
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1.20. Microscopic model calculation for (p,a) reactions 
on light nucl ei 

H.-J. Hauser*, F. Hoyler*, H. Oberhummer**, G. 

Staudt* 

In continuation of our s.ystematic study of (p,a) reactions 
on light nuclei, v1e have measured (p,a) reaction cross sec
tians for different transitions in the target nuclei 15N, 
16o, 17o and 18o. The measurements with a projectile ener
gy of 45 MeV have been performed at the cyclotron JULIC. 

Same angular distributions of differential cross sections 
tagether with results of former experiments are given in 
fi~. 1. Obviously the shape of the angular distributions 
is mainly determined by the total angular momentum trans
fer öJ. That signifies, that the shape is insensitive to 
the specific configuration of the transfered nucleons in 
the target nucleus. 

Up to now we have analysed some of these experimental re
sults in zero range D~IBA us i nq the code DWUCK4. The three
nucleon form factors required for the DI•IBA 1~ere calcula
ted 1~ith the microscopic formalism of Oberhummer1). The 
calculations have shm·m, that for 1p-shell target nuclei 
the form factors for given orbital anqular momentum trans
fer öl are nearly insensitive to the specific three-nuc-

~m 30. 60. SO. 120, 

j-Dependence 
of <p,<X)
Reactlons 

30. 60. so. 120. 

Figure 1: J-dependence of angular distributions; 
1: 13C(p,a)10B(1.7); 2: 14N(p,a)11C(2.0); 3: 15N(p,a)12C(O.O); 
4: 160(P,a) 13N(O.O); 5: 20Ne(p,r.t)17F(3.1): 6 :11B(p,a)8Be(O.O); 
7: 12C(p,a)9B(O.O); 8: 15N(p,r.t)12C(15.1); 9: 160(o,a)13N(3.51); 

10: 14N(p,a)11C(O.O); 11: 15N(p,a)12C(16.1); 12: 160(p,a)13N(7.38); 
13: 13C(o,a)10B(O.O); 14: 14N(p,a)11C(6.48); 15: 15N(p,a)12CI14.1); 
16: 15N(p,a)12C(20.5). 
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leon configurations. In fig. 2 
a comoarison between the ex
perimental angular distribu
tions of four transitions to 
highly excited states in 12c 
and the results of DWBA cal
cul ati ans i s shm~n. The para
meters of the optical poten
tial for the a-particle are 
fitted to experimental data2) 

of elastic a-scattering at 
42 MeV projectile energy, 
those for the proton are si
milar to a set used by Pigna
nell i 3); (see table). The 
single particle potentials 
used in the calculations of 
the microscopic form factors 
are drawn from the work of 
Bear and Hodgson4), 

Figure 2: DWBA-calculations 
(DWUCK4) with microscopic form 
factors and measured ootical 
potentials for entrance- and 
exi t-channe l. 
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15Ntp 42 32.0 1.13 0,66 5.7 10.3 1.42 0,48 1.25 

1.25 0.61 7.9 2.14 0.21 1.25 

Table 1: Optical potentials as used in DHUCK4. 

The insensitivity of the microscopic form factors to the 
underlying nucleon configuration only seems to be valid 
for such transitions, where the transfered nucleons origi
nate from the samemajorshell. Referring to this it should 
be noted, that the transition 20Ne(p,a) 17F (3.10 MeV; 
1/2-) fits well in the J=1/2- systematics of the lp-shell 
nuclei whereas the transition 20Ne(p,a) 17F (3.86 MeV; 
5/2-) does not fit in the J=5/2- systematics (see ref.5). 
In order to studv the anqular distributions and the tran
sition strengths for (p,a) reactions, where the three 
transfered nucleons do not descend from the same major 
shell, 1~e started (p,o:)-experiments on 17o and 18o. 
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1.21. Light Particle Coincidences in o:-induced Reac
tions+ 

B. Ludewigt*, G, Gaul~, R. Glasow~, H. L8hner*~, 
~ 

R. Santo 

In order to study the various processes contributing to 
the continuous spectra of o:-induced reactions at 172.5 MeV 
a coincidence experiment has been performed on a 58Ni tar
get. For the detection of the reaction products (A~4) 4 
telescopes have been used in the scattering chamber pla
cing the telescopes Tl, T2, T4 in one plane (Fig. 1). 

.. Trigger- Teloskop " 

Figure 1: Experimental set-up for the coincidence measu
rements. 
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Telescope T3 was mounted out of the reaction plane de
fined by telescopy 1 and the beam axis. 

I'IE-detector E-detector 

1 SB, 1000 ~m NaJ, 8 cm 
2 SB, 500 ~m SB, 4x2000 ~m 

3 SB, 500 ~m SB, 4x2000 ~m 

[T4 SB, 1000 ~m NaJ, 8 cm 

Table 1: Detectors used in teles
copes Tl-T4. 

Two parhcle coinci
dences have been 
measured by detecting 
one reaction product 
Tl at angles 91=20°, 
40°, 50° and 65° and 
the other in one of 
the three telescopes 

T2, 3, 4 at 93 = 94 = 92 30°. The ßE- and E-signals 
and the time differences between the ßE-signals have been 
written event-by-event on magnetic tape. 

The largest fraction of the observed yield turned out to 
be p-p-coincidences. 

In table 2 some typical coincidences ratios C are listed 
for a specified energy ~lind01·1 in the telescopes involved. 

Tl T2, 3, 4 91 c = (l-J)/(l-4) 

energy i nterva 1 (MeV) 
20-80 22-40 20° 0.79 ( 7 %) 

20-80 22-40 50° 0.59 ( 6 %) 

20-80 22-40 65° 0.56 ( 11 %) 

Table 2: Proton-proton coincidence ratios. 

As one of the most significant features we observe an 
appreciable reduction of the "out of plane" to "in plane" 
correlation pointing to a direct reaction contribution. 
The corresponding coincidence spectra displaying this 
difference are shown in Fig. 2. 

For further analysis of the reaction mechanism we make 
the most simple assumption that the cross section decom-

,_.,,_......,.....,..""f"""'...--.--.-=t"....,..-.,.-.,............,,_."...., 10 
4 

K 
e1 = 50° 

10
3 K K p- incl. 

K 
K 

K 

1 ::1.~ 
"L 

(/) 

'--' 

N 

K 

" " K ,----, 
Q " 10

3 D~~ 't + 
., K 

I) + 0 
K 

::1.~ 
I) + 0 '-

9 + $ * 
(/) 

'------' 
c: -c 

10
2 

b w "lc -c 
c: -c 

<> + + * bl~ p- p- coin. ? ~ + N ~ uc: 
+ + -c .. ( 1-4) 

r r t * + ( 1- 2) 

0 (1- 3) r t 
0 20 40 60 EL [MeV] 

Figure 2: Proton-proton coincidence spectra. 

poses into a quasifree nucleon-nucleon scattering part 
(QFS) and a remaining (possibly thermal) component lea
ding to uncorrelated p-p-coincidences. Hith this simple 
separation the difference (1-4)- (1-3) is identified with 
the QFS contribution. The QFS cross section has been cal
culated folding the free p-p-cross section with the momen
tum distribution of the involved projectile and target 



protons. As shown in Fig. 3 the calculated curve norma-

r 200 
.Cl :E 
::!.N 

fil 
'---'----' 

N 150 c: 
"'Cl 

b w m "'Cl 
"'Cl q 100 

"'Cl 

50 

0 
0 40 60 EL!MeVl 20 

Figure 3: Experimental "in plane" - "out of plane" pro
ton-difference spectrum at 9p = 50° and preliminary QFS 
calculation (line). 

lized to the experimental data, agrees well with the mea
sured difference spectrum. The QFS-part of the inclusive 
p-spectrum may be calculated by integrating over the se
cond proton. An estimation based on the above outlined 
calculations yields a fraction of QFS of roughly 50 % of 
the cross secti on in the energy regi on 20 MeV :: Ep :: 50 t~eV 

at ep = 50°. This result depends, however, strongly on 
the assumptions made above, in particular the momentum 
distributions of the nucleons in the target and projec
tile. Another interesting feature has been observed in 
the a-p-coincidences. Fig. 4 shows the spectrum of the 
summed energies of the a-particle and the proton detec-
ted at opposite sides of the beam axis at 9a = 20° and 
ep = 30°, respectively. The peak at an energy of about 
170 MeV is an indication for a direct knock-out process, 
where the a-projectile removes directly a proton from the 

40 

OJ -e 30 
..c. 
:0 
N 20 

10 

%=20"(4(x=O·) 

9p = 3 o· 1 41:> =180"l 

50 

Figure 4: Summed Proton-a-coincidence energy spectrum. 

target nucleus leaving the residual nucleus in a low 
lying state. 

+ Supported in part by the Bundesminister for Forschung 
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1.22, a-Emitter Yields from a-Induced Reactions on 
206,208Pb and 209Bi 
G.P.A. Ber>g, J. Ernstu, F/, Friedland'U, v/. Hürli

mann, I. Katayama, D. Kolev*>*~ S.A. Martin, 

J. Meißburger, J.G.M. Römer, F/, Scholz~~, S. Suhr~*, 
J. Tain 

The previous study of a-emitter yields from LJLTh + a 
reactions 1•2) was extended toPband Bi targets. Alpha
emitting recoil nuclei from 206 •208Pb, 209Bi{a,xnyp) 
reactions were investigated with the moving tape system 
BANDIT3) at 130, 135, 150 and 170 MeV bombarding energy. 
The tape velocities were adjusted to decay-times of 100 ms 
to 10 min. The very complex spectra ~1ere analyzed by the 
code ALFUN4). Preliminary results for 209Bi + a indicate 
that e.g. at 170 MeV bombarding energy the residual nuc
lei 200m,gAt and 195m,gPo are produced with cross sec

tians of the order of mb. The yields and isomeric ratios 
shall be compared to predictions of the code EXCLUSIVE 
INDEX allo~ling for the emission of two pre-equilibrium 
nucleons before the compound nucleus evaporation cascade5). 

Due to the high neutron flux at the position of the Si 
detector in about 5 cm distance from the target the 
energy resolution is limited to about 60 keV making it 
difficult to unambiguously separate nearby a-lines. In 
order to improve the resolution, and in addition to 
enable the direct (fast) a-spectroscopy of the target 
without destroying a Si detector by fission products the 
facilities of the Big Karl magnetic spectrograph are pre
sently being adapted for a-detection6). By using multi
line a-sources the setting of the Big Karl magnets was 
optimized for rather low main fields of about 1.7 kG, In 
a first test run a-particles at energies of 5.5 ± 0.4 MeV 
were detected from the 209Bi + a reaction at 130 MeV bom
barding targets of 70 and 300 ~g/cm2 and taking spectra 
duri ng the 50 s "on" and 50 s "off" peri ods of the s 1 ow 
beam pulsing system of JULIC. As a focal plane a-detector 
the multi-wire-proportional-ch_amber of Big Karl was used 
being run at a reduced gas pressure of 400 mbar . 
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1.23. Measurement and Theoretical Predictions of Inte
gral Excitation Functions for a-Induced Reactions 
on Ti , V and Mn 

R. Michel"', G. Brinlonann"', M. Galas~', R. Stück"' 

Completing a systematic investigation of a-induced reac

tions on target elements 22 ~ Z ~ 28 fifty excitation 
functi ons 11ere meas ured for the producti on of radio
nuclides 42 ~ A ~58 from natural titanium, vanadium and 

manganese for 15 MeV~ Ea ~ 172.5 MeV. 

Because of the rather high (up to ~ 5 %) abundance of 
titanium in the lunar surface, this element deserves 

particular interest as target element with regard to cer
tain cosmochemical applications. So the new measurements 

on Ti - tagether wi th earl i er ones on Fe and Ni - n011 
permit a quantitative description of the Interaction of 

solar a-particles ~lith extraterrestrial matter. Analogaus 
model calculations were already performed for the Inter
action of solar protons with the lunar surface1), as well 
as with meteorites and cosmic dust2). 

Moreover, these experimental excitation functions are use

ful for testing actual theories of nuclear reactions. So 
the experimental data 1·1ere compared ~Ii th theoretical pre

dictions on the basis of the hybrid model of preequilibri
um reactions 3). The faculty of this model for "a priori" 
calculations is of high value in the field of applicati
ons of cross sections. 

There are di screpancies, however, between the ne~1ly mea

sured excitation functions and the theoretical ones which 

are similar to those described earlier4) for cobalt. 
These deviations give evidence for a greater complexity 

of the initial reaction phase of a-induced reactions 
than accounted for by "OVERLAID ALICE" 5l. In particular, 

incomplete break-up of the incoming a-particle will re

sult in a lower excitation energy of the compound system, 

thus rising the cross sections for exit channels with 
small mass differences between target and product nucli
de, An example of this type is given in fig. 1. At 170 MeV 
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figure 1: Experimental cross sections and hybrid model 
calculations for Ti(a,3pxn)4Bsc. 

the experimental data for Ti(a,3pxn) 48sc are underestima
ted by theory by more than a factor of 10, But s i nce Ti 
has 5 stable isotopes, here it is difficult to attribute 

the discrepancy to a particular reaction channel. 

- 30 -

In the case of V and Mn whi eh are - or at 1 eas t can be 

regarded as - single isotope targets, the experimental 
cross sections pennit a more detailed theoretical analy
sis. Exemplarily in fig. 2 a comparison of experimental 
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Figure 2: Experimental and theoretical excitation functi
ons for the production of 47Sc and 4Bsc from v. 

and hybrid model data for V(a,4pxn) reactions leading to 
47S d 48S . d F 47 . c an c 1s ma e. or Sc 1n the energy region bet-
ween 50 and 60 MeV preequilibrium a-emission in the reaction 
51V(a,2a) 47sc is to be observed which is not described 
by the theory. At higher energies, the evaporation peak of 
the 51V(a,a2p2n) 47sc reaction is adequately reproduced, 

Above 100 MeV, hov1ever, the experimental cross sections 

show a strong levelling-off which is not to be seen in the 
calculations. 

Also for the 51v(a,4p3n) 48sc reaction the calculated cross 
sections at 170 MeV deviate from the experimental ones by 
an order of magni tude. Here, poss i b ly break-up effects may 

be important, so that the actual reaction to be attributed 

would be 51v(n,a) 48sc rather than 51v(a,4p3n) 48sc. A more 

detailed analysis of excitation functions measured is in 
progress. Tagether with recently started studies of exci
tation functions for 2H- and 3He-induced reactions on co

balt it will permit a comprehensive survey on reactions of 
light particles with elements 22 ~ Z ~ 28. 
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1.24. Continuous charged particle spectra from 4°Cat6Li 
reactions at an incident energy of 26 MeV/nucleon 

H. Rebet*, H.J. Gits*, R. Planeta*, J. Busch-
* ** . M mann , B. Newnann , H. Klewe-Neben?-us , S. 

·** . *** d " h Zagromsk?- , R. Shyam , an H. '"ac ner. 

The investigation of break-up reactionsis of great inte
res t, because by thi s ~1ay the i nterna 1 moti on of cons ti
tuents in nuclei can be studied. This has been done with
in simple models based on quasi free scattering mecha
nism1-4). However, these models account only for the 

elastic break-up mode. But at reasonable energies in
elastic break-up modes come into play. Such processes 
like incomplete fusion, absorptive break-up or massive 
transfer have been found to be the dominant contribution. 
For a revi e\~ see reference 5. He ha ve used the 6L i beam 
of the Karlsruhe Isochronaus Cyclotron as a tool to study 
break-up processes. This particle seems favourable for 
such studies because it first is intermediate between 
light and really heavy ions and second it is weakly bound 

(EB = 1.47 MeV). 

In a series of experiments targets of 40ca have been bom
barded with 156 MeV 6Li-ions. Charged particle spectra of 
outgoing nuclei with A,4, Zs2 have been detected using 
solid state telescopes. Spectra were recorded over an 
angular range from 9° to 50° andin some cases up to 90°. 
A complete compilation of the data is given in ref. 6, 

In all spectra at forwardangle a bell shape structure is 
to be seen centered around beam velocity. This structure 
is superimposed on a flat continuum from pre-equilibrium 
reactions. He have analyzed the data in a way similar to 
that of ref. 7. 

The inclusive break-up spectra have been calculated in 
terms of the DHBA approach of Baur et al .8l. Hithin this 

approach the cross sections for elastic as well as in
elastic break-up are calculated from the T-matrix. Exci
tations of the 6Li projectile prior to break-up has not 
been taken into account. To simplify the computation of 
the T-matrix the zero range approximation has been applied. 
For the break-up of 6Li into deuteron and ~-particle a 
zero range constant 0

0 
has been obtained from the Fourier 

transform +(p) of the s-wave part of the wave function 

0
0 

= lim +(p) 
p+{l 

tobe -69.6 MeV fm 312. 

The pre-equilibrium contribution has been calculated 

( 1) 

with the help of the exciton coalescence model 9l. At the 
high excitation energy under discussion here the emission 
of more than one particle during the pre-equilibrium 
phase is possible. This has been taken into account by 
calculating the equilibration process with the help of 
master equations for residual nuclei after neutron and 
proton emission10 ). This leads to 

d2ax(E,8) 

dEd11 
a 

0 
L H x ( p, h, E, 8) Tn 

n=n0 
lln=2 

(2) 

for the cross section of the first emitted particle of 
type x. The quantity Hx is the emission rate into the 
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direction 8 from a state with p particles and h holes 
(n=p+h) 9). The average n-exciton state life time Tn is 
derived from the system of master equations and a

0 
deno

tes the reaction cross section. Taking energy and par-
ticle conservation into account the second particle cross 
section for a particle of type y follovling an al ready 
emitted particle of type x is 
2 

d axy(Ey,8) 

dEi11 

1~i th m0 = n-px . 

n=n0 
lln=2 

f Hx(p,h,Ex)Tn 

(3) 

The absolute height of complex particle spectra has been 
obtained by adjusting the free model parameter i .e. P0 

the radi us of the coa 1 estence sphere in momentum space9). 
This adjustment has been done at an angle of 8 = 45° 
where the contribution from the break up is negligible. 
The obtained values for P

0 
are given in the table and 

agree with earlier results from light ion induced reac
tions11l. In the figure data are compared with calcula

tions including both break-up and pre-equilibrium. It is 
tobe seen that at lower energies still a large part of 
the cross section is unexplained. However, with respect 
to the linear scale, in the break-up region the incohe
rently summed calculations give reasonable agreement. 

particle t 3He i ~ 

P0 (MeV/c) 271 248 354 

Table 1: Used values of the coalescence radius 
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Figure 1:, 40Ca(6Li,~x) at ELi = 156 MeV. Pre-equilibrium 
em1ssion background as pred1cted by the coalescence mo
del and total break-up calculation compared with data. 
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1.25. Light Charged Particle Emission from 197 Au t 
20Ne 

H, Maahner, G. Riepe, D. Protia, H.J. Bohlen*, 

and G, Fuahs * 
The study to light particle emission from heavy-ion in
duced reactions is a tool to investigate the underlying 
reacti on mechani sms. At energi es above the bi ndi ng enet:-; 
gy per nucleon spectra of secondary partic]es are domina
ted by pre-equi l i bri um emi ss i on': and projectile. break-up. 
The latter has been studied extensively from a few MeV up 
to relativistic energies. For ~ recent review see ref. 1.. 

Pre-equi l ibri um reactions ti<ive been suc.cessfully, repro
duced in light-ion induced reactions in terms of time de
pendent approaches2). However, the s i tu~ti on 'iti heavy-
ion. induced reactions is not so cle.ar. Thus, ~1e have mea
sured spectra· of light charged particles (Z~3, AS10} over 
a large energy range, The reaction chosenwas 197Au + 20Ne 
at 392 MeV bombarding energy using the coupled accelera
tor system VICKSI of the HMI Berlin. Inclusive spectra 
were taken at 11 different angles from 5° to 140° in the 
laboratory system. The particles were spectroscopied with 
a staCk of sol.id state counters. This arrangement con
sists of one 400 ~m Si-surface barrier and seven high
purity Ge-diodes 3) with total thickness of ~ 80 mm. This 
set up allo~1s the spectroscopy of protons up to 200 MeV. 
Energy calibration was accomplished with recoiling protons 
and deuterons from a deuteri zed po lyethyl en target. 
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Figure 1: Cross sections for particle types indicates in 
the f1gure from 197Au + 20 Ne reactions are shown as dots. 
They are well reproduced by Gaussians (solid line). 

In fig. 1 an example for the emissionangle 7.5° is given. 
The cross sections can be very ~1ell approximated by Gaus
sians. From the analysis of spectra with good statistics 

(AS4) a linear dependence of the centroid (~m) as well as 
the width cr with mass number (A} of the outgoing particle 
was obtained. 

~m(A) = 21.1 MeV t 9.59 MeV A ( 1) 

crm(A) = 11.1 MeV + 2.20 MeV A (2} 

Eq. clearly shows that the origin of the Gaussians is 
not projectile breakup which should result into centroids 
around the beam velocity and correspondingly to 
:t 20 · MeV • A. 

At present data analysis is in progress. 
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1.26. Study of pre-equilibrium emission follo~ling the 
bombardment of nuclei ~1ith 200 MeVprotons 

H. Machner, D. Protic, G. Riepe, J.P. Didelez*, 

N. Frascaria~, E. Gerlic*, E. Hourani*, 

H. Marlet* 

The measurements of continyous particle spectra follo~ling 
the bombardment of nuclei 1~ith 200 MeV protons1l have been 
conti nued. He have extended previ ous measurements by no1~ 

spectroscopying secondary helium isotopes from an 197Au 
target. Details of the experimental technique can be 
found elsewhere1l. Data analysis is under way. The hydro
gen isotopes sho1~ some features previously observed at 
lower proton energies (90 MeV) 2): Spectra of the diffe
rent hydrogen isotopes at the same laboratory angle have 
the same spectra 1 shape ~1hen corrected for different Q
values. The cross sections scale cr(p):cr(d):cr(t)il:100:10:1. 

These spectra have been analyzed in terms of ECM3). At 
the high bombarding energy ~1e here have to deal with the 
emission of more than on particle during the pre-equili
brium phase has to be taken into account. He have restric
ted ourselves to only second chance emission follo~1ing 

neutron and proton emission. To make the calculations 
feaseable in finite computer time ~1e have limited the 
calculations to only 15 interactions. The contributions 
from more complex states are negligible. The calculations 
have been performed in a grid of 10 MeV excitation ener
gies. The time evolution of the system is followed by a 
set of master equations 

dP~~,t) = A+(n-2,E)P(n-2,t)+A_(n+2,E)P(n+2,t) 

- [A+( n ,E )+A_ ( n ,E)+LA~( n ,E)] P( n, t) 
X 

~1ith the initial condition 

P(n,t=O)=o(n,n
0
), 

(1a) 

(1b) 

for the occupation probability P(n,t) of a state ~1ith n 
excitons (n = particles + holes) at the time t. The quan
tities A+ denote averaged transition rates4l between 
neighbou~ing states with n' = n ± 2 while A~ denotes the 
continuum emission rate for a particle of type x. After 
emission the system may be far from equil ibrium. ~Je take 
this into account by a second system of master equations: 

dQ(m, t) 

dt 

A+(n-2,U)Q(m-2,t)+A_(m+2,U)Q(m+2,t) 

- [A+(m,U )+A_ (m ,U )+ LA~(m,U)] Q(m, t) 
X 

( 2) 

~1ith U=E-Bx-Ex (Bx and Ex are binding and channel energy 
of the particle of type x) and m0=n-Px· The initial con
dition is 

Q(m,t=O)=o(m,m0 ) ~ ~ (n,E) a
0 

E 
(2a) 

~1ith ~(n,E) the cross section for the first particle 

emission with energy E from a state with exciton number 
n and a

0 
the reaction cross section. In fig. 1 angle 

integrated cross sections for proton emission are com
pared with calculations using a mean free path multipli-
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Figure 1: Angle inte~rated energy spectra of protons from 
200 MeV protons on 1 'Au. Data are shown with statistical 
error bars. Calculations as described in the text are 
shown. Firstchance and second chance emission are sepa
rately shown as ~1ell as the sum of both. 

cation factor of two. Such a small factor is reasonable 
at the high excitation energy4l. 

Contributions from first and second chance emission are 
separately shown as well as the sum of both. In the fig.2 

> 
Q) 

:::E: 
X 
'-

~ 
.0 
E 

197Au ( p,p') 
Ep=200MeV 

50 100 
Ep(MeVl 

Figure 2: Cross sections of protons from 200 MeV protons 
on I97Au p.re shm~n for different angles. Calculations 
assuming an exponential angular distribution after one 
intraction and including secondary chance emission are 
shown as thick solid curves. Thin solid curves assume a 
cosinus-dependence of the angular distribution. 

spectra at different angles are compared ~1ith the calcu
lations. The initial angular distribution has been approxi
mated as an exponential 5). For comparison calculations 
using a cosinus-dependence3) and only one particle emis
sion with mean free path multiplier of four is also shown. 
Hithin the rigorous model assumptions - for instance 



equidistant spaeing single partiele levels - the agree
ment between data and model predietion is good. From 
figures 3 and 4 it ean be seen that the 'angular distri-
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Figure 3: Cross seetions for.St =25° are eompared v1ith eal
eulatlons (ealeulations for 22.5°). First ehanee emission -
shown as dashed line - is at high energies nearly identi
eal with the sum (solid line) ineluding seeond ehanee 
emi ss i on, whi eh i s separate ly shovm. 
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Figure 4: Similar to fig. 3 for~L=90°. First ehanee 
em1ss1on is also drawn as a solid line. 

butions of first and seeond ehanee emission are very 
different. While the first ehanee emission is strongly 
forward peaked, seeondary ehanee emission is more flat 
due to its origin from states near the eompound nueleus. 
A similar eonelusion may be drawn from fig, 1 for the 
energy dependenee. Protons \•lith high energies are mainly 
emitted in the early stages. Thus,they stem mainly from 
first ehanee emission. 
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1,27. Interpretation of proton speetra measured in the 
209Bi(a,pxn) reaetion by the exeiton model 

R.M. Lieder, B. Boahev, J.P. Didelez*, T. Kutsa

rova, H. Maahner, M. Maller-Veggian, A. Neska

kis and C. Mayer-Böriake 

h d f th 209 B . ( ) Proton speetra ave been measure or e 1 a,pxny 
reaetion at a beam energy of 75 MeV (ref. 1). The par
tiele-y eoineidenee teehnique was used in this investi
gation. In the analysis proton speetra eorresponding to 
the i ndi vi dua 1 reaeti on ehanne 1 s v1ere produeed by set
ting gates on eharaeteristie y lines of the respeetive 

:'final nuelei 1). The partiele teleseope has been plaeed 
at angles of 45°, 90° and 135° with respeet to the beam 
di reeti on. 

In order to interprete the proton speetra and angular 
distributions as observed in the (a,pxn) reaetions, eal
eulations in the framework of the exeiton model have 
been earried out. This model is based on the assumption 
that the ineoming projeetile by interaeting with the 
target nueleus gives rise to a simple initial eonfigu
ration eharaeterized by a small number n

0 
of partieles 

and holes (exeitons). Sueeessive two-body interaetions 
between exeitons and further partieles or holes eause 
an intra-nuelear easeade whieh eventually leads to a 
eompound-nueleus state. The intermediate states are 
eharaeterized by an inereasing exeiton number n. At eaeh 
stage of this equilibration proeess a eompetition exists 
between t1•1o deeay modes of the eompos i te sys tem, vi z. 
the deeay by partiele emission and the deeay by exeiton
exeiton interaetion. In the ealeulations for eaeh stage 
the probability for partiele emission and the intranue
lear transition rate have to be evaluated and to be eom
pa red wi th eaeh other. 



Inclusive proton spectra for the 209Bi(a,pxn) reaction 
at Ea = 75 MeV have been calculated in the framework of 
the exciton model 2). A comparision of the experimental 
and calculated p spectra for an angle of 45° are shown 
in fig. 1. The experimental proton spectrum is the sum 
l~r---~----~----~----~------~----~ 

75 MeV a. portides on 
209

Bi 

101 
10 20 30 40 

o EXPERIMENT 
-- n0 =6 K=2 
--- n0 =6 K=4 
------ n0 = 4 K=2 

. E~(MeV) 
F1gure 1: The experimental proton spectrum as obtained in 
the 2 09 ßi(a,pxn) reaction for a beam energy of 75 MeV and 
an angle of 45° is compared with predictions of the exci
ton model. 

of the proton spectra of the individual reaction channels. 
It is assumed that this corresponds almost to an inclu

sive proton spectrum. An inclusive spectrum can strictly 
speaking only be a singles spectrum since in a coincidence 
experiment only those reaction channels are observed 
which lead to an excitation of the target nucleus. In an 
elastic break-up reaction, e.g., the target nucleus is 
not excited. At an angle of 45° it is on one hand, expec
ted that the elastic break-up reaction contributes only 
little to the cross section. On the other handsuch a 
mechanism is not included in the exciton model calcula
tions since a fusion of the projectile and the target nuc
leus is assumed. Therefore, the comparision of experimen
tal and calculated proton spectra, as presented in fig. 1, 
i s meani ngful . 

The parameters used in the exciton model calculations are 

the mean free path multiplication factor K = 2, 4 and the 
initial number of exciton n0 = 4, 6. It can be seen in 
fig. 1 that the calculation with K=2 and n0 = 6 reprodu
ces the data best. In a previous calculation3) of excita
tion functions for the 20~Bi(a,n), 209Bi(a,p) and 
209Bi(a,pn) reactions in the framework of the hybrid mo
del it 1·1as found that the experimental data are reproduced 
best for n0 = 4. The difference to the present results is 
notevtorthy. It may be due to the fact that the hybrid 
model 11as used in the 1 atter case but the exciton model 
in the former one. On the other hand this result may in
dicate an open problern since Gadioli et al. 4) v1ere able 

to reproduce excitation functions of (a,n) reactions in 
the framework at the exci ton mode 1 us i ng n0 = 4 as 1·1e 11 . 

This problern needs a further investigation. 

The mechanism to produce high energy protons in the exci
ton model can be explained in the following 11ay: The first 
interaction of the projectile and target nucleus cannot 
be treated in the frame1·1ork of the exci ton mode 1 • It i s 
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assumed that all energy is used to excite the fused system 
and that a configuration comprising a certain initial exci-
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Fi~ure 2: Experimental proton spectra as obtained in the 
zu ßi(a,pxn) reaction for a beam energy of 75 MeV and 
angles of 450, 900 and 135° are compared with predic
tions of the exciton model. 

ton number is formed. This highly excited state may decay 
into a level lying close to the yrast line by emission of 
one proton of high energy. Such a process is similar to 

a direct reaction. 

Calculations of inclusive proton spectra for the 
209si(a,pxn) reaction at a beam energy of 75 MeV have 
been carried out in the framework of the exciton model 
not only for an angle of 45° but also for angles of 90° 

and 135°. The parameters were n0 = 6 and K = 2. The re
sults are compared in fig. 2 with the experimental proton 

spectra taken at the same angles. It can be seen that 
the calculations reproduce the data very well. It may 
be concluded, therefore, that the inclusive proton spec

tra and angular distributions as measured in the 
209si (a,pxn) reaction can be understood in the framevtork 

of the exciton model. 
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1.28, Non-Equilibrium Particle Emission in 45 MeV a Par
tieie Bombardment of 159Tb 

J.-P. Didelez*, B. Boahev, R.M. Lieder, T. Kutsa

rova, T. More7/*, A. Neskakis, M. MUUer-Veggian, 

and C. Mayer-Böriake 

From previous studies 1•2•3) of 209Bi(a, charged particle 
xny) reactions leading to Po nuclei at 45 MeV and 75 MeV 
by means of particle-y coincidence techniques important 
conclusions could be drawn about the depopulation mecha
nism and the reaction mechanism for nonequilibrium reac
tions. It has been shovm in particular that the observed 
decomposition of the particle spectra can be understood 
in the framework of the yrast picture describing the depo
pulation mechanism. We have extended the study of the 
nonequilibrium reaction mechanism by investigating the 
159Tb(a,charged particle xny) reaction. A Tb target has 
been chosen for the follo~ling reasons: i) No lang 1 iving 
isomersexist in the resulting Oy nuclei. The presence 
of such isomers in the Po nuclei hindered to draw clear
cut conclusions about the depopulation mechanism. ii) The 
even-mass Dy nuclei show yrast bands of rotational cha

racter which enables to measure side-feeding distribu
tions and y-ray multiplicities. 

In the present contribution the energy spectra and angular 
distributions of p, d and t as measured in the bombardment 
of 159Tb with 45 MeV a particles shall be described. In 
fig. 1 the double differentiated cross sections of the 
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r1gure 1: Doubly differential cross sections for the 
I59Tb(a,pxny) react.ion at 450, The error bars include 
only the statistical uncertainties, The curves are eye
guiding lines. 

pxn channels for an angle of 45° of the particle teles
cope with respect to the beam direction is shown. As in 
the case of 209Bi(a,pxny) reactions at E = 45 MeV each 

a 
channel is characterized by a pronounced peak. Similar 
results are obtained for the dxn and txn channels. They 
are shown in fig. 2 and fig. 3, respectively. These re
sults allow to confirm our previous conclusions that the 
peaks in the particle spectra are produced by the depopu
lation mechanism. 
Angular distribution experiments show that the energies 
and widths of the peaks corresponding to the (a,p), 
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in fig. 1 but for the 159Tb(a,txny) reaction. 

(a,pxn), (a,d), (a,d2n) and (a,t2n) reaction channels are 
within the experimental uncertainties independant of the 
particle emission angle. The comparison of the differen
tial cross sections of the (a,p2n), (a,dn), (a,t) and 
(a,tn) channels at 45° with those at 90° and 135° indi
cates, however, that the energies and widths of the peaks 
decrease with increasing angle. This can be understood 
assuming that each peak is a superposition of at least 
two components ~Ii th different energi es and angular di s
tributions. This is analogaus to the results obtained 

for the 209Bi(a,t) 210Po and 209Bi(a,dn) 210 Po reactions. 
Energy integrated angular distributions for the various 
reaction channels are shown in fig. 4. It was possible to 
separate the peak of the (a,t) channel into two components 
which are both represented in fig. 4. The high-energy com

ponent shov1s a 1 arger ani sotropy than the 1 0~1-energy com
ponent. The latter has an angular distribution similar 
to those of the (a,p) and (a,d) channels. 
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·Figure 4: Energy-integrated cross sections as a function 
of the laboratory angle for the 159 Tb(a,charged particle 
xny) reacti on, 

The energies and widths of the charged particle peaks are 
in good agreement with the expectations deduced from the 
yrast picture. This means that charged particles of large 
energy are emitted as first particle after the complete 
fusion. The neutrons are evaporated subsequently. Further
more conclusions about the reaction mechanism can be drawn 
considering that the (a,t), (a,dn) and (a,d2n) channels 
have each at least h1o components with different angular 
distributions. The steep angular distribution of the 
high-energy component of the (a,t) reaction may indicate 
that it is caused by a break-up fusion mechanism. 
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1.29. Study of Non Equilibrium Particle Emission from 
the 159Tb(a,charged particle xny) reaction at 
E = 75 MeV a 

T. Kutsarova, B. Bochev, R.M. Lieder, J.P. Dide

lez*, A. Neskakis, T. Morek~*, M. MUller-Veggian, 

and C. Mayer-B~ricke 

In the present work we continue our investigations of non 
equilibrium processes for the reaction 159Tb(a, charged 
particle xny), which was studied at 45 MeV incident ener
gy1). Measurements of energy spectra and angular distri
butions of p, d and t have been carried out at 
Ea = 75 MeV. We used the particle-gamma coincidence 
technique in order to obtain the double differential 
cross section for each reaction channel. The spectra of 
the charged particles were measured at 45°, 90° and 135° 
~1ith respect to the beam direction. The double differen
tial cross sections for the pxn, dxn and txn channels 
taken at an angle of 45° are shown in figs. 1-3. Each 
1000.----.---,.----.------.-----.-----.-----, 

75 MeV a. portides on 159Tb 

xiO 

10 20 30 CM 40 
Ep (MeV) 

50 60 70 

Figure 1: Double differential cross sections of the 
1>~~xny)IGz-xoy reaction at 45° for a beam energy of 
75 MeV. The error bars include only the statistical un
certainties. The curves are eye-guiding lines. 
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Figure 2: As in fig. but for the l59Tb(a,dxny)lGl-XDy 
reaction. 

reaction channel is characterized by a pronounced peak. 
The reaction channels with two and more emitted particles 
show low energy tails, which extend approximately to the 
Coulomb barrier for particle emission. This result is 



75 MeV a portides on 159Tb 
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Figure 3: As in fig, 1 but for the l59Tb(a,txny)l60-Xpy 
react10n. 

similar to that obtained for the 209 Bi(a,charged particle 
xny) reaction at the same beam energy2), For the peak re
gions the charged particles take away most of the avai
lable kinetic energy as can be concluded from the energy 
balance. The remaining excitation energy corresponds 
approximately to the sum of the binding energies of the 
x neutrons emitted in each channel. Thesefeatures of 
the deexcitation mechanism suggest that the charged par
ticles are emitted at first and that the neutrons are 
evaporated subsequently. This result is in good agree
ment with the expectation of the deexcitation model 2). 
For the tail regions in addition to the charged particle 
at least one neutron is emitted with a large kinetic 
energy, i.e. in the non-equilibrium phase. The remaining 
neutrons are evaporated, It is necessary to notice that 
the tail regions show no structure vtithin the statistical 
uncertainties, Therefore, it seems that for the tail re
gions, the fast neutron and the charged particle are 
emitted with the same probability. Fora given reaction 
channel the charged particles emitted in the tail region 
have angular distri buti ons with a sma 11 er ani sotropy than 
those emitted in the peak region. 

For the yrast bands of the final even-mass Dy nuclei side 
feedi ng distri buti ons ha ve been determi ned. They repre
sent the intensity of the side feeding of yrast states 
as a function of spin, The examination of these side 
feeding distributions shows that they have maxima at angu

lar momenta of (6±2}t for both the peak and tail regions 
of the particle spectra. From this result it may be con
cluded that the location of the entry point does not de
pend on the very fi rst stage of the deexcitation of the 
fused nucleus. Previously evidence was obtained that the 
location of the entry point is independent of the excita
tion energy of the fused nucleus2). The present result 
supports further our conclusion, that the location of the 
entry point depends mainly on the properties of the final 
nucleus2). 
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1,30, Emission of nonequilibrium Particles in the Bom
bardment of 159Tb with 110 MeV a Particles and 
the Va 1 i dity of the PEP Mode 1 

B. Bochev, R.M. Lieder, J.-P. Didelez*, T. Kutsa

rova, T, Morek**, A. Neskakis, M, MUller-Veggian, 

D. Protic, G. Riepe and C. Mayer-Böricke 

The promptly emitted particle (PEP) model 1) can explain 
the production of protons and neutrons with energies much 
larger than the projectile energy per nucleon. The main 
idea of this model is the coupling of the relative motion 
of the nucleons in the colliding nuclei to the Fermi mo
tion. In the simplest case of a reetangular distribution 
of the internal velocities vf the maximum energy of the 
forvtard PEP protons can be calculated as 

E~E~· (forward}={ [EF+ER+2cos/EFER'- (U +V~)] 112 
-

where 
Fermi 

the a 

mproJ· 2 p 
- IER} + Vc 

mproj + 01tar 
( 1) 

ER=(E -Va) is the relative energy, EF is the c.m. c p 
energy, V~ and Vc are the Coulomb barriers for the 
particle and the proton respectively, U is the nuc-

lear potential and a is the angle bet1veen the relative ve

locity and the Fermi velocity, mproj and mtar are the masses 
of the projectile and the targe4 respectively, 

It is interesting to compare the predictions of the PEP 
model and those of the deexcitation model (Yrast picture)2) 
l'lith the experimenta 1 va 1 ues of the maximum proton energy 
obtained in (a,pxn) reactions at different beam energies. 
According to the deexcitation model (DM) the entry point 
is independant of the excitation energy. Therefore, for 
a given reaction channel the particle energy is a linear 
function of the excitation energy. For the (a ,p) reaction, 
1·1hich takes place at the largest proton energies, the p 

energy i s 
Ec,m. = E _ Eentry 

PM exc. y (2) 

1vhere E x i s the excitati on energy of the reacti on and 
Eentry ~scthe energy of the entry point. 

y 

We studied the 209 Bi(a,pxn) reaction at beam energies of 
45 and 75 MeV (ref. 2). The maximum proton energy corres
ponding to the (a,p} channel was found to be Ep=26.5 MeV 
and Ep=54 MeV for the beam energies of 45 and 75 MeV, res
pectively. These values are in good agreement with expec
tations of the deexcitation model. In the PEPmodel the 



maximum proton energy for forward angles was calculated, 

assuming EF = 37 MeV, tobe EPEP = 31 MeV and EPEP = 

54 MeV for Ea = 45 MeV and Ea = 75 MeV, respectively, 
These values agree with the experimental results. For 
backward angles, however, the calculated proton energies 
were approximately 15 t~eV lower than the experimental 
values. This results from thJ fact that in eq. 1 the 
term correcti ng for the ve l oci ty of the nucl eus from 
which the proton is emitted has to be changed, It becomes 

mtar 
for protons emitted in backward direction. 

mtar + mproj 

Similar results were obtained for the 159Tb(a,pxn) reac
tion at beam energies of 45 MeV (ref, 3) and 75 MeV 

(ref. 4). The experimental proton energies for the (a,p) 
channe l 1~ere we ll reproduced by the deexci ta ti on mode l 
for both beam energi es, ~1hereas PEP mode l ca l cu l ati ans 
agree with the experimental data only for fon·1ard angles. 

From eq. 1 and eq. 2 one can deduce that for beam ener
gies ~ 75 MeV a deviation of the maximum proton energy 
predicted by the PEP and deexcitation models exists. For 
Ea = 110 MeV, e.g., the maximum proton energy for the 
159Tb(a,p) channel is EDM = 95 MeV in the deexcitation 
model whereas the PEPmodel predicts for protons emitted 

in forward direction a maximum energy of only EPEP = 

75 MeV. This means that the channels with x=O and x=1 of 
the 159rb(a,pxny) 162-XnDy reaction should not be Ob
servable. We studied this reaction at a beam energy of 
110 MeV to check the above predictions. As in our pre
vious experiments we used the p-y coincidence technique2l. 
The particle telescope which consisted of a 700 ~Si de
tector as llE-counter and two HPGe detectors with a total 
thickness of 27 mm as E-counter was able to stop protons 
with energies up to ~ 120 MeV. The double differential 
cross sections of the (a,pxny) channels are sh01·1n in 
fig. 1. The (a,p) channel has a pronounced peak at 93 MeV. 
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Figure 1: Double differential cross sections of the 
l59Tb(a,pxny)l62-XDy reaction for Ea = 110 MeV. The po
sition of the particle telescope is 450 with respect to 
the beam direction. The error bars include only the sta
tistical uncertainties. The curves are eye-guiding lines. 
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The energy of this peak is in a good agreement with the 
prediction of the deexcitation model but is ~ 18 MeV lar
ger than that of the PEP model. Also the (a,pn) channel 
can be seen in fig. 1, It can be summarized that the 
maximum proton energies observed at beam energies of 
45 MeV and 75 MeV and at an angle of 45° can be repro
duced by PEP model calculations. However, the high-energy 
protons observed in fo~1ard direction at a beam energy 
of 110 MeV and those observed in backward direction for 
beam energies of 45 MeV and 75 MeV oannot be explained 
in the framework of the PEP mode l . 

In the (a,p) channel two peaks seem to appear. The peak 
at 80 MeV may be caused by a giant resonance. This sugges
tion i s suported by the energy di fference bet~1een both 
proton peaks being 13 MeV, It would be of great interest 
to search for y rays of this energy emitted in coinci
dence wi th protons, 
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1.31. Elastic Scattering of 50 t·1eV 1T on 32 •36s for the 
Determination of Radii Differences of the Neutron 
Distribution 

B. Barnett*, E.f-1. Blacl<more**, R.L. Erdmann**, 

D.R. GiU"'*', N. Grion***, B. Gyles*, R.R. Johnson*', 

J. Kraushaar****, G. Lolos"', S. Martin, T. Master

san****, C. f-liedner***** 

In the (3,3) resonance the 1T-n(1T+p) scattering amplitude 
is three times larger than the 1r-p (1r+n) amplitude. In 
spite of the small impact parameter of A = 0.5 fm of the 
resonance pions differences in the rms radii of the neu
tron distributions could be deduced from different posi
tions of the diffraction minima of isotopical pairs like 
18 •16o 1). For low energy pions the mean free path. is 
A = 8 fm and the amplitude ratio rr-n/1T-P~ 2-3 because 
of the interference of s and p partial waves and the 
Coulomb waves. This property is described in all models 
and was used to determine the difference ß<r2>112 of 
neutron radii of isotopical pairs from Li to Mg targets 2l. 
It was found that the numerical results are rather inde
pendent of the choice of the theoretical description and 
the involved potential parameters - except <r~> 1 1 2 - as 
long as they reproduce correctly the elastic scattering 
angular distribution. A decisive test of the method of 
the comparison of charge radii from lT+ and electron 
scattering has been performed for 11B and 12c only 3) 
Furtherexperiments on 40 •48ca and 32 •36s targe~are 
planned4). The sensitivity on ß<r~> 11 2 of the ratio R 
of the elastic scattering across section increased with 
decreasing pion energy and is mos~ important in the angu
lar region of the Coulomb nuclear interference and between 
the s-p interference ·and the first diffraction maximum. 
Because of the large myon background and the beam halos 
theforward angles are difficult to measure. For larger 
angles cross sections become rather small (~ 5mb/sr). In 
addition the beam intensity decreased by an order of magni
tude from 50 to 30 MeV. Therefore a short spectrometer 
with large solid angle is needed. 

At the 9.8m long M13 beam line at TRIUf'.1F a small axial 

focusing quadru~ole lence was added to the existing BUchner 
magnet spectrometer increasing the possible solid angle 
.I.JY a factor of 4 (2-4msr:depending on the target' spot). 
Using multi,wire proportional chambers position and angle· of · 
of the scattered pions were measured in front and behind 
the magnet in order to determine the contribution of the 
myons. The resolution ~las limited predominantly by the 
energy width of the incoming 1r-beam. Because of beam 
intensity reasons it was kept as large as possible but 
allowing the save separation of the ground state and 
the 1. excited state in 32s (2.24 t4eV) and 36s {3.29 MeV). 
The proton beam (up to lOOilA), Ep= 540 MeV) was focused 
on a 10 cm thick H20 production target. Only 50% of the 
flux of 2xl0-61T -;sec hit the 192 mg/cm2 36s target of 
10 mm diameter. Elastic cross section angular distributions 
on a natural and a 36s target have been measured at 
8 different angles between 20° and 100°. Preliminary 
results of the on line analysis are shown in Fig. 1. A· 
statistical error of 4.5% is expected for the final results. 
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After the final evaluation of the measured absolute cross 
section the determination of ß<r~> 1 1 2 can be done in a 
model independet ~1ay. Fig. 1 sho~1s 3 curves representing 
calculations using the optical rr-nucleus model by Stricker, 
~1c ~1anus and Carr5) - SMC Parameter set 1. Proton and 
neutron fermi distributions have been assumed for sulfur. 
Charae distributions <rp2

>
112 = 3.219 fm for both sul-

fur isotops have been taken from ref. 6 determined 
from electron scattering on 32s. In this prelim1nary 
analysis for the self conjugate nucleus 32s it was assumed 
in addition that <r~> 1 1 2 = <r~> 1 1 2 . This curves for 36s 
differ by 100 mfm in <r~> 1 1 2 from each other. The data 
points appear to be consistent with a radii difference 
of 100 mfm. For a final conclusion the elastic scattering 
data have to be fitted in a more accurate way. 

It is planned to measure the charge distribution of 36s 
in Mainz. In addition a 48ca target exists at TRIUMF. 
Using the QQD magnet spectrometer which is planned to be
come operational in 1982 - better by an· order of magnitude 
concerni ng 1 u'mi nos ity and reso 1 uti on7) compared to the 
existing BUchner magnet - further experiments with low 
energy 1r± on 40 •48ca are planned4). 
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~ Ratig of the elastic cross sections 
R ~ da/dn [3 S]/da/dn [32s]. The measured data points at 
55° and 100° remain to be analyzed. The curves represent 
optical model calculations with the SMC potential (see 
text)~ The 1 ~~lid line shows the calculation with 
<rZ (J5S)> I = 3.119 fm with the broken and dotted lines 
arQ done for 3.219 and 3.319 respectively. 
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1.32, Chargetransfer atomic collision by BIG KARL 

I. Katayama, G.P.A. Berg, rr. Hürlimann, S.A. Martin, 

J. Meißburger, Ff. Oelert, M. Rogge, J.G.M. Römer, 

J. Tain, B. Styazen+ and G. Gaul++ 

Charge transfer at high energy remains still achallenging 
problem. The first order Bornapproximation (OBK calcula
tion) does not provide correct cross sections.It has been 
pointed out that the second order term becomes relatively 
important1l. Different theoretical approaches have been 
proposed2), but because of lacking data it is not clear 

which one is favorable. Projectile energies from JULIC 
are just those where the high velocity asymptotic be
haviour of the charge transfer can be tested (the energy 
of 22,5 MeV/A to 45 MeV/A corresponds to 30 to 40 V in 
atomic velocity units with V

0 
= 2.18 x 108 cm/sec),

0
During 

the preparation of a gas jet target system, solid targets 
of different mass and different thicknesses were used in 
the experiment. At high energy, it has been shown3) that 
the charge exchange collision in solids is a consequence 
of successive single collision processes, i. e, electron 
loss from and electron capture into bound states on the 
moving projectile. The equilibrium cbarge fraction from 

the target is equal to N • a I a , where N is beam inten-. c s 
sity, ac and '\ are cross sections of the electron cap-
ture and electron loss for the projectile atom, respec
tively. So if crs is measured independently, wbich is 
possible from target thickness dependence of the charge 
exchange yield, crc can be deduced even from solid targets. 

In the experiments 3He 2+ beams at 68 MeV and 130 MeV 
were used. The beam line was tuned in achromatic mode 
with a beam spot of 1 mm in diameter and a divergence 
angle of 0.2°. Schematic geometry of the system is shown 
in fig. 1. BIG KARL was at zero degree and the primary 

~ 
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Fig. 1: Schematic view of the BIG KARL arrangement to 
measure the charge transfer atomic reaction 

beam was integrated in an aluminium beam stopper in the 
middle of the first dipole magnet. Using a Si surface 
detector as a monitor detector at 135 degree, the beam 
collection efficiency was calibrated in the different 
runs. The efficiency determined in this way was found to 
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be quite sensitive to the beam emittance and deviation 
from the midplane of the magnet. Beam line systemwas 
carefully adjusted so that this beam detection efficiency 
became as high as possible. 

The dispersion of the BIG KARL 11as 26 cm per % momentum 
to get small vertical magnffication, In fig. 2 the 3He+ 
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Fig. 2: Target thickness dependence of the 3He+ yield 
from carbon 

yield from the carbon foil at 130 MeV is plotted against 
the target thickness. A sinilar thickness effect was 
clearly observed at 68 MeV. The thickness was calibrated 
by energy loss measurement using a-source. From a least 
square fit crs is deduced to be 0.0204 + 0.0014 a 2 (a , 

- 0 0 
Bohr radius) which agrees well with 0.0252 a 2 from 

4) 0 
Bohr theory . The velocity dependence of the 3He++ yield 
is shown in fig. 3. For better comparison to previously 
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Fig. 3: V~locity dependence of tbe cbarge equilibrated 
4He+ yteld from C (points and circles) and Au (triangles). 
The data for Ea = 1- 24 MeVare from ref. 5,6. Data for 
Ea = go and 170 MeV are measured in this experiment. Solid 
1 i nes are shown to guide the eye. 

d 3 ++ reporte data, the He energy is converted to corresponding 
a energies, For the gold targets, the velocity dependence 
of v-5·0 above E = 10 MeV is well reproduced, For carbon, 

a . -7,8±05 this velocity factor 1s V - • between 90 and 170 MeV 



and v-7•1 for energies from 10 MeV to 24 Mev 5l, The 

oc is obtained from the result in fig. 2 and fig. 3, They 
are shm·m in fig. 4 tagether 1·1ith several theoretical 
predictions from ref. 1, 2 and 4. The vertical axis shows 
cross sections in unit of the OBK calculation, The present 
data is close to the second order Born calculation, The 
Velocity dependence of the data as shown in tile figure is, 
hm~ever, much larger than theoretically predicted. The 
experiment of charge transfer is further continued. 

100 

so 
10 

1.0 

~Bohr 

------OBK 
(1st Order Born) 

FBA 
(1st Order Born} 

3rd Order Born 
==~===?~2nd Order B.orn 

_.....$------Exp. 
~__..__.~.......__.....,..,.,...., .. Radiation 

30 40 Vo Capture 

3He2
' Velocity 

Fig. 4: Camparisan of oc for C with theories (FBA includes 
the nucleus-nucleus interaction and OBK not). 
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2. NUCLEAR SPECTROSCOPY 

2.1. Identiffcation and decay of 36p 

J.C, Hill+, H.R, Koch, K, Shizwna 

The nuclide 36P has been pr,eviously ooserved1) as a frag~ 
ment from the reaction of 290 MeV 40Ar on Tn targets, 
thus proving its particle stabiltty, out no further tn
formation was obtained. Recently the reacti'on 40Ar(n,2p) 39:; 
1·1as used to identify and cnaracten'ze 39s, leadtng us to 
the assumption, that the (n,2p)-reactton ts sutt~file for 
the production of 36P from a 37 c1 target, We haye observed 
the decay of 36P to levels in 36s. The balf ltfe of 36P 
was measured and the knm~ledge on the level structure 

36 of S was extended. Preliminary results have already 
been published2), 

The sources of 36p were produced by the 37 cl(n,2p) 36p 

reacti on. The neutrons ~1ere genera ted Ely bomba rdment of 
a thick Be-target with 70 MeV deuterons from the JULIC 
cyclotron. The deuteron beam currents used ranged from 
150 nA to 1. 5 l!/l., The ta rgets conta in ing 37 Cl (so ltd PVC
cylinders) were irradiated ~lith neutrons (< 35 MeV) 
behind the Be-beam stop. The PVC-targets were shot after 
irradiation by a compressed atr "rabiJi't" system to a lo~1 

background room, where gamma ray stngles and coinctdence 
spectra ~1ere measured wl'th Ge(L t)-detectors, The transi't 
time was ~ 1 second. Lead absorbers of various thtcknesses 
were placed between the sample and the detectors, in order 
to reduce the intense annihilation radtation from 34c1 
(T112 = 1.5 s) produced in the 35Cl(n,2n) 34cl reaction, 

The gamma-ray lines, attrihuted to the decay of 36p are 
given in table I. The coincidence relations are shown 
in table !I. 

Table I: 36P y ray energies and intensities 

Energy (keV) Energy (keV) Relativea Placement 
this work Ref. 5 intensity 

902.0+0.5° 901. 5+0. 4 77+19 3291-0 
1638.1~0.8b 38+10 5831-4193 
3290.7+0.3 3290,8+0,6 100+10 4193-3291 

a: Intensities normalized to 100 for the 3291 keV y ray, 
b: Energies determined from yy coincidence spectra. 

Table II: yy coincidences from 36P decay 

Gating 
transition (keV) 

902 
1638 
3291 

Definite 
coincidences 

1638, 3291 
902, 3291 
902, 1638 

The element assignment as 36P decay is based on the ob
servation of the 3291- and 902-keV y rays which were 
observed in 34s(t,py)J6s studies3- 5) and our detection 
of coincidences between these two gamma rays. The half 
life of 5.9.:!:. 0,4 s, which ~las determined from a least 
squares fit to the decay curve for the 3291 keV gamma 
ray (fig. 1) is in good agreement with the Gross theory 
of ß-decai) • 
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Fig. 1: Decay curve for the 3291 keV y ray from 36p decay. 

The measured y ray energies and inten'>'ities and coinci
dence information was used to construct a decay scheme 

for 36p (fig. 2). The In assignment of (3-, 4-) for the 
36p ground state is understandable in terms of a n(s 1; 2) 
v(f

712
) configuration with possibly a small amount of 

mixing from n(d3; 2) v(f7; 2). 

(3,4) T112 =5.9:t0.4s 

~ 
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Fig, 2: Decay scheme for 36P deduced from this work. 

In the (t,py) studies 13 excited states in 36s up to 7.12 
MeV 1·1ere found3- 5), whereas in our decay study only three 
excited states 1~ere observed, in spite of a large Qß 
value, The ß interaction in this case favors population 
of negative parity states 1·1hereas many positive parity 
states 1~ere populated in the reaction experiments. 

Two simple mechanisms exist for allo~1ed ß- decay to nega
tive parity states in 36s. In the first case the odd f 712 
neutron in 36P can decay to a f 712 proton in 36s which 
can then couple with the s1L2 proton to produce a proton 
p-h state, In the second case one member of the s 1 ~ 2 
neutron pair in 36p can decay to a s112 proton in 6p, The 
net effect is that a neutron pair is broken and a proton 
pair formed in 36s leaving a neutron p-h state. In both 
cases only the states 3- and 4- can be formed. In order 



to produce 2- or 5- states there must be mixing from the 
d312 proton in the 36p ground state or the 36s negative 
pa rity s ta tes. 

Since the 3- state in 36s at 4193 keV is a natural parity 
state populated in the (t,py) reaction3-5) it probably 
is a neutron p-h state. In our case the simple mechanism 
outlined above implies that the ß- decay involves the 
transformation of a s112 neutron in 36P to a s112 proton, 

The state observed in this work at 5831 keV was not re
ported in (t,py)3-5 ) studies, For this level ~1e deduce 
from our decay scheme the assignment 4- or 5-. The nature 
of this state cannot be determined uniquely on the basis 
of the existing data. 
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2.2. Study of low spin states in 75 •77 se populated in 
sl 0~1 neutron capture 

Y. Tokunaga, H.G. Börner+, H, Seyfarth, 

G. Barreau+, K, Schreckenbach+, H, Faust+, 

R, Brissot+, Ch. Hoftneyer+, R, rleinreich+-t 

and o.rr.B. SahuZt 

The s tudy of the structures of nuc 1 e i with A "' 76 and 
Z "'32 - 36 is of interest because of their transitional 
and rapidly changing cnaracter, Tnis is indicated in 
part i cu 1 ar by the low lying 0~ sta tes. In ~~se42 the 
well isolated and almost degenerate o+, 2+, 4+ triplet 

at "' 2 x E(2r) suggests a harmonic vibrator. rn 72se and 
74se a nearly spherical ground state appears to coexist 
with a deformed excited band. For ~~Kr40 , however, 
Hamilton et al •1l have found a large ground state defor
mation and coexistence of a spherical 0~ state. The 
Nilsson model even suggests oblate shape for Z,N ~ 36 
and prolate shape for Z,N ~ 38 so that also prolate
oblate shape transitions are expected. As the spectros
copy of odd-A nuclei sometimes gives an even better view 
on the structures of transittonal nuclei, Zell et a1 2•3l 
have investigated 73 •75 •77se through (q,xny)-spectros
copy, where mainly high spin states are populated, In 
the present work 11e have used the (n,y)- and (n,e-)
reaction in order to obtain with very high resolution 
comple.mentQ.ry Q,nd complete tnforOJa.tton on tfle low spin 
levels of 75 •77se, 

The lower portions of the (n,y) decay schemes of 75 •77se 
agree wi th the resu 1 ts of other studies. In the present 
work a number of weaker transitions were observed thougn, 
In 75se we have no evidence for a, 741 keV level and find 
5/2+ for the 628 keV state, In botn nuclei all levels 
with I < 7/2 receive measurable (n,y)-feeding so that 
complete level schemes exist up to "' 1 MeV in view of 
prevtous complementary high spin work2•3). 

Although the vibrational appearance of 76se ~10uld 
suggest vibration-particle coupling to occur in 75 •77 se, 
the high spin studies have revealed the 427 and 747 keV 
states in 75se to belong to the 1303+1 band and the 133 
keV level as head of a quasi decoupled band. In 77se the 
249 and 581 keV levels form the two lowest members of the 
1303+1 band. The 0, 239, 439 and 808 keV levels were 
a.ssigned to 1/2, 3/2, 5/2 and 7/2 members of the 1301+1 
band, Thus both nuclei show a pronounced rotational cha
racter. However, in 75se as well as in 77se, a number of 
other low spin states exist that do not reveal a simple 
rotational structure. It is interesting to note that the 
energies of the o+ states of tne even Se isotopes with 
mass A very strongly correlate with E(5/2+) - E(9/2+) 
of the neighbours ~Jith mass A-tl. Further structura 1 
analysis of the 75 •77se level schemes is in progress. 

With regard to the (n,y) reaction we observe primary 
E2 transitions in 75se wtth <Iy(E2)> /<Iy(E1)> "' 1/100. 
In 75se the (d,p) and (n,y) intensities are strongly 
correlated. The correlation coefficient is a = 0.99 
in contrast to 77 Se where a = -0.30. 
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2.3. A Rotational Band in 99Y? 

E. Monnand+, J.A. Pinston++, F. Schussler+, 

G. Battistuzzi, H. Lawin, K. Shizuma, 

K. Sistenrich, B. Pfeiffer+++ 

A new ~s-isomer has been observed in ~~y60 • Its half-life 
was determined to (8,6 2: 0,8) ~s through ftssl'on product, 
y-ray coincidence measurements at the separator LOHENGRIN 
of the Institute Laue-Langevin, Grenoble. The asstgnment 
of the isomertc state to 99Y was acbieved ~lith the mass 
determination from LOHENGRIN and wtth tbe nuclear charge 
identification from tbe Separator JOSEF of the rKP. 
The y-radiation which is emitted in the depopulatton of 
the isomeric level, was identified in the singles y-ray 
spectra from LOHENGRIN. At JOSEF y,y coincidences were 
measured, and some examples for the results are shown in 
fig. 1. A partial level scheme is depicted in fig. 2. It 
does not yet contain all the isomeric y-radiation and not 
all the levels, which are populated1) in the ß-decay of 
99sr. 

The levels up to 1595 keV exhibit the pattern of a rota
tional cascade: The energies of the levels can ~1ell be des
cribed with a rotational formula if K = 3/2 or 5/2 is 
assu1 ed for the ground state2). If tbis interpretatton of 
the levels in fig. 2 is correct, then 99y ts the ftrst 
odd mass nucleus around A = 100 where an extended rota
tional band has been observed. 
A deformation of the nucleus 99y ~10uld not be unexpected, 
since a rotation-like structure has been observed earlter 
in the level scheme3) of its isotope 98y and since evi
dence for deformed shapes have been found tn its iso
tones 97 Rb, ref. 4, 98sr, ref. 5, 100zr, ref. 6,7. 
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Fig. 1: Examples for the results of the 
y ~ coincidence measurements. These 
spectra are measured with a 150 cm3 

Ge(Li) detector while digital windows 
were set on a large area intrinsic Ge
detector. The Campton background 1s sub
tracted. 



2.4. Half-life of the 469 keV state in 99 Nb 

G. Battistuzzi+, K, Kawade++, H. Lawin, 

K. Shizvma , K. Sisteffnch 

The nucleus ~iNb 58 has one proton in excess to the sub
shell Z = 40. Its lo1~ lying levels are interpreted1) as 

I 

p112 and g912 proton states including the coupling of 
these orbits to excited levels in the neighbouring even, 
even cores 98zr or 100Mo. In particular, the 469 keV 
level is supposed to be a 7/2+ state based on the coupling 

of the g912 proton to the 21 state of 98zr or 100Mo. The 
excitation energy favoured 100Mo as the core (E21+ = 535 
keV for 100Mo while E21+ = 1223 keV for 98Zr). 

The reduced probabil ity for the 469 keY transition into 
the ground state wfth Irr = 9/2+ should, however, be a 

more sensitive test for the identification of the core 
underlying the levels in 99Nb than the energies. If the 
above-mentioned interpretation of the 469 keV level is 
correct then the value of B(E2: 7/2+ + 9/2+) should be 

comparable to the reduced probability B(E2: 21 + ol) of 
the appropriate core. 

In order to obtain the reduced transition probability in 
99Nb the half-life of the 469 keV state has been deter
mined at the separator JOSEF. Delayed ß,y -coincidences 
have been measured with the experimental set~up described 
in ref. 2). Several runs have been performed and one 
example for the results is dep1'cted in fig, 1. The post
tians of the centroids of the ß,y- coincidences for 99Nb 
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Fig. 1: The centroids of the timing distributions of the 
ß,y coincidences as a function of the y-ray energy, The 
solid line served for interpolation purposes. The different 
points are marked by the energies and multipolarities of 
the y-rays and by the isotope in which the transitions 
take place. 

are shown tagether with the centroids of some probably 
prompt coincidences of neighbouring nuclei which were 
simultaneously studied. lt is obvious that the 469 keV 
transition is delayed, This delay must be due to a half
life araund 0,2 ns of the 469 keV state since the y-tran
s iti ans of 462 keV and 546 keV ~lh i eh feed i nto the 469 keY 
state, are prompt within the experimental uncertainties. 
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The average value for the half-life of the 469 keV level 
which has been deduced from all the available experimental 
information is 

t 112 (469 keV) = (0.21 ~ 0,06) ns 

Considering the deexcitation pattern for the 469 keV 
level and the measured value1) of I(E2)/I(M1) = 6,25 
for the 469 keV transition a value of 

fs deduced. This value does not support the choice of 
100Mo as the core for particle vibrational coupling 
modes in 99Nb since B(E2: 21 + o1) ~ 1000 e2fm 4 in this 
case, Unfortunately the value of B(E2: 21 + o1) is not 
known for 98zr. But since the corresponding reduced 
transition probabilities for the lighter Zr isotopes 
~11th even mass lie all around 100 e2fm4, it is expected 
that the value for 98zr is of this order of magnitude. 
Hence 98zr seems to be the better candidate for being 
tfie core for the particle-vibrational coupl ing interpre

tati'on of the low lying levels in 99Nb. 
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2.5. Decay of 102v to levels of 102zr 

K. Shizwna+, J.C. Hill++, H. Lawin, M, Shaanan+++, 

H.A. Selid and K, Sistemich 

The neutron-rich Zr isotopes are of special interest as 
they shov1 a very rapid transitton from a spherical to a 
deformed nuclear shape. The heaviest isotope which has 
been studied in detail ts 100zr1). A very lov1-lytng o;
state 11as the most surprising result of these investiga
tions. The only avatlable tnformation on 102zr was ob
tained through the study of the prompt y-radiation of 
fission products 2). Gamma rays of 151,9, 326,6 and 486 
keV v1ere attributed to this isotope as the transitions 
from the 2+, 4+, 6+ levels of the ground state band. The 

resulting ratio E4+/E2+ of 3.15 is close to the rigid 
102 rotor value. The study of Zr through the ß-decay of 

102v is difficult because of the low fission yield and 
short half-life of the parent. 

First results on this decay have now been obtained using 
the fission product separator JOSEF. Singles y-ray, half
life, X,Y coincidence and preliminary y,y coincidence 
measurements were performed. The assignment of the 152 
keV line (suggested in ref. 2) to the level scheme of 
102zr was confirmed by measuring its intensity distribu
tion of Y lines as a function of the magnetic rigidity 

B P of JOSEF. The position of the maximum of the B~-distri
bution agreed with that expected for 102v from a calibra
tion of the separator. Moreover the 152 keV 1 ine vms 
observed in coincidence with Zr ~ X rays. 
A half-life for 102v was measured with a 30 cm3 intrinsic 
Ge detector, Vlhich has excellent energy resolutton. The 
detector was installed at the "on-1 ine" positi:on (deposit 
position of the moving tape) and the fission product beam 
was chopped through the high valtage supply of the fission 
product guide. The fission product beam pa~sed through the 
guide for 0.6 sec and the decay of the y-ray intensity 11as 
followed for next 2,2 sec 11hile the beam 11as deflected. 

The 662 keV line of 137cs was measured simultaneously with 
fission product radiation for the purpose of deadtime 
correction (max. 10 %) • 

Figure 1 shows a growth and decay curve of 152 keV line. 
A half-life of 0,36 + 0.04 sec v1as obtained from the 
least-squares fitting to the decay part. Thts value is 
much shorter than the early value3), where a contamination 
of the 152 keV line through the150.6keV fraction ("' 1,5 
sec) was present. In cantrast to 98y and 100v which have 
two isomers, only one half-life was observed for 102y, 
In an additional measurement with the detector in an 
"off-line"-position of JOSEF, the 152 keY fraction was 
not observed. This shows that the flattening of the 
decay curve at langer times is most probably of statisti
cal origin and not to due to a long-lived component. The 
insert in fig. 1 shows that the 152 keY line has essentially 
disappeared 2,08 s after the end of the deposit of the 
fission products. 
A yy coincidence measurement was carried out over a period 
of about 170 hours using a 150 cm3 and a 61 cm3 Ge(Li} 
detector. The y-ray energies of 151,9 keY (2+ + o+) and 
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326.5 keY (4+ + 2+) agree v1ell v1ith former 1·1ork2), and 
the 2+ level at 152 keY and the 4+ level at 478 keV in 
102zr were thus confirmed. t•1oreover 579 keV and 1090 
keV lines were observed in coincidence with 152 keV line. 
Unfortuna te ly the nature of the 1 eve 1 s wh i eh a re depopu
lated through the ne\'1 y transitions, is not yet known. 
It would be of particular interest to find out Nhether 
one of the nev1 states is the o;-level. If the structure 
of 102zr ts similar to that of 100zr, an excited o; 
state should exist near the 2; level. If the ratio 

Eo~/E21 is a good indicator of nuclear deformation, the 
0~ state should lie higher (at (152 + 579) keV?). This 
level has been predicted tobe at 840 keV4). Further 
tnvestigation is in progress in order to construct the 
decay scheme of 102zr. 
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2.6 The 107Ag(n,y) 108Ag Reaction 

T. Mitsunari+, T.D. Mac Mahon+, H, Seyfarth, 
++ X XX 

K. Salu>eakenbaah , ri.R. Kane , I.A. Kondurov , 

P. Sushlwvxx, Y. Loginovxx, M. Bogdanoviaxxx 

Since the introduction of tße shell model, odd-odd nuclet 
have been characterized by the properties of the odd pro
ton and odd neutron, leading to a proton-neutron mul tt
plet structure. The residual proton-neutron force splits 
and mixes the multiplets, establishing the final physical 
situation. This simple treatment is applicable in the 
neighbourhood of double closed shell nuclei. 

In transitional nuclei the odd-A nuclei are usually 
treated as one particle (quasiparticle) or cluster of 
particles (quasiparticles) coupled to a vibrator (harmonic 
or anharmonic) or to a rotor (axial or triaxial). After 
solving the problern of the netghbouring odd-A nuclei tt 
is possible to construct the zero order proton-neutron 
multiplet structure in odd-odd nuclei. Calculattons sho~) 
that the multiplets split into a parabolic structure, if 
plotted as a function of I(I+1). 

As a contribution to the systematic study of trends in 
the structures of odd-odd nuclei in the region of the 
Z = 50 closed shell the 107 Ag(n, y)108Ag reacti'on has been 
studied in a variety of experiments: 
(i) a high resolution study of about 500 y-rays tn the 

energy region 45 to 1200 keV using a curved crystal 
spectrometer at AEK, Ris~. 

( i i) singles y-ray spectra measured using Ge(Li) detec
tors at the University of London Reactor Centre, 
and at the FRJ-2 reactor, KFA, JUlich. 

(; i i) 

(iv) 

low energy y-rays (10 to 110 keV) recorded with 
Si(Li) detectors at the Leningrad Nuclear Physics 
Institute, Gatchina, and at the Technical Univer
sity, Munich. 
y-y coincidence spectra measured ustng Ge(Lt) 
detectors at the FRJ-2 reactor, KFA JUlich; at 

(v) 

the Leningrad Nuclear Physics Institute, Gatchina; 
and at the Boris Kidric Institute, Vinca. 
conversion electron spectra measured with the BILL 
spectrometer at the Institute Laue-Langevin, 
Grenoble. 

(vi) y-rays emitted following both single resonance 
(16 eV) and average resonance (2 keV and 24 keV) 
neutron capture studied at the Brookhaven 
National Laboratory, Upton, Ne~1 York. 

(vii) lifetimes of levels in 108Ag measured at the 
Technical University, Mun1'ch. 

Results of the above experiments have been combined to 
provide detailed and precise information about the level 
scheme of 108Ag. Further details of the experimental 
techniques wi 11 be found in the paper to be submitted 
to the Journal of Physics G: Nuclear Physics. 

A total of over 550 transitions in 108Ag have been ob
served in the various experiments. Table 1 lists the 
properties of the energy levels in 108Ag below 1 ~leV 
which have been deduced from the experimental data, 
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It should be pointed out that the existence of the 
following levels, listed in the latest edition of the 
'Table of Isotopes' 2) is not substantiated in the present 
work: 45.5, 287,5, 331,0, 451.2, 537.5 and 713 keV. In 
the present work a cascade of y-rays, observed to be in 
coincidence with each other but not linked to the main part 
of the level scheme, are tentatively placed as feeding the 
127 year isomeric state at 109.5 keV. The resulting tenta
tive levels are at 155,90, 485.08, 587.39, 598.67 and 
799,69 keV, and are included in Table 1. 

Making use of the results of the 107Ag(d,p) experiments3) 
(a preliminary spectrum obtained from the 109Ag(p,d) reac
tion4l indicates what can be contributed by high-resolution 
charged particle spectroscopy) together with the I" values 
determined here, allows the identification of certain 
multiplets. The o- component of the 11pj)2 vs 112 multiplet 
is assumed tobe the 465.6 keV level, with 1- components 
at 379.2, 606,5 and 679.1 keV, The ground state and isomeric 
state at 109,5 keV are assumed to be the 1+ and 6+ members 
of the 11 (g912 l]j2 vd512 multiplet v1ith 2+, 3+ and 4+ levels 
at 206,6, 324,5 and 364.2 keV respectively. The 2- first 
excited state at 79.1 keV and the 3- state at 338,4 keV 

-1 comprise the 11p 112 vd512 multiplet. 

Table 1: Properties of low lying levels in 108Ag. Column 
1 lists the level energies in keV, v1ith their errors in eV. 

0.0 1+ 

79.140(2) 2-
109,472(7) 6+ 
155.902(6) 5+,6+ 
193.075(2) 1+ 
206,612(2) 2+ 
215.384(2) 3+ 
294,561(2) 2+ 
324,497(2) 3+ 
338,419(2) 3-
364,239(3) 4+(3+) 
379,243(2) 1-
408,363(2) 3+ 
460,081(5) 2-,3-,4-
465,641(3) o-
48S.078(3) 4-,5-
508,478(2) 2-

I 11 

516,843(3) 3-
542,847(3) 2-,3-
563.813(2) 2+ 
579.111(5) o-
587.389(3) 3-,4-
598,671(3) 3-,4-
606.532(2) 1-
611.661(3) 2+,3+ 
616.942(3) 2-
645.502(5) 3+(4+) 
656,356(10) 3-(4-) 
656,653(4) 3+,4+ 
679.096(5) 1-
700,869(7) 3-
703,594(5) (2,3,4):3+ 
705. 693 ( 6) 2-
708,842(3) z-

1) V. Paar, Nucl. Phys. A331(1979) 16 

715.815(4) nq 
718. 7H9(10)~2 
765.468(3) [ 
779.72H(4) 2-,3-
799 .692(3) 2 ,3 
803.731(5) 2-
H19.090(4) z-
857.501(14)[ 
sso.701(B) 2+ 
898.434(8) 1-
899.943(4) c 
942.339(7) 2+,2-,3-
959.851(17)2+,2-,3-
974.343(5) 1-,2-
994.591(9) 1-,z- ,3-

2) C.M. Ledererand V.S. Shirley (Eds) 'Table of Isotopes' 
7th edition 1978 John ~liley and Sons Inc. New York 

3) C.E. Brient et al ,, Phys, Rev. C6 (1~72) 1837 
4) G,P.A. Berg et al ,, contribution to this report (p. 4) 

+ University of London Reactor Centre, Silwood Park, 
Ascot, Berkshire SL5 7PY, England 

++ Institut Laue-Langevin, Grenoble, France 
x Brookhaven National Laboratory, Upton, New York, USA 
xx Leningrad Nuclear Physics Institute, Gatchina, USSR 
xxx Boris Kidric Institute of Nuclear Sciences, Belgrade, 

Yugos lavia 



2.7. Level scheme of 110Ag from the (n,y) reaction 

+ + * P.A. Sushkov , I.A. Kondurov , M, Bogdanovic , 

T. Mitsunari++, T.D. Mac Mahon +-io, H.A. Baaderx~ 
"i.h~ 

D. Breitig , H,R, Koch, H. Seyfarth, O.W.B. 

Schult, H. G. Börner x, R. Brissot x, G, Barl'eau '~, 
S. Kerr '~, H. Faust x, K. Schrecl<enbach x 

An intensive study of odd-odd nuclei around the closed 
proton shell at Z = 50 has been carried out durtng the 
last fe~1 years. In this report a complex study of the 
110Ag level scheme from the (n,y)-reaction is briefly 
presented. Gamma radiation in the energy range from 35 

to 2000 keV was investigated wtth the bent crystal 
spectrometers at Ris0 and Grenoble and in the energy 
range from 15 to 110 keV l'll'th a Si(U) detector based 
spectrometer at Gatchina. Gonversion electrons from 
transitions in the energy range from 20 to 650 keV have 
been measured l'lith the electron spectrometer BILL at 
Grenoble, The primary y-ray spectrum 1~as measured l'lith 
the pair-spectrometer at JUltch. Prompt yy-coincidences 
were studied with two Ge(Lt) detectors at spectrometers 
in Gatchina and Jülich in the energy regions 15-600 and 
50-7000 keV, respectively. 

The last version of the 110Ag level scheme1 ) ~las care
fully analyzed on the basis of these data. Numerous ne\'1 
levels were introduced. A rather complicated cascade 
with strong y-transitions populating the long-lived iso
meric state (117.5 keV, I = 6+, r112 = 250 d) \'las ob
tained on the basis of yy-coincidence data 2l. Thi.s cas
cade is included in Fig. 1. The new levelsarealso 
connected through y-transitfons wfth previously known 
levels 1~hose energies and spin and parity assignments 
are given on the left side. The energies and spfn and 
parity assignments of all the levels, \~hich were 
established in 110Ag, are lfsted tn the table. 

,._ 881.5 1,2,T 

" " 789.7 1,2,3-

~ 
"' s 

613.6 g: 579.2 

~ ~~~:~ n= 
GG6.5 J,G-

255.0 G,5' 

17G5 5,6' 

Fig. 1: Level stheme of 110Ag including the new levels 
1vhich are connected through a strong cascade with the 
250 d isomer. The energies of these new levels are given 
on the right side of the figure. 
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Table 1: Levels fn 110Ag from the 109Ag(n,y)-reaction 

Level energy 
keV(eV) 

0 

1.1142(20) 

117.561(5) 

118.7210(18) 

174.576(5) 

191.6247(21) 

198,6988(18) 

236.8536(22) 
237.0514(19) 

255.020(4) 

267.2212(18) 

267.259(3) 

271.4742(24) 

304.5300(21) 
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2.8. High spin level structure of 13\a 

T. Morek, H. Beuscher, B. Bochev, D.R. Haenni, 

T. Kutsarova, R.M. Lieder, M. Müllel'-Veggian, 

A. Neskakis 

The previous knowledge abotlt the structure of 133La, de
riving from decay studies 1•2•3) and in-beam investiga
tion4•5•6), could be largely extended using the 
133cs(a,4n) 133La reaction at E = 55 MeV. The resulting 

a 
level scheme is shown in fig. 1. The level structure of 

Figure 1: Level scheme of 133La. 

this odd proton nucleus shows interesting features. The 
orbitals near the Fermi surface are the ~h 1112 , rrd512 , 
~g712 . Bands based on these orbitals with negative and 
positive parity were established up to high spin states, 
i .e. 27/2-, (17/2+), (19/2+), (17/2\ The 11/2- band 

exibits favoured and unfavoured states. Calculations have 
been performed in order to understand the h1112 proton 
band. The core-particle coupling model uses a "soft" core 
which is described by a collective hamiltonian with a 
y-independent energy but y-dependent inertial functions 7). 
A good agreement betv1een the experimental and ca l cul a ted 
levels exists up to the 27/2- state. Furthermore mixing 

ratios o were extracted using the transition matrix ele
ments and the experimental energies of the y rays. There 
is a rather good agreement with the mixing ratios o ex
tracted from the angular distribution experiment. The 

h1112 band structure is interrupted at the excitation 
energy of 3599 keV and above this level. Three particle 
configurations are probably responsible for these levels. 
This fact would not be unexpected since 10+ isomers v1ith 
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[vh J-2 configuration were observed in the neighbou-
11/2 8 9) 

ring even-even nuclei ' . lt is very probable that the 
states with spins (25/2),(27/2),(29/2),(29/2,31/2) have a 
{rrh1112 (vh 1112 )i6+l configuration. Furthermore one of 
the two 25/2 states (at 3430 and at 3448 keV excitation 
energy) has probably a {~h 1112 (vh 1112vd312 ) 7-J 2512+ con
figuration. Three positive collective bands based on the 
5/2+ ground state, 5/2+ and 7/2+ states v1ere found. The 
g712 and d512 orbitals near the Fermi surface have 101~ 

n values so that bands with a decoupled structure are 
expected. lt is interesting to see that for all three 
bands based on the 5/2+ ground state, 5/2+ and 7/2+ 

states the level spacings are very similar to those of the 
2++0+, 4++2+, 6++4+ in the core nucleus 132Ba. The 5/2+ 

excited state at 87.9 keV is very probably due to the 
g712 proton. Astate with an intrinsic configuration at 
2368 breaks the band structures. The 1=17/2 state has 
probably a positive parity so that the possible confi
guration for it are: 

i) [~d5/2(~g7/2)~+J 
ii) [rrd 512 (vhll/2)~0+] or 

(!rg7 /2 ( vh ll/2) io+J 

The possibility i) seems tobe the mostprobable since 
a 6+ state of configuration [2rg 712] 2 or [2rg 712 ~d51 z] has 
been experimentally observed in the 136ce nucleuslo). 
States with 1>17/2 have probably configuration of the 
type ii). 

The investigation of the nucleus 133La showed interesting 
features namely collective bands based on the ~h 1112 , 

~d512 , ~g712 orbitals, as well as intrinsic states with 
three-particle configuration. 
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2,9. StruGture of high spin states in 134ce 

M. MüUer-Veggian, H. Beuscher, D.R. Haenni, 

R.M. Lieder, A. Neskakis 

The study1) of the nuGleus 134ce has been Gontinued. The 

level sGheme of 134ce is shown in fig. 1. The most inte
resting feature in this nuGleus is the existenGe of two 
10+ states, one of them is an isomer and the other one 

is a GolleGtive state belanging the ground state GasGade 2l, 
whiGh exibits baGkbending at the GritiGal momentum I =10. 
The isotopes 128 •130 •132ce 2•3) show similarly baGkb~nding 
at the sameangular momentum. 

Furthermore the nuGleus 134ce shows interesting bands. A 
well developed negative parity band with odd and even 
spin members up to 1=13, 10 have been observed. Similar 

bands based on a 5- state were observed in the neighbou
ring even-even nuGlei 136ce 4), 138Nd 5), 132 •134Ba 6,7). 

The Gonfiguration of the 5- state in 134ce is thought to 
-1 -1 -1 -1 . be (vh 1112 (x)vs 112 )5_ or (vh1112 (x)vd312 )5- . A quasl-

gamma band, whiGh deexGites the 10+ isomer Gan be seen 

in fig. 1. The GharaGteristiG spin sequenGe of y bands 
Gould be observed. Furthermore the 3+ state Gould be 

identified; its loGation is reasonable and agrees with 
theoretiGal prediGtion. The struGture of the GasGade on 

top of the 10+ isomer is of speGial interest. This Gas

Gade established up to 1=15 has a rotational GharaGter. 
The energies and the multipolarities of the y rays Jre 

very similar to those of the transitions in the h1112 
neutron band of 135ce. The level struGtures based on the 
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10+ isomers in 136ce 4), in 138 Nd 5) are very similar to 

the ground state GasGade in 137ce, 139Nd 4•5). 

This analogy suggests that the 10+ isomer in 134ce has a 
(vh 1112 )-2 Gonfiguration. Furthermore this state must 

have an oblate deformation. 

Goldbergetal .6) performed g-faGtor measurement for the 
10+ isomer. The magnetiG moment of the 10+ state support 

the hypothesis that a deGoupled h1112 neutron pair play 
the most important role in the Gonfiguration of this 

state. The baGkbending effeGt observed in the Ce nuGlei 
. 128 130-134 . (1.e. Ce, Ce) has been attnbuted to the h1112 

protons, using bloGking arguments7l. CalGulations within 

the Bengtsson-Frauendorf model 8) explain the baGkbending 

of 130 •132ce as due to the alignment of h1112 protons. 
The baGkbending in 134ce is very probably due to the h1112 
neutrons. The alignment of the h1112 neutron is in faGt 
expeGted to OGGur at higher energy than that of the h1112 
proton in the framework of Granking model 8). This model 8 ) 

prediGts a sudden inGrease of the aligned angular momentum 

at a Gertain frequenGy Gaused by the baGkbending effeGt. 

The big retardation of the 12+ 10+ transition in the 

ground state GasGade for 134ce 9) (R ~ 0.04) deviates far 
134 from the rigid values. This suggests that for Ce the 

baGkbending may be GonneGted to a shape Ghange. The h1112 
neutrons whiGh are the responsible for Gonfiguration of 
the 10+ oblate isomer, are at the same time responsible 

for the struGture of the 10+ state in the ground state 
GasGade. The 10+ state has then very probably a different 
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Figure 1: Level sGheme of 134ce. 
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deformation. It may be therefore that for the nucleus 
134

ce the backbending is connected to a shape transition. 
Calculation of this type 1·1ere performed by Gong-au Xu and 
Jing-ye Zhang 10 l. The g factor measurement of the 10+ 
collective state6l supports the assumption that the h1 , ,

2 
neutrons are responsible for the backbending of 134ce. · 
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2.10. The Structure of the Heavy Ce-Isotopes 

R.L. Gill+, R.E. Chrien+, M. Slmrid+, G.M. Gowd/', 

H.I. Liou+, Y.Y. Chu+, R.F. Gasten+, D.D. 

fvarner+, M.L. Stelts 0, D.S. Brennei'++, F.K. 

fvohn +++, K. Sistemich, H. Yamamoto +++, c. Chung , 

fof.B. Plalters , T.R. Yeh , R.F. Petry and 

R.A. Meyer00 

The high beam intensity of the fission product separator 
TRISTAN 1) at the High Flux Beam Reactor of the Brook
haven National Labaratory enables the investi9ation of 
the level schemes of the neutron rich Ce-isotopes up to 
A = 148 through the ß-decay of their La parents. These 
Ce-nuclei belang to the border at lo~l Z of tb.e region of 
the deformed rare earths and have not yet been studied 
in detail. 

There Nere two major reasons to study these nuc 1 ei: 

- Recent investigations of the Ba isotopes shoNed 2) that 
the onset of deformation takes place at N = 88 in this 
isotopic chain rather than at N = 90 as for Z?.: 60, The 
present experiments ~1ere undertaken in order to get 
informatton on the onset in the intermediate Ce-isotopes 
(Z = 58). 

- The investigatton of the Ce nuclei offers a possibility 
to check the predictive poNer of the !BA since calcula
ttons on these isotopes could be performed prior to the 
experiments with parameters Nhich Nere deduced from fits 
to the neighbours, 

The measurements provided extended level schemes3l. The 
data on 148ce are shown 1'n fig. 1 as an example. Only the 

t + + . 4) 21, 41 and 61 (at 841 keV) levels were knoNn earl1er . 
The spins and parities of the new levels are suggested 
from the deexcitation pattern and they are in accordance 
Nith the systematics for the N = 90 isotones3l. 

The systematics of the Ce isotopes ~11th even mass are 
shoNn in fig. 2. In cantrast to the situatton tn Ba 
there is no indication that the deformation sets on 
prior to N = 90. 

The calculations in IBA-2 fitted we11 3l to the expert
mental data in 148ca but they were less sati'sfactory 
for the lighter isotopes. Thts is interpreted5) as a 

consequence of the Z = 64 subshell closure which has to 
be taken into consideration for N ~ 90 wh.tle its tn
fluence is less important for heavter isotopes. 
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2.11. A 45 ns High-Spin Isomer in the Doubly Odd 150Eu 

Nucl eus 

F. Sorame~. J, Styazen, A. Eraan, P. Prokofjev and 

P. neinheinz 

So far nothing was known Ol) the energy levels in 1~~Eu87 
except that it has 1) two ß-decaying "Isomers ~li'tli I". 
r

112 
= 0(-), 13h and (4,5-), 36y. Wehave investigated 

this nucleus at the IKP cyclotron through in-beam y and 
e- experiments using the (p,3n) reaction with proton 
beams between 26 and 35 MeV. The measurements included 
y-ray singles excitation function and angular distrtbu
tion studies, conversion electron singles measurements 
with a magnetic orange spectrometer and two-detector 
four-parameter yy coincidence experiments using coaxial 

and planar Ge-detectors. 
The level density in this nucleus with 6 valence parttcles, 

152E ' 't h' h and only two neutrons away from u, 1s qu1 e 1g , 
and accord ingly the prompt y -ray spectra observed during 
beam bursts are highly complex and have not yet been 
successfully analyzed. The coincidence data however 
revealed that the nucleus has a low-lying high-spin iso
mer and four intense y rays, 190.4, 247 .9, 314.1 and 
371.6 keV occur in its decay. Ten additi.onal weak transi
tions were identified from prompt yy coincidences 
measured between beam bursts. The isomeric half life was 
extracted from the four parameter yy coincidence data as 
r

112 
= 45(3) ns, the measurement is illustrated in ftg.1. 
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Fig. 1: Half life of the 589 keV isomer in 150Eu extracted 
from the four-parameter yy coincidence data. 

The fig. 2 shows the decay scheme of the isomer. The 
three excited states at 190, 248, and 562 keV are spect
fied from the comparison with in-beam intensities for the 
four strong transitions. The weak lines identify three 
additional levels at 360, 413 and 417 keV. In two cases 
(360 and 413 keV) where only two y-rays connect with the 
level, their ordering could be determined from the y-ray 
intensities observed in the pertinent in-beam coincidence 
spectra. The off-beam coincidence data clearly establish 
a 171.5 keV transition feeding the 417 keV state and the 
tyRF time distribution of this line specifies the 589 keV 
state as the isomeric level. Its principal decay proceeds 
through an unobserved 26.8 keV transition feeding the 
562 keV state. 
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Adopting I 11 = 5- for the ground state in fig. 2 the 
measured angular distributions and aK values 
uniquely determine 6- for the 190 and 248 keV levels, 
and 6+ for the 562 keV state. The 45 ns half life and 
the isomertc decay branchtng is only compatible with an 
I"= 8+ assignment, whtch gtves 25 W.u. for the 26.8 keV 
isomeric E2 transition. From the remaining levels, only 
tne 417 keV state can be specified as 7-; the possible 
spin assfgnments for the other two weakly populated 
states are given in fig. 2. 

588.8 8• 
562.0 6+ 

417.3 T 
412.6 5:6:T 
360.4 5:T 

247.9 6-

190,4 6-

0 

150 
53 Eu 87 102190 

Fig. 2: Decay scheme of the 45 ns isomer in 150Eu. 
Transition multipolartties obtained from aK values are 
given. Proposed spin-parities are relative to the 
adopted 5- ground state assignment. 

At present it is difficult to propose structural assign
ments for the observed 150Eu levels. One notes however 
that low-lying 5-, 6-, and 6- levels have also been seen 
in the two neighbouring 148Eu and 146Eu odd odd isotopes2•3) 
where they have been attributed to the couplings of the 
odd f 712 neutron to either the d512 or g712 proton hole. 
The nature of the higher-lying levels and also of the 
isomeric state is much less obvtous.Since however the 
adjacent 151Eu and 149sm nuclei. are stable it is posstble 
to obtain useful structure information from (p,d) and 
(3He,d) single nucleon transfer experiments and we have 
therefore begun such measurements to investigate the 
150Eu levels further. 
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2.12. The N=82 Gap in 146Gd from ß~decay Studi,es of TO 

Isotopes 

J. Styazen , P. Kleinheinz, M. Piiparinen, 

J. Blomqvist 

Thera exists quite detailed knowledge on the proton par
ticle-hole states in 146Gd. These Ievels are strongly 
populated in the yrast decay1l, and thel'r excitatton 
energies are in accord with the ~ 3,5 MeV Z=64 energy gap 
as derived from the difference of the 147Tb and 146Gd 
single proton separation energies, On the other hand it 
is well known that pairing is important at Z=64, and from 
an analysis of single proton quasi-particle energtes2•3) 
. th . hb . 145 147 1n e ne1g our1ng Eu and Tb isotones a value of 
~ 2.5 MeV was derived for the energy gap in tne stngle 
particle spectrum. 

From the single neutron separatton energies one obtatns 
146 for Gd an N=82 gap of ~ 3.7 MeV, but nothing so far is 

known on the 146Gd neutron particle hole excitattons 
which should occur at about that excitation, Furtnermore, 
the excitation energies in the nefgh5ourtng isotopes wtth 
one neutron lifted across N=82 (1p2h states in 145Gd and 
2p1h states in 147Gd), which are cruciul to determine the 
gap in the neutron single parttele energtes, arealso not 
known. Many of these states have low spin and are there
fore in general not populated in in-5eam expertments. 

\~e have therefore investigated the ß-decay of the 
145,146, 147Tb . • 1sotopes wh1ch are expected to populate 
specific neutron parttele-hole excttattons tn tne three 
Gd daughter nuclet. The parent acttvittes were produced 
through (a,xn) reactions (x = 8, 9, 10) tn 5ombardments 

152 151 . of Gd and Eu targets w1th a-parttcle 5eams between 
90 and 130 MeV from our cyclotron, Gamma-ray stngles and 
two-detector coincidence measurements wtth vartous coaxtal 
and planar Ge detectors were carrted out durtng 20 to 40 
sec beam pauses fo 11 owing s imtl ar trradtaticn pertods 
during which the detectors were blocked, 

Our results for 146Tb decay are shown tn Fig, 1, In can
trast to earlier studies4•5) we ftnd negltgi'5le feed to 
the 3- first excited state and the coinctdence results 
locate three new Ievels in 146Gd aoove 3,4 MeV, 

From the shell model one expects for the 146T5 parent 
nucleus a nh1112 vdj}2 configuratton which can couple 
to In = 4-, s-, 6- or 7-. The nv restdual tnteractton 
wi 11 be repulsive for the two extreme coupltng$, whtcn 
leaves 5- and 6- as the possiele 146TB ground state sptns, 

Si~ce the ß-decay proceeds througn tue allowed nd5}2 + 

vd3}2 GT transition a 6- snould lead to a strong popula
tion of the known 146Gd (nh11L2d5}2)7- state at 2982 keV 
which is not observed. The decay tnstead proceeds strongly 
to the 5- state of that configuratton at 2658 keV and to 
two additional Ievels, at 2996 and 3099 keV, whtch we 
propose to be the assoctated In = 4- and 6- states, 
respectively, in accord with their y-decay patterns, In 
particular identification of the previously ov~rlooked 
116.7 keV transition to the 2982 keV 7- isomer from the 
3099 keV state strongly supports its 6- asstgnment, 
Furthermore, the observed ß-decay tntensities to these 
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Ievels are in excellent agreement with the theoretically 
calculated ratios. These results unambiguously classify 
the 146Tb parent state as 5-, in cantrast to the conclu
sions of earlier works4•5). 

The clearly observed 1579- 3140 keV coincidences establish 
a new level at 4719 keV. ~le attribute the feeding ß-branch 
to the other expected GT transition, nh1112 + vh912 , which 
systematically occurs with essentially equal log ft values 
in other Tb isotopes in this region. This classifies the 
4719 keV state asv(h 912d)2 2)4- neutron particle hole exci
tatton. Only the 5- multtplet member is predicted to be 
also fed tn ß-decay, but 14 times weaker than the 4- state. 
The weakly fed level at 4828 keV, which decays to the 
2996 keV 4- state, is probably that 5- multiplet member. 

A ~1eak 1297 - 1844 keV parallel decay branch proceeds from 
the 4- state, ~1here the transition ordering is determined 
from 144sm(a,2n) excitation function measurements6) close 
to tnreshold. We interprete the intermediate 3423 keV 
level as vf7L2d)}2 state, which is the lowest neutron par-
t' 1 h 1 't t. . 146 1C e o e exc1 a 10n 1n Gd. Its energy should be equal 
to the N=82 gap at Z=64, except for small contributions of 
collective or nucleon-nucleon interactions. The near
agreement with the ~ 3,7 MeV N=82 gap as derived from the 
neutron separation energy difference is in accord with this 

vtew. 

In our spectra we also observe weakly the known 6) 1972 keV 
2+ + o+ transttton, and a 1059 keV 1 i ne in co i nc i dence 
~1tth tt. As no connectl'ng transitions to any of the 
strongly ß-fed Ievels could be found it remains unclear 
how the 2+ state is fed. Most likely it is directly popu
lated in ß-decay of a low spin 146Tb isomer involving the 
d3L2(or s1L2) proton particle, which is possibly produced 
at the present bombarding energies via precompound particle 
emtssion. Such a loN spin 146Tb activity has been identi
fted7) following ß-decay of 146oy. 

When we 5egan our experiments the 145Tb activity was not 
known, Tne mass identification was derived from excitation 
functton and from X-ray coincidence measurements and the 
145 , 

Tb half life was found as T112 = 29 ~ 4 sec. This 
value ts in agreement with t\'/O independent determina
ttons8•9) reported in recent abstracts. 

145 The T5 decay scheme is shol'ln in Fig. 2. From systematics 
we attrf5ute In= 11/2- to its ground state. Levels in 
145Gd have prevtously been investigated10 ) through the 
144sm(a,3n) reaction, but the energy Ievels observed in 
this study aBove 750 keV are not populated in 145Tb decay. 
HoNever, most of the Ievels seen in ß-decay have been 
o5served in concurrent 144sm(3He,2n)y and e- measure
ments11) which gave the spfn-parity assignments shown in 
Ftg. 2 for the Ievels 5et\'/een 1 and 2 t•1eV. The transition 
multtpolartties quoted in the figure are also from the 
tn-5eam Nork. Our ß-decay branchings are in accord with 
tne 11/2- 145To parent sptn. Strongly fed in ß-decay is 

145 the 2382 keV Gd level, and the log ft = 4.2 suggests 

I .-2 ' a ''i9L2 J 0 conf1guration. The other 1p2h state, the 
vf7L2j~2 level at 1273 keV is known from the in-beam 
Norkll). 
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Fig. 1: Decay scheme of 23 s 146Tb. 

For feeding of 1972 keV 2+ state see 

text. 

Fig, 2: Decay scheme of 29 s 145Tb. The 
QEC value is derived from comparison 
with 147Tb; it is assumed that the o+ 
neutronhole pair of 145Tb will not 
affect the QEC (rrh1112 + vh912 ) value. 
The transition multipolarities are from 
tne (3He,3n) reaction study11 l. Due to 
recent modifications of the in-beam 
results 11 ) we have placed the 1446 keV 
transition feeding the 85 s isomer, in 
contrast to our earlier reported 13 l 
scheme. The direct ß-feed to the 85 s 
11/2- state is estimated from comparison 
with 1.8 min 147Tb decay. 

Fig. 3: Decay scheme of 1.6 h 147Tb. 
The QEC value is from Ref. 12, assuming 
that the 1/2+ and 11/2- 147Tb ß
activities lie close3l in energy. 



Our data on 1.6 h 147Tb ß decay are given in Fig. 3. The 
energy levels are in agreement ~lith those reported4) 
earlier, but the new 1/2+ assignment3) for 1.6 h 147T5, 
tagether with new data on transition multipolarities lead 
to a revision of the 147Gd spin parity assignment$, rn 
addition to the vp312 state at 1152 keV now also the 
vp112 level is identified at 1847 keV. We tnterpret the 
1292 and 1412 keV levels respectively as vsj~2j~ and 
d- 1 ·2 2 1h 't . v 312J

0 
p exc1 at1ons. 

In conclusion, the present ß-decay studtes have located 
neutron particle hole states in 146Gd and in the two 
neighbouring isotopes. These results provide the ftrst 
spectroscopic information on the neutron gap in 146Gd 
which is of crucial importance for calculatton of high
spin isomers in this region involving neutron excitations 
across the shell. From a pairing analysis of our findings 
Chasman 14 ) derives a value of 3.05 MeV for the N=82 gap, 
which is significantly smaller than previously assumed, 
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2.13. Two-Phonon Octupole Excitation in 147Gd 

P. Kleinheinz, J. Styczen, M, Piiparinen, 

J. Blon~vist+ and M. Kortelahti++ · 

In 146Gd the octupo 1 e phonon 1 i es 1 MeV 1 o~ter than in 
208Pb, at 1.6 MeV, and in the neighbouring 147 Gd nucleus 
it occurs as low as 1 MeV. This low excitation makes this 
nucleus particularly favourable for a study of two
phonon octupole excitations. 

Earlier we has observed 1) a 19/2- level in 147Gd at 
2. 572 t~eV which decays through two stretched E3 transi
tions to the f712 ground state (fig. 1). In ref. 1 we 
suggested that this level must have a significant 
vf712 x 3- x 3- two-phonon contribution, but at that time 
the experimental data were insufficient to determine the 
properties of this state in detail. Since then, more 
quantitative knowledge has emerged on particle octupole 
coupling phenomena in this region2•3). These couplings 
1~ill also strongly affect the two-phonon excitations. 

We have now determined the strength of the 1575 keV 
19/2- ~ 13/2+ E3 transition through a measurement of the 
19/2- level half 1 ife using the (3He,3n) reaction where 
the direct side feeding to the state is ~ 3 times larger 
than the population through the above-lying 5 ns isomer 
(fig. 1) 
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2488 

997 

0 

-1 
97/2 

vf712 nh1112d -r 
5/2 

E3 

147Gd 
64 83 

vf712 

\62110 

Fig. 1: High spin levels in 147Gd with intensities as 
observed in (3He,3n) at E3He = 22 MeV. 

This makes it possible to determine the half life from a 
singles measurement of the time delay of 1575 K electrons 
relative to the beam bursts. The conversion electrons 
were focussed in a magnetic lens spectrometer operated 
in swept-current mode and energy analyzed in a Si(Li) 
spectrometer4l. From two independent measurements, with 
22 MeV and 27 MeV 3He beams we obtain the result 

T1; 2(19/2-, 2,572 MeV)= 370 ~ 80 ps. 

Fi gure 2 sho~1s the measured time centroids for 27 MeV beam 
- 146 energy, where the 1.579 MeV 3 level of Gd was also 

populated. For its half life we find T112 (3-, 1.579 MeV)= 



1,06(6) ns in perfect agreement with the earlier5) result. 
Taking into account the 1575 to S4 keV branching ratio 
the measured 19/2- half life gives 

B(E3, 1575 keV) = 57! 13 W.u. 

This very high transition ~trength emphasizes the two
phonon character of the 19/2- level. 
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Fig. 2: Half life measurement for the 2.572 MeV 19/2-
state in 147Gd. The electronic walk is obtained from 
prompt conversion lines (big dots) and from background 
electrons (small dots). 

The simplest expectation is that the two-phonon state 
should occur at twice the energy of the one-phonon state 
and should decay with a rate twice as large as the one
phonon transition. It is apparent that the experimental 
findings deviate from these simple predictions for both 
energy and transition rate. 

Two different phenomena are expected to affect the energy 
of the two-phonon state in 147 Gd, The first is associated 
with the coupling of the neutron f712 + 11312 excitation 
to tbe octupo 1 e v i'bra tl'on, whl'l e the second refl ects the 
action of the Pauli principle between the particle-hole 
components of the two phonons, 

The 1312+ level at 1,00 MeV has a considerable admixture 
of the i1312 single neutron state due to ~he large coup
ling matrix element m = <i1312 1Hif712 x 3 ; 13/2>, The 
situation is basically similar tothat observed in the 
N = 127 nucleus 209Pb, vthere the corresponding single 
particle orbits are vg912 and vj1512 (fig, 3), Whereas 
in 209pb the 1.42 MeV 1512- state is of "'70 % single 
parttele cbaracter6) with about 30 % admixture of 
vg

912 
x 3-, the situation is reversed in 147Gd, where the 

octupole lies lower3) in energy than the vi 1312 single 
particl e s ta te, 
When the difference o between the single particle excita
tion energy and the phonon energy, o = (e13L2 - 8?/2)~w3' 
is comparable to the coupling matrix element m, the 
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energy E of the low-lying mixed state is obtained by 
diagonalizing the 2 x 2 Hamiltonian 

1 1 2 2 E1312 = 11w3 - '2" ( o + 4m - o ) . 

Similarly, the energy of the lowest 19/2- state is ob
tained by diagonalizing the Hamiltonian in the basis of 
the two states f 712 x 3- x 3- and i1312 x 3-

1 I 2 2' 
E1912 = 21iw 3 - '2" (I o + Sm - o } • 

T 
l 

T 
j_ 
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VilJ/2 l2.1l 
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~ "6 
V f712 7/2- t 

147Gd 

m • .7MeV 

fm·;(3-
'"'' m 

f7/2 3-

m • .OMoV 

Fig. 3: Coupling of the valence neutron to the core 
. 209 147 octupole 1n Pb and Gd. 

Whereas in second order perturbation theory the harmonic 
spectrum is preserved, the result is modified however for 
strong coupling, as in the present situation. E1912 is 
higher than 2 x E1312 by the amount 

-b 21 1 ,.2------,2' 
oE1912 =,o +4m --zUo +Sm +o}. 

The unperturbed vi1312 energy in 147Gd (and hence o} is 
not vtell known experimentally. However, as discussed in 
ref, 3, systematics of the N = S3 isotones and other in
direct spectroscopic evidence suggest approximately 2,1 
MeV for the f 712 to i1312 single particle energy separa
tion, which is indicated in fig. 3, Thus using ~ = 0,52 
MeV, the observed E1312 = 1.00 MeV excitation is repro
duced with m = o.s MeV. These values give E19[ 2= +0,26 
MeV, 

The second effect is associated with the microscopic 
composition of the octupole phonon, In the nh1112 x 3-
particle-phonon multiplet in 147To it was seen2) clearly 
that the nh1112 d]}2 particle hole component occurs with 
large probability in the 3- core state, The 17[2+ and 
15/2+ members of this multiplet are separated by the large 
energy of 772 keV. This can be understood as an effect 
of the Pauli principle where the h1112 proton particle 
in the phonon interferes with the h11[ 2 valence proton, 
The associated particle-phonon interaction matrix element 



M in the exchange process (fig. 4) is obtained from the 
772 keV 17/2+ to 15/2+ splittingtobe 

M" 1.1 ~1eV. 

3- 1.50 dsk 
I 1512+ l27 

M 

nh,",,-{~ ,-~""" 

l_ 316 hun 3-

~ M"' I.IMeV 
Tthn12 

146Gd 147Tb 

Fl'g. 4: Coupl ing of the h1112 valence 147 proton of Tb to 
the core octupole. 

The t~1o-phonon exchange process, which i s ana 1 ogous to 
the exchange coupling in fig. 4, is illustrated in the 
fourth order diagram of fig, 5a, The large rrh 1112d5J2 
components in the two octupole phonans interact by 
exchanging the particle (or the hole). The interaction 
vertices in figs. 4 and 5 are the same, and we can 
therefore use the empirical values of M and t:. v1hich des
crioe the Pauli effect in the 147Tb case to evaluate 
the energy shift ö EI corresponding to the diagram in 
fig, 5a, The shift is given by the expression 

ö EI = 98 X ( i!- i 3; i i!- 3; 3 3 I) X ~ 

where I ts the coupled angular momentum of the two 
phonons, For the case I = 6 the geometric coefficient 
is 98 X = + 0,846 giving the energy shift 

4 
oE6 " 0,846 x ~MeV = + 0.41 MeV. 

1 ,5'} 
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d -1 
512 

hn12 
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3-

Fig, 5: a) Phonon-phonon coupling in 146Gd; b) Diagram 
representing the correction to the two-phonon to one
phonon E3 transition amplitude, 

This shift can also be adopted for the 19/2- state of 
147Gd, neglecting the vi1312 x 3- content in that state. 
This approximation may be of similar quality as the use 
of fourth order perturbation theory in describing the 
3- x 3- coupling, 

Summing up the tv10 contributions the tota 1 energy shift 
t:.E for the l9L2- state is 

oE = oE19L2 + oE6 = (0,26 + 0,41) MeV= 0,67 MeV, 

v1hich compares well with the experimental shift 
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Processes similar to those causing the energy shifts dis
cussed above will also give rise to a reduction of the 
19/2 to 13/2 E3 strength. The main effect comes from the 
third order diagram in fig, 5b, The transition rate bet
ween the two-phonon and one-phonon states changes by 

11 5 5 11 M3 
öB(E3,I + 3) =- 392 X(-z-'2' 3; 'ZT 3; 3 3 I) x --z 

t:. 

Using the estimate B(E3,h1112 d572 + 0) = 5 W,u, the 
reduction in the case I = 6 is B(E3, 6 + 3) = -18 W.u, 
This is of the correct order of magnitude to explain the 
observed deviation from the harmonic expectation. 

The present data provide the first clear indication of 
a t11o-phonon octupo 1 e sta te, I t has been shown tha t the 
large departure of the two-phonon excitation from harmonic 
vibration (twice the one-phonon energy, and twice the 
transition rate) can be quantitatively understood in terms 
of the microscopic composition of the states, and can be 
derived from other observed features of the octupole 
Vibrations in this region. 

+ Research Institute of Physics, Stockholm, Sweden 
++ University of Jyväskylä, Finland 
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2.14. Study of Side Bands in 180os 

A. Neskakis, R.M. Lieder, G, Sletten~, H. Beu

scher, B, Bochev, D.R. Haenni and M. Müller

Veggian 

The study of the level scheme of 180os has been continued. 
Timing spectra have been ~easured at the Jülich Isochro
naus cyclotron using the 180W(a,4n) reaction at 54 MeV. 
Conversion electron spectra where studied at the Niels 
Bohr Institute Tandem Van de Graaff accelerator using 
the 168Er( 16o,4n) reaction at 83 MeV. These studies ,were 
carried out to complement previous investigations. In the 
earlier experiment y-y coincidences and y-ray angular 
distributions have been measured. In these investiga
tions 180os was produced at the Jülich isochronaus cyclo-

. 182 182 3 . tron us1ng the lol(a,6n) and W( He,5n) r·eact1ons at 
beam energies of 80 and 60 MeV, respectively. 

The level scheme of 180os as resulting from the present 
experiments is shown in Fig. 1. The yrast band was 
established up to the 20+ level. Furthermore, four side 
bands have been observed. One of them is based an an 
isomer ~1hi eh was not reported before. Our ass i gn-

ment of levels to the yrast band differs above I=14 from 
that given by Dracoulis et al. 11. They considered those 
levels as yrast states which we assigned to band 4 (cf. 

Fi g. 1). Dracoul i s et a 1 . 1 l based thei r ass i gnments an 

y 2 3 yrast 

Figure 1: Partial level scheme of 18 00s. All transitions 
were placed considering coincidence data except for those 
indicated by dashed lines. They were observed in y-ray 
singles spectra. 

the assumption that the 527.5 and 698.8 keV y rays are 
stretched E2 transitions since their angular distributions 
have large positive anisotropies. In the present study we 
determined the conversion coefficients of these lines and 
found that they are of mixed M1/E2 character. The angular 
distributions and conversion coefficients of the 527.5 
and 698.8 keV lines can, therefore, only be understood if 
they connect levels of same spin yielding the spin assign
ments given in Fig. 1, They are considered as interband 
transitions deexciting band 4 into the yrast band. Our 
spin assignments are supported by the observation of the 
1051.4, 1093,3 and 1239.7 keV transitions, which connect 
levels of band 4 and the yrast band with spin differences 
td=2. 
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The bands 1 and 2 were established up to spins of I=10 
and I=17, respectively. The lo~1-spin members of bands 1 
and 2 are connected by low-energy y rays which are 
interpreted as cascade transitions. Spin-parity assign
ments result from angular-distribution and conversion
electron measurements. 

Band 3 is a strongly coupled band based on an isomer 
with a half life of 27±5 ns. This band is deexcited by 
the 324.5 keV line of stretched quadrupole character 
(öi=2) into band 2 and by stretched dipole transitions 
(öi=1) of 671.0 and 1133.7 keV into the yrast band. We 
consider the 324.5 keV y ray to have ~2 character since 
enhanced M2 trans it i ans a re not known. Th i s y ray ~1oul d 
be enhanced by a factor of 4.1 wi th respect to the 
Weisskopf estimate if it was a M2 transition. Therefore, 
a spin and parity of 7- was assigned to the level deexci
ted by these transitions. vJe assume that the 7- state is 
the isomer and forms the band head. However, it cannot be 
excluded completely that a transition of small energy 
exists, deexciting the isomer into the 7- state, which 
escaped detection. Therefore, a hypothetical level is 

included in Fig. 1 as a dashed line and the spin-parity 
assignments of the band members are given in brackets. 
The K quantum number may be K=7 or 8. 

In order to understand the nature of the isomeric band, 
its inertial parameter (EI-Ei_ 1)/2I has been plottedas 
a function of I2 in Fig. 2 as ~1ell as that of the iso-

_10 
::a; 
~9 

r.;la -... 

4 0 50 100 150 200 2 250 
I 

Figure 2: A plot of (ET-EI-1)/2I versus I 2 for isomeric 
bardli in navl and lao,lazos. 

. KTI 8- b d . 1820 d ( - 178 mer1c = an 1n s an the 7 ) band in W 
(ref. 2). It can be seen that the inertial parameters of 
th . . b d . 1800 d 178 . e 1somer1c an s 1n s an W 1ncrease strongly 
with 12 for small spins whereas that of the 8- band in 
1820 . 1 s 1s a most constant. The fact that the inertial 
parameter is larger for 180os than for 178w may be caused 
by a decrease of the deformation. It may be concluded 
that the bands in 180os and 178w have the same configu
ration which is different from that of the 8- band in 
182

os. Therefore, a K=7 assignment is proposed for the 
. . b d . 180 + 1somer1c an 1n Os. It may have a (v7/2 J633J(x) 
v7/2-J514J) 7_ configuration as suggested by Dors et al. 3) 
for the (7-) band in 178w. In order to support this 
suggestion the gyromagnetic ratio gK has been deduced for 
band 3, From the dipQle-quadrupole mixing ratios o of 
the cascade transitions, the quantity (gK-gR) 2;Q

0 

2 was 
determined tobe (3.8±1.6)·10-4. Assuming a rotational g 
factor gR=0.22 0.02 and an intrinsic quadrupole moment 
Q0 =6. 0±0. 6 ( ref. 4) we found gK=O. 10±0. 04. Th i s va 1 ue 



agrees approximately with the theoretical prediction for 
the above configuration3) supporting our assignments. 
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2 .15. Interpretation of side bands in 180os in the 
framework of the cranked shell model 

A. NeskakisJ R.M. Lieder, G. Sletten*, H. 

BeuscherJ B. Bochev, D.R. Haenni and M. MUller

Veggian 

The features of side bands in deformed nuclei have in 
many cases been successfully interpreted in the frame
work of the cranked shell model 1) yieldin~ new informa
tion on the band-crossing phenomenon. In 

82
os eight 

side bands have been observed2). Three of these bands 
show a backbending effect whereas the other bands behave 
regularly in some cases even up to rather large rotatio
nal frequencies. The interpretation of the latter effect 
in terms of the cranked shell model revealed properties 
hitherto unknown 2). To obtain more information about 
these new features it is important to analyse the side 
bands in the neighbouring nucleus 180os in the same way. 

In order to interprete the bands observed in 180os in 
terms of the cranked shell model 1) the aligned angular 
momentum i has been plotted for all bands versus the ro
tational frequency ~w in Fig. 1. The reference band used 

IO IBOOs 

8 

6 

l 
x-x 

I 
X 

4 

2 

0 
yrast ",/ 

x-----x----x---x 
~ 
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- 0 0.1 0.2 0.3 0.4 nw (MeV) 
Figure 1: Alignment plot for all bands observed in 180os. 

in the calculation of i was the ground (g) band which has 
been fitted by the Harris formula (9 =21.7 MeV- 1h2 , 

3 4 ° 91=171.4 MeV- h ). The yrast band does not show a back-
bendi ng effect l i ke 182 ' 184 ' 186os but forv1a rd-bendi ng. 
This behaviour can be understood if a strong interaction 
of ~ 320 keV exists between the g band and the s band 
being a two-quasiparticle band consisting of a pair of 
rotation-aligned i 1312 quasineutrons. This result is in 
agreement with predictions of the cranked shell model 1) 

but contradicts to the conclusions of Dracoulis et al . 3l. 
The aligned angular momentum of the yrast band shows a 
kink at a rotational frequency of ~ 0.3 MeV which may re
sult from an intersection with a four-quasiparticle band. 

The negative-parity bands 1 and 2 in 180os have a similar 
structure as the bands 2 and 3 in 182os (ref. 2) indica
ting that they may have the same nature, viz. a 
v9/2+l624l(x)v7/2-l514lconfiguration. Band 2 in 180os 
shows a backbending effect at a frequency of 
tw ~ 0.25 MeV whereas the corresponding band 2 in 182os 
has no bandcrossing below hw ~ 0.33 MeV. This Variation 
in crossing frequency may be attributed to a change of 



180 182 the hexadecapol e deformation E 4 bet1-1een Os and Os 

(ref. 4). 

Band 4 is of special interest since it has a large 
aligned angular momentum already at small rotational 
frequenci es and sho~1s no band cross i ng up to ilw ~ 0. 35 MeV. 
The decrease of aligned anbular momentum with increasing 
frequency is probably unreal and caused by the chosen re
ference. Band 4 in 180os may correspond to band 6 in 
182os of v9/2+l624l(x)v7/2+l633l configuration2). The 
latter band shows no backbending up to tw ~ 0.38 MeV, a 
fact which has been attributed in the framework of the 
cranked shell model to a new type of interaction2). A 
similar interpretation may apply to band 4 in 180os. 
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2.16, Blocking effects in side bands of 182os 

R.M. Lieder, G. Sletten*, J. Borggreen*, and 

J. Pedersen* 

The level scheme of 182os is given in a separate contri
bution to this annual report1). Here the interesting 
feature of the positive-parity bands 6 and 7 shall be 
di scussed that they sho~1 no backbendi ng effect up to 
frequencies of tw = 0.38 MeV as can be seen in fig. 1. 

i 
10 

8 

6 

" 
2 

0 

"\ 
yrasl J ·---·--·--· ........ 

-2~----~----~~--~~----~~~ 
0.1 0.2 cp o.t. 

'hw(MeVJ 
Figure 1: Plot of the aligned angular momentum i vs. the 
rotatlonal frequency nw for selected bands observed in 
1B20s. 

Furthermore they have al igned angular momenta 1vhich are 
almost as large as those of the s band. Also, the depen
dence of the aligned angular momenta an the rotational 
frequency is similar for these three bands. Since 
interband transitions exist betlveen band 7 and 6 
they a re cons i dered to form the two sequences ~Ii th s i g
natures of 1~1=1 and ~=0 of a band of one and the same 
configuration. These features of bands 6 and 7 can be 
understood in a plausible way assuming that they are 
formed by t~1o i 1312 quasi neutrons of 9/2+ [624] and 
7/2+[633] configurations2). Ta understand the absence of 
crossings in bands 6 and 7, the experimental quasiparticle 
energies are compared in fig. 2 1vith those of the calcula-

e' 
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-Q8 

Tt=+ 

E2:0,22 
E, =OD5 
6 =0.65MeV 
--0:=0 
----- a= I 
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• band 6 a =0 
~band 7 Iai= I 

- 1 .6o~---='o.l:----o=-'".2=-----:o='=.3:-----:::L...C"'--"""-"'':"':!""' 
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Figure 2: Plot of calculated quasiparticle energies as 
funct1on of the rotational frequency for tlvo- and four
quasineutron levels of positive parity. The g band serves 
as reference. The experimental quasiparticle energies of 
bands 6, 7 in 1820s are included. 

ted lo~/est-lying two- and four-quasineutron levels of po

sitive parity. In this calculation the g band has been 
used as reference. Bands 6 and 7 may be identified with 



the levels BC and AC, respectively. The fact that band 7 
( lal=1) shows no crossing can be understood in the follo
l~i ng ~1ay ( cf. fi g. 2) : With the he 1 p of the 1 eve 1 s A, B, 
C, D of i 1312 quasineutron configuration only two-quasi
neutron levels but no four-quasineutron levels of a=±1 
can be constructed, viz. the levels AC and BD. In order 
to obtain levels which could interact 1~ith AC or BD 
other configurations have tobe involved which lie 
higher in quasiparticle energy, The resulting crossings 
are consequently expected to lie at considerably larger 
frequencies. This effect may be called double blocking 
since levels deriving from two different i 1312 quasi
neutron orbita 1 s of 9/2+ (624] and 7 /2+ [633] confi gura

tions are occupied. Such an explanation cannot be applied 
to band 6 (a=O) since a four-quasineutron level ABCD of 
signature a=O exists which crosses the two-quasineutron 
level BC of same signature at the frequency hwAD = 
0.36 MeV. Band 6, however, does not show any crossing up 
to the rotational frequency tw = 0.38 MeV. 

The absence of a crossing in band 6 can be understood if 
one interprets the quasiparticle diagram of fig. 3 in 

E2:0.22 
E, :0.05 
D. :0.65MeV 

--a=O 
----- a= I 
-·-·- a=-1 

A band 6 a=O 
"band 7 Iai =I 

Figure 3: Plot of calculated quasiparticle energies as 
funct1on of rotational frequency for levels of positive 
parity for even numbers of quasiparticles. The yrast 
band labelled as (+,0) 1 serves as reference. The experi
mental energies of banas 6, 7 in 1820s are included. 

ref. 1 in a new way as suggested by Bohr and Mottelson 3l. 
Their proposal concerns the use of an appropriate refe
rence band. Sofar the g band was used as reference. This 
choice has the disadvantage that the g band levels are 
not any more yrast states beyond the crossing of the 
yrast band. Bohr and Mottelson suggested, therefore, to 
use the quasiparticle vacuum as reference which is in 
general identical with the yrast band. The theoretical 
quasiparticle energies for many-quasiparticle configu
rations can be directly derived from fig. 3 in ref. 1 by 
adding the quasiparticle energies of the single-quasipar
ticle levels. 

In fig. 3 the quasiparticle energies of the lowest-lying 
quasineutron levels of positive parity for even numbers 

of quasiparticles are plotted vs. the rotational fre
quency. These levels are labelled by their parity and 
signature quantum numbers and by an index which counts 
the levels of same quantum numbers. The yrast band with 
e'(hw)=O is labelled (+,0) 1• On the left hand side the 
configurations are indicated by letters, being applicable 
only for small rotational frequencies. Fig. 3 furthermore 
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contains the experimental quasiparticle energies of bands 
6, 7 in 182os. Band 7 can be identified with the level 
(+,1) 1 which derives from the configuration AC in agree
ment with the previous interpretation, No ne~1 aspect re
sults. A new situation arises, ho~1ever, for band 6. For 
small frequencies band 6 can be identified with the level 
(+,0) 5 of configuration BC. This level is crossed at a 
frequency ofhw=0.33 MeV by the level (+,0) 4. If an inter
acti on bet1~een these t1~o 1 eve 1 s woul d occur, they woul d 
repell each other producing new trajectories. For an 
interaction strength of ~ 150 keV the lower-lying of the 
two new trajectories 1·1ould obtain a simil ar frequency de
pendence of the quasiparticle energy as the level (+,1) 1 
indicating that the band crossing predicted previously on 
the basis of fig. 2 vanishes. In this way the absence of 
backbending in band 6 could be explained. Such an inter
action is not contained in the cranked shell model calcu
lations of Bengtsson and Frauendorf4). Therefore, the 
existence of a new type of interaction is proposed here. 
It may be a two-body interaction. Fora detailed compari
sion of the features of bands 6 and 7 with theoretical 
predictions, calculations taking into account the pro
posed new interaction have to be carried out. 
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2 .17 .• 'd b d . 182o Negative-parity s1 e ans 1n s 

R.M. Liedev, G. Sletten~, J. Bovggveen«, and 

J. Pedevsen* 

The study of 182os has been continued. The level scheme 
of 182os is shown in fig. 1. Eight side bands have been 

established. Bands 1 and 8 have the characters of strong
ly coupled bands, i .e., the spin sequence is 61=1 and 
crossover as well as cascade transitions exist. Bands 2 
to 7 consist of stretched E2 cascades. They can be iden-

'd b d . 182o tified as rotation-aligned bands. The s1 e an s 1n s 
start at spins ranging from 1=4 to 1=12. Except for 
band 8, the lowest-lying states of the respective bands 
are considered not to be their band heads. If they were 
band heads, the bands should have large K values and the 
transitions to the yrast band, which has K=O, should be 
K forbidden. The band heads should then have long half 
lives as observed only in case of band 8. Furthermore, 
the transition probabilities of the interband transitions 
are cons i derab ly reduced by the K forbi ddenes ~Ii th respect 
to that of the intraband transitions. Ho~1ever, several 
members of each of the bands 1 to 7 decay into the yrast 
or y bands. The K values of these bands are therefore 
probably K ~ 2. It should be mentioned that for rotation
aligned bands K is not a good quantum number. 

It is of special interest to compare the features of bands 
2, 3 and 8 since they most probably consist of quasi neu
trons of same configuration. Configurations can be 
assigned to bands 2 and 3, if considered together, on the 
basis of the band structure, the dipole-quadrupole mixing 
ratios of the cascade (interband) transitions and the 
parity. A comparision ~1ith the level scheme of the neigh
bouring odd-mass isotope 181 os (ref. 1) indicates that 
bands 2 and 3, if taken together, have a band structure 
similar so that of the Coriolis-mixed band formed by a 
i 1312 quasineutron of predominantly 9/2+[624] configura
tion. In both cases two sequences of stretched E2 transi-

y 2 3 

5Bl3 IT 

ilfl 559.8 
~3~ .... .............. 75Z3ß .. 
12- 5G3.B 

12539 

tions exist. Only the lo~1-spin members of the bands are 
connected by cascade transitions. The dipole-quadrupole 
mixing ratios of the cascade transitions between bands 2 
and 3 have similar values as those of the Coriolis-mixed 
band in 181os, viz. on average ö = -0.4 ± 0,3 and 
ö = -0,3 ± 0.2, respectively. The dipole-quadrupole mixing 
ratio ö depends on the transition matrix elements and hence 
in a sensitive way on the intrinsic configuration of the 
band. It may be concluded, therefore, that the configura
tions of bands 2 and 3 contain a quasineutron of 9/2+Q524] 
nature. Assuming that the low-spin branches of bands 2 
and 3 are of two-quasineutron nature, the second quasi
neutron must have the opposite parity in order to obtain 

the negative parity observed experimentally for bands 2 
and 3, Since they form at small spins the second excited 
two-quasiparticle ba~ above the yrast line the other 
quasineutron may have a 7/2-~14] configuration, conside-

. t' f 1810 ring that this is the ground state conf1gura 10n o s. 
Band 8 is known to consist of 9/2+[624] and 7/2-[514] quasi
neutrons as we11 2). The K value of band 8, K=8, can only 
be reproduced, if these quasineutrons are coupled parallel. 
For bands 2 and 3 they must be coupled (almost) antiparallel 
to reproduce the small K value. It is, therefore, worth-
~lhi 1 e to compare the features of these bands. 

Here the features of the side bands shall be interpreted 
in terms of the cranked shell model 3), which considers the 
motion of independent quasiparticles in a deformed poten

tial rotating with the frequency hw. The aligned. angular 
momenta and quasiparticle energies of these bands are 
shown in fig. 2. They ~1ere calculated using the g band as 
reference. In the upper portion of fig. 2 it can be seen 
that the quasiparticle energy of band 8 is ~ 0,5 MeV lar
ger than those of bands 2 and 3. The aligned angular mo
menta, however, are at small frequencies very similar for 
all these bands as can be seen in the lower portion of 
fig. 2. An interesting result is that bands 2 and 8 do 
not s ho~1 a cross i ng effect up to a frequency of ~ 0. 32 MeV. 
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Figure 1: Partial level scheme of 182os. Uncertain placements are indicated by dahsed lines. 
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Figure 2: Plots of the quasiparticle energy e' and the 
al1gned angular momentum i vs. the rotational frequency 
nw for selected bands in l820s, 

In order to find an interpretation of these features cal
culations in the framewerk of the cranked shell model 
have been made3l. As result of these calculations the 
quasineutron energies e' are plottedas function of the 
rotational frequencytw in fig. 3. Same of the levels in 
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1a2
05 

neutrons 
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Figure 3: Calculated quasiparticle energies as function 
of rotational frequency for 1820s. The energy unit is 
nwo = 7.23 MeV. The parameters are E2 = 0.218, 
E4 = 0.045, 6 = 0,09 ~wo and A = 6.72 tw0. 

fig. 3 are labelled with letters to identify their con
figurations. In addition some of the states are identified 

- 66 -

by their asymptotic Nilsson quantum numbers, 1·1hich are 
only meaningful at ilw = 0, All levels sha\'1 a splitting 
into t\'/0 trajectories, 1·1hich can be populated by only 
one quasiparticle each. The levels are characterized by 
two quantum numbers, viz. the parity 11 and the signature 
a. They result from the fact that the Hamiltonian is 
symmetric against inversion as well as against reflection 
about the x axis by 180°, respectively. The signature of 

single-quasiparticle states in a=±i. Since quasiparticles 
are considered in the cranked shell model two solutions 
exist for each configuration. They are labelled in fig. 3, 
e.g., A and -A, respectively. If the level A is occupied, 
then the conjugate level -A, obtained by reflection about 
e'=O and by changing the signature from a to -a must be 

free. 

In order to compare the experimental quasiparticle ener
gies e' of bands 2, 3 and 8 with the theoretical predic
tions, two- and four-quasineutron trajectories have to be 
calculated. In this calculation the g band has to be used 
as reference as well. This is achieved by reconstructing 
the unperturbed single quasiparticle orbits being indica
ted in fig. 3 by a labelling using letters. In fig. 4 the 
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Figure 4: Plot of calculated quasiparticle energies as 
functi on of the rota t i ona 1 frequency for t1~0 and four
quasineutron levels of negative parity. The g band serves 
as reference. The experimental quasiparticle energies of 
bands 2, 3 and 8 in 1820s are included. 

quasiparticle energies of the lowest-lying two- and four
quasineutron levets of negative parity are plotted vs. the 
rotational frequency. They are obtained by adding the 
quasiparticle energies of the appropriate reconstructed 
single-quasiparticle levels. The experimental values for 
bands 2, 3 and 8 are included in fig. 4. The bands 2 and 
3 lie lo1~est in quasiparticle energy and they may be iden
tified at lü\'1 spins 1'/ith levels AF and BF, respectively, 
for the following reason: Band 3 (a = 0) shows a crossing 
at nw2 = 0.29 MeV in good agreement with the frequency 
hwBC = 0.31 MeV at 1~hich the level ABCF (a=O) intersects 
the level AF (a=O). Band 2 ( lal=1) has no crossing up to 
a frequency of tw = 0.33 MeV as expected if identified 
with the level BF (a=-1) since the intersection with 
level ABDF takes place only at the frequency hwAD = 0.36 MeV. 
A serious discrepancy exists for band 8. Considering that 
band 8 shows no crossing up to a frequency of hw = 0.32 MeV 



one would expect that, if an intersection exists at all, 
it may be caused by the AD crossing since the correspon
di ng freq uency i s iiwAD = 0. 36 MeV. However, the C]Uas i
particle energy of band 8 is ~ 0.5 MeV larger than that 
of the corresponding levels BF and BE, not even taking 
into account that level BF, has already been used to 

interpret band 2. Considering the quasiparticle ener
gies, the two sequences of different signature of band 8 
could be identified with the levels CF (a=O) and CE (a=1), 
which almost coalesce. These levels are crossed by the 
levels ABCFand ABCE, respectively, at the frequency 

ilwAB = 0.25 MeV in clear disagreement \•lith the experi
mental observations for band 8. An alternative explana
tion may be that band 8 has another configuration than 
assigned to it. However, an i 1312 quasineutron should be 
involved in the configuration since the backbending of 
band 8 is blocked, More experimental and theoretical work 
seems necessary to understand the nature of band 8. 
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2,18. . . 188A High-Sp1n States 1n u 

A • . eskakis, R.M. Lieder, H. Beusoher, B. Boohev, 

T, 1 ttsarova, D. Haenni, T. Morek and M. MUUer

Veggian 

Recently high-spin states of the odd-odd nuclei 
190,192,194Au have been studied1l. This investigation has 

been extended to 188Au in order to get more information 
about the structure of these nuclei. The high-spin states 
in 188Au were populated using the (a,7n) reaction. A 

1911 . target prepared by gl ui ng meta 11 i c powder of r 1 so 
topically enriched to 89% on a Mylar backing was bom
barded with 90 MeV a-particles from the Jülich isochronaus 
cyclotron JULIC, The resulting y radiationwas studied by 
means of standard in-beam y spectroscopy, The level scheme 
of 188Au resulting from these measurements is shown in 
fig. 1. For systematic reasons it seems plausible to 

assume that the high-spin isomer in 188Au has spin 
and parity (11-) (Ref. 1). The decay of the (11-) isomer 
i s not knovm, As can be seen in fi g. 1 there are tv1o ro-

- . . 188A Th tational bands above the (11 ) 1somer 1n u. e argu-
ments for the as s i gnments of the observed 1 eve 1 s to two 
bands are the same as for 190 •192 •194Au (ref. 1). The 
bands are built on intrinsic states with Jn of (11-) and 
( 12-) and are connected by interband trans i ti ons 1~i th 

1) spin differences of ß!=1. It has been proposed that 
. d . 190,192,194A r tational the correspond1 ng ban s 1 n u are o -
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Figure 1: Partial level scheme of 188Au. 

-1 -1 . . aligned bands of (nh 1112 vi 1312 ) conf1gurat1on. A com-
parison of both bands in 188 Au with those of 
190,192,194Au (ref. 1) band with the rotation-algined 

t h 1 b d . 187,189,191,193,195Au (ref 21 h ll/ 2 pro on- o e an s 1 n . · 
shov1s that the excitation energies of correspond1ng 
states are remarkably similar. This indicates that the 

188 -1 -1 bands in Au have a (nh 1112 vi 1312 ) configuration as 
well. 

The observation of two rotation aligned bands based on 
the (11-) and (12-) states in the odd-odd nuclei 
190,192, 194Au is in agreement with the predictions of 

Toki et al , 31, The experimental trends in the level syste
matics of these nuclei and the electromagnetic properties, 
viz. mixing ratios and branching ratios, extend to 188Au. 
This indicates that the same interpretation applies also 
for 188Au in agreement with theoretical predictions 3l. 

As can be seen in fig. 1 also a side band is observed in 
188Au. The angular distribution of the 886 keV transition 
indicates pure dipole character for this transition corres
ponding to the 854.5-,863.5- and 1058.3 keV transitions in 
190,192 •194Au respectively. Tentatively a spin and parity 

of (15+) has, therefore, been assigned to the band head of 
-1 -1 -1 the side band. It may have a (nh 1112 vi 1312 vf712 ) confi-

guration1l. 
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2.19. Curved Crystal Study of De-excitation Gamma Rays 
in 184w Follm~ing Neutron Capture 

+ ++ ++ 
fi. F. Davidson , C. f/. Reiah , R. C. GreeYthJood , 

and H.R. Koah 

Earlier studies of the 184w level scheme from radioactive 
decay of the two 184Re i somers 1) and from the 183~1 ( n, y) 
reaction2) have provided a rather detailed picture of the 
rotational-band structure of this nucleus in the region 
below ~ 2 MeV. The analysis of these data permitted a 
number of conclusions to be drawn regarding the nature 
and the strength of the coupling among the different bands 
of both collective and two-quasiparticle character. One 
of the interesting features to emerge from these studies 
was the observation of low-energy y rays ~1hich could be 
assigned as transitions between excited positive-parity 
collective bands. To provide more definite information 
on these possible low-energy y rays and hence to address 
the question of the existence of non-zero E2 matrix ele
ments between the collective positive-parity bands in 
184w, we have remeasured the secondary y-ray spectrum 
emitted following thermal-neutron capture in 183w. 

The capture y-ray spectrum was studied using the curved 
crystal y-ray spectrometers installed at the High Flux 
Reactor of the ILL in Grenoble. Approximately 150 y-ray 
transitions, from ~ 85 keV to 2.33 MeV, were assigned to 
184w. A partial level scheme of 184w, showing the first 
four excited positive-parity bands and their de-exciting 
y-ray transitions as observed in this study, is shown in 
Fig. 1. Especially noteworthy is the observation of a 
number of transitions connecting the various excited 
bands. Of the nine such y rays sho~m in Fig. 1, only three 
(those from the 1386 keV state to 2+ and 3+ and the one 

from 1322 keV to 2+) were previously reported and one 
(from 1431 keV to 3+) was only tentatively placed in the 
earlier (n,y) study2l. Three new transitions to the ground
state band are also observed. The placement of two of 
these (from 1523 keV to 4+ and 1322 keV to 2+) is considered 

g g 
definite, while that of one of them (from the tentative 
4+ level at 1359 keV to 4;) is considered as uncertatn. 
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Fig. 1: K11 o+ and 2+ bands below ~ 1.5 MeV in 184w 
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The transitions connecting the different excited bands 
are intrinsically rather strong. Forthose involving 
excited o+ states, where E2 multipolarities can be 
assigned with confidence, the B(E2) values, relative to 
those of transitions to the ground-state band, are 

+' quite large. From the 1322 keV, 0 state, for example, 
we calculate 

B(E2; 1322 + 1121)/B(E2; 1322 + 2+) ~ 960, and 
B(E2; 1322 + 903)/B(E2; 1322 + 2~) ~ 230. 

g 
+' For the 1386 keV, 2 state, we find B(E2; 1386 + 1002)/ 

B(E2; 1386 + o+) = 5.2. From the measured B(E2) value of 
the 1386 keV ground state transition we calculate 

2 2 B(E2; 1386 + 1002) = 0.022e • b , a relatively large 
value. 

These E2-transition-rate data are presently being 
analyzed, using both a phenomenological five-band mixing 
approach and the results of IBA-model calculations, to 
see i'f non-zero values for the E2 matrix elements between 
the excfted bands are requtred to explain these interband 
B(E2) values. 

+ Diviston of Physics, National Research Council of 
Canada, Otta~1a, Canada KIA OR6 and Institut Laue
Langevin, 38042 Grenoble, France 

++ Idaho National Engineering Laboratory, EG&G Idaho, Inc. 
Ida~o Falls, Idaho 83415, USA 
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2,20 Search for the two-photon decay of a 1 i ght 
penetrating particle - axion ? - at a nuclear 
reactor 

H. Bechteler~, H. Faissner~, E. Frenzez~*, 
H.R. Koch, 0. Schult, H. Seyfarth, R. Yogeshwar'i.< 

I 

Start i ng from gauge symmetry cons i dera t i ons, ~Iei nberg1) 
and Wilczek2) have proposed the existence of a light, 
neutral, and long-lived pseudoscalar boson, called axion. 
Its experimental verification would constitute strong 
evidence in favor of the gauge-theory nature of the 
fundamental interactions. Analysis of earlier neutrino 
experiments in terms of model predictions (Donnelly et 
a1. 3l, Vuilleumier et al. 4))could not give adefinite 
answer to this question. These results, however, like 
those from additional decay experiments (Bechis et al .5l, 
Faissner et a1. 6 l, Zehnder7l)are compatible with an axion 
mass of < 1 MeV. Appropriate two-photon events have in
deed been observed in experiments at the CERN PS (Fais
sner8)) and at SIN (Fa i ssner et a 1. 9)). 

Since axion production should compete with electromagnetic 
decay, nuclear reactors may produce a significant axion 
flux due to de-ecxitation of nuclei after fission, ß-decay, 
and Interaction with neutrons (Weinberg1l, Donnelly et 
a1. 3l, Wilson and Selinger10 l), 
In order to search for two coincident y rays originating 
from the decay of a light penetrating particle we have 
carried out a first measurement using a rather simple 
set-up which has been installed at the light water 
moderated research reactor MERLIN, KFA Jülich (lOMW ther
mal power). Fig. 1 shows the detector telescope pointing 

to the reactor core center 573 cm from the left outer 
face of the concrete shielding. A lead absorber blocks 
the line-of-sight between detectors A and B. The shape of 
the toroidal decay volume between the Pb wall at the left 
of Fig. 1 and counter A is determined by kinematics, 

Fig,l:Set-up with Nal(Tl) counters A (4"• x 4") and B 
Tfl)""$ x 10"). C and D are plastic vetocounters. The 
present shielding was limited by the maximum admissible 
load of the reactor platform. 

geometry, and detection efficiency, As additi'onal shtel
ding the vetocounter D around A is surrounded by a 1,2 cm 
thick lead tube, A fast-slow coincidence system is used 
to store the energy Information of the coincidence events 
(0,6 MeV $ Ey 1, Ey 2 ~ 6 MeV) on magnetic tape event by 
event for off-line analysis. 
Beyond only looking for a reactor ON/OFF effect in the 
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coincidences at a fixed geometry the following modifica
tions of the set-up have been made: (i) movement of the 
lead wall in front of A with A and B fixed, i.e. varia
tion of the length of the decay volume only, (ii) move
ment of A with the positions of Band the lead wall fixed, 
i,e. variation of the length of the decay volume together 
wfth the relative posftion of both detectors, and (iii) 

Installation of additional shielding. The reactor ON/OFF 
effect has been investigated for a total of six different 

set-ups (Table 1). 
In Fig. 2 we show examples of the obtained spectra. The 
fast coincidence signal AB was vetoed by 6 ~s signals 
from counters D and/or C and gated by the energy signals 

(0.6 ~ EA,EB ~ 6 MeV). In Table 1 all reactor ON-OFF 
difference spectra, obtained with 6 different set-ups 
(schematically given in the top of the table) are listed 
together v1ith the tota 1 reactor ON-OFF effect ( co i nci dence 
counts/h for 0,6 ~ EA,EB ~ 6 MeV). In Fig. 3 a sum-energy 
spectrum is depicted as difference of the reactor ON and 

OFF spectra. 

3000 

2000 · ... 

1000 

~-. 

Energy spectrum in Counter A 

(0.6! E8 ! 6HeVl 

Renetor ON 

..c:. ............. . 
rn ...... ""'--.... ~ .......... ...,..,,-.....-..,........., 
~ o+---~,~0 --~1.0~--,~o--~,~of~AruiH~W~ls~o~~ 
~ 
co400 .. 
~300 

~200 

100 

I 
Energy spectrum in counter A 

, 106if8 i6HeV) 

• ... 

1 

' Reactor ON - OFF 

:· .'. ' .'J ' :'•'• ' ', ;. ···~r· _."'• .. • . 
... • '• •. •• ',J • • • • "• ••••• 

~100 l--r'-..,.J:l0---.'___,.:1LO r-.--'LO ,-L,.--'40~f.::.Aif,_1erV)..Lso...--'-.-'j60 

~ 

~300 

~200 
~ 

:;:!100 . 
~ 0 

~100 

I . 
Energy spectrum in counter B 

(0.6' EA! 6HeV) 

Reactor ON - OFF 

· .'.: -.':J. ··:: ·. ~. '·.':· · 'r • : • '· ·.',. • •• • • • •• • 
j • • '• .................. . 

10 " 30 40 f 8(HeV)so 

50 
channel number 

100 

Fig.2: Coincidence spectrum registrated with counter A in 
set-up no. 1 and with reactor ON (upper part) and diffep 
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Fig.3:Sum-energy spectrum obtained with set-up no. 1. 



The present data indicate a reactor ON-OFF effect for the 
set-u~s no, 1 and no, 5 with significant decay volumina. 
No reactor ON-OFF effect of statistical signifi-
cance is observed for the set-ups no. 3 and no. 4 wtth 

vantshing decay volume. The same holds for set-up no. 2 

(16 cm length of decay volume) and no. 6 (73 cm length of 
decay volume, Pb tube of 46 cm length in front of 
counter A). 

In addition Monte-Carlo (MC) investigations have been per

formed. Assuming isotropic 2-y decay in the rest frame of 
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a decaying particle, the detectfon efficfency of the two

detector set-up was determined under the condftion that 

each of the two y quanta enters the unshielded front area 
of one of the counters A and S, In addition the decay 

angle (and energy distributions) were restricted by the 

electronical thresholds. Ffg. 4 shows effictency curves ob
tained under the assumption of 250 keV mass of the decay

ing particle. These calculated values do not yet take 

Fig. 4: 2-y efficiencies (relative units) from Monte
~calcul~tion~ for various set-ups (electronical 
threshold: Ey + E.!1 = 1.2 MeV), 

Set-up no. 

Length of decay 
volume (cm) 

Measuring time (h) 
Reactor ON (OFF) 

0.6 - 1.0 
1.0 - 1,5 

1.5 - 2.0 
2.0 - 2,5 
2.5 - 3,0 

3.0- 3,5 

3.5 - 4.0 
4.0 - 5,0 

5,0 - 6,0 

1 

II i'jA @ I 

46 

372.8(115. 7) 

Coincidence 

3.78 + 0.79 

0,68 ~ 0,69 
0.25 + 0,45 
0,33 + 0.35 

0,17 ~ 0,30 
0,25 + 0.27 

0.61 + 0.22 

0.19 + 0.28 

0.01 + 0.24 

2 3 4 5 6 

II !JA fll [iJ I I ~A [iJ [iJ II ~A @I i i'JA @ I i ~A ~I 
73 (Pb tube: 46 cm 

16 0 0 73 lon~,10 cm inner~, 
0,5 cm thick) 

262,8(258,7) 303 .0( 118,8) 166.1(240.2) 124.5(232,2) 112.5(135.3) 

spectra reactor ON-OFF for counter A (counts/h, 0.6 ~ Es s 6,0 MeV) 

-0,28 + 0,63 0,09 ~ 0,54 -1,42 + 0,94 2,88 + 0.81 0.71 + 0.91 

0,83 + 0,53 0,49 ~ 0,45 -0,24 + 0,83 1.90+0.71 -1.57 + 0.80 

0.15 + 0.37 -0,26 + 0,33 0.78 ~ 0,38 0,80 + 0,43 1.41 + 0,49 

-0,41 + 0,29 -0,17 ~ 0,26 0,06 + 0,30 0,57 + 0,34 -0,33 + 0.37 

0,30 + 0,25 0,21 ~ 0,22 0,08 ~ 0,25 0,21 + 0,29 0.55 + 0.33 

-0,05 + 0,22 0,16 + 0,19 0,06 ~ 0,22 0,18!. 0,27 0.29 + 0.28 

0,15 + 0 .. 19 0,10 + 0,17 0.26 + 0,19 0,30 + 0.22 0,22 + 0.24 

0,33 ~ 0,24 -0.21 + 0,21 0,13 + 0.23 0.43 + 0,27 0.28 + 0.30 

0,38 + 0.20 0,15 ~ 0,17 -0.21 + 0,19 0,16 + 0.23 0.24 + 0.25 

Es (MeV) Cotncidence spectra reactor ON-OFF for counter S (counts/h, 0.6 ~ EA ~ 6,0 MeV) 

0,6 - 1.0 1.76 + 0,71 0.26 + 0.59 0.66 + 0.51 0,05 + 0,83 2.70 + 0.71 0,60 + 0.81 

1.0 - 1.5 1.80 + 0. 72 0,51 ~ 0,56 0,45 ~ 0.49 -0.43 + 0,87 2,32 + 0.76 -1.18 + 0.84 

1.5 - 2.0 1,00 ~ 0.43 -0,14 ~ 0,35 0.11 ~ 0,31 -0,07 ~ 0,35 0,06 + 0,42 0,79 + 0.46 

2.0 - 2,5 0,52 + 0,38 0.58 + 0,31 0,02 + 0,27 0,06 + 0,32 0,93 t 0,37 0.67 + 0,41 

2.5 - 3.0 0.47 + 0.33 0,14 ~ 0,26 -0,25 t 0,24 0.23 + 0,28 0.63 + 0.33 0,47 + 0,36 

3.0 - 3.5 -0.05 + 0.29 -0,08 + 0.22 0.04 + 0,19 0,02 ~ 0.23 0,64 ~ 0.27 -0.20 + 0,30 

3.5 - 4.0 0.28 + 0,26 -0,34 + 0,20 -0,52 ~ 0,18 0,28 + 0,21 0,26!. 0,27 0,15 ~ 0,28 

4.0 - 5,0 0.59 + 0,31 -0.19 + 0.24 0,04 .:l:: o. 21 0,62 ~ 0,26 -0.02 + 0,31 0,08 + 0,35 

5.0 - 6.0 -0,10 + 0,28 0,02 + 0,21 o.oo ~ 0,18 -0,21 ~ 0,23 -0,01 + 0,27 0,44 + 0,29 

Tota 1 reactor ON-OFF effect (counts/h, 0. 6 ~ EA, Es ~ 6,0 MeV) 

6.28 ± 1.33 o. 75 ± 1. 07 0.55 + 0.93 0.55 ± 1.12 7.41 ± 1.34 1.80 ± 1. 50 

Table 1: Resulting coincidence spectra (difference reactor ON-OFF) for the 6 experimental set-ups 
(cuts through the coincidence matrices) and total reactor ON-OFF effects. The errors are statistical
errors only. 
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into account the intrinsic efficiency of the Nal(Tl) 
counters. The results of the ~1C calculations suggest that 
the telescope counter arrangements are favouring y-ray 
energy sums E~ + E~ > 2 MeV. For set-up no. 1 the MC 
simulation yields < E~/E~ >= 1.9 ± 0.5 and 
< (E~/E~) 1 1 2 > = 1.4 ± 0.2 ~or (2.2 ± 0,2) MeV total 
energy of the decaying particle the mass of which is 
assumed as 200 keV. With a 60co source placed in the 
decay volume 20 cm from counter A the peak/total ratio 
in both detectors was found to be equal ~lithin 15%. 
Taking into account this result the measured ratios 

1/2 <E8/EA> = 1.4 ± 0.7 and <(E8/EA) > = 1.1 ± 0,3 for 
EA + E8 = (2.2 ± 0.2) MeV agree with those from the MC 
calculation. The latter yields <E~/E~>= 2.6 ± 1.3 and 
< (E~/E~) 1 1 2 > = 1.6 ± 0.4 under the assumption of a white 
energy spectrum of the decaying particle (m = 200 keV, 
1,2 < E~ + E~ ~ 10 MeV) in agreement with the experimen
tal values 2.2 ± 1.9 and 1.3 ± O.h respectively. In Fig.5 

the experimental distribution of (E8/EA) 1' 2 is plotted 
for EA + E8 = (2,2 ± 0.2) MeV tagether with MC dts
tributions of (E~/E~) 11 2 for E~ + E~ = (2,2 ±0,2) MeV 
and different masses of the decaying particle. 
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~100 -250keV 
--200 keV 

c: --- 150 keV 
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0.5 0.6 1.1 1.4 1.7 2.0 2.J 2.6 

v'E;7E; 

Fig. 5: Experimental distribution of (E8/E; for EA + E8 
~ 0,2) MeV compared with MC curves fot diffetent 
masses of the decaying particle(the curves with and with
out energy threshold have areas normalized·to that of the 
experimental distribution). 

Fig. 6 contains the corresponding distributions for 

1.2 ~ EA + E8 ~ 10 MeV and a white energy spectrum under
lying the MC calculations. Reasonable agreement would be 
achieved for a mass of the decaying particle of ~ 200 keV. 

I·Jhereas in a prel iminary experiment at the High Flux 
Reactor ILL, Grenoble14 ) a reactor ON-OFF effect has also 
been observed, other measurements at the Nuclear Power 
Plants at Bugey, France15 ) and Goesgen, Switzerland16 ) 
indicate contradictary results. Our present results 
(partly already presented else~1here ll-13 ))do not yet 

allo~1 unambiguous conclusions. For this reason our 
experiments are pursued with a turnable set-up which due 
to its direction-sensitivity allows to view at or past 
the reactor core at constant reactor po~1er. 
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Fig. 6; Experimental distribution of (ER/E~ for 1.2 ~ 
"Ej\+'ts s 10 MeV compared ~lith MC curves för different 
masses of the decaying Pftrticße calculated for a ~1hite 
energy spectrum (1,2 ~ Ey + Ey ~ 10 MeV). 
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II. THEORETICAL NUCLEAR PHYSICS 
3. NUCLEAR STRUCTURE 

3.1. Hi gher Compress i on t4odes 

R. de Haro, S. Krewald, J. Speth 

Compression modes have been suggested long ago as a 
possible oscillation mode of nuclei 1). Since then more 
refined studies have been performed, leading to pre
dictions, to a very good degree of accuracy of the 
monopale compression mode (breathing mode) 2) and of the 
isoscalar dipole (squeezing mode) 3). The monopale is 
now experimentally a well known state4l and recently 
sound experimental indications of the isoscalar dipole 
compression mode in 208rb have been presented5). 

The question raised here concerns the existence of 
other compression states at higher energies or higher 
multipolarities. 

These states certainly ~1ould not be excited by an 
~ 0 J 

electromagnetic operator QJ =Ei e/2(1-T 1 )riYJM(ni). Its 
model structure (the transition density for a compression 
mode must have at least one node in the radial coordi
nate) is such that 

R f Pcompr.(r) rJ+2 dr ~ 0 
0 J 

Therefore, one can thi~k of taking other kinds of 
operators, other than QJ, for which the contribution 
does not vanish. 

Just like in the case of the monopole, we take now the 
higher order operators in the expansion in r, that 
means, operators of the form 

k=0,1,2, ... 

For every value of k one is able to write a correspond
ing linearly weighted sum rule6l. 

That way one can calculate the nuclear response to each 
of these operators and compare the different curves for 
the exhaustion of the corresponding EWSR?,B). 

The information we look for now is if and where there is 
a much st~eper slope for the curve corre~ponding to the 

Operator CJ,k in comparison to that for CJ,k=O' 

In fig. la, b, c we se~ the percent exhaustion of the 

~WSR corresponding to cJ,k=l ( dotted line), and that for 
CJ k-O (full line), for o+ (top), 1- (middle) and 2+ 

, - 208 
(bottom), in Pb. 

-For the isoscalar dipole, for c1, 0 we get only a flat 
curve raising slowly to 4 % (which should be exactly 
zero if our projection ou! of the spurious state were 
exact). However, for the c1, 1 operator a clear and steep 
growth of the exhausted percentage of the isoscalar EWSR 
is tobe seenaraund 23.3 MeV (centroid of the distribu
tion) and we can identify it tobe the isoscalar dipole 
state, with a decay width of 3.0 MeV. Both values are in 
good agreement with experiment. We note also that for 
such a high-lying state the decay ~1idth is already half 

the total experimental width. 
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The other multipolarities can be analyzed in a similar 
way and also for the isovector components. 
We can then recognize some fairly concentrated compres
sion modes like the isovector dipole at E=36 MeV and 
with a decay vlidth rd = 7 ~1eV, the second isoscalar 
monopole around E=30 ~1eV" r=13 MeV and the isoscalar 
quadrupole at 31 MeV, r=6 MeV. 

Fora final analysis of those modes one should also 
calculate the spreading vlidth of those states in order 
to see i f they and v1hi eh of them a 11 ow experimenta 1 

Observation beyond the already quoted isoscalar monopole 
and dipole. 
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3.2. Isospin Projection and Sum Rules for High Multi
polarity Giant Resonances 

R. de Haro, S. Kl:>eu:ald, J. Speth 

The Fourier-Sessel RPA 1) has been used to study the 
giant resonances in magic nuclei. Particularly in 208Pb, 
a systematic calculation of those states has been made 
to very high multipolarities 2l. One of the central 
questions here concerns the existence and location of 
concentrated strength, especially for the higher multi

poles. 

In the frame of a 1p-1h RPA, in which only the decay 
width of the resonances can be taken into account, the 
calculated states turn out to be very sharp. Inspection 
of the strength distribution as response to an electro
magnetic multipale operator tells us that for the higher 
multipoles the resonances are described by a succession 
of peaks. Figure 1a, showing the proton transition den
sity for the hexadecapole in 208Pb, is a typical example. 
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If one projects now the nuclear response in isoscalar 
and isovector components (fig. 1b and 1c) a clearer 
picture is obtained, especially if one thinks about pure 
isospin probes like the a-particles. Comparison of the 
different pi ctures, together vli th the knowl edge of the 
neutron response function allows an at least qualitative 
understanding of the states, without recurring to the 
detailed wave function. 

However, almost no light has been shed on the concen
tration of strength. Let us now build up the curves 
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describing the qualitative exhaustion of the correspond
ing energy l•leighted sum rules (EI~SR) for the proton 
transition probability and for each isospin component, 

like in fig. 2a, b, c. In fig. 2a, the ordinate repre
sents 

where 
2 

TH ~ J (2J+1) 
s (J) = 2 4 . z 

rr 2mc rr 
2J-2 <r > rr-g.s. 

is the classical linearly weighted sum rule. Foreach 

multipolarity J 1·1e can build classical EWSR also for the 

isoscalar sl"~0 (J) and the isovector s!~1(J) components, 
-T- 2J-2 1-

where the expected value <r > runs over the whole 
g .s. 

ground state (protons and neutrons). Furthermore 

C E 
S

11
(J,E) = f B11EJ(w)·w·dw 

continuum 
threshold 

and 

From the slo~e and relative increase of these curves one 

can conclude about the existence of concentrated strength. 

The steeper the curve, the more concentrated the strength. 

The isoscalar hexadecapole (fig. 2b), for instance, shows 
only araund 11 MeV fairly concentrated strength, coherent
ly with former results 3), exhausting about 15 % of the 
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corresponding EWSR. Somehow concentrated strength one 

can also find from 26 to 32 MeV, exhausting 30% of the 
isoscalar EI•ISR. 

In our calculation, complete ph-spaces (exhausting 
every possible coupling possibility to a given multi

polarity) have been used, assuring the saturation of the 
D>ISR. 
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3.3. The Role of the 1'1 33-Resonance in Low-Energy 
Nuclear Physics 

J. Speth, S. KrewaZd, '1'. Suzuki+ 

The Gamov1-Teller giant resonance \'las recently discovered 
in a (p,n) charge-exchange,reaction using high energy 
protons 1). The spin-isospin transition strength, summed 
over all states, was systematically found to exhaust 
only approximately 50% of the Ikeda sum rule2). Like
wise, in inelastic el~ctron and proton scattering, only 
a small fraction of the expected Ml strength has been 
found so far, particularly in heavy nuclei. Since con
ventional nuclear degrees of freedom only redistribute 
the strength but do not change the sum rule, the 1'1 33-
resonance was invoked to explain the missing strength 3) 
The 1'1 33-resonance, coupled with a nucleon hole, can move 
part of the isovector OT·strength into an energy region 
approximately 300 MeV above the lolv-lying excitations of 
the nucleus. The major reason why this mechanism may 
have a significant effect despite this enormaus energy 
gap is due to the Pauli principle. Since there is no 
Pauli blocking for the 1'1 33-resonance, virtually all 
nucleons can share in building 1'1-h states. Therefore the 
sheer number of possible configurations is able to 
bridge the gap. A similar effect appears in the quench
ing of the axial vector coupling constant gA. We propose 
a model, which explicitly includes the 1'1 33-resonance 
into the wave function: 

The major improvement with respect to other approaches, 
such as schematic models, nuclear matter estimates, or 
the effective operator formalism3), is that now the 
effect of 1'1-h configurations on the excitation energies, 
transition probabilities and cross sections can be 
evaluated. The interaction consists of one pion-ex
change, rho-meson exchange and a residual phenomenologi
cal Landau parameter g~. A breakdown of typical matrix 
elements is shown in fig. 1. Short range correlations 
are treated by a Jastrow correlation function. All 

details are found in ref. 4). The results are displayed 
in table 1. It is found that by far the largest amount 
of quenching occurs for states v1ith low spin. This has 

to be expected, since the one-pion and p-meson exchange 
weakens the residual particle-hole interaction for in
creasing momentum transfer. A detailed discussion of 
the amount of quenching seen in various reactions is 
given in the following contributions. 

~ 

- ph=nf51jf7f2_, 
••• ph 'll:f•,,vt,~' 

"'sc 1' <nt,
2
vt71;'1VIph> 

- ph 'nt,vf, _, 
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z;~., .f 
:/ ' .. ~-·-·-·./,' 
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.) ~ Sum of the interaction matrix elements for 
4 various particle-hole and li-hole configurations in 8Sc. 

Starting with the direct matrix element of the central 
part of the one-pion exchange interaction, each contri
bution from the various components of the interaction is 
added up, D denoting direct, and E exchange contribu
tions. There is a big cancellation between D and E for 
the short range interaction, which would be exact in the 
case of a 6-function. Therefore it is essential to de~ 
velop a microscopic model for the ög' term. The big ad
vantage of the present approach is tRat ögb is entirely 
detennined from the experimental excitation energies. 
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Nucleus J" Eexp(MeV) Bexp EN(MeV) BN E N+ll (MeV) BN+ll Q(%) + Niels Bohr Institute, 
Copenhagen, Denmark 

48sc 1+ 3.02 3.02 2.42 2.96 1.88 22 
48Sc 1+ 11.0 11.08 21.09 10.86 14.97 29 
48sc 7+ 1.6 1. 41 36.62 1. 65 33.2 9 

48ca 1+ 10.23 5.2 10.21 8.20 10.16 5.29 36 

160 0 - 12.80 13.17 0.13 13.35 0.12 8 
-2 12.97 197±37 13.16 168 13.13 126 25 

19.04 338±68 
) 20.25 915 20.48 813 11 

20.36 467±156 
4 - 18.98 19.41 5.6·105 19.75 5.14·105 8 

Table 1: Summary of the calculations for energies and B(ML) values, without (ög~ = 0.4) 
and with (ög0 = 0.5) the L'133·degree of freedom. Q is the quenching factor (BN+li-BN)/BN·lOO. 
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3.4. Experimental Signatures of the 833-Hole 
Quenching Mechanism in Pionic States 

T. Suzuki+, S. KrewaZd, J. Speth 

The 833-resonance ~las recently proposed to be responsible 
for the reduction of magnetic strength in many nuclei. 
In this contribution, we apply the 8-h model of the pre
vious report to inelastic electron scattering. Since 
the 8-hole configurations couple to nucleon parttele
hole configurations mainly through the one-pion and the 
rho-meson exchange, the following qualitative behaviour 
of the quenching may be expected: the interaction is 
strongest for small momentum transfer, therefore states 
of small spin should suffer the most dramattc amount of 
quenching. At large momentum transfer, tne 8-h coupling 
is very weak and therefore virtually no quenchi·ng may 
be expected. Since this behaviour is fully conftrmed 
from the B(ML) values, one might expect that this effect 
should be particularly clean in the (ee 1

) experimental 
form factor of the 1+ state in 48ca at 10.227 MeV. When 
one inspects the form factor displayed in fig. 1, ho~l

ever, one finds a very smooth decrease of the amount of 

(F,(q)J' 

10 .. 

"'ca (e,e') 1'(10.221 MeV) 

Born Form Foclcr 

pure (v f 51;o~t 7 ;;11• 
RPA without An 

g0,0.J,ög0,0.4 
RPA with An 

9o'O.J,ögo'O.s 
-RPAwithAnond g'

11 

~ Theoretical form factors of the inelastic elec
tron scattering to the 1+, 10.23 MeV state in 4 8Ca, cal
culated in Born approximation. The dashed and dash-dotted 
results correspond to RPA calculations with and without 
inclusion of 8-h configurations, respectively. The thtn 
line is the corresponding result of using a pure neutron 
f 5/ 2 f 7 / 2 configuration. I·n all three cases tne bare mag
netic operatorwas used. In order to simulate tfle many
particle many-hole effects, we also performed a nucleon
hole, 8-hole RPA calculation ustng an effecttce o~erator 
(thick line) which gives rtse to B(M,l)t = 4.27 llK· 

quenching. ln fact, the reduction of the form factor ts 
39 %, 22% and 13 % in the first, resond, and third 

maximum, respectively. There are b1o effects which ex
plain this behaviour qualitatively: (i) The operator for 
electron scattering is of the form oxv, therefore it is 
more sensitive to the q-dependence of the p-meson. 
Because of the large mass of the p-meson, the p-inter
action decreases only very smoothly ~lith increasing q. 
(ii) The MI-operator has no radial dependence, therefore 
it is only sensitive to diagonal matrix elements. The 
(e,e 1

) operator, however, has a radial dependence which 
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gets more important with increasing momentum transfer. 
In summary, our investigations show that the (angular) 
momentum dependence is a possible experimental signature 
of the 8-hole quenching effect, which is fully effective, 
however, only in hadron induced reactions. 

+ Niels Bohr Institute, Copenhagen, Denmark 

3.5. Fragmentation of the Ml-Strength in 58Ni and 60Ni 
+ ' 

J.B. McGrory and J. Speth 

One of the best cases for the investigation of isoscalar 
and isovector 1+ -strength would be the doubly closed 
shell nucleus 56Ni. Here the proton and neutron spin-orbit 
partners f512-f;~ 2 give rise to a 8T=O and 8T=l 1+-reso
nance ~lithin the TDA or RPA. The 8T=O state would be a 
unique possibility in order to investigate the isoscalar 
spi·n-flip part of the particle-hole interaction. Because 

of the short lifetime of 56Nt there is little hope to 
investigate these 1+-states in (e,e 1

) and (p,p 1
). As 

targets of 58Ni and 60Ni isotopes exist we investigated 
the influence of the additional neutrons on the 1+-states 

in those nuclei. 
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Fig. 1: Isovector (upper part) and isoscalar (lower part) 
~ngth in 58 Ni. 

The present work is an extension of a similar calculation 
of the Ca-isotopes 1). Our model space includes al 1 states 

'th fl6 x( f )A-56 d fl5 x( f )A-55 
~11 7/2 P3/2'pl/2' 5/2 an 7/2 P3/2'Pl/2' 5/2 · 
We a 1 so used a Kuo-B rown i nteract i on cons tructed for a 
40ca core. Within this model one gets a single isoscalar 
and a single tsovector state in 56 Ni at 5.9 MeV and 8.3 

MeV, respectively. Practically all the Ml-strength is 



concentrated in the upper state. The additional two 
neutrons in 58Ni give rise to very large fragmentation 
of the corresponding 1+-strength. In the upper part of 
fig. 1 we show the isovector 1+-strength (cr·T) in 58Ni 
where the full lines indicate T=1 and the dotted lines 
T=2 states. The lower part of that figure shows the 
distribution of the isoscalar 1+-strength (1/2 ) which 
is also strongly fragmented. The splitting gets larger 
if one adds more neutrons as shown in fig. 2. This 
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~ Isovector M1-strength distribution in various 
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theoretical result of the ~T=1 excitations is in quali
tative agreement with the experimental findings of Marty 
et al . 21. The strong fragmentation of the isoscalar 
strength makes an experimental detection probably ver~ 
diffi cult. 
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3.6. The Effect of the ~(1232)-Isobar in 48ca(p,n)
Cross Sections 

F. Osterfeld, S. KreUXlld, J. Speth 

Recent (p,n) experiments 1l at intermediate energies have 
demonstrated that a significant part of the total Gamow
Teller {GT) strength is concentrated in one collective 
state ~1hich appears energetically some~1hat above the 
isobaric analogues of the target ground states. From the 
theoretically expected total GT-strength, however, only 
30-50% is found in these experiments. Several autnors 2l 
have suggested that this so-called quenching of the 
total GT-strength is due to the admixture of ~{1232) 
isobar-nucleon hole (~N- 1 ) excitations into the proton 
particle-neutron hole (PN-1) Gamo~1-Teller state. 

Herewe present for the first time a microscopic analysis 
of {p,n) cross sections to GT-states whtch tncludes 
~{1232)-isobar degrees of freedom explicitly in botn the 
structure and the reaction calculations. The structure 
calculations are based on the random phase approximation 
{RPA) and have been performed in the same way at described 
in ref. 3. The generalized RPA wave function including 
isobar degrees of freedom is then given by 

( 1) 

In order to calculate (p,n)-cross sections from the wave 
function of eq. (1) we have extended the fast speed DWBA
code FROST-MARs4l to allow also for the excitation of the 
(~N- 1 )-components in o/J (see fig. 1). Both direct and 

n 

p p 

( a) ( b) 
~ Graphical representation of reaction processes 
TnCTUCfed in the DWIA calculations. Only direct graphs are 
shown. 

knockout exchange amplitudes are calculated exactly. The 
exact treatment of exchange for the (aN- 1)-excitations is 
very important since direct and exchange amplitudes 
interfere destructively for a finite range projectile
isobar effective interaction. 

In fig. 2 we show differential cross sections of 48ca(p,n)
reactions leading to the three 1+-states in 48sc. The 

theoretical cross sections are antisymmetrhed DWIA-cal
culations using the G3Y-interactton of Love for the 
effective projectile-target nucleon interaction. For the 
effective projectile-isobar interactjon (see fig. 1) we 
simply used the real 5=1, T=1 part of the G3Y'-interaction 
in ~lhich we replaced the spin {0 ) and isospin (T) 
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operators by the transition operators S and T. For the 
nucleon-isobar coupling constant we assumed f~ = 2f 6. 

The theoretical cross sections in fig. 2 are compared to 

two sets of data. The open circles correspond to the 

data of ref. 7 and the full points are the same data but 
11ith the norma 1 i za ti on of ref. 8. 

Cross sections for the three 1+-states at Ex= 2.52 MeV, 

Ex= 11 MeV, and Ex= 16.8 MeV in 48sc are shown. We 
compare results obtained either with pure particle-hole, 

standard RPA, or generalized RPA wave functions (in
cluding ll isobars) 11ith the data. 8y comparison of the 

results for "p-h" and "RPA" one can see that the residual 

ph-interaction redistributes the GT-strength in that it 

shifts a large amount of strength from the low to the 
high excitation energy region. The theoretical cross 
section to the low-lying 1+-state calculated with simple 

"ph"-wave functions is strongly reduced when RPA wave 
functtons are used, while that for the high-lying 1+, 

T=3-state is enhanced. This is due mainly to the re

pulsive ph-interaction which pushes a large fraction of 
the low-lying DT-strength to higher energies. The intro
duction of ll isobars, which means coupling of these (low

lying) 1+-states to (flN-1)-states at ~300 MeV excitation 

energy, has a s imil a r effect in tha t nO'II pa rt of the GT

strength is robbed from the low-lying states and shifted 
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to the high energy region at 300 ~1eV. This effect can 
clearly be seen by comparing the cross sections based on 
RPA with those obtai ned \'lith "RPA with LI". For the 1+, 
2.52 MeV-state the quenching at 0° amounts to ~28 %, and 
that of the 1+, T=3-state at ~11 MeV amounts to 30 %. 

In the lower part of fig. 2 we analyze data of the 1+, 
T=4, 16.8 MeV state in 48sc. The wave function of this 

state v1as obtained by simply applying the T_ -lowering 
operator onto the 1+, T=4 state in 48ca. In the case of 
"RPA with ö" the wave function has then basically the 

follo11ing form: 

+ 48 11 -1 13 ++ -1 
11 ,T=4, Sc> =I zf-IPN >+I 2f-lö P > 

0 0 

14' + -1 + ~~ll N > + j2p-2h> + jlplö-2h> + 
0 

(2) 

11ith T
0

=4 being the isospin of the 1+ -state in the parent 

nucleus 48ca. Under the assumption of a direct reaction 
mechanism only the 1p-1h and the lll-lh components of the 

wave function of eq. (2) can be directly excited. Since 
the isospin factors of the lö++P-l> and lö+N-1> config

urations are by a factor of 13'or 2, respectively, larger 
than that for the IPN-l> configuration and since the 
IPN- 1> and löN- 1> excitations interfere destructively we 

have a particularly strong quenching effect for the T>
GT states. This can actually be seen from the 1+, T=4 

cross sections in fig. 2. The quenching amounts to ~so %. 
In the l011er part of fig. 2 we sh01·1 also the contribu-
ti on to the 1 +, T =4 cross secti on whi eh i s due to the 

(LIN- 1)-component in the wave function. This contributfon 

is only a factor of ~10 smaller than that due to the 

(PN-1)-configurations. In our calculations we find 59 % 
of the total GT-strength in the three 1+-states (multi
plying the 1+, 11 MeVcross section 1·1ith the factor 7/8) 

while experimentally Gaarde et al. 8 find 45±7.5 %. 
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3.7. Electron Scattering Coincidence Experiments to 
Study Higher Multipole Resonances 

G. Co 1
, S. JU:>ewald, J. Speth 

The advent of high-duty cycle electron accelerators 
makes the investigation of'giant resonances with coin
cidence experiments attractive. The hope is that suffi
cient experimental information can be gathered in order 
to disentangle the various multipolarities. In Born 
approximation, the (ee'p) cross section (Coulomb 
scattering only) factorizes into the Mott cross section 
aM and the square of the inelastic form factor, which 
is the Fourier transform of the charge transition 
densitil: 

( 1) 

~1here q denotes the momentum transfer of the electron 
onto the nucleus and ~ is the momentum of the outgoing 
proton. If the residual nucleus is described by a pure 
hole state l)Jh("r), the inelastic form factor is 

3 1 r* .+ + 
F(~) = f d r xt- (r)lJlh(r)e1q·r ( 2) 

In most applications, the distorted wave is approximated 
by a plane wave1•2l. In this approximation, the inelas
tic form factor is proportional to the momentum distri
bution of the hole state. For the region of relatively 
small energy transfer to the nucleus, ho1vever, distor
tion effects may play a crucial role at least for the 
outgoing proton. Therefore we propose to incorporate 
the distortion effects directly into the nuclear ~1ave 
function by using the continuum random-phase wave 
functi on 

IA-1,~> = L f dE+ X h(E)ai(E)b~IO> ph p p p 
(3) 

Here the particle states at(E) are identical to the 
distorted waves obtained from the nuclear mean field. 
The wave function (3) contains both direct knock-out 
processes as well as core-polarization effects. The 
analytic derivation of the inelastic form factors is in 
progress. 
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3.8. Meson Exchange Current Effects in Heavy Nuclei 

S. ](:pewald, J.S. Dehesa+, T.W. Donnelly++ 

The existence of meson exchange currents in nuclei is an 
immediate consequence of charge conservation, which re
quires an isovector static exchange current in the lowest 
order (1/M) of a nonrelativistic reduction. As first 
derived by Villars 1l, the one-pion exchange current con
sists of a "pionic" exchange current (the photon inter
acts with a pion) and a "seagull"-current (the photon 
interacts with an antiparticle). Particularly clean 
evidence for the importance of exchange currents is ob
tained in deuterium2l. In heavier nuclei, the problern is 
that the nuclear wave functions are too poorly known to 
draw unambiguous conclusions, though the importance of 
exchange current effects particularly at large momentum 
transfer has been stressed3). This situation has changed 
after the discovery of magnetic high spin states 4l 1vhich 
are relatively pure particle-hole states with possible 
admixtures of phonons. Here the nuclear structure may be 
explored at small q-transfer, and then be used to study 
meson-exchange effects at large q-transfer. 

Though practical calculations of exchange current effects 
are pretty much routine, the existing methods are based 
on harmonic oscillators and therefore cannot be expanded 
to heavier nuclei. We propose here a new approach based 
on a direct evaluation of the Feynman diagrams. The basic 
idea is not to use Feynman's parameter integral to combine 
the product of two propagators, but rather to work ~Ii th 
the product of two q-space integrals. The resulting for
mulae reduce to an effective one-body operator in the 
limit of large meson-masses. As an example, the seagull
current gives the follo11ing form factor for an RPA-wave 
function: 

f2 00 2 J. 
<JMIT(q) IO> = e -z f dr r jJ(qr) L Xph 

11 11 0 ph 

jh Jl 
-1/2 0 

;0j -J,1)(2jh+1) j -1/2 [j 
+ /~P (-) P P 

411 J(J+1) 1/2 

with Hi = (1i-ji)(2ji+1). The proton (neutron) ground 
state density is denoted by Pt• (r). The follo~1ing 

qualitative conclusions can be dra~ln already at the 
present stage in the case of the high spin states: 

(i) the q-dependence of the form factor due to meson
exchange currents ~Ii 11 be very much l i ke the one ob
tained from the convection and the spin current. 

(ii) an enhancement at large q-transfer has to be ex
pected, because the 1p1h nucleon wave functions are 
multiplied 1vith the nuclear density, ~1hich introduces 
large Fourier components into the form factor. 

The fact that mesonie corrections give rise to a 
modified orbital g-factor g1 (and spin g factor gs) has 
been known 5l for a long time and is proved in this 



contribution directly in a finite nucleus, using an 
analytical limit. Numerical applications of the full 
approach are in preparation6). 
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3.9. Pionic ß~=1 Charge Exchange Modes in Heavy Mass 
Nuclei 

F. OsterfeLd, S. Krewald, H. Dermawan, J. Speth 

In the past year, ne1·1 experimental information has been 
obtained on "collective magnetic resonances" in medium 
and heavy mass nuclei using the (p,n) reaction. The 
most prominent peak is identified as the T

0
-1 component 

of the Gamow-Teller resonances (GTR, 1+, ß~=O, ßs=1). 
The structure of this GTR is very similar to the well 
known isobaric analogical state (O+,IAS). Both resonances 
can be described in the framework of the RPA theory as a 
superposition of proton particle-neutron hole states. 

Besides the GTR the charge exchange 208Pb(p,n) 208si 
experiments 1) revealed another broad bump. The authors 
of ref. 1 concluded that this resonance is a spin-iso
spin flip dipole mode (M=1, ßs=1). We investigate the 
nature of this M=1 resonance in more detail. We show 
that this ß~=1 resonance is a superposition of all 
possible ß~=1, ßs=1 modes with spin-parity 0-, 1- and 
2-, and one of M=1, ßs=O mode with spin-parity 1-. ~Je 

also explain the rather broad width of the ß~=1 reso
nance of 10 f~eV and the sh i ft of i ts centroi d energy 
which is located at 21.5 MeV in the 160 MeV 208Pb(p,n) 
experiment1) and at araund 25 MeV in an experiment with 
45 MeV incident proton energy 2l. 

The structure calculations reported here are based on 
the random phase approximation (RPA) and have been per
formed in the same ~1ay as described in refs. 3,4. For 
the residual p-h interaction ~le used the generalized 
Landau-Migdal interaction which includes the finite 
range n- and p-exchange potentials. 

The results of the RPA calculations for charge exchange 
modes with spin parity o+ through 2- are presented in 
table 1. Only the collective states which produce an 
appreciable fraction of the total (p,n) cross section 
are listed in the table. 

Ex 
da/dfl (5°) da/dfl (7.5°) 

Jn ßs at Ep = 160 MeV at EP = 45 r~eV 
[MeV] [mb] [mb] 

-0 1 23.73 2.433 0.0733 

-1 1 . 20.33 0.533 0.0304 -1 1 23.00 2.067 0.0668 -1 1 23.47 5.667 0.1633 -1 0+1 25.43 0.6+0.6 0.3302+0.0197 -1 0 28.14 2.05 1.32 
-2 1 17.80 1.267 0.069 -2 1 18.33 1. 733 0.808 -2 1 19.75 2.5 0.1067 -2 1 21.35 0.967 0.0414 -2 1 21.62 2.2 0.078 -2 1 23.44 0.383 0.0101 -2 1 25.88 1.533 0.0217 

Table 1: The excitation energies are measured with re
spect to the ground state of 208Bi. 

The cross section calculations have been performed ~lith 
the fast speed DWBA code FROST-MARS 5) which includes 
knock-out exchange amplitudes exactly. 

For the effective projectile-tar.get nucleon interaction 



we use the G3Y interaction6) at Ep 160 MeV and M3Y 
interaction at Ep = 45 MeV ?) . 

In the calculation of the 1-, ßS=D cross section at 
Ep = 45 MeV ~1e also include the imaginary form factor 
from the collective model following the procedure of 
ref. 8. 
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~ Charge exchange spectra for 160 MeV and 45 MeV 
1ncident proton energies scattered from zospb, In the 
upper part the theoretical spectra are compared with the 
experimental data of ref. 1. The o-, the 1- (ßs=l) and 
the 2- cross sections have been reduced by a factor of 3 
in order to account for quenching effects. 

In fig. 1a and lb we show the spectra of 208Pb(p,n) re
actions for Ep = 160 MeV and 45 MeV. The theoretical 
results in fig. 1a are compared with the experimental 
data of Horen et al .1l. Wehave assumed an experimental 

cross section of 32 mb(sr for the ß~=1 resonances at 
e m = 5° and have folded this value into a Breit-Wigner c .. 
form with the experimental 1~idth of 10 MeV. The theoreti-
cal (p,n) cross sections have been folded into the same 
way with a width of 4.1 MeV (as the width of GTR) for 
each state. The cross sections to ßs=1 states have been 
reduced by a factor of 3 in order to account for the 
quenchtng effect. The theoretical spectrum agrees re
markably well with the experimental one. The 45 MeV 
data2l are unfortunately not background subtracted and 
have a strong y contamination in the centre of experi

mental peak; therefore we are not able to compare our 
results with the data. There seems, however, to be a 
qualitative agreement. 

From fig. la one can see that the ßs=1 contributions to 
the spectrum are dominant at 160 MeV proton energy 

(V
0
T > VT for Ep > 100 MeV). In the 45 MeV spectrum 

(fig. lb), however, the contributions of the 1-, ßS=D 
state are dominant while the contributions of the spin
flip states are comparatively small. Since the 1 , ßS=O 
resonance is located roughly 5 MeV above the 1-, ßs=1 
resonance (and 2- resonance) and since they are 
differently strongly excited at 45 MeV and 160 MeV one 
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finds a shift in the centroid energy of the two spectra 
by about 2.5 MeV. The centroid energy shift of ß~=l 
resonances has actually been found from a comparison of 
the 160 MeV data of ref. 1 and of the 45 MeV data of 
ref. 2. 

In summary, we have shown that the experimentally ob
served ß~=l resonance in the 208Pb(p,n) 208Bi reaction is 
a superposition of all possible ß~=l, ßs=l modes with 
spin-parity 0-, 1-, 2- and of one ß~=l, ßs=O mode with 
spin-parity 1-. 
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3,10. Spin Polarization in the Ground State of 207Pb 

J, M:unbac h + 

Recently a physically intuitive model for the spin parts 
of the partieJe-hole interaction based on the long range 
parts of the one boson exchange potential has been de
veloped1), The Fermi liquid parameters of this inter

action show remarkable similarities with more sophisti
cated interactions (G-matrices), especially in the 

tensor channels. ~Je may hope that the extrapolation from 

the Landau limit is reasonable. Transverse electromag
netic excitations are a tool to investigate high momentum 

spin correlations in the nucleus. The model interaction 
predicts that those are weak since short range repulsion 

gets cancelled by the attractive one-pion-exchange as 

the momentum transfer in the p-h scattering increases. 
We have investigated the ground state dipole moment 
distribution of 207Pb. The magnetic mcment ~exp = .59 ~0 
is very close to the Schmidt value .637 ~o· The reason 
is that the coupling of the 3p112_ hole to the spin

orbit partners is very small (it vanishes in a zero 

range limit). Higher shells do not contribute in the 
long wave length limit either. As the momentum transfer 

1 + to the nucleus increases the form factor F(q)~<O[M (q) [1 > 

gets polarization contributions from coherent ~w-states 
which decrease the shell model form factor. The sup

presion is however not as large as recently claimed2) 
( fi g. 1). 

C\J 

0" 

1--
l.L 

10
8 

I 
I 
I 

~ Transverse magnetic DWBA form factor of 207P~ as 
a function of qeff = (1 + 4Za/3EA- 1/ 3 ). The dash:d l1ne 
is the shell model prediction. The dash-dotted l1ne was 
taken from ref. 2. 
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3.11. Two-Particle Two-Hole Damping of "Giant 1+
States" in 208Pb 

J, F!ambach + 

One particle-one hole calculations in 208Pb consistently 

predict giant 21'!w 1+ isovector excitations with roughly 
r~ ]1+ r- ]1+ 1 2) 50% of the LcrY0 and LcrY 2 RPA strength ' . These 

states have not been detected so far even though the 
transverse (e,e') cross section is large1). Because of 

the high excitation energy considerable 2p-2h damping is 
expected (around 30 MeV the density of states is ]arger 
than 104/MeV). Within a quasiphonon model 3) we have 

analyzed the coupling of the 1p-1h collective state to 
2p-2h degrees of freedom. As suggested in ref. 4 the 
average p-h gaps from an adjusted static mean field 

should be enlarged to take into account the lm~er den
sity of states from dynamical correlations in a self

consistent potential with G-matrices. We used the scaling 
prescription4) with m~/m = .64 (Reid value). For large 

G~ = 1.8 the giant 1+6T=1 resonance has an excitation 
energy of 35 MeV (the 01 force of Gogny 2l gives similar 

results). The calculated 2p-2h energy shift 6E
0 

issmall 

and shows a typical principal value behaviour4 ). The 
strength function in fig. 1 shows complete damping into 
more complicated configurations. 
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3.12. Quasiparticle Effective Masses in Finite Nuclei 

J. fiambach +, V. Mish:ra +, Li Chu-Hsia ++ 

The dynamics of the nuclear mean field of single particle 
motion is most conveniently' described by the effective 

mass m*;m, insisting that a quasiparticle obeys the same 
dispersion relation as a free particle. In a transla

tionally invariant system this is simply the kinetic 
energy of a particle with mass m* 

k2 
Ek = 2m* 

Utilizing tlle definition of m*/m 

* _11!_= k~ 
m dEk 

( 1) 

( 2) 

and the dispersion relation for a "dressed" particle 

which is obtained from the poles of the single particle 
Greens function 

one readily derives the standard expression1) 

* _11!_ = (1 _ aReE)/( 1 + _11!_ oReE) iii 
m OE k2 ok E=Ek - m 

(3) 

-
m (4) 

The k-mass * stems from the nonlocality of_the mean field 
and is smaller than one, while the E-mass * arises from 
the true energy dependence of E. It is one in the HF

approximation. In nuclear matter~ is enhanced near the 
Fermi surface because the HF state can decay into 2p-1h 

states. Wehave analyzed if similar enhancements can be 

obtained in nuclei for orbits near the Fermi surface. 
Of course the mean field E is nonlocal in the linear 
momentum for a non-uniform system and the effective mass 

is a priori not a well defined quasiparticle quantity. 
However the nuclear matter notions can be carried over 
adopting a state-dependent effective mass for each 

single particle orbit a. By definition 

* oReE m oReE 
(_11!_) = (1 - ~)/(l + ~) 
m a oE k2 ok (5.a) 

L <aiE(w)la> (5.b) 
aa 
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We have evaluated the matrix elements E in coupling 
HF-states to RPA-vibrations in 208Pb anda computed the 

E-mass (~) tagether with the change in single particle 
m a 

energy in the first oscillator shell for particle states 

(6) 

The results are listed in table l. It is instructive to 

extract a frequency dependent average E-mass near the 
Fermi surface 

iii ( 2j +1)(~(E)) 
-m(E) = 1 a m a 

L E 2j +1 a a a 
(J) 

which is displayed in fig. 1. As the frequency increases 

JlKE)_ increases, which means the particles get heavier 
(the k-mass does not change much on the energy scale 
considered). The system tries toresist the imposed 

frequency change. At a 1 arge enough frequency however a 
* rapid change in~ takes place and the coupling to p-h 

states (dominantly surface modes) vanishes. This "shake 
off" of the surface modes takes place at ~ 1/4 EF and is 

probably much more pronounced than in infinite nuc1ear 
matter. 

proton neutron 

n9-j lii 0 n9-j lii 0 
(m)a E E (m)a E a a a 

3P1/2 1.66 8.34 6.1 3d3/2 1.16 6.57 
3P3/2 1. 84 7.58 5.6 2g7 /2 1. 27 6.5 

2f5/2 1.66 7.17 5.3 4s1/2 1.07 5.84 
1 i 13/2 1. 41 5.58 4.25 3d5/2 1.07 5.17 

2f 7/2 1.22 4.41 3.2 1h5/2 1.52 4.97 

1h9/2 1.04 3.14 2.7 1 i 11/2 1.20 4.04 
2g9/2 1.15 2.88 

Average 1. 37 Average 1.27 
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3.13. Spin-Isospin Sum Rules Basedon the Quark Model 

G.E. Brown+, H.R. Fiebig+, J. Plambach+ 

Recent Observations of Gamow-Teller and M1 states in 
proton-nucleus reactions at intermediate energies 
(~ 200 MeV) indicate that both nuclear shell model and 
internal nucleon degrees of freedom can be excited by 
an effectiv,e spin dependent isovector force1). It is 
thus straightforward to ask whether it is possible to 
describe the overall, say M1 transition strength in
cluding the internal degrees of freedom in a model in
dependent way. 

An appropriate tool would be a sum rule which only 
depends on parameters that are "fundamental" from the 
nuclear physicist's point of view such as, e.g., par
ticle masses, meson coupling constant, bag radii and 
any kind of QCO ingredients. 

To get a rough preliminary idea one may describe bar
yons in a quark model where, non-relativistically, the 
quarks acquire effective masses. The Hamiltonian 

aq ·ap 
):m+~Y"'"' 
q q 2 qjfp mq mp 

(1) 

with mq = m0 = 360 MeV for non-strange, mq = ms = 540 
MeV for strange quarks and B = 50 MeV x m0 provides a 
good fit to low lying baryon masses 2l. In this picture 
the magnetic moment is 

M _ , ~e 1 ( q + 1) q 
z-L2mc2 1 z 3az 

q q 
(2) 

Calculation of EM1 = 1/2 x q 0 1 [Mz' [HGLA'Mz}] 14> 0 > with 
14>

0
> being a Slater determinant for a spin saturated 

nucleus of mass A yields the energy weighted sum rule 

L = L (E -E ) 1<4> IM 14> >12 M1 n n o n z o (3) 
m 

= (__!!) 2 28 8 A 2 = 1780 m iii2 llo Q Q 
2 

11
0 

MeV A , 

here mN = 930 MeV and llo = ~/2mNc. The transition 
merely leads to a state where a nucleon sjmply is sub
stituted with an isobar. The model is, so far, rather 
trivial and one may wish to look at a system of communi
cati ng hadrons. 

Therefore consider a state lo/
0

> with N- 1ß-correlations 
and excited states 

(4) 

where the sum is over spin, isospin and orbital quantum 
numbers. Fora schematic calculation the particle-nole 
interaction may be chosentobe ~ x f(1,2)S(1)·S(2) 
T(1)·T(2) where in case of a ßN-vertex Sand T are 
transition spin and isospin, respectively, and conven
tional spin and isospin othet"''lise; f(1,2) accounts for 
different coupling strength of NN-, Nß- and ßß-vertices 
determined from the constituent quark model (cf. e.g. 
ref. 3). The RPA-equations yield a coherent T=S=1 state 

1·1hich exhausts the sum rule (3). The figure shows EM1 
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for various nuclei as a function of the energy shift 

Ecoh ( rather than ~). (A sum rule for the Gamow-Teller 
operator is also given.) EM1 and EGT are remarkably stable 
even for unrealistic values of Ecoh' (One may expect 

Ecoh ~ 300 MeV.) 

Of course, the above rough estimates only give the order 
of magnitude. A realistic theory of sum rules proposed 
fiere sfiould account for (a) the "confined-quark" struc
ture of baryons, (b) the meson fields filling the re
mainder volume of a nucleus 4) and (c) many-body effects 

such as snort range correlations. 
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3.14. Charge-Exchange Resonances in Defonned Nuclei 

D. Zawisaha + and J. Speth 

Within the quasi-particle RPA we have calculated the 
isobaric analogical states and Gamow-Teller (a~=O) reso
nances in 162oy and 238u. Both resonances can be excited 
in charge-exchange reactivns, e.g. in (p,n). Due to the 
repulsive particle-hole interaction in the T·T- and 
a·aT'T-channel we obtain rather collective states in 
which most of the corresponding transition strength is 
concentrated. For the same reason those states are also 
shifted to higher energies compared to the unperturbed 
quasi-particle energies. In figs. 1 and 2 we show the 
results of 162oy and 238u, respectively. In both cases 
the isobaric analogical states (dashed line in the lower 
part of the figure) and the Gam01~-Teller resonance (full 
line in the lower part) are practically degenerated. It 
is interesting to see that the Kn=O+ and 1+ components 
of the Gamow-Teller resonance are only little separated 
from each other. From a simple comparison with the elec
tric dipole resonance one would expect a much larger 
splitting due to the nuclear deformation. Therefore we 
obtain from our calculation only a broadening of the 
Gamow-Teller resonances in deformed nuclei but no split
ti ng i nto t~10 separated components. This theoretical 

result is in agreement with the experimental results in 
the rare earth region1). 
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Fig. 1: Isobaric analogical and Gamow-Teller resonances 
JnilO"'Jy. The l~er part of the figure shows the transi
tion strengths, summed over all final states in inter
vals of 0.5 MeV. On top of this the various contribu
tions are given separately. 
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3.15. Electric Giant Resonances in 238U 

D. Zawischa + and J. Speth 

Previous calculations of electric giant resonances in 
the rare earth region1) have been extended into the 
Uranium region. The major changes compared with ref. 1) 
are: (i) the size of the partieJe-hole configuration 
space which has now a dimension of 350. This space in
cludes 74 %, 99 %, and 90 % of the energy \•leighted sum 
rule strength for EO, E1, and E2, respectively. (ii) the 
partieJe-hole interaction ~1hich includes now also the 
spin-dependent components which have been left out in 
the earlier attempt. 

The results in 238u are qualitatively similar to the 
results in the rare earth region. Fig. 1 shows the re
sult of the giant electric dipole resonance. The full 
line indicates the total transition strength whereas the 
dotted line denotes the partial contribution of the 
K" = o- states. The theoretical result agrees well with 
the experimental one. 

15 

B(E1, o"':-. fl 

......... ß(E1,0-:_1~K=Ol 

10 

5 

0 
7 10 15 

MeV 
~ Giant dipole resonance in 238U, 

In fig. 2 we sho~1 the results of the monopale (dotted 
line) and the quadrupole (full line) resonances. The 
transition strength araund 10 MeV and 15 MeV is of iso
scalar character whereas the quadrupole strength oeyond 
15 MeV and the monopale strength around 25 MeV is of 
isovector character, In the upper part of the figure we 
show separately the K" = 0+, 1+, and 2+ strength, re

spectively. As pointed out previously the K" = o+ compo
nent is a mixture of quadrupole and monopale strength. 
This fact gives rise to a splttting of the monopole 
resonance, In the lower part of fig. 2 the total ß(EO) 
and B(E2) strength is shown. As in the rare earth region 
the K" = o+, 1* a.nd 2* components of the giant quadru

pole resonance are very close, therefore giving rise for 
a broadening of the resonance only. The splitting of the 
components is too sma.ll to be resolved experimenta.lly.. 

The theoretical results are in good qualitative agree
ment vli th experiments 2). 
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3.16, MONSTER- A Code for the Microscopic Description 
of Deformed Even-Even Nuclei 

F. Grünuner, K. W. Sahmid+ 

Given a finite single particle basis and an appropriate 
effective Hamiltonian one may calculate the exact eigen
states of the A-nucleon tystem within this model space 
by a shell model configuration mixing calculation 
(SCM) 1). However, because of the enormaus size of the 
matrices to be diagonalized, the SCM-approach is re
stricted to rather small model spaces. Consequently 
most heavy nuclei, as for example those of the rare 
earth region, cannot be studied using the SCM-procedure. 
Equally not accessible to SCM-calculations are further
more, with only a fe1·1 exceptions, all those problems, 
which a priori require the use of several major shells 
as single particle basis, like for example the descrip
tion of negative parity states in s-d shell nuclei or 
the investigation of the highly excited giant multipale 
resonances. Hence here as well as for many other problems 
suitable approximations to the complete SC~1-expansion 
of the nuclear l'lave functions have to be found. 

Such an approximation is provided by the "projected 
quasiparticle model" (PQPM) 2l. In this model the nuclear 
wave functions are approximated by linear combinations 
of the particle-number and spin-projected deformed HFB
vacuum and the two-quasiparticle excitations with 
respect to it. 

NZI I' NZI . lcx;N,Z,I,M> = f0 .,ai~0 ;N,Z,I,~1> + L f I~ ,N,Z,I,M> 
J!V;ct J!V 

J!V ( 1) 

Essential to this approach is that the required symme
tries are restored before the diagonalization of the 
many nucleon Hamiltonian. This means that l'lith 

and ( 2) 

I~ ;N,Z,I,M> = P(IM)Q(N)Q(Z)ß+ß+IHFB> 
J!V Jl V 

the matrix equations 

(H - EN)f = 0 (3) 

where Hand N denote the Hamiltonian and overlap 
matrices in the nonorthogonal configuration space (2), 
has to be solved. In this 1'/ay spin dependent correla
tions are taken into account and problems with rotation
al spurious admixtures are avoided. Furthermore spurious 
admixtures due to center of mass excitations can be 
removed at least approximately by a separate treatment 
of the center of mass Hamiltonian. 

With the wave functions (1) being given, then for arbi
trary initial and final states the spectroscopic ampli
tudes 

iKL rr + L 11 

Sfi = <af;N,Z,Ifll[cick] lla;;N,Z,I;> (4) 

can be calculated. These yield the moments and transi
tions of the considered states and furthermore also 
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transition densities, l'lhich may be directly used for 
example in DWBA-analysis of inelastic scattering experi
ments and such allow a crucial test of the quality of 
the nuclear structure description by our wave functions. 

As far as light nuclei are considered, the PQPM-approach 
can be considered as the natural extension of the PHM
model3) which has been used lately with some success for 
the description of the giant multipale resonances as well 
as for low excited states in light deformed N=Z nuclei. 
Dur new approach makes also the NFZ nuclei accessible to 
realistic microscopic calculations in ]arge basis systems. 
Ho1·1ever, the PQHM-approach a 1 so contai ns a 11 the essen
tial ingrediences necessary to describe heavier nuclei. 
We consider it as very satisfying that here the same 
microscopic approach can be used as for light nuclei. 

In the meantime a computer code ("MONSTER") has been 
developed, which alloi'IS to use the PQPM-model for rather 
general applications. It can handle rather large single 
nucleon basis systems as well as realistic two body 
interactions of any type. First results obtained with 
this code will soon be ava i 1 ab 1 e. 
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3.17. Preliminary Calculations for 146Gd 

C. Conci, V. Klemt 

From the experimental point of view the structure of the 
doubly even nucleus 1 :~Gd82 is well known1). 

We present in this contribution some preliminary calcu
lations performed in the framework of the RPA theory 
using a generalized particle-hole interaction which in
cludes, in addition to the zero-range terms of the Lan
dau-Migdal theory, also explicitly the contributions of 
the one-pion and one-rho exchange potentials 2). 

The comparison between the level scheme obtained using 
only a ö-force (with the interpolation raddi of ref. 3 
readjusted according to the A1/3 1a~1) and that one using 
the tensor force show that only the last one gives the 
right level sequence and gives also quite good values 
for the excitation energies. 

The calculations using the tensor force reproduce the 
fact that the 146Gd appears to be the only doubly even 
nucleus besides 208Pb with a first excited 3- state and 
that the dominant configuration contributing to the 
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The unperturbed stngle-p~rticle levels, given in fig. 1, 
are obtained from a Woods-Saxon potential. The excitation 
energies and the structure of the low-lying excited 
states obtained in our calculations are shown in fig. 2 
and table 1, respectively. 
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octupole excitation is the proton 
. -1 part1cle-hole nh 1112-nd512 . 

The results written down in table 
1 sho~/ also that the 3- state is 
characterized by a mixture of 
many 1p-1h excitations, typical 
for a collective Vibration, and 
that the 2+ level involves mostly 
1p-1h excitations, in particular 

-1 -1 ns 112-nd512 and nd 312-ng712 com-

ponents. 

The other states with negative 
parity, 5-, 7-, 8-, are given from 

the particle-hole proton configu-
. -1 rat1ons nh 1112-nd512 and nh 11; 2-

n9]J2. This result is due to the 
fact that the first proton high-j 
level, i .e. h1112 , is located 
immediately above the Fermi sur
face, whereas the neutron high-j 
orbitals are far away from the 
N;82 gap. 

The analysis of the data confirms 
the assumption that in order to 
get better agreement wi th experi
ment one has to include real istic 
one-boson exchange interactions 
in addition to contact forces. 

Furthermore it suggests that one 
should go beyond RPA, since the 
structure of 146Gd is more complex 

than that of fully magic nuclei. 



JTT E main config. Eph xph 

- 1. 46 -1 2.54 -0.910 3 rrh 11/ 2-rrd5/ 2 
. -1 

v1 13/2-vhll/2 7.15 0. 239 

-1 
vf7/2-vsl/2 4.94 -0.168 

-1 
rrhll/2-1197/2 2.81 -0.126 

2+ 1. 54 -1 
rrd3/2- 11g7/2 2.41 -0.687 

-1 
TTS 1/2-rrd5/2 2.10 -0.666 

-5 2.33 -1 rrh 1112-rrd5/ 2 2.54 -0.961 

-1 
rrh 11/2-1197/2 2.81 -0.140 

7 - 2.50 -1 2.54 -0.989 rrhll/2-rrd5/2 
-1 

rrhll/2- 119 7/ 2 2.81 -0.140 

8 - 2.79 -1 2.81 -0.955 rrhll/2- 1197/2 
-1 

rrhll/2-rrd5/2 2.54 -0.2915 

-8 2.86 -1 rrh 1112-rrd512 2.54 -0.957 

-1 
rrhll/2-rr97/2 2.81 0.290 

Table 1: Main configurations (and the respective ph
energies in MeV and amplitudes) of the low-lying levels of 
146Gd obtained with the inclusion of rr- and p-exchange 
potentials. 
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3.18. A Nev1 Method to Treat Even- and Odd-Particle 
Nuclei Consistently in the Framework of Landau
Mi gda 1' s Theory 

V. Klemt 

The motion of a Fermi particle in a medium is described 

by the Green function 

<~ la 1 1~ ><~ la~l~ > 
Gl2(w) = l: 0 s s 0 

w-Es +in s ( 1) + 
<~ la 2 1~ ><~ lall~ > 

+ l: o r r o 
r w+Er-in 

Here Es = Es(Atl)-E
0

(A) and Er= Er(A-l)-E0 (A) are the 
energies (ground state and excited) of the even-odd 
nuclei neighbouring to even-even ones with parttele 
number A. The numbers 1, 2, ... define an arbitrary 
single-particle basis. The Green function can be used to 
define the mass operator byl) 

(2) 

v1hich shows that the poles of the Green function can be 
found by solving (for each Es kept fixed as the argument 
of M) the eigenvalue equation 

One of the eigenvalues, E
1
=Es' will then be identical 

with a true energy of an even-odd nucleus, whtle the 
others are unphysical. One of the single-parttcle eigen
vectors, ll> = Ia>, correspondi ng to the eigenva 1 ue Es 
has a phys i ca 1 meantng, too. l n fact i t can be shown 
that the state a+l~ (A)> has maxtmum overlap (of all a o 
possible states of the type a~I~0 (A)>with i=l,2,3, ... ) 
with the true eigenstate l~s(A+l)>, This provides us wtth 
a model-independent definitton of the single-particle 
strength 

In Landau's theory hov1ever it is not the mass operator 
but the particle-hole-irreducible part F of the T-matrix 
which ts considered the basic amplitude. It ts true that 
there exists a differential relationsflip, F = ö~1föG, 
which describes Landau's amplitude as a functional 
derivative of the mass operator But though this relatton 
has been used by several authors 2•3) for a consistent 
treatment of even-even and even~odd nuclei, a relation 
that would give the mass operator in terms of the Landau 
amplitude would be by far more preferable. 

It is easy to see that for a Hamiltonian of the form 

there holds the identity 

(5) 



~1hich makes it look some11hat single-particle-like. In 
fact eq. (5) can be used to derive an exact relation for 
the ground state energy4l, 

(6) 

which contains, in spite of the interaction between the 
particles, only the single-particle Green function. 
Applying eq. (5) to an even-odd (magic ±1) nucleus leads 
to an expression including the blo-particle Green 
function. 

The final relation, 11hich is effectively a response 
equation with the Hamiltonian as the external field, 
reads 5•6): 

EA <1[A> = i zs ~ {t12+Eso12 + 

+ 34~'4' f ~~i T14'23'(Es,n,D)G44'(fl)G3'3(n) 

( t 34+no 34 ) }<2[ A> 

(7) 

It is shown thereby that the mass operator on energy 
shell can be described by an expression that contains 

the T-matrix (which is defined via the bound part of the 

two-body Green function by G~~und = GGTGG in a short-hand 
notation) as the basic many-body amplitude. Since the 
T-matrix, as is well known, also governs equations of 
Sethe-Salpeter type, eq. (7) provides us with a method 
to deal with even-even and even-odd systems consistently. 
The formalism, as presented up to now, is of coursenot 
yet complete, First, since eq. (7) is only an on-shell 
relatton one cannot form the derivative of the mass 

operator from it as would be needed to get the single
particle strength from eq. (4). Sut a ~lard identity for 
the parttcle-number operator is complementary to eq. (7), 

dn 1-z = z I <a[l><2[a> f ~1 T1423(Es,n,O) 
s s 1234 

(8) 

and gives exactly the desired information. Secondly one 
has to derive equations for the T-matrix in terms of its 
irreducible kernel K5•6l, which finally will turn out to 
be the basic interaction amplitude and, thirdly, one has 
to generalize the Sethe-Salpeter equations for even-even 
nuclei so that they include retardation effects 6l. 

The formalism outlined above represents a generalization 
of Landau's theory to finite systems which enables one 
to treat even-even and even-odd systems consistently 
starttng with one fundamental interaction amplitude K. 
No additional parameters appear in the treatment of the 
mass operator. This avoids double-counting problems 
~lhich appear in other formalism/), probably due to the 

omission of irreducible three-body terms, which never 
come i nto p 1 ay in our theory. 
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3,19. On the Necessity of Generalizing RPA Equations 
to Include Retardation Effects 

V. Klemt 

Hhile the low-energy structure of even-odd nuclei is 
governed by Dyson's equation, even-even (and odd-odd) 
nuclei are analogously described by Sethe-Salpeter 
equations1), In the Landau-t1igdal theory the irreducible 
kernel F of this equation (in particle-hole direction) 
is considered to be the basic interaction amplitude. It 
is generally assumed tobe approximately energy-in
dependent and roughly the same for all nuclei. Landau
renormalization1) allm1s to incorporate the single
particle strength factors into the amplitude F, thus 
leading to equations that differ from the well-known RPA 
only in the interpretation of the entering physical 
quantities (e.g. energy denominators taken from the 
experimentally known spectrum of the neighbouring even
odd nuclei). 

Now it is well known that the surface of finite nuclei 
(especially of the lighter ones) tarnishes the appealing 
simplicity of this picture. To proceed beyond the 
limitations of the RPA, as proposed by the author2•3), 
requires first a more detailed description of the even
odd states, including the coupling of the single-particle 
degrees of freedom to the collective ones, and secondly 
a treatment of the Sethe-Salpeter equation that avoids 
the aboye-mentioned simplifying assumptions. In fact, 
while Landau's amplitude F is irreducible in the 
direction of one partieJe-hole channel, it ts netther so 

in the particle-hole channel nor in the particle-particle 
channel. Dne has therefore to assume an energy-dependence 
of F at least in these both cross channels. 

If we define the many-body T-matrix via the two-particle 
Green function by 

Gg 23(n,n',w) = 2rr o(w)G12(n)G43(n') 

- 211 o(n-n' )G13 (rnwL2)G42(n-wL2) 

+ i I G11 ,(n+w/2)G44 ,(n'·w/2) 
1'2'3'4' 

T1,4,2,3,(n,n',w)G2, 2(n-wL2)G3,3(n'+w/2) 

and further introduce the response function R by 

R1234 (n,n' ,w) = G~i 23 (n,n',w) 

( 1) 

(2) 



it can be shown that the T-matrix can be expanded in the 

follm1ing way: 

. d\1 11 d\1 111 

+1 \ J-f-1 I 2~ 3 I 4 I 211 211 I 

F 1211 21 (n ,n II ,w) R11 21 31 4 I (n II ,n II I ,w) F 31 4 I 34 (n II I .n~ "") 

-i \ J~f~ 
1~2~3141 2n 2n 

( 3) 

+.i I J~J~ 4 11 2 I 3 1 4 1 211 211 

I 141 141 ( (il-il 1+w )/2,E ,il+il 1 )G~ !412131 (E ,E 1 ,nffi 1) 

X I213123(E I' (il-11 1
-w )/2,ilffi I) 

In this equation the matrix K is the totally (in all three 
channels) irreducible kernel, which no1·1 is to play the 
part of the fundamental effective interaction, while F is 
only irreducible in one particle-hole and I in the 
particle-particle channel. From this general equation one 
can easily deduce the relations for Fand I, which read 

(in shorthand notation): 

F = K - i h'JO + t I GI! 

-fo = K + FRF + t I GI! (4) 

= K + FRF - i JoRJo 

where the tilde indicates the cross channel. 

Through the t11o-pa rti cl e Green functi on G1 I there ente r 

overlap amplitudes of the type 

<~ (A+1) Ja~J~ (A)>, s 1 \l 

where \l indicates an excited state of the even-even and 
s a state of the even-odd nucleus. lt is exactly this 
type of amplitudes for which equations can be derived. 

One of these reads: 

+ fd\l I+ <~sl a1·l~ > = ) -2 · <~s a1l~ > \l 1'234 111 0 

(5) 

lf F would be energy independent, one could perform the 
integration over n and finally end up with the RPA 
equation. One can conclude therefore that it is the 
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retardation effect of this energy dependence which 
prevents one from getting equations for amplitudes of 
the type 

as in the RPA. One may say that the particle j in 
general is allowed to move relatively to the hole i. 
Analogaus equations hold for amplitudes including states 
of A±2-particle nuclei. The norm of the amplitudes of 
eq. (5) is determined by 

I <~ Ja~~~ ><~ Ja. I~ > + I <~ Ja. I~ ><~ Ja~l~ > = 1 r JJ1r r1\l s JJ1S S1JJ 
(6) 

resulting from the anticommutation relations for Fermion 
field operators. 
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4. 

4.1. 

NUCLEAR REACTIONS 

Investigation of Finite Range Effects in (d,t) 
and (d, 3He) Reactions 

R. Shym/ and M.A. Nagar'ajan+ 

In the analysis of (d,t) and (ct, 3He) reactions, the zero 
range distorted wave Born approximation with finite 
range effects taken into account by means of a local 
energy approximation (LEA) has been extensively used. 
Whereas in case of (d,p) reactions the range of validity 
of LEA has been tested very extensively1l, no such in-

+ + 3 vestigation has been made for the (d,t) and (d, He) 
reactions. 

Wehave performed full finite range DWBA calculations 
+ + 3 for (d,t) and (d, He) reactions on a number of target 

nuclei ranging from 12c to 208Pb for incident deuteron 
energies ranging between 9-130 MeV. The form factors 
for projectile and ejectile overlaps (referred to as 
V(r)) required in finite range calculations have been 
obtained by using the Phillips 3-nucleon wave function 2l, 
11hich consists of a totally symmetric S-state and mixed 
symmetry S' and D states. We have also performed zero 
range DWBA ca 1 cul at ions with finite range effects bei ng 
taken into account by LEA. The zero range normalization 
constant 0

0 
and finite range parameter ß required in 

these calculations have been calculated from V(r) to 
obtain a consistent comparison of the finite range cal
culations with zero range calculations. 

At lower incident deuteron energies, finite range 
effects are not important as far as the shape of the 
angular distribution is concerned. However, the absolute 
magnitude of the cross section is altered by a factor of 
1.35. Also finite range has no effect on the vector 
analyzing powers at these energies. However, for tensor 
analyzing powers while finite range and zero range 
results agree with each other at lower angles, at angles 
beyond 90° finite range reduces the tensor analyzing 

power (T 20 ) by nearly 30 %. 

At high deuteron incident energies, finite range affects 
the cross section at angles beyond 20°. In fig. 1 we 
show the result of our calculations for 54Fe(d, 3He) 53Mn 
reaction at Ed = 80 t~eV. The experimental data has been 
taken from ref. 3). Full lines represent the full finite 
range calculation with S and D states of the form factor 
V(r), dashed lines the full finite range calculations 
with only S state of V(r) and dotted lines represent the 
zero range calculations. As can be seen the effect of 
finite range is strengest for angular momentum mis
matched (1/2+) transition. Also for vector and tensor 
analyzing powers finite range is very importantat these 

high energies. 

Thus the result of our investigation is fairly good to 
account for the finite range effects as far as the shape 
of the angular distributions and vector analyzing powers 
is concerned. However the renormalization of the absolute 
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magnitude of the cross section introduced by finite 
range effects still persists. At higher incident

5l 
energies, on the other hand, even the shapes of the 
angular distributions are not properly accounted by LEA. 

10.0 .."---------------,... 10.0 

5.0 

10.0 

5.0 

2.0 

1.0 

- 0.5 ... 
Cl) 

f 0.2 

a 0.1 
"0 
t;--
"0 0.05 

0.02 

1,0 

0.5 

0.2 

0.1 

0.05 

0.02 

References 

54 Fe(d, 3 He)53 Mn 

Eda80.0 MeV 

10 20 30 40 
9c.m. 

Figure 

1) J.K. Dickens, R.M. Drisko, F.G. Perey and G.R. 
Satchler, Phys. Lett. 15 (1965) 337. 

1.0 

0.1 

0.05 

2) A.C. Phillips and F. Roig, Nucl. Phys. A234 (1979) 
378. 

3) N.G. Puttaswamy, W. Oelert, A. Djaloeis, C. Mayer
Böricke and P. Turek, JUl-Spez-99 (1980) 18. 

4) A.A. Ioannides, M.A. Nagarajan and R. Shyam, Phys. 
Lett. 1036 (1981) 187. 

5) M.A. Nagarajan and R. Shyam, Phys. Rev. C, rapid 
comm. (tobe published.) 

+ Science Research Council, Daresbury Lab., England 



4.2. Semiclassical Treatment of Light-Ion Induced 
Alignment of the L3-Subshell in Heavy Atoms+ 

F. Rösel++, D. Trautmann++, G. Baur 

Recently, the study of alignment in ion atom collisions 
has become very active. (For an up to date review see 
ref. 1).) It provides a powerful test for theories of 
inner shell ionization since they aresensitive to the 
magnetic substate population, while cross section 
measurements are determined by an incoherent sum of 
magnetic substate populations. Theories for inner shell 
ionization become more and more accurate 2) and therefore 
such experiments are definitely called for. 

We compare recent results for L3-subshell align
ment3•4•5) in light ion collisions with the semiclassi
cal theory for inner shell ionization6) where Coulomb 
deflection effects are exactly taken into account. 
Whereas simple plane wave theories 7) give rather good 
agreement at the higher energies (for a relative pro
jectile Velocity V = Vp/vL

3
;;:, 0.3, where Vp is the pro

jectile Velocity and vL the classical orbiting velocity 
3 

of the L3 electron as calculated from the experimental 
binding energy EL

3
), strong and systematic deviations 

show up at the lower energies (V < 0.3). Estimates of 
8 9) "' Coulomb deflection effects ' have shown that these 

can account for the observed differences. Therefore, 
calculations where these Coulomb deflection effects are 
exactly taken into account are important. 

In fig. 1 we show alignment measurements for the reac
tions p+Au and p+Ag4) as a function of the square of 
the relative velocity V. Quite good agreement vlith tne 
theory is obtained, especially for small bombarding 
energies where Coulomb deflection effects become impor
t~nt. Calculations based on the Born approxtmation3•7•9) 
show large discrepancies with experiments in thts energy 
region. Of course, this could be expected from recent 
estimates of this Coulomb deflection effect8•9l. As a 
side remark we mention that our results for the total 
ionization cross section for different Lk subshells are 
also in agreement with relevant experimental data10- 14) 
Furthermore, we note that according to eq. (5) recoil 
effects are completely taken into account. However, tney 
are negligible for the total alignment in all the cases 
investigated here. 

In conclusion we have shown that discrepancies between 
calculations in Bornapproximation and experimental 
resul ts for small bombarding energies are due to Coulomb 
deflection effects, which v1as already claimed by several 
authors. The influence of the projectile charge on the 
alignment is small and therefore additional effects have 
to be considered for an explanation of the experimental 
results using heavier ions as projectiles. Furthermore 
we have shown that for an accurate description of the 
alignment Hartree-Fock v1ave functions for the electron 
are necessary to overcome the problern with the effective 
charge. This may be especially important for impact 
parameter dependent alignment measurements. 
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~ The L3-shell alignment for the two systems p+Au 
(full line) and p+Ag (dashed line) is shown as a function 
of the square of relative projectile Velocity V. Experi
mental data are from refs. 4,5). 
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4.3. Recoil Effects in Atomic Inner Shell Ionization 

F. Rösel+, D. Trautmann +, G. Bau:r> 

In recent years there has been an increasing interest 
in the theory of inner shell ionization 1). Since the 
interactions responsible for the ionization process are 
well understood, a comparison of the theoretical calcu
lations with experimental data gives a direct measure 
of the quality of the approximations involved in the 
theory. One of these approximations is the semiclassical 
description {SCA) 2). One assumes that the projectile 
moves on a classical hyperbolic trajectory in the field 
of the target nucleus whereas the electron is described 
quantum-mechanically. Furthermore, in cases where 

Zp/Zt << 1 or (Vcollision/Ve)
2 

> 1 the ionization can 
be treated as direct Coulomb ionization process where 
the electron projectile interaction is to a good 
approximation given in first order theory3). The elec
tron is described by relativistic Hartree-Fock Slater 
wave functions to include screening effects or by 
relativistic Dirac functions using a screening parameter 
e. However binding effects can be taken into account 
only in an approximate way. 

It has long been real ized4) that not only the inter
action of the projectile with the target, but also the 
recoil of the target nucleus in a nuclear colltsion can 

give rise to ionization. An especially pure example in 
this context is the ionization due to neutron induced 
reactions 5): the {charged) target nucleus receives a 
kick in the nuclear reaction and may "shake off" an 
inner (or outer) shell electron. 

In a s l i ghtly di·fferent context, the importance of 
recoil effects in the treatment of Migdal 5) for ion
ization after a-decay was pointed out by Levinger6) who 
found that Migdal 's result for dipole electronic tran~ 
sitions is reduced by a factor of 25 {for the case of 
208Pb) because of nuclear recoi']. 

The importance of recoil effects was stressed agai'n by. 

Ciochetti and Molinari 7). A treatment in the accelerated 
target system, ~lhere non-Newtonian forces arise, was 
given by Amundsen8), Andersen et al .9) and Kocbach et 
al. 10 ) and by Kleberand Unterseer11 ). 

We treat the recoil effects in the SCA model of refs. 
12) and 13). The starting point of this approach is the 
full quantal first order DWBA expression for the T
matrix. As it is usual, the c.m. system is used as a 
frame of reference, where recoi l effects are treated 
simply. It is not necessary to go into a moving frame 
of reference. The quantal expressions are then trans
formed into the semiclassical ones where average quanti'
ties for the classical relative motion of the projectile 
and the target nucleus occur in a simple way, 

We found that recoil effects are especially important 
for close collisions {back\•/ard scattering) which probe 
the form factor for small distances. As it is expected 
recoil effects are especially important for small 
target charges, and due to the importance of higher 
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multi pole orders for small bombarding energies, recoil 
effects are important for all bombarding energies. For 
energies v1ell above the Coulomb barrier they may become 
important due to strong nuclear forces. It would be 
interesting to study ionization by neutron impact which 
is caused in this case solely by the recoil effect. 

A detailed account of this work will be published in 
ref. 14). 
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4.4. Coulomb-Dissociation at Relativistic and Non
relativistic Energies 

G. Bau:r>, B. Hoffmann 

Coulomb-dissociation of nuclei with lov1 incident ener
gies is hindered because of the large adiabaticity 
parameter F; 

( 1) 

which characterizes the excitation in regions unstable 
against particle emission. Nevertheless such a process 
was observed experimentally and explained theoretically 
in the 1 ow energy part of proton spectra, meas ured in 
15 MeV deuteron induced reactions on heavy target 
nuclei (especially 232Th). This is described in detail 
in refs. 1) and 2). The well-known quantal and semi
classical methods of Coulomb-excitation (ref. 3)) could 
be used to calculate these processes. At energies above 
the Coulomb-barrier, nuclear absorption effects are 
taken into account in the strong absorption model. Using 
the strong absorption model, angular distributions of 
excitations of giant resonances can be calculated rather 
simply. They compare quite well with the much more 
laborious DWBA-calculations (ref. 4) and fig. 1). 

Matsuoka et al. (ref. 5)) reported an in intriguing 
A-dependence of the (d,p) total breakup cross section 
of E

0 
= 56 MeV deuterons. For peripheral breakup pro

cesses we expect 

(J ~ A1/3 ( 2) 

(Serber model) whereas the experimental result is 
27(A113+0.8) 2 mb. These authors conclude that all par

tial waves up to the grazing one contribute to the 
breakup cross section. Our calculations show that 
Coulomb-dissociation at distances R > Rnucl contrtbute 
(significantly) to the total breakup cross section. This 
can be seen in fig. 2 taken from ref. 2). A related 
effect was observed for relativistic heavy ion fragmen
tation (Heckman et al., ref. 6)). 

Since the adiabatic cutoff which reduces the cross 
sections becomes less effective at higher energies 
(especially due to relativistic effects), we extended 
our calculations to much higher energies. The total 
cross section for d on Th is shown in fig. 3. After a 
maximum around 100 MeV and a minimum around 2 GeV the 
cross section rises again due to relativistic effects. 
We compared the relativistic Coulomb-excitation theory 
of ref. 7) to the Wei zsäcker-1'/ill i ams method of vi rtua 1 
quanta. For E1 exci tati on both methods yi e 1 d the same 
result only if the full Weizsäcker-Williams method 
(eq. (15.54) of ref. 8)) is used. At not too high 
energies it is important to include the modification of 
the impact parameter due to Coulomb repulsion. 
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5. HEAVY ION REACTIONS 

5.1. Comparison of Concepts: ATDHF and Functional 
I ntegra 1 s 

K. Goeke, P.-G. Reinhard+, H. Reinhardt++ 

There have been suggested various theories for the 
microscopic and parameterfree description of large 
amplitude collective motion. If one requires quantum 
effects there are basically two approaches, i.e. the 
quantized adiabatic time dependent Hartree-Fock (ATDHF) 1) 
and the path-integral-approach (PIA) 2). It wi 11 be shown 
in this report that the multitude of periodic TDHF
trajectories I.Pr(t)>, vlith period T, is for slow motions 
clearly related to the collective path I<Pqp> as it 
results from ATDHF3l. The multitude { I.Pr(t)>} of those 
solutions (associated to a certain collective model) we 
shall call a branch. l~e will assume that a branch con
tains an HF point and that all quantities calculated 
from q,T(t) will be distinguishable in T and also distin
guishable in the energy E = <.Pr(t) IHI.Pr(t)> and that 
there is a unique relati.on between E and T. Hence any 
Slater determinant, which ts member of a branch, is 
uniquely characterized by giving E and t, i .e, I.PE(t)>, 
This labelling in E and t has the convenience that E and 
t are something like canonically cqnjugate quantities. 
This establishes immediately a bridge between a branch 
{ I.PE(t)>} and a path { I<Pqp>} since both mul titudes are 
characterized by· two re11l parameters whtch can be under
stood as classical canonical conjugate variables. Within 
the branch { I.PE(t)>} a periodic trajectory I.PE(t)> 
represents an 11ctual classical motton. Thts is cflarac
terized within the pa.th { I<Pqp>} by q = q(t,E) and 
p = p(t,E) with obey· the classic<ll equations of motion. 
Hence the members of 11 branch and of a path can be 
related by 

I.PE(t)> o; I<Pq(t,E),p(t,E)" 

with a reverse relation E = E(q,p) and t = t(q,p). One 
11ctually c11n construct the mapping explicttly such tflat 
the equa.tion of motion for tfle periodic trajectories 
following from Pli\ corresponds to classtcal canonical 
Hamiltonian equations: 

(i ~t -h [P]) I.PE(t)> = -e I.PE(t)> 

Replace a/at by q ~q + p ~p' If we define the hermitian 
1p-1h opera.tors P a nd Q as 

p I/lA> 
qp 

Q 1/IA> 
qp 

. a I PIA 
l(äq)1p-1h <Pqp > 

. a I PIA 
_, (ap)1p-1h <Pqp > 

one obtains from the 1p-1h projection 

· ~ • ~ PIA 
(q P - P Q- h1p-1hli<Pqp > = o 

Multiplying from left with <.P:~AIP and <.P:~AIQ yields 
after few manipulations 

p -i<[P,H]> 

q i< [Q,H}> 
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where 

These are obviously classical Hamiltonian equations. 
Apparently we have one dimensional classical mechanics, 
in which any bound motion is periodic. This is consistent 
with the periodicity of the trajectories I.PE(t)>, 

In order to establish a connection of a branch to an 
adiabatic path one has first to transform from (q,p) to 
a new (q' ,p') such that the trajectories I.PE(t)> corre
spond to q'(E,t) and p'(E,t) which show turning points, 
i.e. which have two times ta and tb at which p'(E,ta) 
= p'(E,tb) = 0. We furthermore assume that the states 
1/~A ,_0> = 1/~A> are time even, v1hich simplifies the 

q ,p - q 
calculational techniques. Actually the path li.Pq'p'>} is 
fully identical to !I.PE(t)>} and it may have any compli
cated q'- and p'-dependence. An adiabatic collective 
path, however, as it is used in ATDHF, is assumed to 
have the special structure of a separation ansatz (we 
omit henceforth the primes at the coordinates q' and p') 

I.PATDHP> = exp[i p Q(q)ATDHFJ I.PATDHF> 
qp q 

where qATDHF(q) is a 1p-1h operator with respect to 
I.P~TDHF> corresponding of course to the derivative with 

respect to p at p=O 

qATDHF( ) I ATDHF> = (i .L) I.PATDHF> 
q <Pq ap 1p-1h qp p=O 

Apparently an adiabatic { I.P~~DHF>} is a useful object if 
it can be constructed in such a way that it is as close 
as possible to the li.P:~A>}. Weshall see in the next 
section that this yields precisely the ATDHF equations 
for the collective path I.PA~DHF>, It remains then, how
ever, to check how good itqis to approximate the q,:~A by 
an adiabatic q,~~DHF. This can be done by extending in PIA 
the adiabatic expansion to second order and investigating 
the additional contributions to the q,~~DHF. Actually this 
procedure will reveal a validity condition, which will be 
tdenttcal to the one derived in quantized ATDHF. Obvious
ly· for each single point I.P~~~ 0 > one can find a 1p-1h 
operator QPIA such that I.P PIA>·.·"' exp[i p

0 
qPIAJli/IA >, 

qoPo qoPo 
However, in general this operatorwill also depend on p

0
, 

QPIA = QPIA(q
0

,p ), since one cannot assume that the same 
PIA 0 PIA operator Q (q

0
) can expand the whole range of I.P p > 

qo o 
for all p

0 
values. In other v1ords, the ATDHF-ansatz is 

adiabatic in the sense that it describes the p-dependence 
of the path by 11n extrapolation from the p-dependence at 
small p. Hence an adiabatic path is only a valid approxi
mation if aQPIA[ap is small. This is precisely the quan
tity on v1hich the ATDHF val idity condition is based. 
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5.2. Adiabaticity in the Path Integral Approach 

P.-G. Reinhard+, H. Reinhardt++, K. Goeke 

As one has seen, the essential link between ATDHF1) and 
PIA 2) is established by realizing that the concept of a 

branch {I~E(t)>} and the concept of a path {l~qp>} are 
equivalent in that they can be mapped one to one 

( 1) 

by 

q = q(E,t) , p = p(E,t) (2) 

where q(E,t) and p(E,t) are given by the canonical 
equations of motion. We no1v 1·1ant to derive the equations
of-path of ATDHF from the equations-of-motion for a 
branch of PIA tagether with the mapping (1). We will do 
this in an adiabatic expansion in powers of p. This 
1•1ill allow to establish a precise correspondence to 
ATDHF and, later on, to study the quantizatton process. 
We have to fulfil the EOI~ 

(3) 

with 

p(t+T) = p(t) (4) 

~Je assume that we have given an approximate solution ;; 

p(t+T) = p(t) -2 -and p = p 

where the mismatch o is small, We expand the exact 
solution 

(5) 

p(t) = p(t) + i[R(t),p(t)] + ... (6) 
.., 

~1here R is a hermitian lp-lh operator first order in o 
with period T. This guarantees that the boundary 
conditions (4) are fulftlled up to first order. Insert
;ng expanston (6) into eq. (3) we obtain 

[Tr V [R,p] ,;J + [h(ii), R] - ;atR,;;J = i [D,p] (J) 

whe re D i s a lp-lh operator and gtven t n terms of the o 
of eq. (_5) as 

o = i [D,p] (8) 

Eq, (.7) is a linear response..,equation for branches 
determining the improvement R as response to the mis-.., 
ma,tch D, 

In the aboye formulae a11 quantities are a function of 

time t and peri od T or ene rgy E respecti ve ly. We equi v
alently can consider them as functions of q and p (the 
time dependency of which is given by eq. (2), i .e. 

P = p(q,p), P = P(q,p), R = R(q,p) and D = D(q,p), This 
translates the eqs, (3)-(7) in a straightforward manner. 

For an adiabatic motion we assume now p and p to be 
sma 11 a 11 owi ng an expans i on of eq, ( 7) in powers of p 
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and p. The key argument is now that the path { l~qp>}, or 
{p(q,p)} equivalently, is an object independent of time 
and independent of an actual motion. An actual motion 
EE(t) can take place in {I~ >} by inserting an actual qp 
classical solution for q(E,t) and p(E,t). He may look 
for various motions at various energies E, all have to 
be described by the same path. In simple 1vords: { l~qp>} 
and I~E(t)> correspond to each other like a rail and a 
car moving on it, respectively. This is precisely the 
decoupling property we demand { l~qp>} to fulfi 1. To vary 
E for a given q means to vary p. Thus we have to consider 
p as an independent variable and one has to fulfil eq. 
(7) for each power separately. One has to take into 
account that p = p(q,p) due to the Hamiltonian equations 
in q and p. 

He call a path adiabatic, if its members can be para
metri zed as 

p(q,p) exp(ipQ(q)p(q)exp(-ipQ(q)) (9) 

That means an adiabatic path is completely determined by 
its first bio terms of a pn expansion (please note that 
the Q and the p(q) are functions only of q; no further 
p2-, p4-, etc.-dependency is all01ved therein). 

We now want to find an optimal adiabatic path, i .e. a 
path in the form which comes as close as possible to the 
"exact" path given by the PIA equations and the sub
sequent mapping (E,t) ++ (q,p): The term "close" has a 
priori no unique meaning. It depends on the range of q 
and p for which one wants to fit the adiabatic path. In 
the spirit of an adiabatic expansion we define the optimal 
adiabatic path to be that one which is identical with the 
p0 and p1 term of the "exact" one. That means in the 
perturbation theory for paths the optima 1 adiabat! c path 
is signified as the path for which no correction R in 
order p0 and p1 arises. Thus we obtain the equations for 
the path by requiring 

R(q) = 0 , apR(q) = 0 

The p0 and p1 parts then yi e 1 d 

p0
: INp(q)) - aq11Q(q),p(q)] = O 

p1
: [[H,Q(q)]ph + ~ P(q),p(q)] = 0 

(10) 

( lla) 

( llb) 

These are just the 1vell known ATDHF equations ~1ritten 
here in density matrix representation. Hence we obtain 
the remarkable result that the implementation of an 
adiabatic concept into the path integral approach to 
periodic motion yields precisely the collective path as 
has been derived previously by means of ATDHF and GCM. 

The ATDHF equations can be reformulated as a differential 

equation for the path aql~q> = [!l,h(p(q))ph] l~q>, Thus 
we have an initial value problem: For any given starting 
point I~ ~ we can find a solution to the ATDHF equations. 

Qo 
However, it is clear that out of the multitude of ATDHF 
solutions only one solution can come closest to the 
"exact" path from PIA. This optimal path will be the one 



which remains most stable if we subject it to the full 
dynamics. rJe have al ready exploited PIA up to order p0 

and p1. Thus we have to look at the correction which 
comes from the p2-term. This is described by the response 
a~R(q) and given, after exploiting the above equations, 
as 

The optimal path is then the one for which along the 
r actual motion the necessary correction by apR is 

smallest, i .e. for ~lhich 

T 1 4 2 l dt 4 P (t)<~q(t)l(aPQ(q(t)) l~q(t)> =Minimum (13) 

This is precisely the form of the validity condition as 
it has been derived in ref. 3. It is a condition on the 

2~ 
apR' and on the actual collective motton, via path, via 

p\t). 

In summary the present section shows that one can perform 

an adiabatic approximation to the path-integral-approach. 
The result is a collective path being identical to the 
one obtained in ATDHF. It should be pointed out that 
the formal steps in the present section used only the 
1p-1h elements of the density matrix and never its lh-lh 
elements. This shO\'IS that the construction of the path, 
corresponding to 1p-lh, and the quantizatton, correspond
jng to 1h-1h, are of different footing 4l, 
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5,3, Quantization of TDHF-Fields 

H. Reinhardt +, K. Goeke, P. -G. Reinlv.rd++ 

In the ATDHF theory1) we obtain a consistently quantized 
collective Hamiltonian Hc(q,~q). Thus, within the given 
path { l~qp>} we solve the full quantum mechanics. The 
path integral approaches (PIA), on the other hand, 
determine the eigenstates within a given branch { I~E(t)>J 
by stationary phase condition, similar to the Bohr

Sommerfeld quantization rule. Obviously, with respect to 
the quantization within a given collective path ATDHF is 
more general and hence one has to solve the collecttve 
Hamiltonian in a semiclassical approximation in order 
to compare with the path integral approach. In the 
followjng we show the equivalence of the quantized ATDHF 
in its semiclassical limtt and the path tntegral approach 
in the adiabatic and semiclassical limtt by studying the 
quantization l'lithin the latter theory, rewriting it as a 

semiclassical quantization for one dimensional collective 
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dynami es ( represented by q and p) and compari ng the 
Hamiltonian therein with the ATDHF-Hamiltonian. 

As v1e have seen before, in the PIA the two basic problems 
decouple, viz. 1. finding a branch of periodic paths 
li~E6t)>1 with T=T(E), and 2. finding the quantized 
energies within this branch. l•Je thus can assume the first 
step tobe completed, yielding a branch I~E(t)> for which 

( 1) 

( 2) 

and the period T is a function of E (or vice versa). The 
semi c 1 ass i ca 1 PIA-quanti zati on proceeds now as fo 11 0\'ls: 
The classical action along the periodic TDHF trajectories 
is then given with 

T ~ 

S(T) = f dt<~E(T)(t) liat-HI~E(T)(t)> (3) 
0 

In order to trace the equivalence to a semiclassical 
quantization of collective dynamics in q and p \'le trans

form the branch to the path representation. As outlined 
in report 1 we can map the branch li~E(t)>J onto a 

collective path ll~qp>} such that 
T 

s = J dt ( qp - :-Je( q 'p)) ( 4) 
0 

where we have to insert the qE(t) and PE(t). The 
derivation of the second term in eq. (4) is obvious 
whereas the first term needs a little more care: l•Je first 

rewrite 
T 
f dt(q<P>-p<Q>) ( 5) 
0 

and now have t~ spec~fy the hole-hole matrix elements of 
the operators P and Q. One :an show that one has to 
choose either <P> = p and <Q> = 0 or <P> : 0 and <Q> = q 
or any intermediate choice <P> = xp and <Q> = (1-x)q. 

For any choice of x, with O$x$l, we obtain J dt qp by 
partial integration of the p-term. Altogether we end up 
with the action (4) to be evaluated along a solution 

qE(t) and pE(t). This yields just the semiclassical 
quantization rule for a system whose dynamics is governed 
by a Harniltonian ~q,p). In the adiabatic limit we expand 

2 
(Te(q,p) "~ + 'lJ'(q) (6) 

Thus we see that the quantization in PIA at that level 
involves a Hamiltonian ~(q,p) \'lhich is the classical 
limit of the quantum mechanical Hamiltonian Hc(q,%q) of 
the ATDHF approach if one ignores the quantum corrections 
l(q), which is consistent in a strict classical limit. 
Thus we obtain the satisfying result that a semiclassical 
quantization of the collective ATDHF-Hamiltonian yields 
precisely the quantization condition of PIA in the 
adiabatic limit, if in both theories the quantum 

corrections are neglected. 

The quantum fluctuations in PIA give an additional 
contribution to the action which can be expressed by the 
fluctuation spectrum and the pure 1p-lh excitation as 



1 I 1 ~ ( 0) 
liS = 2 L wk T - 2 L w h T 

k ph p 
( 7) 

This can actually be re~lritten by means of the operators 

0 and P, where Ol~> = -apl~> and PI~> = iaql~> are the 
usual collective operators and A is the width, 
A = 2<~ IP 2 1~ >" (2<~ 10 2 1~ >)-1. Inserting this into q q q q 
the local form we obtai n finally 

liS 
1 T 2 

- 4 f dt(<~l [0. [h,O]] 1~>2<~1P I~> 
0 

+<~I [P,[h,P]] 1~>2<~10 2 1~>) (8) 

T a2 19' 
- f dt (<rik- + ~) 

0 0 

where 

(9) 

(10) 

~0 (q) = <~qlhl~q> (11) 

and all quantities are functions of q, time dependent 
via q=q(t). Obviously, this liS has approximately the 
form of the zero-point energy 'l,(q) of ATDHF. We finally 
obtain 

where 

~Ii th 

T 
S+liS = f dt(qp- H(q,p)) 

0 

PIA H(q,p) = ~(q,p) - l (q) 

(12) 

(13) 

(14) 

The PIA expression differs from the corresponding one of 
quantized ATDHF in that it is lacking the residual two 
body interaction in eq. (14). One can interpret this 
result in the followtng way: In the zero-point-energy 
subtraction tn PIA the selfconsistent Peierls-Thouless 
cranking mass, which is used in quanttzed ATDHF, is 
replaced by. the Inglis-cranking mass, This is a widely 

used approximation in microscopic collective theories. 

The collective potential ~(q) is given by <~qlhl~q> and 
not by <~ IHI~ > as the ATDHF potential {J(q) is. However, 

q q . 
the corresponding potential zero point energy correct1on 
is in general much smaller than the kinetic zero point 
energy correction and one may. perhaps neglect the 

difference between V'(q) and ~(q) in eq. (14). These 
fea,tures are interesting with regard to the PIA. They 
seem to be connected to the problern of deriving Hartree
Fock from P!A rather than pure Hartree. I t ~Ii 11 be an 
interesting point for further studies under which 
conditions the P!A leads to quantum corrections which 
;nclude the residu<ll two body interaction. 

In summary: lf one evaluates a semiclassical solution to 
the quantized ATDHF collective Hami ltonian (i .e. WKB), 
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then one obtains two prescriptions for the energies 
depending on whether one includes the zero point 

corrections l(q) in ATDHF or not. The first case is 
exactly matched in PIA if one performs there an adiabatic 
expansion and sticks to the pure classical limit. The 
second case is matched in PIA by including the quantum 
fluctuation. This, however, is only approximately the 
case since in the present formulation of PIA the 
residual two body interaction is ignored in cantrast to 
quanti zed ATDHF. 
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5.4. Ouantized ATDHF Calculations for 8Be 

F. Grümmer, K. Goeke, P.-G. Reinhard+ 

The quantized ATDHF theory1l for the optimal collective 
path, mass and potential in the ~1ay suggested in ref. 2 
can be exposed as fol1011s. The equations of motion are 
transformed to a simple differential equation 

~q ~q = C(q) [H,Hph(q)J~q 
-1 . 

with C(q) = Jt.(q)(aV/aq) . Here the {~q} 1s the 
multitude of Slater determinants to characterize the 
collective motion and from which the collective mass, 
J{(q), and the classical potential energy surface, V(q), 
is to be extracted. The H h(q) is an operator consisting 

p . . 
out of the 1p-1h elements of the full m1croscop1c 

Hamiltonian H with respect to ~q· The two body inter
action used is given by 

+ Vy + VCoul 

11here V is a Yukawa potential and VCoul the Coulomb 
interac{ion. From the latter ones only the direct part 
is used and evaluated by means of successive over
relaxation techniques. For the calculation a three 
dimensional grid in r-space is used with 16x16x24 
meshpoints. In order to evaluate the collective Hamil
tonian (to be used e.g. for fission and fusion events) 
the V(q) is to be corrected by zero point energies Z(q) 
associated to spurious rotations and translations of 
the total system and to spurious relative motions. 

Thesezeropoint energies are asymptotically identical, 
see fig. 3. The mass parameter in fig. 2 shows a clear 
increase in the overlapping region indicating the re
arrangements in the internal wave function. The 
classical V(q) is given in fig. 1. Scattering cross 
sections and the evaluation of resonances in the 



potential are presently under investigation. Further
more the code is being applied to heavier systems. 
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I I I. SOLAR ENERGY 

6.1. Development of a Simple Test Unit for Compara

tive Testing of Solar Collectors 

B. Sack, H.J. Stein 

Thermal performance testing of collectors plays a con

trol role in solar energy applications since such tests 
provide the necessary data for system design and the 

prediction of system performance. The test of the efft
ciency curve also forms the diagnosttc basis for relia

bility and durability tests. Equation (1) describes the 
steady-state efficiency n of the collector as a function 
of the driving forces (operating variables) and the col-
lector design parameters (characteristic collector para

meters). 

A 

G 

useful heat extracted from the 
collector 

collector area 
global irradiance in the plane 
of the collector 

(1) 

absorption transmission product of 
cover and absorber, "optical effi
ciency" 

overall heat-transfer coefficient 
from the fluid to the surrounding 

mean fluid temperature 

ambient (air) temperature 

-2 -1 W m K 

F' absorber efficiency factor describ
ing the influence of the heat-trans
fer coefficient between the absorber 
plate and the fluid 

The collector efficiency curve can be determined by 

measuring G and Q~se at different collector temperatures. 

m 

Quse mcp(~ - ~) (2) 

= mass flow 

= specific heat of the heat transfer 
medium 

collector entrance temperature 

collector outlet temperature 

(kg s-1) 

(J kg-1K-1) 

(OC) 

(OC) 

Standardtest procedures like ASHRAE 93-77 or DIN 4757, 
part 4 (draft), prescribe the test conditions tobe ob
served, the quantities to be measured, and the accuracy 
requirements for the measurements. 

The collector has tobe in a stationary operational mode 
in order to avoid transient heat capacity effects (in

stantaneous efficiency determination). This requires 

stabil i ty of 

- mass flow 
- fluid entrance temperature 

- solar irradiance 

The environmental conditions are 

- level of global irradiance 

- diffuse part of global irradiance 

- angle of incidence of the direct 
solar radiation 

- air velocity 

1 % 
0.1, (0.5) K 

2 % 

~ 600 W m"2 

20 to 40 % 

0 to 15 degree 
0 to 4 ms" 1 
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Ta be measured are 

- the collector entrance temperature 
- the fluid temperature difference 

across the collector 
- the mass flow rate of the heat

transfer fluid 

- the global irradiance in the plane 
of the collector entrance area 
(according to WMO class 1 speci
fications) 

- the ambient air temperature 
- the air velocity above the collec-

tor front cover 

J:, + 0,3 K e -

~-zt, t 0,1 K 

m, + 1 % 

G, + 3 % 

~· :!:_ 0.5 K 

-1 v, :!:_ 0. 5 ms 

Although these test conditions are restrictive enough 
for the practical feasibility of testing, the scatter of 
data obtained at different laboratories might be ex
tremely high. This is demonstrated in Fig. 1 showing a 
typical result of a round-robin test exercise. 1) 

1.0 

li 0.6 
z 
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ü 
ü: 
u. 
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extremes 

20 

IEA-1 

60 80 

?.1:.-zl" 
Reduced Temperature ~ 

100 

Pig. 1: Result obtained by 12 laboratories in a round
robin test exercise on a single-glass, selective-absorber 
collector. Data scatter is caused by varying meteorolo
gical conditions as well as measuring errors. 

These data were obtained outdoors using the ASHRAE proce

dure. The reasons for the unacceptable high data scatter 
are both varying meteorological conditions and measuring 

errors. The analysis of the test data made clear that 
different air velocities and the inaccuracies of the py
ranometers were the dominating error causes. 

These facts are immediately leading to the idea of compa

rattve testing. If two collectors are measured at the 

sametime the environmental conditions are the same. If 
one uses the principle of series connection of collectors 
one also avoids the accurate measurement of the flow rate 

and the complicated determination of the specific heat of 

the heat-transfer fluid in cases where other fluids than 

water are used. 

Naturally, one should not expect that results from diffe

rent locations would show less data scatter, however, if 
one used a well-known "reference" collector, the data of 

the collector under test can always be referred tothat 
reference collector. It is obvious that the problern is 

n01·1 shifted to the availability of an appropriate refe

rence collector. 

Fig. 2 sho1~s the scheme of a comparative test loop with 
series connection of reference and test collector. 2) A 



stable, but variable collector entrance temperature is 
obtained by using regulated heat exchangers in the cool
ing water loops. lt is important to note that a regis
tration (not an accurate measurement) of the basic oper
ational variables is still needed, i .e. global irradi
ance, air temperature, col)ector entrance temperature, 

Dala Recordlng 

Tempe-rsture DIUarenCillll .MI 

Collector lnlet Tempereturea 0, 

Ambhml Air Tempareture o", 
Solarlrradlaoco G 

Fig. 2: Scheme of a collector test loop for comparative 
test1ng. Tv10 or more collectors are connected in series. 
The heating up of the loop to a certain operating tempe
rature shall be achieved by solar radiation absorbed by 
the collectors. 

and last not least the air velocity have to be monitored. 
This is necessary in order to know the "Arbeitspunkt" of 
the collector. The only remaining requirement is the ac
curate measurement of the fluid temperature difference 
~vracross the collectors. The use of the mean fluid tem
perature ~ for the definition of the collector effi
ciency is important in this context, since it allo~1s 
also collectors with different areas to be compared. In 
most cases the a rithmeti c mean V = 0. 5 (v + J:") i s suf-m e o 
ficiently precise, otherwise the logarithmic mean tempe-
rature 

_4-- 9- .J -" <J;-J.; 
Vm - Va = o - v/lnlfe - ifi 

has to be taken. 

Fig.3: View of the collector test unit according to the 
scheme of Fig. 2 installed at the collector test field of 
KFA-IKP. 

Fig. 3 shows a technical solution of this principle of 
comparative collector testing. This test unit, as in
stalled at the collector test field of KFA-IKP, is de-
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signed on a modular basis. It consists of a rack allow
ing four collectors tobe connected in series, the pump 
unit, and four individual cool ing-~later-regulated heat 
exchangers in between the collectors. Inlet and outlet 
temperatures are measured v1ith platinum resistors (Pt-
100) and recorded on a 12-channel strip-chart recorder. 
Global irradiance, air temperature, and air speed are 
recorded simultaneously. This collector test unit is 
foreseen to be used by several partner institutes in 
foreign countries which are cooperating with KFA-IKP in 
the fteld of collector testing on abilateral basis, as, 
e.g., University of Ljubljana/Yugoslavia, Universities 
of Joao Pessoa and Porto Alegre/Brasil .3) 

The practical experience with this test unit has shown 
that in view of a reliable and easy operation, technical 
modifications of the regulation of the collector inlet 
temperatures and the temperature difference measurement 
across the collectors are necessary. Fig. 4 shows the 
prototype of a very simple and cheap solution. Here, the 
principle of mixing the warm fluid coming from the col
lector with cooled down fluid from the heat exchanger is 
applied. An electric heater in the hot branch holds the 

Fig. 4: Prototype of a simple and cheap regulation of 
collector entrance temperatures based on the principle 
of mixing cold and warm fluid. 

adjusted fluid temperature also when there is less solar 
radiation and guarantees a quick change of the tempera
ture level. As a mixing valve a usual shower thermostat 
is used. The operational results were encouraging. A 
stabil ity of the collector entrance temperature, 1~ithin 

1.0 K, could be maintained over a broad range of tempe
ratures also under fluctuating solar radiation. In order 
to improve the critical l'IVmeasurement, specifically de
signed Pt-100-based temperature difference amplifiers

4
) 

1·1ill be used in the future. With this improvement we hope 
to reach the goal having on hand a versatile and rela
tively simple and cheap collector test apparatus. 

Pig. 5 demonstrates what can be expected for the practi
cal feasibility of collector testing. This is the result 
of a three days measurement outdoors applying collector 

inlet temperatures of 20, 40, and 60 °C. Here, as a 
measure for the efficiency, the reduced temperature dif

ference l'IV?A: l'lvr= V6- ~ is plotted against the reduced 
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Fig. 5: Typical test result of comparative collector 
test1ng. As a relative measure for the efficiency, the 
reduced temperature difference (~ - tt)/A is plotted 
against the reduced temperature (~ - ~)/G. The thermal 
quality of collectors under test cWn beaimmediately com
nared to the reference collector. 

temperature (ttm- ,Ja)/G. Such a plot immediately gives 
insight into the thermal quality of the three collectors 
under test against the reference collector. In this case, 
the reference collector was a single-glass, blackpaint, 
rollbond-absorber collector. The other collectors were 
all of the double-cover, non-selective-absorber type. It 
is interesting to observe large differences of the maxi
mum conversion efficiency as well as of the thermal los
ses, both due to different construction and material. 
For instance, collectors 1 and 2 have double glass cov
ers, collector 3 has a double plastic cover which shows 
a strongly reduced optical transmissivity after a t~1o 
years exposure to natural weathering. 
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6.2. Thermal Performance of Heat Absorbers 

](, MaP.meyer, R. Posorski 

The outdoor test facilities for heat absorbers as des
cribed in the Annual Report 1g8o1l have been operational 
since June 1g81. Calorimetric measurements concerning 
the useful energy output of absorber plates ~1ere carried 
out tagether with simultaneaus recording of meteorologi
cal data under the seasonal range of weather conditions. 

Fig. 1: View of operating test loops with inclined 
absorber plates (60°) oriented to the south 
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Fi"g. 2~ Scheme of test loops (1-circuit pump; 2-flow 
contrOTler; 3-flowmeter; 4-absorber with circulating 
fluid; 5-absorber in no-flow condition; 6-thermostate 
controlled buffer bath; T temperature sensors). 

Two test loops were supplied with controlled constant 
mass-flow and a constant inlet temperature. 

/ 

Loop I consists of 3 absorber plates connected in series 
with thermal insulation on the rear sides. 

Loop II consists of 2 absorber plates connected in 
series, elevated from the supporting plane 
(14 cm) to allow heat exchange, likewise on the 
rear side of the plate (see Fig. 1 and 2). 

A MADAS system2lwas used for data acquisition. Mean 
values for each parameter were calculated on periods of 
10 min based on instantenaus measurements with a 

sampling rate of 25 sec. 
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Fig. 3: Meteorological conditions and comparison of measured and calculated useful energy output on October 11, 1981 

The all-day performance of an absorber plate which is 
insulated on the rear side is sh01·m together with the 
meteorological parameters in Fig. 3. 

Apart from the measurements on the thermal performance 
of absorber plates a model 3) was developed to simulate 
the heat transfer mechanisms on the absorber plates in 
order to predict their useful energy output under vary
ing weather and operating conditions. 

The model takes into consideration the heat transfer of 

- absorbed global irradiance 
- thermal radiation balance 
- natural and forced convection 
- condensation of Ylater vapour on the absorber surface. 

Time (CET) 0 - 1h 12 - 13h 18 - 19h 

absorbed global irr. (W) I 330 I 
thermal radiation bal. (W) 9 - 29 - 29 
nat. and forced conv. (W) 52 31 89 
condensation {W) 52 16 5 

useful energy output (W) 113 348 65 

Table 1: Contributions of the heat transfer mechanism 
to the useful energy output shoYm in Fig. 3 for three 
periods Ylith different meteorological conditions. 

In its present state the model does not take ice or hoar
frost formation into account. 

In the case of all other operating conditions investi
gated we found an accuracy of ~ 10 % compared with the 
measured results. 
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Future work will deal with heat transfer measurements 
Ylith ice and hoar frost formation as well as the de
frosting performance of the plates. 
At the beginning of 1982 four vertically oriented 
northward facing absorber plates will be connected to 
the fluid circuit shown in Fig. 2. 

Further investigations on all-day performancewill be 
conducted with an inlet temperature showing a constant 
temperature shift related to the ambient air temperature. 
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6. 3, Round Robin Testing of Evacuated Tubular 
Collectors 

H. D. Talarek 

l~hile the basic insight into the useability of collector 
testing procedures was gained from round robin tests of 
flat-plate collectors1l, the testing of evacuated tubu
lar collectors was hoped to verify the maturity reached, 
However, the recent results from round robin testing of 
the evacuated tubular collector (coded as IEA-3) do re
veal a usual too large scatter to be acceptable. The 
collector was tested with a white diffuse reflective 
backboard by 8 laboratories outdoors and by 6 laborato
ries with a simulator. The analysis of the data 1·1as con
ducted in the same way as previously done for the flat
plate collectors. The environmental impact on collector 
performance is expected and shown to be less prominent 
as compared to flat-plate collectors but the data scat
ter is large (Fig. 1). 
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Fig. 1: Efficiency data of the IEA-3 collector 
enclosed by extremes of collector performance. 

The test results with simulators from 6 laboratories 
suggest that again a systematic bias in radiation mea
surements exists between laboratories rather than a bias 
from the calorimetric measurements as the slopes are 
nearly parallel (Fig. 2). This is supported by a compa
rison of heat loss measurements for the IEA-1 collector. 

Summarizing the results from various round robin tests 
it is concluded that a high standard of measuring tech
nique is required for thermal performance testing and 
that a code of practice for the use of pyranometers in 
solar energy application has to be developed in order to 
make the test standards operational .2l 

Nomenclature for all figures: 

Ta = ambient temperature 
Tm = mean fluid temperature 
G insolation 
U = normalizing coefficient 10 H/m2·°K 
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Fig. 2: Efficiency data of the IEA-3 collector 
(simulator) 
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6.4. Pyranometry 

H. D. Talare!< 

As the comparison of thermal performance data of collec
tors has questioned the accuracy of global radiation 
measurements in solar app~ications, an attempt was made 
to resolve the problem into its essential elements: A 
sequence of pyranometer comparisons and recalibrations 
was conducted at three different laboratories. An ini
tial comparison took place in Davos/Switzerland1l, fol
lowed by outdoor and indoor calibrations in Canada and 
in the U . S. A. 2) . 

Figure 1 sh01·1s in a very direct and almost heuristic 1•1ay 
the essential result from the round robin intercompara
tive pyranometer testing. 

The standard calibration practices reveal about the same 
"spectrum" of instrument constants, while systematic la
boratory-to-laboratory discrepancies are apparent. The 
obvious conclusion is that the problem encountered is 
t1~ofol d: 

- The "spectrum" of instrument constants can possibly be 
explained by the characteristics of the particular in
struments. 

- The disagreement between laboratories is possibly due 
to different standard indoor or outdoor calibration 
practices. 

Ratio 

Comparison of I EA-T ASK II I. Pyranometers 
at different laboratories (EPPLEY Model PSP) 

~=~ Comparison!OJI<>S, SWITZERLAND 

~=!ll>,BCSphere colibrelion/Dcmnsview, CANADA 

na~ ~ =NO<IB. oul door colibrelion/Brulder. USA 
(Reference: Pymnometer) 

Instrument 
1 
2 
3 

-1 ;- ~ 

Seriol number OWNER 
EP 1t.ro5 NBS/USA 
EP 1583( BffiAS/SY.EDEN 
EP 16692 LYNGBY/DENMARK 
EP 177!'1J NRC /CANADA 

'(JI 

Ui 
Ui 
101. 
103 
1D2 
101 

--~~~~-~J~~=---L-+~ 
1 2 3 : t. r·s- 6 1 

EP 17823 JUEUCH/F.R.G. 
EP 18918 IFILR/F. R.G. 
EP 19129 DSET/USA 

' ' 
~ : 
' ' L-J 

number of pyronometer 

Figure 1: Calibration constants of Eppley PSP Pyrano
meters (3 laboratories, 3 methods). 

These problems can be eased if 

- the uncertainty of the performance characteristics of 
individual instruments, 

- the diversity of calibration procedures for pyrano
meters practised by meteorological offices, manu
facturers and others 

are diminished. 
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Participants within Task 111 of the IEA project "Solar 
Heating and Cooling Systems" have addressed the uncer
tainty of the performance characteristic by design and 
conduct of an experiment which is to compare the per
formance of pyranometers that are well characterized 
beforehand. This is to test the hypothesis that the 
characterization of an individual pyranometer can be 
used to correct the instrument's reading to achieve an 
adequate accuracy of global radiation measurements. 
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6.5. Heat Output Calculations With Reduced Meteoro
logical Data Sets+) 

H. R. Koch, W. Scheller, A. Pilatte++) 

Systems ~lhich make use of solar energy can be most per
fectly designed using complete short interval meteoro
logical data sets, in which the correlation between the 
various parameters and their time sequence are pre
served. The use of reduced meteorological data sets 
makes the computations easier but the results may be 
less valuable. The subject of the work presented in this 
paper is a study on the precision of the heat output 
calculations of solar converters when different types 
of reduced weather data are used. The collector heat 
output is the energy which is fed into the pipes lead
ing in general to a storage tank. Of course, this enerqy 
does not determine alone the quality of a solar system. 
But the solar converter is, among the components of a 
solar system, the one whose performance is most strongly 
related with weather conditions. The fraction of the 
collector energy which is finally used by the energy 
consumer and which replaces other energy resources this 
fraction can only be computed regarding the interaction 
of all the components of the system and must be the sub
ject of further research. In the present study we have 
computed collector heat outputs assuming in a first step 
the simplest action of the system on the collector: we 
regard cons tant i nl et tempera tures and cons tant fl 0~1 
rates leading to operating temperatures of the collector 
~lhich vary only by some degrees. 

In order to classify the differences which may appear in 
heat output determinations ~1e must have a qual ity scale. 
We have learnt from the round robin collector tests of 
the IEA1) and the Ec2) that the variance of ~-determi
nations is in the order of 5 % for test procedures with 
defined meteorological conditions. Considering these 
differences one may define, of course, somewhat arbi
trarily the follo~ling qual ity scale for the computation 
of the heat output of collectors of long periods during 
which all types of 1~eather conditions may appear: 

deviation 
<10 % 
<20 % 
>20 % 

qual ity 
good 
sufficient 
questionable 

The reference heat output of a collector which is used 
as a standard in the comparison of computed results can 
be obtained through precise measurements or through a 
detailed simulation calculation based on the short in
terval weather data and the physical properties of the 
collector. We may assume that the result of a detailed 
simulation calculation is by far more precise than re
sults of simplified methods provided that the correct 
collector parameters are known. The simulation programme 
used for our work is the COL2 programme of the Facult• 
Polytechnique de Mons. 

The methods of data reduction applied ~Jithin action 3.4 
of the CEC Solar Programme are shovm schematically in 
Fi g. 1. 
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collector 
h e a t 1<4--'---1 

outpul '-----' 
( Q) 

~ Flow diagram for the applied data reduction 
methods. 

The transformation of data sets DO to D1 and D2 is a 
simple integration leading to longer time steps. The 
transformations DO, Dl, or D2 + CFC or REDaremore 
comolex reductions which were described previously (3,4). 
The Cumulative Frequency Curves ("CFC"} are studied by 
the Ecole des Mines in Paris and will not be discussed 
here. The "RED"-function (Radiation Energy Distribution) 
is a simplified version of the MURD-function. The latter 
is applied in S~1itzerland by Kesselring and his cowor
kers5). The method is based on the assumption that the 
collector efficiency ~ is in good approximation only a 
function of the reduced temperature T+ = U0(Tc-Ta}/G 
(U = 10 W/(m2·K}, T = mean collector temperature, Ta 

0 c 
temperature of ambient air, G = irradiance on the collec-
tor plane). The value of the RED-function for a certain 
T+' is the sum of G for all intervals for which T+ falls 
within a slice between T+' and T+'+nT+. For normalization 
this sum is divided by nT+. The collector heat output for 
the period which was used for the computation of the RED
function is given as Q(T ) = E RED(T+} x ~(T+)·nT+, where c 
the summation comprises all T+-slices. This mode of pro-
ceeding· is applicable for fixed collector temperatures 

Tc. 

KWH 
11 

" lii2 month: J uty 
I- RED <l o.a 
""' 300 
~ Q (cottector) 
QJ 

c: 
L.LI 

0.6 

200 

0.4 

100 

0.2 0.4 0.6 o.e 1.0 1.2 
Te= 1 O Tc~ TA 

~ Example of the application of the RED-funcion 
(Tc= 30°, Q = E RED·~·nT+} for the month of July of the 
Belgian Reference Year. The RED function refers to the 
global radiation on a south oriented plane of the slope 

51°. 



Fig. 2 illustrates how Q is derived from the RED- and 
n-curves. It can be shown easily that the same heat out
put is obtained when the most primitive simulation cal
culation is performed using the original data and the 
efficiency n(T+) for each of the intervals of the in
vestigated period: 

Therefore, the applicability of the RED-function can be 
studied through an investigation of the applicability of 
an ef{iciency n which depends only on T+, for all day 
heat output calculations. In the following limitations 
of the n(T+)-concept are briefly discussed, in order to 
sho\~ that a careful study is needed. 

Deviations between n(T+) and the real efficiency are in
troduced through the following effects: 

a) Wind speed. 

b) The efficiency n is only valid for the global 
radiation G fixed in the test procedure. The heat 
lass coefficient usually is given as a = al+a2·öT. 
The coefficient of the quadratic term of the n-curve 
(n = a0ta 1T+ta2·T+2), derived from a depends on G: 

a1 = ai/U
0

; a2 = a~·G/U~ 
This effect vanishes only if a constant heat lass 
coefficient is used corresponding to a linear n-curve. 

c) Radiation incident at angles <45° is overestimated. 

d) The dynamical behaviour of the collector due to its 
heat capacity leads to an overestimation of the heat 
output. 

As discussed before, the value of the RED-funcion concept 
can be deduced from a determination of the all-day vali
dity of the efficiency n(T+). This question has been 
studied in two ways: 

a) Camparisan with Experiment 
For a period of 9 days in August 81, the heat output 
of a flat-plate collector (type: Viessmann Acredal-s, 
2 covers) was measured at JUlich in time steps of 1 
minute· and compared with Q = n(T+)·G. In the terms 
of Fig. 1 we have compared 

+ 
DO EXPQ with D1 +RED~ Q. 

The latter process is equivalent with 
+ 

D1~Q 
for constant collector temperatures. Fig. 3 and 4 
show the results for the 2nd (varying insolation) and 
the 6th of August (permanent insolation). We observe 
in both cases the expected delay of the collector heat 
output when the insolation changes. The deviation of 
5 % in Fig, 4 which is most clearly seen during the 
lang period of constant irradiance at noon is probably 
due to a difference betY/een the rea 1 n(T+) -curve of 
our collector and that we used in our calculation 
which had been determined for this collector type in 
a standard BSE collector test at our institute. We 
could have adapted, of course, easily the n-curve 
according to our measurements. But keeping to our 
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quality scale ~1e can very ~1ell talerate the deviation. 
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Fig. 3: Global radiation on the collector plane (-), 
measured collector energy (---) and computed energy (·· ·) 
Q = n(T+)·G for August 2, 1981, at JUlich. 
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Fig. 4: Same as Fig. 3 for August 6, 1981. 

b) Camparisan with Detailed Simulation Calculations 

1~ 

The energy output of the CEC4-collector (Dru-collec
tor) was determined for the inlet temperatures 10, 
30, and 50 °C using as meteorological input para
meters the Belgian Reference Year (CEC Solar Energy 
Programme). 

The process of data reduction can be described in 
terms of Fig. 1 by 

+ 
D2 + RED~ Q. 

The reference energies were obtained with the help of 
a simualtion calculation. The monthly collector ener
gi es obta i ned Ylith the t~1o methods are gi ven in Fi g. 5. 
The differences amount up to 15 %. 

These deviations are due to effects inherent in the 
method itself, but eventually also to an imperfect cor
respondence of the basic physical parameters which were 
used in the simualtion calculation with the efficiency 
curve n(T+). But, nevertheless, we conclude that for 
fixed temperatures the RED function method yields in the 
average for flat-plate collectors energies with good pre
cision (deviation <10 %). 



KWH mr 
120 

100 

80 

60 

40 

20 

2 4 6 8 10 
MONTH 

Fig, 5: Monthly heat output of the Dru-collector (slope 
~during the Belgian Reference Year. For every in
let temperature the upper curve is the result of the 
RED-function method, the lower was obtained with the 
help of the simulation programme COL2 (Faculte Poly
technique de Mons). 
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IV, TECHN I CAL DEVELOPMENT 

7. ISOCHRONOUS CYCLOTRON 

7 .1. Cyclotron Operation and Improvement 

L. Aldea, H.G. Böge, W. Bräutigam, H. Barsch, 

R. Bringe, R. Fiedler, I. Jannakos, C. Mayer

Böricke, J, Reich, A. Retz, U. Rindfleisch, 

N. Rotert, G. Schlienkamp, H. Schwan, P. Wucherer 

At the end of September 1981 it was a period of ten years 1l 
that the cyclotron JULIC runs in regular operation around 
the clock. For normally 45 to 46 weeks a year the machine 
is operated in 21 8 hours shifts per week with a sche
duled interruption of 11 hours every t1~o weeks for main
tenance and repair. Figure 1 illustrates the operating 
record of JULIC during the past decade. With only minor 

87ffi 

UJ <000 
0:: 
::> 
0 
I 2000 

@ 

~ n n ~ ~ ~ n w n oo 
YEAR 

Figure 1: Operating record at JULIC during the past de
cade: o scheduled Operating time 1!!!1 cyclotron being ope
rational 0 quotient ofrn I D in percent. 

variations during the years about 20 % of the available 
machine time have been used by guests from German and 
foreign universities and other organisations, 10 % by 
other institutes of the Kernforschungsanlage and 70 % 
by scientists of the Institut für Kernphysik for nuclear 
reaction and spectroscopy experiments as 1~ell as for 
beam and apparatus development (typically 6 %). In total 

90 % of the machine time was devoted to basic nuclear 
physics and 10% to isotope production and other applied 
topics. 

The cyclotron time distribution in 1981 is given in 
Table 1. Abriefsummary of some technical improvements 
and modifications is described in the follovting. They had to 
be realized mainly during the regular annual shut down 
period of 7 weeks in August/September. 

1. The exchange of the RF-resonator cooling plates which 
started in 1980 was continued. In difference to the 
elements, which were installed in 1980, we now use 
copper plated Aluminium sheet metal with soft sol
dered copper tubes instead of stainless steel tubes 
to facilitate the realization of the complicated coo

ling platterns. The exchange of the cooling plates 
is intended to be completed as soon as it becomes 
necessary. 

2. To improve stability and reproducibility of the RF 
amplitude first measures have been taken: New ampli
tude pick ups have been installed and calibrated. The 
associated precise RF detection circuits will be com
pleted in early 1982. A specially adapted po11er ampli-
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CYCLOTRON OPERATION 

Cyclotron tuning and 
beam handling 594 h 8.4 % 

-~~~~-QQ_~~rg~~--------------------t&9_llL ____ iülJlJl __ 
Beam time for experiments 5487 h 77.1 % 
-------------------------------------------------~----

Beam development, testing 
new components 411 h 5.8 % 

CYCLOTRON OPERATIONAL 5898 h 82.9 % 

SCHEDULED MAINTENANCE 237 h 3.3 % 

SYSTEM FAlLURES 982 h 13.8 % 

SCHEDULED OPERATING TIME 7117 h 100.0 % 

BEAM TIME DISTRIBUTION 

Guest scientists 1390 h 25.3% 
(U. Bonn, TH Darmstadt, U. Harn-
burg, MPI Heidelberg, KfK Karls-
ruhe, U. Köln, U. Krakau, TH 
München, U. Münster, IPN Orsay, 
u. Tübingen) 

Scientists of KFA 616 h 11.2 % 
(excluding IKP (ICH1-IME,-IRA) 
Scientists of IKP 3481 h 63.5 % 

Beam time for experiments 5487 h 100.0 % 

Table 1: Cyclotron time distribution in 1981. 

fier for the control of the series tube in the RF 
p01~er supply was installed to allow the implementation 
of several superposed regulation loops. This is a 
first step on the vtay to improve the ripple suppres-
s i on as we 11 as the 1 ong term stabil ity of the RF 
ampl itude. 

3. Extraction elements have been readjusted and modi-
fied for better external beam quality and increased 
intensity. The compensated iron channels have been re
adjusted on the base of actual magnetic fields. The fo
cussing channel is now completely water cooled and 
carries the diaphragms defining the trajectory for 

minimum beam distortion (see chapter 7.2.). Both ele
ments have been equipped with graphite shielded high 
power entrance and exit diaphragms for increased beam 
i ntens ity. A fi e 1 d mappi ng 1~as taken in the reg i on of 
the septum defl ector to a 11 ovt a check of the actua 1 
septum geometry. 

4. In a several vteeks procedure all magnetic elements of 
the beam line in the cyclotron vault have been preci
sely readjusted to within ±0.1 mm some adjustments 
turned out to deviate by up to 1 mm. The bending mag
nets had to be disassembled to get access to the mag
netic reference marks on the pole faces. Now adjust
ment targets are mounted on top of the magnetic ele
ments in the cyclotron vault to facilitate routine 
checks and the future modifications of the beam hand
ling system (see chapter 7.5). 

5. The new microprocessor controlled emittance measuring 
device has been installed at the cyclotron in the shut 

dovm time and meam~hile undergone first in-beam tests 
(see also chapter 7.4). 



6. The strength factors of the quadrupole magnets along 
the line to the spectrograph BIG KARL have been deter
mined more accurately by using the cyclotron beam 
producing different focus conditions at the various 
viewing screens and the according TRANSPORT calcula
tions. The strength factors (in kG/A) are based on 
actual magnet current values provided by the data 
logging system (see chapter 7.3). The tuning of the 
beam line to the spectrograph BIG KARL has been im
proved a step further by this. 

7. Specially deviced NMR-Gaussmeters, VICKSI type beam 
profile monitors and multipurpose beam probes (for 
viewer,. stop and object plunger) as nearest as pos
sible to the intermediate focus locations are in 
preparation to further facilitate the tuning of the 
beam line. 

In close contact especially to our users from the uni
versities in the state NRW intentional plans for the 
further improvement and extension of JULIC have been 
discussed. The goal is to achieve single turn extrac

ti on for i mproved beam qua l ity 1·1i th the light i ons and 
to extend the energy range from now 22.5 down to approxi
mately 5 MeV/A for the ions being available with ISIS 
( see also chapter 7. 7) in the future. These p l ans a re 
mainly basedon a completely new design of the RF-system 
~1ith 3 decoupled resonators excited by 3 separately driven 
RF-amplifiers. This would allow the operation of the 
resonators with either 0 or 120° phase shift at stabili
ties improved by at least one order of magnitude. In 

turn this is the presupposition for multiharmonic mode 
acceleration (necessary for the extension of the energy 
range) and for the single turn extraction. So far the 
external beam injection for the harmonic modes h = 2, 3 

and 5 has been investigated in more detail (see chapter 
7. 6). 

Prior to any realization of these plans comes the mo

dernization of the beam line to the spectrograph BIG 
KARL. The ion optics for a modification of the double 
monochromator to produce a variable di spersion at l o~1er 
level and as much as telescopic behaviour as possible 

has been worked out (see chapter 7.5). 
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7.2. Check of the Ion Optics of the Focussing Channel 

L. Aldea, R. Brings, R. Fiedler, J. Reich. P. 

f/uaherer 

The exctraction1•2l from the JULIC-cyclotron starts with 
a 20°-electrostatic deflector in the first part of a hill. 
In the following valley a totally screening compensated 
iron channel separates the extracted beam so effectively 
that the beam leaves the pole face at the end of the same 
valley. At this point a focussing channel is needed to 
compensate for the strongly defocussing and overfocus
sing action of the fringe field in the tv/0 planes, res

pectively. Fig. 1 shov1s a plan view of the channel (la
bels 1-4) and tagether with a pair of steering magnets 
( labels 5-6). 

20cm 
=-

Figure 1: Plan view of the focussing channel tagether 
with a pair of steering magnets (for further explanation 
see text). 

The channel had to be arranged inside the return section 
of the trim coil windings (label 7) where the vertical 
aperture is limited to 4.8 cm. It consists of a horizon
tally defocussing iron piece (1) followed by a focussing 
one (2). The cross section of the iron pieces (see insert 
of fig. 1) was the result of field measurements in a model. 
The design aim was to get a linearly variing magnetic field 
perpendicular to the nominal orbit in the channel for a 
wide range of valley fields (0.25 to 0.7 T). The scaling 
factor of the used model, however, was too large (7.3) and 
the iterative field measurements very cumbersome. The op-
t i ca 1 qua 1 i ty of the actua 1 focuss i ng channe 1 v1as there

fore doubtful. 

To check the ion optics of the actual focussing channel 
half automated field measurements have been performed for 
different field settings and channel positions at the 
cyclotron. The readings of 3 Hall probes mounted on one 
support travelling along the axis of the channel were fed 
to the PDP11/34-computer at the cyclotron and after de

bugging and smoothening transferred to the central compu
ter. By means of the orbit integration code SOTRM3) an 
appropriate bundle of 30 particles around a reference 
trajectory 11ere integrated through the smoothed field maps. 
The 30 particles represent the total phase space as it is 
known from external emittance measurements and theoretical 
aspects. 1) 

The reference trajectory starts at point (®) \•lith the Co

ordinates (x,a) measured against the channel axis (see 
fig. 1) in the horizontal plane. To find the referencP 
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trajectory for minimum distortion of the bundle a routine 
was coupled to the code SORTM to find the minimum of the 

function (x101 - xLIN)/xLIN in the (x,a) space. x1 is the 
vector length corresponding to the bundle at the end of 
the field map as a result of the direct integration 
whereaus xLIN refers to the vector length calculated from 
the linear transfer matrix, 11hich in turn is evaluated at 
the same time by the code SORTM. Fig. 2 gives a represen-
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Figure 2: Representation of the minimum in the distortion 
of a bundle of rays after traversal of the focussing 
channel at- 0.70 T and ---- 0.26 T valley field (see text 
for further explanation). 

tation of the described function in x and a for the two 
extreme field levels. They fall within 1 mm and 0.1 
degrees onto the same location. Fig. 3 shows a typical 

-20.-----~~~~.---------------~ 
E 
E 

X 10 

0 

-10 

-20+------U~--~~~----~--~--~ 
0 200 L,OO 600 

S(mm) _____________________ ____~ 
Figure 3: Horizontal envelope of a bundle of rays for an 
em1ttance EX=Ey= 6.4 rr mm•mrad at a valley field corres
ponding to 78 MeVdeuterons tagether with the collimator 
set to minimize beam distortion. 

bundle envelope. The envelopes for the other field levels 
are the same within less than 2 mm. The collimators 
inserted according to this investigation are shown as well. 
(The collimator in the middle only protects the channel 
in case of severe misalignments.) To avoid transmission 
losses the diameter of the first and third collimator has 
been made 3 mm larger than the mean taken from burned foil 
measurements in the past. To account for Variations of the 
actual reference trajectory at the entrance of the channel 
in the operating range the focussing channel can be 
positionned in the horizontal plane (see label (4) in fig. 1) 

This investigation shows that the optics of the focussing 
channel are sufficiently 1 inear and vary only 1 ittle vlith 
the magnetic field level as long as the reference trajec
tory is held within the presented limits by inserted colli
mators. 
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7' 3. The Data Logging System at the Cyclotron 

R. Bl'ings, G. Sahlienkamp 

Ta improve the parameter setting and reproducibility at 
the cyclotron and the beam handling system a data log
ging system has been built up after the initialization 
of a PDP11/34 computer 2 years ago. The monitaring and 
check of parameters is based on the measurement of actual 
values. 

The main component of the system (see block diagram given 
in figure 1) is a combination of an analogue multiplexer 

-j-"j·· ''' '' '·-"1-'1· ,_:1-1"' ... ·-7-1 
ANALOGUE MULTIPLEXER fl. p 

RF FREOUENCY 0 

COUNTER "' 0 
0 

CYCL. " NMR 
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s 
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c R 
c CRATE I 

t 

Figure 1: Block diagram of the data logging system at the 
cyclotron, 

and a digital voltmeter (Fluke scanner 22D4A and DVM 8502 
with DC-option). In these devices microprocessors direct 
the different measurement cycles and their sequency, res
pectively. The Fluke system is controlled by the PDP11/34-
computer at the cyclotron using the serial interface 
"RS 232" of the micro processors and serial asynchronaus 
8 bit-CAMAC-modules, Data from the Fluke system are re
ceived by a special inline CAMAC interrupt service rou
tine written by our data aquisition group. 

A total of 115 analogue signals are handled at present. 
They are derived from 70 shunts reading either trim coil 
or magnet currents (28 at the cyclotron, 42 at the beam 
handling system) potentiometers setting nominal values 
and from Pt IOD-elements reading temperatures. The 70 
shunts reading trim coil and magnet currents have been 
built, calibrated and installed to function independantly 
from the individual power supplies. 

Among the digital signals the actual values of the cyclo-
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tron frequency and the cyclotron magnetic field (via NMR
gaussmeter) arered using a 24 bitparallel CAMAC input 

module. 

The block diagram of figure 1 also gives the present hard

ware configuration of the PDP11/34-computer which runs 
under the control of the multi-user executive RSX-11M. 

Ta have the full benifit of the data logging system much 
more further soft\vare work has to be done especially for 
parameter calculation and interpolation, parametercheck 
and optimization (e.g. for the isochronaus field1)) as 
~1ell as for a clearly arranged data protocol. 

Reference 
1) J. Linz, IKP-Annual Report 1977, Jül-Spez-15 (1978) 
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7 .4. The New Emittance Measuring Device 

R. Brings, P. fiuaherer 

The former emi ttance meas uri ng devi ce (EMD) 1) ~1as not 
suited for computer control, The ne1·1 EMD (see fig. 1 and 
fig. 2, section A) consists of a set of a slit (SL) and a 

Figure 1: Slit and harp of the emittance measuring de
vice (EMD). 

harp made out of tungsten wires (PG) for the horizontal 

(x) and the vertical (y) plane. The drift beb/een the 
corresponding slit and grid locations amounts to 2.4 m. 
Each harp carries 13 tungsten wires of 0.5 mm diameter. 
The slits are 1 mm wide. In the horizontal harp (PGX) the 
wi res are 1. 2 mm apart from each other whil e for the ver
tical harp (PGY) the wire separation is 2.4 mm. Ta mini
mize cross talking the wires are arranged at the corners 
of an equilateral triangle. The harps can be set to inter
mediate positions, which can be chosen nxD.2 mm (n=1,2,3,4) 
apart from each other, in case a higher resolution than 
given by the wire distance is required. The slits (SL) and 
the harps (PG) are moved by 1.8°-stepping motors. 

Ta complete measuring cycle consisting of the positionning 
of the selected system x or y, the start of the autoranging 
beam current amplifiers and the integrators, the switching 
of the analogue multiplexer, the read out of the 12 bit 
ADC as well as the storage of the measured data into the 
RAM is controlled and handled by a microprocessor (8085, 
see fig. 2, section B). The 1/U-converter for the beam 
current signals on the harps can be switched to 4 diffe
rent ranges ( up to 1 nA, 10 nA, 100 nA and 1000 nA). Ta 
keep the signal cables as short as possible all measuring 
and control electronics is located underneath the beam 

line at the cyclotron exit. 



COUPL. 

90m 

Figure 2: Block diagram of the EMD hard1·1are (A) slits 
and harps with driving mechanism (B) analogue elec
tronics and stepping motor drives (C} microprocessor and 
mannual control (D} data evaluation and display. 

The devices for remote control (see fig. 2, section C} are 
installed in the cyclotron control room. Between the two 
locations only digital signals are transmitted in a safe 
way by opto couplers. The microprocessor is connected 
serially to the PDP11/34-computer which is used 
for the remote control as well as the evaluation and the 
display of the measured data. There is only a simple 
mannual control for fault events available. 

The system as it is described above was manufactured by 
NTG Gelnhausen2) according to our specifications. The 
system has undergone extensive acceptance tests which 
brought about hard- and software modifications. The 
system has been installed at the cyclotron in 1931 
during the last shut down time. The electronics had 
to be adjusted and has undergone trouble shooting in 
great detail. Firsttest measurements with beam have 
been performed by the end of the year. 

Parallel to this the basis software v1as performed on the 
PDPll/34 which runs \'iith the multiuser system RSX-llM/V3.1 
For the data transfer to the micro processor therefore a 
high priority privileged subtask in assembler3) had tobe 
installed by our software group. Data and status informa
tions are stored in a memory common. An overlay structured 
FORTRAN task uses this front end driver (fig. 3, sect. A). 
This task is suitable to generate test data, to manipulate 
the rough data and for trouble shooting. A first user ver
sion of this task allows for the selection of prepared in-
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Fi~ure 3: Block diagram of the EMD software (A} control 
so tware (B) data evaluation software (C} data display 
software. 

put data sets. lnitialyzing, check, measurement, data trans
fer, preparation and storage on a disk are performed auto
matically. First data sets' have already been measured but 

no emittance has been evaluated and displayed so far 
because the according softv1are (see fig. 3, sect. B and C} 
is not yet ready. 

References 

1} J. Bojowald, H. Barsch, W. Kuhlmann, A. Retz, Proc. 6th 
lnt. Cycl. Conf. (Vancouver, 1972} p. 401 

2} GSI-PB-3-74 
3} J. Siefert, B. Siefert, IKP-Annual Report 1980, KFA, 

Jül-Spez-99 (1981} 166 



7. 5. On the Modification of the Double Monochromator 

J. Reich 

The design of tne present Jülich double monochromator1) 
(see fig. 1, upper part) was completed in 1967. The de-

1
1 

A012 
A011 

DAS1 

DAS2r 

A021 
A022 

Figure 1: Layout of the present (above) and a modified 
double monochromator system (belo~1); AM analysing mag
nets; AQ quadrupole magnets; IS intermediate slit; 
OS dispersive slit; AS achromatic slits; ASB slit for mo
dified achromatic mode; DAS dispersive and achromatic 
sl it. 

dign aim at that time was to achieve a very high momentum 
reso 1 vi ng po~1er characteri zed by the quoti ent of momentum 

dispersion/magnification D/M tobe more than 30 cm/% at unity 
magnification. This 1vas achieved by incorporating radially 
defocusing quadrupole singlets AQ1,2 within the inlet and 
outlet slits DS1,2, respectively, into the design, The 
system is pointsymetric with respect to the inter
mediate slit IS, the location of a horizontal cross over 
in the dispersive mode of operation. For the single achro
mati c mode of operation bet~1een the s 1 its AS1 ,2 the beam 
is focused onto slit AS1. The double monochromator came into 
operation at the beginning of 1972. 

The essential features of the spectrograph BIG KARL 2) 1·1ere 
worked out in 1972. His D/M-value was designed to be 
20 cm/% momentum with a dispersion of 17 cm/%. The matehing 
design between the spectrograph and the cyclotron3) ~las 
finalized in 1975 and considered a single achromatic mode 
at a lo1·1 D/M-value of 11 cm/% momentum (~1ith inlet slit ASB, 
see fig. 1) besides the high dispersive mode· for high 
transmission bet1veen cyclotron and spectrograph. It 
was in 1976 that it was noticed that the spectrograph 
BIG KARL had the built in feature of a variable dispersion. 
Since the first operation of BIG KARL at the beginning of 

1979 this feature turned out tobe most valuable for the 
different experiments in the spectrum between high reso
lution and large momentum range requirements. 
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Ta discuss the present situation and future modifications, 
we have to know that in first order ion optics a transfer 
matri x Ri j of an i an opt i ca 1 sys tem trans forms the coor
dinates of an incoming trajectory denoted o into the coor
di nates of the correspondi ng outgoi ng trajectory denoted 
1 in the fo 11 o~li ng way 

( 1) 

x, 8 and y, ~ are the spatial coordinates of a trajectory. 
~ represents the longitudinal and 8 = np/p the momentum 
deviation of the corresponding particle ~1ith respect to 
the reference particle. 

If ~1e now consider the transfer matrices for the present 
dispersive and single achromatic modes in the positions 
(1) and (3) of table 1, respectively, same drawbacks be
come evident. There are many off-diagonal element which 
are non zero (besides the coefficient R16 = D as desired 
in the dispersive mode). This fact transfers more non avoi

dable fluctuations of the cyclotron beam than in case they 
are zero. Since any coefficient Rij and its derivative 
shows up in the formulas for the second and higher order 
aberration coefficients4) this might result in more second 
and even higher order effects, especially if the system is 
not tuned as perfect as pass i b 1 e to fi rs t and second order 
as it happens in real life. Especially the non zero angular 
dispersion R26 causes a change of the horizontal beam en
ve 1 ope in the subsequent sys tem wi th any change of the mo

mentum. For the main matehing requirement the dis
persion at the target must be 

OB = - (D/M)s (2) 

~1here B denotes for beam line and S for spectrograph. 

(D/M)s is variable typically beü1een 0 and 20 cm/%. Ta cope 
with this situation there are only 3 constant (D/M) 6-
va 1 ues a va il ab 1 e from t,he doub 1 e mono eh romator 0, 11 and 
32 cm/% where only the last value is connected with a clear 
momentum analysis by slits. Referring to equation (2) this 
means that the subsequent beam line has to supply a mag
nification variable in a wide range at the target. This has 
turned out to be cumbersome ~Ii th respect to beam 1 i ne 
tuning and also disadvantageaus since the size and diver
gence of the monochromatic beam changes at the target. 

Clearly, the design aim for a modification of the double 
monochromator should be to supply a variable (D/M)-value 
~Ii th a c 1 ea r momentum ana lys i s by s 1 its and a trans fe r 
matrix which has all unwanted off diagonal elements as 
zero or as small as possible and the diagonal elements 
staying constant and unity. The latter would mean that the 
ion optics of any subsequent system bet~1een double mono
chromator and target have not to be changed in case of 
dispersion matehing with different dispersions at the 
target. 



"' MODE TRANSFER MATRIX BEAM SIZE 

Dl SPERS IVE 1.05312 -0.00010 -o.ooooo -o.ooooo o.o -31.92091 0.168 CM 
13.42805 Oo94833 o.ooooo -o.ooooo o.o -216.12692 12.141 MR 

1 DSl-fPDS2 o.ooooo o.oocoo -o.e3o7s -0.01076 o.o OoOOOOI Oal54 CM 
-o.oouoz -o.ooooo 16.23738 -o.<;S340 o.o Oo00008 1!.566 MR 

PRESENT -20.10275 -3.02924 -0.00001 OoüOOOO 1.ooooo !!:2.331187 38o582 CM q.o o.o o.o o.o o.o loOOOOO Oo005 PC 

DISPERSIVE I o OUOJO o.ouooo -o.ooooo -o.ooooo o.o -14.54050 0.088 CM 
-o. ooooo t.ooouo o.oooo1 -o.ooooo o.o Oo00002 12.732 MR 

2 DAS1-+DAS2 -o.ooooo o.ooooo -1.00000 0. 00000 o.o Oo00002 0 o1 80 CM -0.00001 -o.ooooo -0.00008 -I. 00000 o.o Oo00009 3o531 MR 

MODIFIED o.ooooo -1.45405 -u. oooco o.ccooo loOOOOO -2.99886 18.513 CM o.o o.o o.o o.o o.o 1o00000 o.005 PC 

ACHROMAT! C -0.97784 o.ooooo -0.00000 o.ooooo o.o -0.09236 0 Q 159 CM 
11.58220 -1.02267 -o.ooooo -o.ooooo o.u -114.07195 9.631 Mk 

3 AS1-'ii'-AS2 o.ooooo -o.ooooo -0.21489 0 • .3452.5 o.o -0.00001 0.680 CM -0.00001 o.ooooo -2.70434 -o.teooa o.o CoCU009 0.971 MR 

PRESENT -11.26133 Üo00945 -o.ooooo o.ooooo 1.00000 52,33467 4.331 CM 
o.o o.o o.o o.o o.o 1.00000 Oo075 PC 

ACHROMATIC 1o00003 o.ooooo o.ooooo -o.ooooo o.o -o.oooo2 Oo050 CM 27.82735 1.00003 OoU0001 -o.ooooo o.o -Oo00027 12oß0d MR 

4 DAS1-+DAS2 Oo00001 o.ooooo -1.00000 -o.ooooo o.o o.ooooo o.tao GI 
Oo00002 o.ooooo o.oouoo -!.00000 o.o -0.00003 Jo531 MR 

MODIFIED -0.00003 -o.ooooo -o.ooooo -o.ooooo 1.00000 -2.99882 0.225 CM 
o.o o.o o.o o.o o.o loOOOOO o.o75 PC 

Table 1: Transfer matrices and half beam size for the present and a modified double monochromator working in 
dispersive and achromatic mode. 

To come to a much more favourable solution, which requires 
minimum effort, in each half of the double monochromator 
any component has been arranged completely mirrar symme
tric with respect to the center of the bending magnet AM 
(see fig. 1, lower part). 2 quadrupole doublets have been 
incorporated. The location of the optical axis for the in
coming and outgoing beam of the double monochromator was 
left unchanged. Hith only two quadrupole parameters being 
varied (AQ11 = AQ14 = AQ24 = AQ21 and AQ12 = AQ13 = AQ23 = 

AQ22) the solutions for a dispersive and a double achroma
tic mode as displayed in position (2) and (4) of table 1 
have been worked out using the code TRANSPORT 5). At least 
3 other not as favourable dispersive or achromatic solu
tions using other optical mode combinations in half the 
system have been found for again 2 free parameters. They 
could be used to check out the ion optics of the system 
wi th the beam . s ta rti ng wi th the i dea 1 so 1 ut i on in the d i s
persive case, which delivers a very convenient (D/M)-value 
of 14.9 cm/% momentum, the (D/M)-value can be varied between 

13 and 26 cm/% by releasing 3 parameters: AQ11=AQ21, AQ13 = 
AQ23 and AQ14=AQ24. In the described range of D/M-values 
the nondesired off diagonal elements stay at very reaso
nably low values. The vertical beam size is belol~ 24 mm 
in the magnets AM for all above discussed cases. 

Hith respect to a hardware solution the calculation al
ready used the parameters of the air cooled quadrupole 
doublets most abundant at the cyclotron 1~hich turned out 
to be almost sufficient. 3 doublets of this type are found 
for instance in the beam line between the double monochro
mator and the spectrograph whtch should be interchanged 
by larger aperture doublets to enhance the transmitted 
momentum bin. 
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7.6. Design of a RF-Center Region for Multiharmonie 
Mode Operation 

L. Aldea, J. Reich, P. f/ucherer 

Our users developed a strong demand for energies outside 
the present operating range of 22.5 to 45 MeV/A. Espe
cially, an extension from 22.5 down to 6 MeV/Ais desired 
for nuclear spectroscopy experiments. This demand could 
in principle be met by providing a multiharmonic mode of 
Operation at a somewhat extended frequency range. One 
solution to this, presently in discussion, would mean to 
decouple the three Dees, drive them separately and to 
provide a 120° phase shi ft between every two Dees. The 
technical problems related to the multimode operation have 
not been investigated in detail so far. Nevertheless, the 
initial solutions to the necessary RF-center modification 
\ 
for h=5 and h=2 harmonic operation have been investiga-
ted. The h=5 mode is necessary to provide l01ver energies. 
At the same time it would extend the range of charge to 
mass ratios Q/A of ions, which can be accelerated, from 
1/3 at present down to 1/6, a most favourable circumstance 
for the acceleration of heavier ions as in progress with 
the project ISIS 1). The h=2 mode 1·1ould push the H+ and 
3He 2+ beam ener~ies towards the focusing or the bending 
limit, respectively. The focusing limit in the smooth 
approximation for vz=O is E/A%100 MeV/A, while the ben
ding limit is given by E/A=180(Q/A) 2 MeV/A for JULIC. 

The method of calculation and the fitting procedure were 
as already described2•3) except that an appropriate 120°
phase shift \vas appl ied between every t\•10 Dees. The basic 
philosophy in the designwas to reach as early as pos
sible nearly scaled orbits referring to the h=3 mode and 
to use the same inflector. Table 1 compares the essential 

Parameter Type h = 2 h = 3 h = 5 

Rout (cm) free 2.6 3.2 4.3 

Rin (cm) result 1.7 2.1 2.5 
$o(oRF) free -74 -103 -95 
ll~0 ( 0 RF) fixed 40 40 40 
ll~( 0 RF) result 32 10 20 
Ac(cm) result 0.04 0.03 0.05 
Ai(cm) result o. 27 0.26 0, 32 

Table 1: Essential parameters and results for different 
harmonic modes. Rout radius \vhere beam leaves the in
fl ector; Ri n radi us ~1here beam enters the i nfl ector 
(axis of vertical beam line); ~0 starting phase, 
i\~0 starting phase ~1idth, ll~ resulting phase width after 
the 25th gap; Ac, Ai coherent and incoherent beam ampli
tude calculated for the 4th revolution, 

parameters and results for the h=2,3 and 5 harmonic modes. 
The phase width i\~0 at the inflector exit was held con
stant assuming constant efficiency of the beam line bun
cher system, The resulting starting phase ~0 for h=2 and 
h=5 is larger (particles start later) and therefore the 
bunching effect (phase compression) of the first gaps is 
weaker and consequently the phase width, ll~, after the 
25th gap is larger. 

Even all01ving for bad centering in the fit the position 

(compare Rout in table 1) 1·1here the beam leaves the in
flector could not be held constant for the different modes. 
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Consequently, the location of the axis of the vertical 
beam line also changes (compare Rin in Table 1). 

Figure 1 sh01vs the beam envelopes in the median plane up 
to the 3rd gap for the three different harmonic modes. 

DUMMY 
DEE -· -· DEE 

2cm 

Figure 1: Beam envelopes up to the 3rd gap starting at 
the i nfl ector ex it together v1i th the varyi ng fi rs t gap 
geometry for different harmonic modes ( .... , h = 2, 
--- h = 3, -·- h = 5). MC = machine center. 

Each beam envelope results from the calculation of 27 
orbits starting v1ith 3 different RF-phases at 9 different 
locations in the horizontal beam emittance (see ref. 3 
for more details). 

The figure demonstrates that with respect to the RF-cen
ter region only a kind of puller change would be necessary 
for a mode change, \•lhereas a comp 1 ete i nterchange of the 
yoke insert ~10uld be necessary for the beam 1 ine prior to 
inflection. 
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7. 7. Status of ISIS 

H. Beuscher, C. Mayer-Böricke and J. Reich 

The project ISIS1) (_lnjektion ~chwerer _lonen nach EZR-
2tripping: lnjection of heavy ions after ECR-stripping) 
was finally approved by the associates of KFA in Novem
ber 1981 after a detailed project description 2) was 
turned in in spring. Therefore the superconducting mag
net structure of the ECR-source3) could be ordered 
in January 1982. The chosen bi dder had 1·10rked out a 

precise study in close cooperation with the IKP which 
determi ned the final pa rameters of the magnet sys tem. 

A small and inexpensive ECR-plasma device for 2.45 GHz 
has been hooked up and has turned out already to be 

valuable to learn the techniques associated vlith micro
\•laves, plasma formation, and beam extraction (see chap
ter 7. 8). 

For the beam handling and axial injection system4) a 
special magnetic lense which shall substitute the einzel 
lense in front of the hyperboloid inflector has been 
designed (see chapter 7.9) as well as the different types 
of solenoids in the horizontal and vertical beam line. 
The insert carrying the vertical beam line is under 
mechanical design. A preliminary study of the beam be
haviour in the strong fringe field of the ECR-source has 
been made. 

For the design of the RF-center region5) detailed numeri
cal orbit calculations have been finalized (see chapter 
7.10). They used electrical field distributions resul
ting from three dimensional relaxation calculations. The 
results ascertain the beam behaviour derived in an 

analytic orbit calculation procedure, especially the 
proper axial focussing, during the first gap transi

tions. 
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7.8. An ECR-Plasma Device at 2.45 GHz for Test Purposes 

H.-G. Mathews, H. Beuscher, R. Fiedler 

Since the beginning of 1980 an ECR (Electron Cyclotron 
Resonance) source for fully stripped heavy ions for JULIC 
is under development. Parallel to the design and construc
tion work for the ISIS ECR source 1) a small and fairly 

cheap version of an ECR source was set up during 1981. The 
reason for this PRE-ISIS-Source was to get some experience 
in microwave techniques, creation and diagnostics of an 
ECR-plasma, and the extraction of multiple charged ions 
from a plasma surface. In May 1981 the first ECR-plasma 
could be created in a magnetic mirror field of about 
0.1 Tesla by microwave injection at 2.45 GHz. The instal
lation of a permanent hexapole magnet between the two 
mirror coils completed the magnetic bottle structure for 
a hot ECR-plasma stage in July of the year. Fig. 1 shows a 
photo of the plasma confined by the B-minimum field bet
ween the hexapol bars in the center of the vacuum chamber. 

A schematic drawing of the whole source is given in fig. 2 
tagether with the magnetic field along the source axis 
(z-axis). The radial field shape of the permanent hexa
pole and the superimposed hexapole and mirror field at 
z=O are also shown in fig. 2. The magnetic mirrar field 
i s generated by b1o so 1 enoi ds mäde of \'Ia tercoo 1 ed copper 

-2 pipes, normally run with a current density of 10-12 A mm 
The maximum field is about 1.3 kGauß. The mirrar ratio is 

2.45 GHz 

PERMANENT 
HEXAPOLE 

PTFE -WINOOW 

Figure 1: Photograph of the confined ECR-plasma partly 
masked by one of the hexapole bars. 

variable from 1.3 to 1.7 by changing the distance between 
the tv1o coils. The hexapole magnet consists of six quadra
tic copper profiles filled with oxid ceramic magnet pie
ces of 10x10x5 mm size. Each hexapole bar has a cross 
section of 11x11 mm and a length of 15 cm. The inner 
diameter of the hexapole is 5 cm with a pole tip field 
of 1.36 kGauß. The hexapole is mounted inside the vacuum 
chamber of the source. Because of the good vacuum proper
ties and heat stabil ity of the magnet pieces there \•las no 
need for capsulating or extra cooling. The microwaves are 
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Figure 2: Schematic drawing of the source including the axial and radial magnetic field distribution. 
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injected through a PTFE-~1indo~1 in a direction perpendicu
lar to the source axis. The micro~tave frequency is 
2.45 GHz, being delivered by a 500 \~ magnetron; the cor
responding magnetic field for ECR is 875 Gauß. The plasma 
chamber is pumped by a 360 1/s turbomolecular pump to 
some 10-6 Torr, while the region of the ion extraction 
system is pumped by another turbo pump having a pumping 
speed of 120 1/s. The gas flo~1 into the source is typi
cally between 3 and 10 cm3 per hour. For ion extraction 
from the source, the plasma chamber can be put to 5 kV. 
The extraction system consists of two electrodes 1~ith 
Pierce geometry. The extraction bore is 6 mm in diameter. 
The beam leaving the source can either be measured on a 
faraday cup or - after momentum separation in a 45°-di
pole magnet - on a wire 2 mm in diameter at a distance of 
1.34 m from the source exit. 

Fig. 3 gives a typical spectrum of nitrogen ions at 
4.3 kV extraction voltage. Charge states up to N5+ have 

N4' 
N+ 

Hj cJ' 
H; 

c4' o4' 

Hp' 

c' 

Figure 3: Spectrum of ions extracted from an N2-ECR-plasma. 

been observed. The transmission of the beam line has been 
measured for iie+ at 4.3 keV tobe 15 %. Under the assump
tion of constant transmission for every mass and charge 
state, the ion charge states noted in table 1 have been 

1+ 2+ 3+ + 5+ 6+ 7+ 8+ z 4 

1H + 170 11A + 14,5 11A 30000 - H2: - H3: -
2H 16400 - - - - - - -

r:rHe 61500 1300 - - - - - -
114N 13500 2500 160 12 0.8 - - -
r4~r 8200 ! 9800 3830 970 a85 35 4 0.7 

Table 1: Ion currents in nA extracted at 4.3 kV. 

extracted with the given intensities at 4.3 kV extrac
tion voltage. 

The intensities for protons, deuterons, 3He and ~-par
ticles encourage to use the device not only for test pur
poses but also as an external light ion source for the 

cyclotron after some further upgrading (i .e. better va
cuum, bigger extraction hole, higher extraction voltage). 

With a net power of 30-50 W and a vacuum pressure of about 
8·10-6 Torr the source works best for higher charge states. 
With increasing microwave power the plasma contracts and 
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x-rays are emitted through the 4 mm steel walls of the va
cuum chamber. Fig. 4 sho1•1s two x-ray-spectra measured with 
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Figure 4: Two X-ray spectra emitted from the ECR-plasma 
for different microwave-po~ter absorption. The spectra are 
not corrected for the detector efficiency and the absorp
tion in the material in front of the detector. 

a Si{Li)-detector through a 2 mm plastic ~lindow in the 
plasma chamber. As can be seen from the x-ray-spectra the 
energy of the plasma electrons strongly increases with the 
mi crowave po~1er. But i t has turned out, tha t the i ntens i
ties of higher charge states decreased remarkably when in
creas i ng the mi cro~tave power much above 30 W in th i s case. 
The decrease is mainly due to the reduced ionization cross 
sections at high electron energies. 

The emittance of the total nitrogen beam from the source 
was measured with a slit-wire system at 47 cm behind the 
extraction hole. With a total current of 45 11A 90 % of 
the ions were found within a phase space of 
E = 0.96 ± 0.28 IT cm rad ev 112 (see fig. 5). Emittance 
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Figure 5: Emittance of the source. 

measurements will be further continued with the different 
charge states after momentum separation. 

In 1982 it is planned to test the source with double ECR 
frequency and magnetic field. An injector stage for the 
source is under construction. 

Thanks to the Bonn cyclotron cre~1, i .e. K. Euler and H.D. 
Rasendaal for their support concerning the emittance meter 
and dipole magnet. 
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7.9. Design of a t~agnetic Lens for ISIS 

R.K. Bhandari 

The axial injection system1) for the project IS!S at 

JULIC utilizes a hyperboloid type inflector2) in order to 

inflect the ions into the median plane of the cyclotron. 
If the trajectories are traced back from the exit of the 

inflector for v = 1 and an emittance of 160 · n mm mrad r 
it is seen that a divergent beam emerges out with a di-

vergence of, as much as, ~ 100 mrad. In order to accommo

date such a beam in the axial hole it is evident that a 
strongly focussing lens should be placed as close as 

possible to the inflector. It turns out that this lens 
has to be a compact device. Therefore, we have chosen to 

use a spherical lens. The electrostatic einzel lenses, 
specially at this location, should be avoided because of 

their expected unstable operation due to penning dis
charge. We have, hence, decided to use a magnetic 'elec

tron type' lens. The magnetic lenses introduce rotation 
01 1) of the beam which, however, can be taken care of eas1 Y . 

Their operation is much more reliable. 

Figure 1 shows the sketch of a usual symmetrical magnetic 
lenso A lens in the axial hole of the cyclotron should be 
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Figure 1: Sketch of the magnetic lens. 

made very compact in the lateral direction in order to 

keep sufficient space for aff-eentering as it is re
quested by the center region design 3) and control and 

services connections etc, The bore size should be kept 

maximum in order to accommodate the beam which has a dia
meter of ~ 4 cm in this region as well as for maximum 

pumping speed. The number of ampere-turns should be mini

mized and induction level in the iron must remain below 
the saturation level 0 For low spherical and chromatic 
aberration coefficients, the S/D ratio (fig. 1) is re

quired to be large4l 0 At the same time the lens cannot 
be made very large longitudinally as it has been pointed 
out a l ready 0 
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The design procedure has been worked out using Glaser and 
unsaturated symmetrical lens formulations 4l. Empirical 

formulae 5) have also been usedo Keeping in mind the re
quirements and considerations mentioned in the above para
graph, POISSON code6l has been used to work out an optimum 

design. The demand for a large S/D-ratio could not be rea
lizedo The detailed procedure and some examples are pre
sented in an internal reporil. For the optimum solution the 

parameters of the lens are: S=D=6 cm, wp=2 cm, wy=1.1 cm, 
2 =1.62 cm. The maximum field is ~ 5o4 kGaus for 32,000 A

t~rns correspondi ng to a current dens ity of 23. 7 A/mm2 in 
the di rectly \•/ater-coo l ed copper conductor (power di ss i pa

tion ~ 5.7 kW). At this excitation level the lens has a 
focal length of ~ 16o5 cm for a 15 keV deuteron beam (ta
king into account possible future improvements of the 

cyclotron with higher injection energies than 9 keV). 

Further investigations are necessary concerning the abbe
ration errors. A modification of the pole face geometry8l 
seems to solve this aperture problem. 
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1) RoK. Bhandari, J. Reich, Proc. 9th lnt. Co~f. on Cyclo

trons and their Applications (Caen, 1981) 1n press 
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7 .10. Check of the h=3 RF-Center Region Design by 
Numerical Calculation 

L. Aldea, P. flucherer 

An optimized design of the center region for external 
injection, which is a su~stantial part of the project 
design of I5I5 1-3l, has already been presented3·4l. In 
this design an analytical solution of the horizontal par
ticle motion in the median plane has been used. For these 
calculations the electrical fields have to be assumed to 
be homogenaus within the accelerating gaps and the axial 
focusing is only guaranteed by the restriction to slight
ly positive phases after the second gap (in the center of 
each gap). Therefore, for the first t~1o gaps more accurate 
calculations are necessary. They can only be obtained by 
numerical integration of the orbits using realistic 
electrical fields. 

In our case these fi e 1 ds ~1ere ca 1 cul a ted by the three
dimensional relaxation code RE5EKT. This code has been 
linked to the orbit integration code RUKU but the elabo
rate input of the complicated JULIC dee geometry exclu
des a self-optimizing procedure3•4l. To overcome this 
the puller geometry had to be modified. In a fe11 steps 
the finally resulting field form was close to the one 
which originally was sho~1s the dee 
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Figure 1: Orbits for three different phases displayed in 
the reg1on of the first three accelerating gaps. 

geometry and the orbits of 3 particles starting from the 
center of the horizontal emittance at three different 
starting phases in the region of the first three gaps. 
In the first gap the electrical field component per
pendicular to the velocity vector in the horizontal plane 

is very strong. This results in a most valuable strong 
phase compression effect for a large emittance3•4l. But 
inside the dee (puller) this component has to be zeroto 
match the former calculations. The mosteffektive optimi
zation step was therefore to avoid this component using 
an oper puller (see fig. 1) with an entrance and exit 
window instead of a solid piece with an appropriate chan
nel for the beam. 
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Only for the first 3 gaps it is necessary to calculate 
the electric fields numerically. For gap number 3 and the 
higher gap numbers a gaussian distribution across the gap 
was used which proved to agree sufficiently 11ell with the 
numerical calculations already at gap number 3. 

The axial motionwas integrated with three dimensional 
fields in the first two gaps obtained from the relaxation 
calculation. For the other gaps the z-distribution was 
develloped linearily as a function of z. Because of the 
strong axial focussing inthe center region a vertical 

emittance corresponding to a rather large vz = 1/2 was 

tried, which resulted in starting parameters of zomax = 
± 0. 22 cm and z 1 = ± 7 3 mrad for E = TI • 160 mm mrad. omax z 
The existing aperture of the dees and the dummY dees of 
± 1.15 cm wai not changed to avoid technical complica
tions. The exit window of the inflector will be 
0.5x0.5 cm2 and the entrance height of the puller was 
chosen to be ß z =± 0.87 cm. These geometrical parameters 
are sketched in figure 2 (upper part). 
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mot1on for a starting phase ~ = -85°, ----- for ~ = 125°, 
H- hyperboloid inflector, P-ßuller. The Iabels 1 ~o 11 
refer to thecenters of the gaps. 

In the upper part of fig. 2 the aperture of the deflec
tion plates of the hyperboloid inflector is given to
gether with the accelerating gaps as well. Besides this 
geometrical discription of the accelerating structure the 
upper part of fig. 1 displays the vertical (z) motion for 
a particle with the same spatial starting coordinates but 
the two extreme starting phases. 5patially the particle 
starts in the center of the horizontal emittance and on 
the circumference of the vertical emittance (see inlet 
if fig. 2, upper part) for the worst case z0 = 0.11 cm 
an z~ = 63 mrad. The vertical amplitude z keeps small in 
the first gaps but enlarges during the first two revolu
tions. A smaller vz describing the vertical emittance re

sulting in a smaller maximum divergence z~max will re
duce the vertical amplitude during the first revolutions. 
The injection beam line can be tuned for any v -value2l z 



describing the vertical emittance at the exit of the 
hyperboloid inflector. 

The 1 ower pa rt of fi g. 2 shows the product of the verti

cal angle of the same above described particle and the 
ins tantaneous radi us of curva ture denoted as z' in cm. 
It clearly displays the action of the gaps, i.e. ver
tically focussing (z'-slope negative) and defocussing 
(z'-slope positive) at the gap entrance and exit, respec
tively. Because of the strong phase compression right at 
the beginning the phase dispersion of the vertical motion 
is very small and hardly to be seen in the upper and 
lower part of fig. 2. This fact excludes vertical slits 
for phase selection. 

The main result of this investigation undertaken for the 
h=3 harmonic mode of acceleration: Essential beam Iosses 
due to the vertical motion in the cyclotron center region 
are not expected. But the antipated vertical emittance 

of Ez = n • 160 mm mrad at 5 keV/A is near to the accep
tance of the center region with the present dee and dummy 
dee gap heights. 
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8. BIG KARL 

8.1. The Magnet Spectrometer BIG KARL 

G.P.A. Berg, U. Hacker, Tl. Huerlimann, I. Katayama* 

hl ** . . M. ](oe er , S.A. Mart1-n, J. Me1-ssburger, 

J.G.M. Roener, M. Rogge, T. Sagefka, O.W.B. Schult, 

B. Styczen***, J. Tain 

Spectrometer 0 pera ti an: 
The Spectrometer BIG KARL has been used during the last 
period to perform different experiments studying 
- the spin flip reaction to 1+ states in 48Ca and 58Ni, 
- the reaction 209Bi (d, 3He) 208 Pb at 45 MeV, 
- the inelastic alpha scattering at very fon~ard angles 

to study giant resonances in 208Pb, 
- the (p,t)-reaction an 143, 145Nd and 208Pb, 
- the (p,d)-reaction an 109Ag, 143Nd, 208Pb, and 151Eu, 
- the electron capture process using the reaction 

(3He+\3He+) at 68 and 130 ~1eV, 
- the reaction 62Ni (~,3He} to investigate the structure 

of 61Ni, 
- the 144Sm(3He,d) 145Eu reaction, 
- the in-beam alpha radioactivity of actinides for alpha 

energies above 5 MeV. 

The data acquisition system MEMPHIS (Modular Experiment 

Multiparameter Puls Height Instrumentation System) in 
connection 1~ith a VAX-11/780 computer is in full Opera
tion now. Recent experiments are done using 6 ADC's and 
event rates of up to 20 000 events/sec (64bit/event). 

Spectrometer IJ eve lopment: 
Two types of 1~indow free gas .jet targei;s h.ave ·been developed 
to perform the electron capture experiments using a target 
thickness of less than 1 microgram per cm2. 

A septum magnet based on permanent magnets has been 
designed (see fig.2}. It is planned to use such a magnet 

ng chamber. 

Fig.2: 
~and the magnetic field in 
turn magnet 

A new gas control systemwas built. It allows to use the 
MWPC (~1u lti Wi re Proporti ona 1 Chamber) at cons tant gas 
pressures between 50 and 2000 mbar with a constant gas 
flow of about 36 1/h. The variable gas pressure allows 
to optimize the separation of the energy lass signals for 
different particle species in order to improve the partic-
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le identification at the focal plane of the spectrometer. 

The nev1 program BKARLO has been establ ished to calculate 
the energy lasses inside spectrometer and detectors and 
the light output of the plastic scintillators. An absolute 
scale of particle identification signals from the plastics 
is available. The use of the scintillator has been exten
ded for timing up to a resolution of 0,6nsec, 

Spectrograph Optimization Procedures: 
In order t~ optimize the resolution and the solid angle 
of BIG KARL, the experimental ray-tracing method (1} has 
been improved 1·1ith the hel p of a ne1·1 i nteractive program 
"MATRIX". ~1ATRIX determines the TRANSPORT matrix elements 
(i .e. aberrations) of the spectrograph of the desired 
order and optimizes the corresponding multipale strengthes 
which have to be generated by the Ht correction l~indings 

(2). 

Furthermore, MATRIX allows to use for ray-tracing diffe
rent lines of a reaction which shortens the optimization 
time and guarantees a constant resolution along the focal 
plane without the need to change magnetic fields. 

As an example Fig.1 shows the second order aberration 
T122, which 1·1as minimized by using the Ht windings of 
dipole Dl. 
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Fig.1: Second order aberration T122=(x/el as a function 
or-tfie sextupole strength in dipole 01. 
Circles denote the experimental ray-tracing values which 
are fitted by a theoretical function (***) to determine 
the optimal sextupole strength (X). 

Design Study for a Synchrotron with E-cooling: 
A synchrotron has been designed which uses JULIC as injec
tor. The synchrotron should boost the JULIC particle ener
gies from 45 MeV/A up to 500 MeV/A. The synchrotron can 
run with a frequency between 0.1 and 10Hz. It is plannedto 
use electron cooling and an internal target as well as an 
external beam with an emittance of less than 0.1 ~mrad. 
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8.2. Reduction of Background and Improvement of Reso
lution by Use of Time and Angle Information of 
Particles detected in BIG KARL 

P. Decowski, C. Mayer-Böricke, H.P. Morsch, 

M. Rogge, L. Zemio 

An attempt was made to improve the quality of spectra ob
tained in the focal plane of the Big Karl magnetic spec
trograph. For this purpose correlations bet\•/een the line 
shape and background in the spectrograph detection system 
on one· side and various cyclotron and beam parameters on 
the other, were investigated. The reduction of back
ground caused by scattering inside the spectrograph and 
the beam halo is very essential in inelastic scattering 
measurements at angles below 4 degrees 1), 

The contribution of scattering from the walls may be re
duced by rejection of particles passing the focal plane 
outside the normal angular range, For this purpose a 
simple position sensitive detector of resistive single 
wire type2l was installed about 60 cm behind the Multi
wire Proportional counter. In a first version a resolu
tion of 6 mm \•las obtained. Improvement of performance is 
expected by changes of its geometry allowing for the use 
of moreuniform and stronger electric fields, 

The background particles from beam halo have a very diffe
rent timeofflight from the cyclotron to the end of the 
spectrograph as compared to "real" particles (see fig, 1) . 
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Figure 1: Dependence of the line shape in the focal plane 
of the Big Karl spectrograph on the time-of-flight. The 
dispersion of the magnet was 600 channels per percent energy. 

Timingstartsignals ~1ere taken from both sides of a plas
tic scintillator3) with a time resolution of about 
0.6 nsec FHHM after reduction to the middle of the scin

tillator. The stop signals were derived from the zero-cros
sing of the RF of the cyclotron. An example for time spec
tra is given in Fig. 1 for 3He particles of 68 MeV corres
ponding to a RF period of 46,8 nsec. 
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9. 

9 .l. 

DETECTORS, TARGETS, SPECTROMETERS 

Semiconductor Detectors 

A. Hanacher, T. Künster, E. Lawin, H. Metz, 

K. Nicoll, D. Protic, G. Riepe 

Like in the last years var'ious detector systems ~1ere 
kept available for charged particle spectroscopy and 
particle discrimination in nuclear reaction experiments 
(IKP and visiting groups), among them 7 large cryostats 
for the 100 cm scattering chamber. They were equipped 
with side-entry Ge(Li) or HPGe detectors made by the 
detector laboratory. This routine ~lOrk, consisting in 
checking detector parameters (also those of commercial 
Si ßE detectors) and in regenerating or replacing radi
ation damaged detectors, could be reduced to some extent 
as compared to preceding years, since many experiments 
had been performed by the use of the magnet spectrometer. 

For a special set-up a side-entry detector 1·1ith a ßE-E 
configuration in a single Ge(Li) and a HPGe diodewas 
fabricated by cutting grooves into one contact side. 

Two large area planar HPGe detectors, one of ~1hich a 
transmission type, ~lith sensitive areas of 1400 mm2 and 
thicknesses of 11 and 13 mm were prepared to be used as 
the two last detectors of a particle telescope, operated 
at 210 K. 

For the use in a crystal spectrometer two planar HPGe 
detectors were made, one of which to serve as a monitor. 

The existing cryostat designed for a multi-detector 
telescope was equipped with sets of one Si (400 pm thick) 
and several HPGe transmission type detectors and used for 
t~1o experiments at HMI Berl i n1) and IPN Orsail. For the 

fi rst experiment 7 HP Ge detectors ~Ii th a ltogether BO mm 
of Ge were mounted, for the second only 3 HPGe detectors 
with altogether 29 mm of Ge. In both cases an active 
coll imator3) made from HPGe ~1ith a central area of 6 mm 

diameter and a thickness of 2.3 mm 1·1as used to el iminate 
the effects of slit scattering. 

~lhil e mos t of the essenti a 1 prob 1 ems concerned with the 
production of ion-implanted n+-contacts in HPGe sustaining 

high electrical fields seem to have been solved, one still 
remains: The probability of obtaining a high quality con
tact decreases with increasing area. Since this effect 
seems to be due to incomplete cleaning prior to implan
tation, a plasma cleaning system (02 + CF4) was installed 
inside a clean bench, which will be connected to the 
target chamber of the implantation system. 

In connection with the development of various digitally 
position-sensitive detectors, problems concerned ~1ith the 
grooves bet1~een the stripes ~1ere investigated. 

A simple procedure of masking resulted from an aluminium 
pattern obtained by evaporation through a grid of thin 
wires (~50 pm). The investigation of photo-engraving 
techniques for masking was started. Ion-etching (Ar ion
source) combined 1·1ith ~1eak etching solutions have proven 
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to be very reliable in realizing a depth of the groove 
needed for separation of adjacent contacts. It was found 
that the groove has to be etched much deeper than predic
ted from the doping profile. 

Valuable information about the charge collection belo~l 
a groove could be obtained by scanning across the groove 
with a collimated a-source. 

A prototype of a XV position-sensitive HPGe detector with 
8 stripes (each 1.6 mm wide with a spacing of 0.1 mm) on 
either side, with a thickness of 15 mm, is almost 
finished. 

Detectors with position-sensitive structures, made 
according to these techniques, have found much interest 
(also by industrial companies) in various fields. A 4 mm 
thick Si(Li) detector, of which the ion-implanted 
entrance contact \•Jas d i vi ded i nto two ha 1 ves, i s n01·1 in 
use at the University of Bann. To be used for a high 
energy physics experiment at CERN a side-entry HPGe 
detector is under construction in cooperation with a 
group of the INFN Milano and the TH Aachen. The thickness 
of this detector in beam-direction will be 4 mm, and one 
contact will be divided into 40 stripes of 50 pm width 

parallel to the entrance face. 

Various types of Ge or Si detectors - among them many 
commercial ones - were regenerated or repaired. 

Several improvements of the equipment could be achieved, 

like a larger vacuum chamber inside the magnet of the 
implantation system, to reduce the contribution of 
neutralized ions. A second cryostat for a multi-detector 
telescope (up to 100 mm Ge) is under construction. 
Additional computer programs have been obtained for auto
matically testing of detectors. 

Guests from Brazil and China were trained in detector 
technology. 
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9.2. Target Labaratory 

J. Pfeiffer, G. Riepe 

For the use in experiments (IKP and visiting groups) at 
the cyclotron, at the research reactor, and at niversity 
laboratories about 230 targets (with and without backing) 

~1ere prepared from 32 different elements by the following 
techniques: vacuum deposition, rolling (mostly after 
reduction or melting) and eletrolytic plating. The thick
nesses were ranging from 5 pg/cm2 to 10 mg/cm2, and the 
areas ~1ere between 30 to 500 mm2. 

A high percentage of these targets, especially those of 

large area and minor thickness, were prepared for experi
ments at the magnet spectrometer (BIG KARL). 
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9.3. Testproduction of an 26Al-Target 

L. Buchmann*, H. Baumeister*, H.J. Probst m1d 

C. Rolfs* 

Recent developments in the field of nuclear astrophysics 
made it desirable1) to obtain an 26Al target for measure
ment of the 26Al destroying reaction 26Al (p,y) 27si. As 
26As is an astrophysically short living isotope 
(T 112 = 7.16 x 105y), jt must be produced artificially by 
a nuclear reaction. After the production, 26Al must be 
separated from the target e 1 ement. Hence, the target 
element should not be natural aluminium. For this and 
other reasons, the 26Mg(p,n) 26Al reaction has been chosen 
for the production of 26Al. For a minimum production of 

26 . 26 several pg Al, a th1ck Mg target had to be bombarded 
with high proton currents over a lang running period 
without significant deterioration, The preparation of 
such a thick 26Mg target (1.8 mm thick) is described 
el se~1here 2 ). 

For optimal activation conditions as well as for interim 
storage of the target in an argon atmosphere, a special 
activation chamber (fig. 1) was constructed, where the 
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target is directly watercooled. After the activation, the 
chamber was closed and filled with argon. The quartz
oscillator, the lamps and the window (fig. 1) were used 
to control the target during the course of activation. 

The activation was carried out in July 1981 over a period 
of 5 days and at the position Bk1 of the Jülich cyclotron 
beam system with a proton energy of 25 MeV and a beam 
current of 20 pA an target. The main radioactivity ~las 

22 56 found to be Na from the target and Co from the target 
chamber (6 mC after two weeks, 2.5 mC after three months). 
The target chamber was transported to Münster in October 
1981, the 26Al was separated and could be transformed onto 
a Tantal-backing. The observed production yield of 20 ng 
26Al which is less than expected due to some technical 
problems is a sufficient basis for a ne~1 production 
planned in 1982. 
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9.4. Measurement of Perturbed An9ular Correlations at 
JOSEF 

rl. Borgs, J, Chatzipetros +, H, Lcwin and 

K. Sivtemiah 

The gas-filled fission product separator JOSEF provides 
strong radioactive sources of neutron-rich nuclei far from 
stability, By measuring perturbed angular correlations1•2) 

the magnetic moments of excited states can be determined, 
Applying the magnetic field of a conventional electro
magnet (3 T) the g-factor of the first excited 2~ state 
in 100zr was measured3 ). Basedon the experience of this 
experiment an improved set-up was designed, The use of a 
superconducting split-coil magnet producing a much htgher 
field should extend the possibility of measurements, 

Fig. 1 gives an overall view of the apparatus. The sepa
rated fission products are transferred by an air-jet 
to a tape transport system irradiating a spot of 10 mm 
diameter, The tape is operated discontinuously and 
transports the implanted products to the counting position 
bet~1een the pole tips of the magnet, ~1here the angular 
y,y-correlation is measured for 'field up' and 'fteld 
down' direction. 

The new tape transport device was constructed based on 
a system which is in use 4l. An endless tape is applied, 
It covers the transport distance of 17 cm within a shortest 
transport time of 0.1 s, The accelerati'on, deacceleration 
and positioning of the tape is achieved by means of a 
mechanical drive using a Malteser cross gear. 

500mm 

( 1) coi1s ( 6) LN2-vessel 

(2) tapo Iransport chamber 171 cryostat 

( 3) tape (BI tobt~ 
( 41 jet-nozzle 

(51 LHe-vessel 

191 support 

(10) detector 

Fig. 1: Set-up for perturbed angular correlation measure

ments at JOSEF 
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The t1·10 halves of the spl it-coil magnet are assembled 
on a stainless steel form which is an integral part of 
the cryostat liquid helium vessel. Supports to with
stand the compressive stresses are arranged such that 
maximum solid angles for radiation detection are 
achieved, Two equal sectors of 105° (see fig. 2) give 
access to the sample in the median plane, By super
conductfng coils from NbTi a field of 6,5 T is produced. 
It can be increased by using iron pole pieces installed 
in the magnet bore above and below the midplane. The 
fi'eld homogeneity is at least 1.5 % in a sphere of 10 mm 
diameter. 

5 

1a 

6 

2 ___ __,:___----'11 

3 
(1a,b,c) detector 

( 2) tape channe I 

( 3) tape 

( 4 ) Al-window 

( 5) irradiation position 

( 6) measu ring position 

1b 

Fig. 2: Horizontal cut through the centre showing source
detector geometry 

The cryostat is a conventional low temperature dewar with 
77° K and 4° K shields. The channel for the moving tape 
in the midplane of the magnet is affixed to the outer 
cryostat jacket, It contatns as temperature shielding 
multiple layers of aluminized mylar sheets (super-insula
tion), 
An adjustable support for the apparatus was designed such 
that the transmtssion of vibrations into the cryostat 

system is minimtzed, 
-t 

Engi'neering and Workshop Centre of tb.e KFA 
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9.5. Superconducting Solenoid 

A. Ercan, I, Katayama, M, Zupancic, A. Retz, 

U, Rindfleisch, Y. Nagai, P, KZeinheinz 

The magnetic electron spectrometer have been widely used 
for in beam studies of nuclear structure. Superconducttng 
magnetic lenses combfned wtth high resolution Si-Li detec
tors present a modern tool to measure the medium to high 
energy conversion electrons. He have started the prepara
tions for in beam installation of such a NbTi superconduc
ting solenoid+l, which can produce up to 2 Tesla axial 
magnette field having alternative field profiles as shown 
in fig. 1. The field calculations has been performed by 
using the program code LASL1). 

The magnetic field measurements using the calibrated Hall
probes have been carried out. 

l 

l 
Different shapes of magnette field are needed for different 
modes of operation: lens mode and transporter mode. In 
order to set up the buffle system for the lens mode, the 
electron trajectories in different type of magnetic field 
configurations have been computed by using the modified 
program code TURTLE 2). Some results are shown in fig. 2, 

An elementary but important step for the operation of 
magnet is the cooling the system down to 4,2° K. To opti
mize the required time and Helium consumption, several 
cooling procedures have been tried, One typical example 

' l 
is shown in fig, 3, where one can see it needs about 
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Fig. 2: Electron paths projected on (r,z) plane for 
different electron energies and for different take off 
angles: The upper 3 in the field (B) and the lower 3 in 
the field (C) of fig, 1. 
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Fig. 1: Calculated and measured magnette field shapes at 62 Amp spectrometer current, A) field produced only by 2 inner 

coils, B) field produced only by 6 outer coils, C) total axial field ~1hen all coils are energized. 
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6 hours time and 30 liters Helium for one cooling down 
(fig. 3). The solenoid system wtll be installed in the 
beam line (E) quite near future. 
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Fi g. 3: Coo 1 do~m procedure of the magnet from the 
room temperature to the 4.2°K. Left side presents 
measured temperatures during the liquid Nitrogen 
transfer and the right side during the Helium transfer, 
The numbers 1, 2 and 3 on the curves refer to the 
temperature measuring points in the sol enoid as sho~m 

schematically in the small picture upper left, 
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9.6. A Ne~1 Spectrograph for Experiments wi th Lo~1 

Energy Pions at TRIUMF 

S. A. Martin, C. A. Fliedner*, PISCAT Group TRIUMF*"-

The Ml3 beam 1 ine at TRIU~IF the Canadian Meson Factory in 
Vancouver features high fluxes of low energy pions. ~~ith 

the momentum slits at the dispersive intermediate focus 
(momentum acceptance 6p/pa± 7%) fully open the following 

intensities are obtained at the end of the ~ 10m beam 
1 ine [double achromatic focus]: 

P 
11 

[MeV /c J _!!rr~ ~ [_cts/Coul] 
Int. of proton beam 

40 
70 

100 

120 
4500 

30000 

28 
1000 
5000 

The spot however due to aberrations extends over ± 1 -
1.5 cm (in both directions). Employing a hodoscope of 
scintillators (width 7n~) a momentum resolution of dp/p% 
0.6% may be obtained. 

Presently a Browne-Buechner spectrometer is used for 
experiments; its acceptance has been increased by a fa~
tor 4 by inserting a narro1~ Q-singlet to 2-4msr. The 
narro1~ dipole gap of 2 cm severely limits the acceptance. 

Therefore a new layout has been anticipated, which should 
feature 
- solid angle of at least 20 msr for object spots >1 cm2 

- momentum resolution dp/p < 0.2% 
- momenturn acceptance of ± 20% 
- minimum overall length because of the rr-decay. 

At the same time existing magnets had to be used to save, 
costs and enable experiments soonest possible. The mode
rate resolution requirement allows provision of two ~n~PC-s 

in front and behind the dipole (dx=.5mm FWHM d= 2mg/cm2). 

Minimum system length, tagether with maximum D/M and 
transmission requires optimum usage of the dipole magnet: 

Axially: Phase space matehing - i.e. a parallel beam
at the centre of the magnet, 

Radially: The x/e function should be maximum inside the 
dipole, hence symmetric. 

Both criteria are readily fulfilled with 2 Q-singlets in 
front of the circular dipole magnet-the former 60 cm 
diameter lab magnet of the IKP Jülich. 
Tab. 1 contains the most important specifications of this 
design in cornparison to other planned instruments. 
The figure of merit is defined as 

F.M. = ll·n g , where n[msr] stands for the solid 
angle,n for the pion survival in the 
spectrometer and g = p/dp 2x

0 
i s the 

first order momentum resolving power. 

The new spectrometer is scheduled for experiments in 
spring 1982. 

Fig. 1 shows a layout, Fig. 2 the instrument during the 
assembling in Dec. 1981. 

*!~PI, Heidelbers 
~""TRIUMF, Vancouver, Kanada 
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Table 1 

COMPARISON OF SPECTROMETERS 

QD CLA~ISHELL SIN-KA QQD 
(BB50-TRIUMF) LA~IPF LEP 5Eectro This design 

n(msr) 2-4 40 30 22.4 

Target si2e 
xt.y[cm ] hl 2.8$1 10t3 > hl 

Acceptance 
e/~ [mrd) ±12/±50 ±50/±100 ±70/±80 

Length [m] 1.8 1.7 5.5 2.43 

n( 50 MeV) .778 .82 .466 .71 

D [cm/%) 1.19 1.23 2.7 1.04 

~1radi a 1 .92 .54 .54 ,52 

D/M1ll02 1. 58 2.3 5' 2. 
[cmJ 

Momentum -15% 
Acceptance ±9% ±15% +20% ±20% 

Ang. Range +60°-130° +15°-149° 

Figure of 
Merit 2.46(+2) 75.4 46.6 31.8 

lncoming beam 
Q7 

wc 4 fl = 90·!0 =:!:70·:!:80=22.4 

D =-1.08 M=-0.54 

10 = 240cm 
FOCAL PLANE WC = WIRE CH AMBERS 

Fig. 1: Layout of the QQD - PISCAT - Spectrometer 



~ Assembly of the QQD at TRIUMF 
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10. HP 9835 Softv1are Deve 1 opmen ts 

E. Brökel 

The efficiency of a computer depends an the available 
software an it. So I implemented an our desk-top-com
puter configuration 1) a few basis programs. First there 

was a program installed for using the digitizer HP 9864. 

The digitized data can be written either an the internal 
cartridge tape or an the cartridge tape an the HP 2648 

terminal. The cartridge tape an the terminal can be 

accessed by TSS, so one has the data available an the 
IBM central computer system. 

As next two plot programs 1·1ere installed for creating 
graphs, one in linear coordinate systems, the other in 

semi logarithmic coordinate systems an the HP 9872 

platter. The input for these programs may be received 
from either the keyboard, the internal cartridge tape 
or the cartridge tape an the terminal. So the user can 

generate his data to be plotted by the central computer 
and store them an the cartridge tape an the terminal. 

This cartridge tape wi 11 then be read by the plot 
program and the data an it plotted an the HP 9872 

platter. 

For final polishing of the graphs an additional program 

was installed. With this,one is able to write text an 
any location in the graph. 

All the installed programs described above are \•Jritten 

for interactive use. So one will be prompted when the 
programs need input from the keyboard. 

References 
1) E. Brökel, Jül-Spez-99, Februar 1981, p. 167. 
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11. Electronic Division 

H. Labus, J. Bojowald 

The following devices partly announced in the annual re
port 1980 have been revised or set into operation, 

1. A 14-fold analogue FAN-OUT-amplifier for complex nuc
lear reaction experime~ts within a 3/12-NIM-Module. 

Each stage has 3 outputs with individual gain adjust 
in the range from 0.1 to 1.0. Output impedance ·is 
50 ohm. The range is OV to±10V without load or OV to± 
5V at 50 ohm loads. The circuit is designed with OP

AMP's HA-2525 buffered with NH-0002. 

(G. Lürken, K. I•Jinkler) 

2. The long time integrator and the T/~T amplifier (pa

tent granted) specially developed for the requirements 

of the solar group of the IKP were redesigned to fit 
each on a Single Europe Board. Now'Test Units For Col
lector Testing and Solar Radiation Data Taking' are 
equi pped by 1 i censees with these boards in a very 
economic •1ay. Within this job the long time integrater 

was extended bya DAC for plotter outputs and the ThT 

ampl ifiers by a S\•litch selectable digital output. 
(H. Diesburg, H. Labus) 

3. Also for the solar group collector data taking systems 

were equipped with lightning protection. Several fluid 

flow measuring devices were adapt~d for calorimetric 
measurements. An Aqua-Metro-Calorimeter serial output 
was changed to meet the standard V24 serial communica
tion as used by the HP-9825 data acquisition system. 

(K. Kruck) 

4. Again difficult and time consuming maintenance and re

pair work was spent to the BIG-KARL-power-supplies. 
Reliability could be improved by optimizing the igni
tion points of the SCR's and the monitaring system 

e.g. current limits, earth fault and amplifier over
ride detection. 
(K. Kruck) 

5. The scattering chamber F was equipped with high torque 

24V DC-motors. The existing electronic controls for 

the old synchronans motors •1ere modified and inter

faced to the servo amplifiers of the DC-motors. 

(N. Dolfus, K. I•Jinkler) 

6. The high voltage square •1ave pulse generator to s•litch 

the inner conductor of the fission product guide of 

the separator JOSEF from -30KV to t10KV •1as protected 
by fi 1 ters aga i nst fl ash-over pul ses bet-,/een inner 
and outer conductor of the guide which occasionally 
destroyed the trigger stages of the 4PR250C-te trodes. 

Reliability v1as further improved by various isolating 
and shielding techniques. Now the instrument works 
without any fail since one half year. 

(G. Lürken, H. Labus) 

7. About 140 repair and maintenance jobs of NIM- and CAMAC

modules, TV-cameras and monitors, power supplies of 

all categories, electronically controlled scattering 

chambers and beams slits and a great variety of special 
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instruments from our own or external production were 
performed. 
(N. Dolfus, H. Diesburg, G, Brittner, K. Winkler, 

1~. Ernst) 

8. The disturbances on line and expecially ground poten
tials in the control room of the nuclear experiments 

due to ground loops and wrong wired line filters 
could be reduced to about 0.1 of the former levels. 

Now great distances between main amplifiers and ADC's 

can be tolerated. 
(K. Kruck, J, Bojowald) 

Main activities are now concentrated to the following 
subj ects: 

1. The redesign of the bent crystal spectrometer is 

continued. The circuits for collimator and crystal 

rotation motor controls, the piezo driver and band 
counter of the interferrometer are ready for lay out 

on Single Europe Boards. These will be interconnected 
with Siemens SMP-80 microcomputer boards. The soft

ware is being prepared on our ne•1 INTEL-DS246-soft

ware development system. The mechanic adusting devices 

of the phototransistors as well as the optical projec
tions at the output of the spectrometer are also 

improved. 
(H. Labus, N, Dolfus, G. Lürken) 

2. For monitaring complex multiparameter nuclear reaction 
experiments a multiple coincidence simulator is 

developed. lt has 16 outputs each driving positive and 
negative tailpulses into the testinputs of preamplifiers. 

Risetime is <10nsec, falltime is 100~sec, amplitudes 
are independendly adjustuble in the range from 0 to 
2.0V at 50ohm loads, crosstalk between outputs is 
<10-4. The 16 pulsdrivers are controlled by a Siemens 

SKC-85 Single Board Computer in such a 1vay that a pre
defined (in RAM or ROM) series of different coincident 

puls groups, each group having between 1 and 16 members, 

is passed through on consecutive external TTL trigger 

signals. 
(H. Labus, G. Lürken) 



12. Radiation protection 

H. J. Probst 

In 1981 the activity of the radiation protection group 
vtas strongly determined by the high internal beam cur
rents used in the dispersive cyclotron mode. These cur
rents causes: 
a) Significantly high contaminations of the components 

of the vakuum chamber. The tungsten septum is shown 
by y-spectroscopi c ana lyses of l'li pe probes to be the 
origin of the contaminations. This septum is not only 
strongly activated but also considerably heated by the 
high beam currents, resulting in a partial evaporation 
and condensation on cooled machine components. 

b) Increase of the man-rem-dose essentially produced 
during the working on the activated machine elements. 
In 1981 the total value for the institute is %19 rem. 

8ut no person exceeds 1.5 rem. 

The high radiation fields in the cyclotron vault also 
necessitate measurement of the dose rate in the cyclotron 
control room. For an internal deuteron beam of about 
30~A and an energy of 78 MeV the mean neutron equivalent 
dose rate at the working place is about 12~rem/h. More
over an increase of the y-dose rate of about 15~r/h was 
measured. Taking into account the beam time schedule, the 
cyclotron availabil ity and the 1'/0rkin!) time, no operator 
obtains more than 20 mrem per year based on the radiation 
in the control room additionally. 

In order to be able to estimate the time between shut 
down and begin of the labour the knowledge of the de
crease of the y-dose rate in the cyclotron vault is im
portant. Although. many irradiation parameters influence 
the process, a qualitative prediction should at least be 
possible using the curves in fig. 1 

0 10 

• 1m from the ex~ slit 51 
o 2m from the deflector 
x 3m from the compensated 

channel 

20 30 40 
Time alter shut down lh) 

50 60 

Fig.1: The time dependence of the y-dose rate in the 
cyclotron vault after shut down (measured at different 
locations) 

Finally it should be mentioned, that the shielding wall 
around BIG KARL is completed and the efficiency of the 
shielding is verified: so that all the required construc
tion conditions concerning the radiation protection are 
fulfilled. 
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13. Design and Mechanical Workshop 

F/, BrieU, D. Groß, K.H. Ramacher, A. Retz, 

U. Rindf~eisch, H. Schwan 

Apart from maintenance and servicing the cyclotron, beam
line and scattering chamber experiments most of the man
power of des i gn and mechani ca 1 v10rkshop went i nto the grow
ing experimental activiti~s at the magnet spectrometer 

BIG KARL. 
Several special targets (e.g. gas-jet target) and detec
tor systems (e.g. single-wire detector) have been built 
and came into operation. 
In order to improve beam-line optimization for the magnet 
spectrometer experiments all beam-line magnets have been 
adjusted and equipped with external adjusting marks 

(see fig. 1). 

Figure 1 

1 

9 
Figure 2: 

1) vacuum valve 4) be 11 OV/S 

The new system of marks allows in the future an easy 
check of the mechanical adjustment of all beam-line com
ponents relative to cyclotron and building. The optical 
telescopes second-theodolite Th2 and the leveling instru
ment Nil from Zeiss and the optical "plumb-line" sup
plied by the company Kern have proven to work very satis

factorily. 
A flexible tube level for large distances with an accu
racy of 0.02 mm has been developed and works very success

fully. 

Solenoid Electron Spectrometer 

For "in beam" measurements of conversion electrons a 
solenoid electron spectrometer has been designed and is 
under construction (fig. 2). The supraconducting solenoid 

system of 8 coils is designed to detect in particular low 
energy conversion electrons using the recoil-shaddow 

method. 
For the detecti on and (momentum) energy ana lys i s t1•10 
Si(Li)-detectors will be used in order to allow e-e coinci
dence measurements. The solenoid is designed for magnetic 

fields up to 2 Tesla. 
Because of the variable beam deviation the complete set
up is mounted on an vertical adjustable support and is 
equipped with additional bending magnets in front and be
hind the solenoid. The movable vacuum parts are connected 
on both s i des by doub 1 e-be 11 ows. Cryogeni c pumps and 
liquid nitrogen baffles guarantee the neccessary vacuum 
conditions. 

7) target 
2) solenoid 5) detector mount 8) Si -detector 

9) cryopump 3) bending magnet 6) vacuum look 
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