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PREFACE

The year 1982 has been marked by a major development for the laboratory, triggered by

the purchase of the ECR heavy-ion source and the planned installation of the axial

injection system.

In the beginning of 1982 Professor A.L. Boers from the Department of Technical

Physics of the University of Groningen decided to join the Kernfysisch Versneller

Instituut together with his atomic physics and surface science group. The work of Prof.

Boers centers on the scattering of low-energy ions from single-crystal surfaces in order

to study surface structures, adsorption and contaminant effects. The decision to join the

KVI was prompted by the mutual interest in broadening the scientific scope and platform of

the laboratory out of the realisation of the large intellectual overlap between atomic and

nuclear physics both in methods and in concepts. With the highly-stripped low-energy ions

of the ECR-source a new dimension can be added to the atomic physics research. As a

laboratory therefore we have very much welcomed and stimulated the enthusiastic response

from the atomic physics community not only from within the Netherlands but also from other

European laboratories to utilise the highly-stripped ions from the ECR-source for atomic

physics studies. The ECR-source, produced by Dr. Geiler in Grenoble, has been delivered in

April 1982; it has been installed together with associated equipment by our own staff

during the first half of 1982 and is being very actively used since the fall for atomic

physics experiments.

Main lines of the experimental nuclear physics research in 1982 continued to be the

investigations of giant resonances, the studies of single- and multi-nucleon transfer and

charge exchange reactions, the investigation of light-ion breakup, of incomplete fusion

reactions and of particle-particle correlations in nucleus-nucleus collisions, and of in-

and off-beam y-ray and conversion electron spectroscopy. In addition tests of the

fundamental symmetries in the weak interactions were continued.

By being able to measure the inelastic scattering of a-particles at 0° with the

magnetic spectrograph in coincidence with fission respectively particle decays of the

excited nuclei the strength distribution of the giant monopole resonance both in light

nuclei ( Mg and ^ C a ) an<j j n a heavy nucleus ( ~*°U) could be determined. Noticeable

deviations in the GQR strength in Ca from that generally assumed were observed. From

measurements of charge exchange via the (JHe,t) reaction together with the particle decays

the response functions for Alf=l resonances in N and F were obtained. High-precision

data on a-pickup via the (d,6Li) reaction on 230,232^ confirmed the existence of

appreciable 0 + strength in the excited states in 2 2 6» 2 2 8Ra. Particle-particle correlation

measurements of light-ion breakup have yielded a quantitative understanding of ^He-

breakup. First measurements of the breakup of a-particles at 120 MeV have shown the

presence of a direct component similar to that observed for JHe and in contrast to

measurements at lower energies, at which sequential decay processes dominate.

To study the reaction mechanism of asymmetric nucleus-nucleus systems the measurement

of particle-X-ray coincidences has been introduced. In contrast to the more commonly
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applied technique for the investigation of incomplete fusion reactions via particle-y-ray

measurements the new method was found to be more sensitive and thus to reveal many more

reaction channels of missing charge. Particle-particle correlation studies on the *°0 +

2^Si and ^ N + ^ % i systems were undertaken to search for the presence of possible non-

sequential components.

With an on-line mini-orange spectrometer EO transitions in the A=98 mass chain

following a-induced fission of Th and U could be identified. From the intensity ratios

information on the charge distribution of the primary fission fragments could be obtained.

In collaboration with the free University in Amsterdam in-beam y~ray and conversion

electron spectroscopy was done on the light l"*»**"Pb isotopes, and the results were

interpreted with the broken-pair BCS models Measurements of Y~Y~energy correlations of Hf
on

and W isotopes with anti-compton spectrometers were continued with i wNe beams from the

cyclotron in Louvain-la-Neuve.

With the Bhabha polarimeter the equality of the longitudinal p-polarization for Fermi

and Gamov-Teller transitions was ascertained to within high accuracy. In a continuing

effort to narrow down the possibility of deviations stringent constraints will be provided

on unification theories.

Energy spec.tr? of 6-electrons indirectly determined by the measurement of scattered
19 "7 Oft

protons, a-particles and C ions from i U OPb in coincidence with the characteristic X-rays

following inner shell ionization were found to be in good agreement in their shapes with

those predicted by recent calculations, while the measured yields were 20-40% smaller than

predicted.

Electron capture measurements of low-energy C and 0 ions from the ECR source

incident on He, Li and H2 were performed in collaboration with the FOM-Institute for

Atomic and Molecular Physics in Amsterdam. For the first time it was possible to determine

cross sections for single electron capture into the various (n,£) substatea.

The theoretical work on the algebraic description of collective properties of the

nucleus has been continued with an emphasis on relating the phenomenological parameters of

the IEA-model to a microscopic theory. New developments have been the algebraic

description of the triaxial rotor in the IBA-II model, that distinguishes between neutron

and proton degrees of freedom, and the extension of the algebraic techniques to scattering

processes. The vibron model, introduced earlier to describe the spectra of linear di-

atomic molecules has been shown to be applicable also to non-linear tri-atomic molecules.

In the study of relativistic nucleus-nucleus collisions in the framework of the

Boltzmann theory the relation between the compression of nuclear matter and the production

and absorption mechanism of pions has been investigated on the basis of a simple but

realistic model. The study of the effective nucleon-nucleon and nucleon-isobar

interactions in a dense nuclear medium is being continued.

The major effort in technical manpower in 1982 has been directed towards the axial

injection system and the installation of the ECR-source and beam lines in the source room.

The work in the source room has been completed, and at the time of this writing, the

cyclotron has been completely disassembled for the installation of the axial beam line and

the modifications of the cyclotron center. Other instrumental developments involved the
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completion and successful testing of the new deflector with which it is now possible to

extract the maximum beam energies of 160 MeV a-particles and the completion of the power

supply for the internal PIG-type ion source such that tests with that source could start.

Considerable progress has also been made with the computer control of the cyclotron.

Contract research has been started in 1982 to investigate the Radon content in

houses, in conjunction with a national pilot program, sponsored by the Ministry of

Housing, Planning and Environmental Control and by the Ministry of Economic Affairs.

The total running time in 1982 amounted to 6178 hours (1216 h freewheeling). The

available time was used for production of 246 "beams" of various particles and energies;

for proton beams this amounted to 17% of the time, deuterons 11%, He projectiles 15%, a-

particles 23%, 1 2C ions 12%, 1 4N ions 14% and 1 60 beams 8%. As in previous years, a

sizeable fraction of the beam time was made available to groups from outside the KVI.

Collaborations within the Netherlands involved groups from the Robert van der Graaff

Laboratory in Utrecht and from the Free University in Amsterdam. Outside collaborations in

1982 took place with physicists from the Universities of Bonn, Bergen, Oslo, Louvain-la-

Neuve, Milan, the Niels-Bohr Institute, Orsay, Vienna, Bordeaux, Indiana University and

Swierk in Poland. Isotopes have been produced for medical purposes as well as for off-line

nuclear spectroscopie work, and for the study of hyperfine interactions. We again much

profitted from the many scientific guests who visited us for longer and shorter periods.

The Beleidscollege met twice in 1982. Its members were Prof. D. Atkinson (University

of Groningen), Prof. J. Borgman (University of Groningen, chairman), Prof. J. Kluyver

(University of Amsterdam), Prof. C. van der Leun (University of Utrecht), and Prof. H.

Verheul (Free University of Amsterdam). The secretaries of the Beleidscollege were Dr. F.

van Eijkern (University of Groningen), Dr. C. le Pair (FOM) and Dr. H. van Vuren (FOM).

A large facility like the KVI can be operated only in a joint effort of many people

not all being mentioned explicitly in this Report. The essential role played by the

technical and administrative staff members is especially acknowledged here. It is further

a pleasure for us to acknowledge again the financial support as well as the cooperation we

have received from the University of Groningen, from FOM and its "Werkgemeenschap

Kernfysica", from ZWO and from the Ministry of Education and Sciences.

April 1983 Rolf H. Siemssen
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I. NUCLEAR REACTIONS WITH CHARGED PARTICLES

1.1. ELASTIC AND INELASTIC SCATTERING; GIANT RESONANCES

Monopole strength In Ca measured with zero degree inelastic alpha scattering

S. Brandenburg, R. De Leo1, A.G. Drentje, J.H. van Dijk, M.N. Harakeh, H. Sakai ,

A. van der Woude, F. Zwarts

The present experiment was designed to determine the amount of isoscalar giant

monopole strength in Ca between 10 and 20 MeV excitation energy by means of 0° inelastic

a scattering. The amount of E0 strength was determined in two different ways: from the

singles inelastically scattered alpha spectrum, using the fact that the E0 angular

distribution is strongly peaked at 0°, and from angular correlations between the

inelastically scattered projectile and a particles from the decay to the 0 groundstate of

Ar, using the fact that only decay of E0 strength gives an isotropic angular correlation

in this decay channel.

A metallic Ca target, nearly free of C and 0 contaminants was bombarded with a 120

MeV momentum analyzed a beam. The inelastically scattered a particles were detected with

the QMG/2 spectrograph at 0° for excitation energies between 10.5 and 20 MeV, employing

the full 10.3 msr solid angle.

Since the focal plane detection system can determine both the horizontal and vertical

angle of incidence, the scattering angle can be reconstructed. This can be done with a

resolution of about 1°. In this way we can obtain data for different scattering angle

intervals within the spectrograph solid angle. Comparison of the data obtained for

scattering angles around 0° with data for slightly larger scattering angles then allows

identification of the E0 strength, because of its extremely forward peaked angular

distribution. In the present case scattering angle intervals from 0° to 1.5" and from 1.5°

to 3° were defined. By subtracting the data obtained for these intervals the E0 strength

distribution was obtained.

Fig.la-Id show the results obtained; in fig.la the singles a' spectrum for the full

solid angle and in fig.lb and lc the spectra obtained for the 'small' and 'large'

scattering angles are shown. Fig.Id shows the E0 strength distribution obtained by

subtraction of the spectra of figs.lb and 1 c. The total amount of E0 strength observed

between E =10.5 and 20 MeV using standard form factors is 28±5% of the E0 EWSR. A single

state at Ex=14.17 MeV was found to exhaust 5±1% of the E0 EWSR, in good agreement with

previously reported results '. Fig.l also shows that if a nuclear continuum would be

present in the spectrum of fig.la, it would have a nearly flat angular distribution

between 0° and 3° since otherwise it would also be present in the spectrum of fig.Id.

In fig.le the a' spectrum coincident with a decay to the Ar groundstate is shown.

Some angular correlations obtained for this decay channel are shown in fig.2. The amount

of E0 strength was derived by fitting them with a coherent and incoherent addition of E0

and E2 amplitudes, taking into account the effect of the large solid angle of the

spectrograph. In this way it was found that the state at Ex=14.17 MeV exhausts 6.5±1.5% of

the E0 EWSR, in agreement with the singles result. In the excitation energy region below
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the neutron treshold (15.7 MeV) 22+5% of the

EO EWSR was found, again in good agreement

with the results for the singles.

The results are consistent with recent

calculations which show that the EO strength
40

in Ca is spread over a large excitation en-

ergy range.

1. University of Bari, Italy
2. RCNP, Osaka University, Osaka, Japan
3. T. Yamagata et al., Phys.Rev.Lett.

40(1978)1628;
Y.-W. Lui et al., Phys.Rev, 024(1981)884
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2 ̂8
Fission decay of the isoscalar giant monopole resonance in U

1 2
S. Brandenburg, R. De Leo , A. G. Drentje, M. N. Harakeh, H. Janszen , A. van der Woude

Until now the decay properties of the giant monopole resonance (GMR) in heavy nuclei
2 38

have not yet been studied experimentally. In nuclei like °U observation of the neutron

decay ±c very difficult due to the large amount of neutrons from fission. However, the

fission decay can also give information on the decay properties of the GMR, especially

about the extent to which the GMR decays statistically. In this respect ''̂ Û is an
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interesting case: it has been found that the giant dipole resonance in °U decays indeed

mainly statistically, while the situation for the giant quadrupole resonance seems to be

more complicated. It is therefore of interest to measure the fission decay of the giant

238
monopole resonance. In addition, since U is a well-deformed nucleus it is interesting

to see whether the GMR in U is split into two components, as has been predicted

theoretically and for which there is some experimental evidence in deformed nuclei around

mass A=150.

In the present experiment ' the GMR in i J O U was excited by 0 inelastic alpha

238Tscattering at E =120 MeV. The scattered alpha particles, exciting U to excitation

energies between 6 and 16 MeV were detected with the QMG/2 magnetic spectrograph using the

full 10.3 msr solid angle (6° opening angle). The coincident fission fragments were

detected in seven parallel plate avalanche detectors (PPAD), which are able to identify a

particle unambiguously as a fission fragment, each having a solid angle of 40 msr.

By subtracting the fission coincident inelastic alpha scattering data obtained for

scattering angles between 1.5° and 3° from the data for scattering angles smaller than

1.5° the distribution of the E0 strength decaying into the fission channel was obtained.

The centroid and width of the E0 strength distribution were found to be 12.5 MeV and 6

MeV, respectively. The excitation energy observed is in agreement with systematics, the

width however is far larger than found for spherical nuclei in the same mass region (3 MeV

for 2 0 8Pb) suggesting a splitting of the GMR in 2 3 8U.

Assuming that the fission probability of the GMR has a similar excitation energy

dependence as the one for the GDR we find that 18±5% of the E0 EWSR decays into the

fission channel. If we also assume that the magnitude of the fission probability of the

GMR is the same as the one for the GDR (22% below the threshold for second chance fission)

this corresponds to 80±20% of the E0 EWSR.

In fig.l the coincident spectrum integrated over the solid angle of the fission

counters is shown, in which the E0 distribution as derived from our data and the (E0+E2)

distribution from recent (e,e?f) data' are

indicated. Comparison of our data with the

(e,e'f) data shows that in our data there

must be a large background presumably due to

multistep excitation.

The angular correlations between the

inelastically scattered alpha particle and

the fission fragments are to a large extent

isotropic for the whole excitation energy

range, in contrast with previous experiments

performed at a scattering angle of 18° where

they peaked around the recoil axis of the

excited " ° U nucleus. This can be explained

by considering that only low multipolarities are excited in the present experiment, while

also the angular correlation due to the multistep excitations will be more or less

isotropic because of the loss of m-state polarization during the many steps of the

5.0 -
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1 I
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excitation.

1. University of Bari, Italy
2. Inst . fiir Strahlen- und Kernphysik, Bonn, W.-Germany
3. S. Brandenburg et a l . , Phys.Rev.Lett. 49(1982)1687
4. D.H. Dowell et a l . , Phys.Rev.Lett. 49(1982)113

Proton excitation of the 3~(9.64 MeV) level in 12C

E. Cereda1, R. De Leo2, G. D'Erasmo2, M.N. Harakeh, S. Micheletti1 , A. Pantaleo2,

M. Pignanelli1

Cross sections of inelastic proton scattering leading to the excitation of the lowest

members of the gs (C^, 2^, 4 ^ band and the 0 2 and 3~ states in
 1 2C have been measured at

the cyclotron of Milano for proton energies between 30 and 40 MeV. The data have been

analyzed in the framework of coupled channel cal-

culations using an extended version of the code

CHUCK modified to include the form factors of t'.ie

"rotovibrator" model . In particular we have

checked that these calculations are able to

distinguish among the different K values of the

octupole band, so that the ^ = 3 " assignment (full

curves in fig.l) to the 31 level has been

possible. This result is in agreement with the

one of ref.4. The 31 cross section data (points

in fig.l) are reasonably well reproduced at all

the investigated energies by an octupole deform-

ation p =0.35.

The 1^=0" calculation (point-dashed curves

in fig.l) does not reproduce the experimental

data around 100° and requires a P 3 value 25%

higher than the previous one. We have found that

150 180 the most important coupling in the excitation of

Fig. i. °c.a'°e8J the 3~ state is t h e 2 | level; its exclusion

from the coupling scheme results in the dashed

curve in fig.l, which, as the point-dashed one,

does not reproduce the data around 100°. The Po

extracted from this last calculation is very close to 0.35, suggesting that

the 2. coupling is important in reproducing the shape of the 3. cross section but not its

strength»

: • • 1 ' • 1 • • 1 ' '
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\ \
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1. University of Milan, Italy
2. University of Bari, Italy
3. K. van der Borg, M.N. Harakeh and B.S. Nilsson, Nucl.Phys. A325(1979)31;

M.N. Harakeh, "BEL", KVI Internal Report 77i (1982)
4. M. Kamimura, Nucl.Phys. A351(1981)456; N. Takigawa and A. Arima, Nucl.Phys.

A168(1971)593
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Inelastic proton scattering on 1 0 0Mo, 108Pd and 112Cd nuclei

R. De Leo1, M.N. Harakeh, S. Micheletti2, M. Pignanelli2, S.Y. van der Werf

Recently, the excitation of low lying states in even-A Mo, Pd and Cd isotopes, has
3")

been systematically studied by inelastic scattering of 22.3 MeV protons '.

In the present study angular distributions, for several inelastic transitions up to

an excitation energy of about 3 MeV, have been measured for Mo, 108Pd and 112Cd at an

incident proton energy of 51 MeV.

The energy resolution in the experiment was between 25 and 30 keV (FWHM). This

extension of the previous study ' has the aim of providing spectroscopie information also

on levels lying at higher excitation energies than the two-quadrupole-phonon triplet and

constitutes a further test of the use of 1BA model in the analysis of scattering

experiments.

Coupled channels calculations have been carried out by

using the code ECIS and, as coupling parameters, the IBA matrix

elements. The channels which are coupled are the relevant (p,p')

transitions, leading to even-parity states, which can be

described in the (sd)-boson approximation of the IBA model »" '.

Some calculations have been performed also considering the

odd-parity states and the f-boson. One of the goals of the

present analysis is to verify, at a different incident energy,

the prescriptions for transition form factors given in ref. 3.

The agreement with the experimental angular distributions

is in several cases satisfactory, without any adjustment of

parameters. In other cases, as those of the transitions to 2
+ 112

and 2- states in Cd (shown in the figure), a good agreement
can be obtained by adjusting, in a best fitting procedure, a

cm

limited number of coupling amplitudes, starting from their IBA

values and phases. This procedure can provide transition matrix

elements M(EX) from a (p,p') experiment. The reliability of the method is supported by the

good agreement found with the known M(E2) and M(E0) values, as obtained from the Coulomb

excitation and conversion-electron experiments, respectively. This analysis is still in

progress.

1. University of Bari, Italy
2. University of Milan, Italy
3. E. Cereda et al., Phys.Rev. C, to be published
4. M. Sambataro and G. Molnar, Nucl.Phys. A376(1982)201
5. M. Sambataro, Nucl.Phys. A380(1982)365

Search for stretched spin states in Sn via the (p,p'), (oc.t) and (^He,d) reactions

S.Y. van der Werf, N. Blasi, M.N. Harakeh, W.A. Sterrenburg, A.D. Bacher1, G.T. Emery1,

C. Glover1, W.P. Jones1, H. Karwowski1, H. Nann1, C. Olmer1

We have started a program to study stretched spin states in Sn. A 1Sn(p,p) 1 1^Sn

experiment with 135 MeV polarized protons has been done at IUCF. A 116Sn(e,e' )116Sn
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experiment is planned at NIKHEF.

The neighbouring nucleus 115In has, in its groundstate, a proton hole in the lgn/2~
115

shell. Proton stripping on Sn therefore leads selectively to proton one-particle one-

hole states In ] 16Sn with the (^gg/j) a s t h e n o l e« o f s u c h configurations, the stretched

ones must carry the largest spectroscopie strength. At the KVI we have studied the

reactions 115In(a,t)U6Sn at 65 MeV and 115In(3He,d)116Sn at 50 MeV. A compilation of

configurations with 0 Tiw and 1 fiu> excitation, expected in Sn, is listed in table 1. In

fig.l a spectrum of the (p,p') reaction at high momentum-transfer and spectra from both

stripping reactions are shown on a common excitation-energy scale.

Table 1. Possible shell-model configurations of high-spin
states in 1 1 6Sn

configuration u/v parity highest excitation

a/ cnin in fid)type spin

lll

(lg 9 / 2 • lgy/2

0 fiw

(Ig'
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8 +
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10"
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1

1

1

1

1

flu)

t.0,

f iw

f i u

flU)

flu)

a) under the assumption that the Id^^iv) and Ig7/2(v) a r e

full and the ^n/2^v^ i s partially filled. Where proton
and neutron excitations are both allowed, isospins TQ and
TQ+1 are accessible, else only TQ
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A characteristic feature of the (JHe,d) and (a,t) spectra is that, with the exception of

the groundstate and the 2.-state, no states below Ex=3.8 MeV (corresponding to the shell-
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gap) are excited with any appreciable cross-section. Above this energy stripping into the

^ 5 / 2 ~ ' an<* hi-gher up, into the i-êj/2~ an<* * nll/2~ sne-'--'-s ^ s observed.

States at Ex=2.909 (I
11 =7"), Ex=3.228 (8~), Ex=3.522 (9~) and Ex=3.547 MeV (10 +),

known from in-beam gamma studies • ' are found in the (p,p') reaction and show angular

distributions and analyzing powers typical for stretched states (fig.2). The 10 state is

assumed to be the stretched (hTw?» ^ n / ? ^ configuration, while the 7~, 8 and 9 are of

the type (187/2»ni1/2^ o r ^ 2 d5/2' hll/2^ o r a m i x t u r e o f these. All three are neutron

excitations. The 9 and 10 states cannot be resolved in this experiment. DWBA

calculations, using a Love and Franey force or a G3Y-force indicate that the cross section

of the 9~ is about ten times stronger than that of the 10 states. Candidates for

stretched proton-excitations should be sought for above 4 MeV excitation energy. They

should be seen in the (a,t) reaction more clearly than in the ( He,d) reaction if they are

of the type (lgg/2' ^7/2^ o r ^ ^ 9 / 2 ' ^11/2^' because °f the large angular momentum

mismatch of the (<x,t) reaction. In the (p,p') reaction they should have the characteristic

bell-shaped angular distribution that peaks at backward angles. Three such candidates are

found, at Ex=4.90, 5.90 and 6.32 MeV. They have been indicated in fig.l.

1. IUCF, Bloomington, Indiana, USA
2. A. van Poelgeest, Ph.Dr Thesis, Vrije Universiteit, Amsterdam, 1978
3. A. van Poelgeest et al., Nucl.Phys. A346(1980)70
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1.2. TRANSFER AND CHARGE EXCHANGE REACTIONS
Study of charge exchange isovector excitation modes in F

W.A. Sterrenburg, S. Brandenburg, A.G. Drentje, M.B. Greenfield , M.N. Harakeh,

H.J. Riezebos, H. Sakai , S.Y. van der Werf, A. van der Woude

The nucleus F was studied using the 0( He,t) reaction at a bombarding energy of

81 MeV. The target was a 160 ng/cm2 Ta-foil, oxidized to Oc. Spectra corresponding to

0 could be obtained by subtracting spectra taken with a target made from the original

metallic foil.

Tritons were detected in the QMG/2 spectrograph equipped with a 120 cm long detector.

Angular distributions were measured from 6.. ,=0° to 27° over an excitation energy-range of

31
18 MeV. Part of the singles data has been reported in the previous Annual Report . The

decay properties of states, excited in F were studied in a coincidence experiment in

which tritons are detected at 0° in the spectrograph and decay-protons at backward angles

in two large area (300 mm2) Si(Li) detectors.

Fig. 2.

Fig. 1.
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In fig.i a singles trito-i»spectrum is shown, together with spectra obtained under

requirement that the tritons are coincident with protons decaying into a definite state of

•^0. Such spectra are given for the lowest six states in ^ 0 .

This technique has several advantages:

i) The continuous background in the triton spectrum which is due to the breakup transfer

reaction and which is associated with forward moving protons, is entirely suppressed

by detecting protons at backward angles.
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ii) The spectra corresponding to decay into neutron-hole states, i.e. states that have an

appreciable spectroscopie factor for neutron pick-up on 0, give a fair picture of

the 1 particle-1 hole strength in F. such is the case with the l/2~ ground state

and the 3/2~ first excited state in 1 5 0 .

iii) Angular triton-proton correlations provide another observable that may be used

together with the singles angular distributions in making spin-assignments.

Angular distributions for a number of states or groups of states are given in fig.2.

The drawn curves are calculated with the program DWBA 82 of Raynal , using the effective

interaction of Schaeffer ' and microscopic wave functions of Gillet and Vinh Mau '. The

association of states from the latter calculation with experimental ones is not always

unambiguous, notably at higher excitation energies. We will limit ourselves here to the

gross-features of the spectra.

There should be no Al^O strength if 0 is considered as a LS-clossd self-conjugate

core. States at E =3.74 MeV and E =4.65 MeV which have spins 1 are, however, excited

through AI=0. This is an indication of ground state (g.s.) correlations in the 0 g. s.

wave function. AL=1 strength is found at low excitation energy in the 0~(g»s.), 1 (0.19

MeV) and 2~ (0.242 MeV) states. The latter is excited very strongly, the first two weakly.

With the microscopic calculations of Gillet and Vinh Mau one reproduces correctly these

strength ratios.

Large concentrations of Al=l strength are found in two bumps around Ex=7.5 MeV and

E =9.5 MeV. The combined information from the singles angular distributions and the

triton-proton angular correlations, in conjunction with DWBA 82 calculations lead one to a

tentative assignment of 2~ to the bump at 7.5 MeV and of 1~ to that at 9.5 MeV. The latter

would be the analog of the GDR in 1 60 as is also suggested by the calculations of Gillet

and Vinh Mau.

1. Permanent address: Florida A&M Univ., Tallahassee, USA
2. Permanent address: RCNP Osaka Univ., Japan
3. W.A. Sterrenburg et al., KVI Annual Report 1981, p. 25
4. J. Raynal, DWBA 82, unpublished
5. R. Schaeffer, Nucl.Phys. A164(1971)145
6. V. Gillet and N. Vinh Mau, Nucl.Phys. 54(1964)321

Charge exchange isovector excitations in Mg, Ca( He,t) reactions

Pieter Grasdijk, S. Brandenburg, M. Greenfield , M.N. Harakeh, W. Segeth, W. Sterrenburg,

S.Y. van der Werf

In recent years there has been an increased interest in the charge exchange reactions
o

like the (p,n) and the ( He,t) reaction since they seem to provide an excellent tool to

study the excitation of spin-, isospin- and spin-isospin modes in nuclei. Apart from the

Gamow-Teller resonance ' which has an 1=0 angular distribution, broad structures ' have

been found with 1=1 angular distributions. Among these is the analog of the giant dipole

resonance, but also spin-flip transitions AL=AS=1, AJ =0 , 1 , 2 occur. To study these

various aspects and also the decay of these different modes in the nuclei, singles and

coincidence experiments were done, using the ( He,t) reaction on Mg and Ca targets

with E(3He)=73 and 81 MeV.
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Th e outgoing tritons were detected with the QMG/2 spectrograph with a 120 cm focal

plane detector. For each triton angle measurements were done with two field settings, to

cover an excitation energy range from 0 to ~25 MeV. In the coincidence experiments the

tritons were detected at 0°. The protons in coincidence with the tritons were detected

with two large area, 5 mm thick Si detectors, mounted at backward angles. A five point

angular correlation in the range 90° to 150° was measured.

a. The nucleus

was chosen since it is one of the few L^#

targets that give the possibility of studying the

TQ_, , TQ, TQ^.I components of the Gamow-Teller

resonance.

In fig.1 a typical E t vs E spectrum is shown

at 9 =0° and 6 =120° for a low spectrograph field

setting. As one can see there are practically only

two loci, which correspond to the ground state and

the 1=3/2, E =7.86 MeV state in 25Mg. They also

show up very clearly in the TKE spectrum (insert

in fig.1). The spectrum in fig.2a shows the triton

singles spectrum at 6 =3°, as composed of the

different singles spectra of the different

spectrograph field settings. Fig.2b shows the

projection of the groundstate locus onto the

triton axes, sunmed over all measured proton

angles, and fig.2c shows the projection of the

T=3/2, E =7.86 MeV locus.
A

The striking feature is that for excitation

energies in Al above 14 MeV decay is observed

predominantly to either the groundstate, T=l/2, or

the T=3/2, E =7.86 MeV state in 25Mg. Moreover,
A

from fig.2 one can see that there are definitely a

few states that decay to the T=3/2 state in 25Mg

but do not decay to the groundstate of ^lg. They

also show up clearly in the singles spectum. This

means that these states in Al are either T=l or

T=2 states. The lowest T=2 state in 26A1 is

expected at an excitation energy of about 13.5

MeV. The decay for an T=l state into the Mg

groundstate is much more likely on the basis of

phase space and penetrability than the decay to

the T=3/2, Ex=7.86 MeV state in
 25Mg. Conversely,

states in 26A1 that do decay to this T=3/2 state

: 20

o
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TKEIMeVt
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but not to the ground state of 25Mg are very likely candidates for T=2. Such fragments,

which moreover have an 1=0 angular distribution are to be identified with the 1=2 Gamow-

Teller strength. The analysis is still in progress.

40
b. The nucleus Ca

The triton angular distribution was measured from 0° to 30°. Fig.3b shows a singles

spectrum at 8 =0°, again composed of different singles spectra from different spectrograph

field settings. For 12 states in Sc angular distributions were made, which we are

currently trying to describe with the code DWBA 82. A feature in this spectrum is the bump

centered around 11 MeV excitation energy. Comparison with photonuclear work ' shows that

this must be the analog of the giant dipole resonance.

Th.3 top of fig.3 shows the result of calculations

of the odd-parity states in Sc. They are calculated

in a ltiw -Tamm-Dancoff approximation (TDA). For the

effective two-body force the empirical CAL-force' has

been used. From the wave function of these states the

strengths have been calculated for the dipole operator

rYjt- and the spin-flip multipole operators

[a x r ] .t , \=0,l,2 . One can see that the dipole

operator shows a very collective behaviour, since most

of the strength is concentrated in a single state

at ~10 MeV excitation energy.

Coincidence experiments show decay to several

20
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39
states in Ca. The projection of the ground state

on
locus of Ca onto the triton axis is shown in fig.3c.

Several peaks or groups of peaks at the low energy

side of the large bump are seen to decay to the ground

state, but little decay of the high-energy side of the

bump is found in this channel. This is surprising

since the neutron channel opens only at E =14.5 MeV.

1. Permanent address: Florida A&M Univ. Tallahassee, USA
2. R.R. Doering et al., Phys.Rev.Lett. 35(1975)1691
3. S.L. Tabor et al., Phys.Rev. C25(1982)1253 and ref. cited there
4. V. Gillet and E.A. Sanderson, Nucl.Phys. A91(1967)292

Total, escape and spreading widths of che IAS in even Pm-isotopes

H. Hofmann, N. Blasi, S. Brandenburg, P. Grasdijk, M.N. Harakeh, W.A. Sterrenburg,

S.Y. van der Werf

The ANd(3He,t)APm reaction, leading to the isobaric analog state (IAS) of the ground-

state has been studied for all even-A Nd isotopes at E( He)=75 MeV. Tritons were detected

at 0=0° in the QMG/2 magnetic spectrograph. Proton-decay of the IAS to low-lying states in
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Nd was studied using two Si(Li) detectors, mounted at backward angles, to detect

protons in coincidence with the tritons.

As an example, a singles spectrum is shown in fig.1. The IAS line-shapes have been

fitted with a convolution of a Lorentzian shape of width T (to be adjusted) and a Gaussian

shape with a FWHM equal to the instrumental width. The latter is taken from the

contaminant peaks that arise from the reactions 12C(^He,t)12K (g.s.) and ^ O ^ H e . t ) 1 ^

(0.425 MeV) where the observed width is essentially the instrumental width (about 40 keV).

The escape-width r is found from the total width and the probability P for direct proton

decay as T*= ?*T.

600

Ï400

200

l5ONd(3He.t)l5OPm
E 3 u =75 MeV

~~

Fig.

1200 I40Ó 1600
channel

I800

Fig. 2.

Table 1. Properties of IAS states in even Pm isotopes

Q
(MeV)

AEC

(MeV)
r

(keV)

r'
(keV)

K) 6 20
EK (MeV)

r
(keV)

142 -14.847±0.004
144 -14.376*0.003
146 -14.612±0.003
148 -14.518±0.005
150 -14.466±0.007

15.611±0.004
15.50Ofcl.003
15.376±0.003
15.282±0.005
15.230±0.007

13.6±8.8
32.2±9.0
46.3±8.8
71.8±5.5
96.1±9.8

2.3±1.5
5.7±1.9
9.6±2.0

19.4±2.4
34.0±3.9

11.3±7.3
26.5±7.4
36.7±7.0
52.4±4.0
62.1*6.3

Here P 4it E
i

d2o(i)
dQ dQ /

da
dQ.

where the summation extends over all neutron hole states in

P t

the final A-l nucleus. The spreading width r is defined as V = T - T .

The current opinion1' is that the spreading width of the IAS, at least for nuclei

with AMOO, is mainly due to the mixing with the (TQ-1)-component of the charge-exchange

isovector monopole resonance through the Coulomb-part of the Hamiltonian. In fig.2 the

experimental values for the spreading widths are plotted versus the excitation energy of

the IAS. The observed exponential increase of the spreading width is very suggestive for a

proportionality with local level density. The solid line represents a dependence

p(Ev)~exp(Ev/T) with T=2.6 MeV.
A. A.

1. N. Auerbach, Proc. 1980 RCNP Intern.Symp. on Highly Excited States in Nuclear Reactions
(1980) p. 653, and references therein
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Spreading widths of isobaric analog states (IAS)

J. Janecke , M.N. Harakeh

The total width T of an IAS can be expressed as a sum of two terms, the escape width

T (mostly proton decay) and the spreading width r • The latter results from isospin

mixing with states of lower isospin. The spreading widths T of over 50 IAS with A=112 to

238 have been deduced from measured r and measured or estimated r . Most data are from

( He,t) charge-exchange reactions * '.

Mixing with a postulated isovector monopole resonance (IVM) is believed' to explain

T in medium-heavy and heavy nuclei. Only recently have fragments of such a resonance been

observed directly via the (TI~,7I ) reaction '. The spreading widths are approximately

described by '
p

x 2 IVMpr= v .. x v u (\\
CD

where V C D is the charge-dependent Coulomb matrix element responsible for the mixing with

the IVM, AE is the energy separation between IAS and IVM, and r w is the damping width.

A global analysis of the spreading widths r has been carried out using eq. (1). Good

agreement between the experimental and calculated spreading widths was achieved over the

entire range thus establishing general trends for the parameters of the isovector monopole

resonance. The energy AE was taken as ' AE=(155 A~ ' -55 T/A) MeV. The matrix elements VCI)

were found slightly stronger than hydrodynamic and microscopic estimates. The damping

widths rT,M at E„ (IAS) were found to increase with isospin from about 2 MeV for Sn to
IV%8 x fil%8 fil

4 MeV for Pb. Preliminary results have been reported elsewhere '. The above conclusions
are tentative.

1. Univ. of Michigan, Ann Arbor, USA
2. J. Janecke et al., Nucl.Phys. A394(1983)39 and ref. cited there
3. S.Y. van der Werf et al., Phys.Lett. 105B(1981)l11
4. N. Auerbach et al., Rev.Mod.Phys. 44(1972)48 and to be published
5. H.W. Baer and J.D. Bowman, Int.Conf.Nucl.Phys. Amsterdam, 1982 and priv. comm.
6. J. Janecke and M.N. Harakeh, B.A.P. S. Ĵ7_( 198 2)704; J. Janecke et al., to be publ.

Low-lying states in Sn and Sn populated via the ( He,d) reaction

N. Blasi, M.N. Harakeh, W.A. Sterrenburg, S.Y. van der Werf

The 113»U5In(3He,d)11'4»116Sn reactions were performed at 50 MeV beam, using the

QMG/2 magnetic spectrograph, in order to study stretched spin states at high excitation

energies (see ref.l). The analysis of these measurements showed, however, other

interesting aspects, such as the population of low-lying states in the Sn isotopes. These

states are mainly neutron excitations, since the Sn isotopes are semi magic nuclei with

Z=50. A very simple picture can be drawn to represent the proton configurations in In and

Sn. Since In has 49 protons, its ground state can be considered as a proton-hole in the

lg9/2 o r b i t a l : I eg /2 > i=9/2
+# In t h i s case» t n e stripping of a proton into In would

populate only the ground state of Sn with a strength G(In,g.s. -> Sn,g.s.)=l.

A spectrum recorded for 116Sn is shown in fig-.l of ref.l. A striking feature is the

sharp increase in cross-section above E x - 3.8 MeV, which is interpreted as the strength

of shells above the gap. Therefore, states below this energy must be mainly neutron



-21-

excitations. The strength G(In,g.s. -> Sn,g.s.) is smaller than 1, i.e., 0.46 for Sn and

0.77 for Sn, and a number of states are populated, although very weakly, below 3.8 MeV.

This might indicate that other terms are present in the configuration of the ground state

of In. It is, for instance, reasonable to think that neutron core-excitations can also

contribute. The ground state of In could then be written as:

IIn,g.s.>
1=9/2"

"5ln(W6Sn
= 50 MeV

This would allow the population of the 2 + states

by 1=4 (go/o) transfer and the 3~ state by

transfer.

observed.

Experimentally,

In addition 1=2

this

(g7/o)

is indeed

transfer is

observed to the 2"1" states, 1=2 (d5/2) a n d A = 4

transfer to the 4 states, and 1=5

transfer to the 3~ states.

In table 1 spectroscopie factors for low-lying

states are listed. Some angular distributions

are given in fig.1. The present experiment

provides accurate information on the tiny proton

contributions to the low-lying states in Sn

and Sn, which are mainly built on neutron

excitations.

1. S.Y. van der Werf et al., this Annual Report
section I.I.

Fig. 1.

Table 1. Spectroscopie strength

Ex(MeV) s l / 2 d5/2 87/2 g9/2 p3/2 h l l / 2

1 1 3 In( 3He,d) 1 1 4Sn
0.00
1.30
2.19
2.28

1 1 5In( 3He,d) 1 1 6Sn
0.00
1.29
2.22
2.27
2.39

0.01
0
0

0
0

.06
. 0 2

.08
. 0 1

0
0

0
0

. 4 6
.23

.77

.27

0

0

.02

.03

0

0

.05

.04
0.01 0.02 0.02
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Distribution of i , transfer strength in odd-A platinum isotopes, investigated

by the ( He,a) reaction

T.F. Thorsteinsen1, J.S. Vaagen1, A. Vaagnes1, J.R. Lien1, N. Blasi, M.N. Harakeh,

S.Y. van der Werf, K. Kumar2

To elucidate the richly facetted structure exhibited by odd-A transitional nuclei

around A>190, the reactions A+1Pt( He,a) APt (A=193, 195, 197) were carried out using a

beam of 50 MeV He ions from the KVI cyclotron. These isotopes have previously been

populated by means of (d,t) and (p,d) reactions . The high-j selectivity of the
3
( He,a) reaction makes it a useful tool for investigating the distribution of

transfer strength, related in the spherical limit to the 1^3/2 intruder orbital.

i •-

: T

H15X

' '^'l'—-- d
ÖC3

Examples of the recorded spectra are displayed in fig.l. The resolution was typically

35 MeV (FWHM). For each isotope spectra were recorded for 9 .=5°-45° in steps of 2.5°.
Xcl D

The gross features in the angular distributions (not shown) of the strong 13/2+ states

seem to be reasonably well fitted by standard DWBA curves. A full CCBA analysis of the

measured angular distributions, including multiplet members with 1*13/2 is in progress.

At this preliminary stage we conclude from our data that only two 13/2+ states are

strongly populated in each isotope. (Our recorded spectra cover a range of 4 MeV

excitation energy.) The present data rule out a previous tentative suggestion ' for a

fairly strong 1=6 population of a level at about Ex=550 keV in
 JPt. Furthermore, we find

from fig.l that the cross section ratio o(13/22)/a(13/21) is (0.3, 0.4, 0.5) for A=193,

195, 197 which deviates somewhat from the relative spectroscopie factors (0.4, 0.7, 1.0)

extracted in previous (p,d) studies. We also draw attention to the irregular variation

(880, 530, 780 keV) in the energy separation Ex(13/22)-Ex(13/2|) as a function of

increasing neutron number.
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The data are currently being analysed within a theoretical particle x core coupling

scheme described in detail in ref.4. This procedure amounts to solving a combined set of

equations of motion for stripping (particle-like) and pick-up (hole-like) amplitudes,

relating the triad of nuclei A-l, A, A+l. We adopt the approximate solution method (and

employ the computer program) of Dönau and Frauendorf-^ assuming a coupling via the

schematic pairing + quadrupole interaction fields. The various moments <R||Q ||R'> for

each core nucleus (A-l, A+l) are precalculated using various core models. For simplicity

all pair moments relating the core nuclei A-l and A+l are set equal. (This restriction is

however not necessary ' ) .

Fig. 2 shows theoreti-

cal results45 for 1 9 1Pt

corresponding to three sets

of core models; (i) the

Dynamic Deformation Theory

(DDT), (ii) The 30° rigid-

rotor and (iii) the y-soft

Wilet-Jean model. The

latter two results may also
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be compared with our

data

193Pt

B(E2;O

since E2+ energies and
+ +O * 2 J values do notvalues do not*2J

differ too much from the

Fig. 2.

Pt case. The pattern in

the transfer data seems to

favour a substantial y-

softness. A more detailed

analysis for each isotope

is in progress.

1. I n s t i t u t e of Physics, Univ. of Bergen, Norway
2. Tennessee Technological Univ., Cookeville, USA
3. G.R. Smith, N.J. Di Giacomo, M.L. Munger, R.J. Peterson, Nucl.Phys. A290(1977)72;

G. Berrier-Ronsin et a l . , Phys.Rev. 017(1978)529
4. A. Vaagnes, J . S . Vaagen, K. Kumar, Physica Scripta 25(1982)443
5. F. Dönau, S. Frauendorf, Phys.Lett. 71B(1977)263; J.Phys. Soc. Japan _44_(1978) Suppl. 526

The reaction 1 9 2 Pt( 3 He,a) 1 9 1 Pt at E(3He)=5O MeV

T.F. Thorsteinsen1 , J . S . Vaagen1, G. L^vhjéiden1, H.J. Riezebos, N. Blasi , M.N. Harakeh,

S.Y. van der Werf

This study is a continuation of an investigation ' of population patterns for states

in odd-A platinum isotopes which are predominantly fed via 1^3/2 transfer. An Pt-target

enriched in A=192 was used with an isotope composition of 57.30% ( 1 9 2Pt), 26.05% (194Pt)

11.04% ( 1 9 5Pt), 4.74% (196Pt), <1% (198Pt). Spectra and angular distributions were

recorded as for the experiments'2)
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Th e data have not yet been analysed in detail. However, from the raw spectra an

important conclusion may be drawn: there is only one state in Pt which is strongly

populated by 1^3/2 transfer, i.e. the known 13/2.-state at Ex=148 keV. Other candidates

(to be further analysed) for 13/2 assignment, observed at higher excitation energy, each

carry < 20% of the population strength of the 13/2. state. Thus, the i ^ ^ population

pattern as a function of neutron number discussed in ref.2 seems to continue smoothly into

Pt; as the neutron number decreases the relative population of the 13/2. state becomes

larger and larger. The fragmentation of the excited I13/2 strength, however, has to be

studied in more detail.

Due to the isotope mixture of the target, states of A*J»13->pt and ' Pt are also

expected to be present in the spectrum. Using the results of the previous studies ' the
•4" 1 Q^

states of the twr odd-A isotopes were easily identified; in fact, only the 13/2 „ ( JPt)

and 13/2"!" (195Pt) peaks reach a strength of > 5% of that of the 13/2"!" (191Pt) peak. Due to
+ 193 195favourable Q-values the 13/21 states in both 13J> i 3 Jpt fall below the spectral position of

1 Q ]

the Pt, „ , thus simplifying the identification. So does also a group of three states

at ~2000 keV excitation energy in 1 9 Pt, corresponding to reactions on the 195Pt target

component. These states seem to correspond to three states which tentatively were assigned

i.13/2 t r a n s f e r i n a previous (p,d) study ' of the population of Pt.

The present study supplements a recent (p,d) study ^ of Pt at 25 MeV beam energy,

and should provide more reliable information on populations proceeding via high-A trans-

fer. For our raw data it seems like a substantially smaller transfer strength goes into

the region around Ex~810 keV than that suggested in ref.4 to be 1=6 or 5. A further

analysis of our data is, however, required for more quantitative statements.

Compared with the theoretical calculations discussed in refs.2,5 the data cannot be

said to have a striking preference for any of the models; they all seem to imply too much

113/0 strength to higher lying states. This testifies to the complexity of the platinum

nuclei and may also indicate that the hexadecapole shape has to be included in the

anal/sis.

1. Institute of Physics, Univ. of Bergen, Norway
2. T.F. Thorsteinsen et al., preceeding contribution
3. G. Berrier-Ronsin et al., Phys.Rev. 023(1981)2425
4. J. Kalifa et al., Phys.Rev. _C2_2_( 1980)997
5. A. Vaagnes et al., Physica Scripta 25(1982)443
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The 197Au(d,3He)196Pt reaction at Ed=50 MeV

N. Blasi, M.N. Harakeh, W.A. Sterrenburg and S.Y. van der Werf

l97Au(d,3He)'96R
0=8°
Ed=50 MeV

Fig. 1.
Ex(MeV)

This experiment completes a series of one

proton transfer reactions performed at this

institute with the QMG/2 magnetic spectrograph (see

Annual Report 1981 or ref.1,2), with the aim of

testing the predictions of the supersymmetry model.

This particular reaction has been already studied in

Orsay ' for the lowest three levels, i.e. the ground

state, the 2 state and the 2* state, but their

energy resolution (~ 120 keV) made a study of the

higher excited states impossible. In our case an

energy resolution of ~ 30 keV using the 120 cm detection system, and ~ 20 keV with the 60

cm system and an optimised beam, was achieved. A spectrum taken at 9=8° is shown in the

figure. The results confirm what was already found by the Orsay group ': the population of

the 2„ state via 1=2 represents a strong breaking in the supersymmetry, similar to the

case of the l93Ir(3He,d)*9 Pt reaction*^. The 3. and 01 states, whose expected positions

are indicated in the figure, are not populated by this reaction, in agreement with the

theory.

At higher excitation energies several other states are populated, such as

the 4., the 7~ and another 0 + state at 1.403 MeV, which can possibly be identified with

the 0 state of Pt in the supersymmetry model. The notation Pt labels those states

in which a boson is broken up into two fermions, corresponding to non-collective 2-quasi-

particle states in °Pt. The spectroscopie strength of 0.07 for this 0 state agrees with
2

the value 0.05 predicted by the theory, using the parameter E, taken from the

197Au(3He,d)198Hg reaction2'. As already found in the Ir(3He,d) case, many 2 + states are

seen at higher energies, and an identification of the 2 state of Pt is impossible.

The absolute spectroscopie factor obtained for the g.s., 0.29, is in good agreement with

the value 0.26 obtained in the 196Pt(3He,d)197Au reaction^ (only relative values were
9 H 'I

given by the Orsay group). This value together with the C S for the 2. and 2 states gives

a total spectroscopie strength of 0.64 for the 2d-,2 orbital below 1 MeV, which is very

little compared to an expected total strength of 3. Much of the 2d .„ strength must

therefore lie above 1 MeV. The strength corresponding to the deeper shells lh]W2> 2^5/2

and lg7/2» and possibly the missing l&^/z strength, shows up as a bump, concentrated

between Ex=2 and Ex=5 MeV. Some fragments which can be identified at the low energy side

of this bump confirm these assignments. The analysis of this bump is still in progress.

1. N. Blasi et al., Nucl.Phys. A388(1982)77
2. N. Blasi et al., Phys.Rev. C26(1982)1893
3. M. Vergnes et a l . , Phys.Lett. 107B(1981)349
4. M.L. Munger and R.J. Peterson, Nucl.Phys. A303(1978)199
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The 1A2Nd(p,3He)140Pr reaction

S. Smid, A.M. van den Berg, N. Blasi, M.N. Harakeh, L.W. Put, S.Y.van der Werf

We have studied the low-lying states

in the odd-odd nucleus Pr, using the

142Nd(p,3He) reaction. A thin (~ 150

Hg/cm2) 142Nd target of 93.4% isotopic

enrichment, was bombarded with 40 MeV
o

protons. The outgoing He particles were

detected with the 120 cm position sensi-

tive detection system of the QMG/2

magnetic spectrograph. Angular distri-

butions were measured from 7° to 33° in seven steps, with a spectrograph solid angle of

9.5 msr and an overall energy resolution of 33 keV. The spectrum taken at 33° is shown in

fig.1. The numbers above the peaks refer to the energy states given in table 1. The

spectra were analyzed with the peakfitting program AUTOFIT '. Absolute differential cross

sections were obtained by normalizing to the proton elastic cross sections, which were

measured with the same set-up.

The extracted angular distributions appear to be sensitive to L-transfer, but very

little to J-transfer. Definite spin assignments could not be made and for this reason we

quote in table 1 tentative spin values only, which were used to determine spectroscopie

strengths. DWBA calculations were performed using a (pn)-cluster form factor assuming S=l

and S=0 for transfer to unnatural and natural parity states, respectively. The optical

model parameters for protons and deuteron transfer were taken from ref.2, and the He

parameters were obtained from ref.3, and slightly but not significantly modified.

For all states with known ' spin and parity, good fits were obtained, with either

pure or mixed values of the expected L-transfer. For composite peaks with known Jn, the

angular distributions were fitted with admixtures of the L values allowed for these

states. This is the case, for example, for the 2 + and 3 + states at 27.3 keV and 29.5 keV,

respectively. New definite L assignments could be made to the level at E =0.63 MeV, and to

four levels between E =1.02 MeV and E =1.30 MeV. Five new levels were observed above

E =1.30 MeV, of which the two with the highest excitation energy, were well fitted by the

DWBA calculations. In table 1 we present our results, in comparison with those of Hussein
et a l .4) Our excitation energies are estimated to be accurate to within 15-20 keV. In

addition we present relative two-particle (pn) spectroscopie strengths which are defined

by: SL>J= (da/dQ)exp/(da/dQ)DWBA

l.A.M. van den Berg et a l . , this Annual Report, section VI.3.
2.H.J. Riezebos et a l . , Phys.Lett. 118B(1982)287
3.H.W.Baer et a l . , Nucl.Phys. A129(1969)l
4.S.G.Hussein et a l . ,Nucl.PhysT~ATl9(1974)407
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. 140
Table 1. Energy levels in Pr

peak
n o .

1
2

3
4
5
6
7
8
9
10

11

12

13
14

15

16

17
18

19
20
21
22
23
24

E.

0
0

0
0
0
0
0
0,
0
0,
0,
0,
0,
0.
0,
0 .
0 .
0 .
0 .
1.
1.
1 .
1 .

1 .
1 .
1 .
1 .
1.

Hussein e t <

x(MeV)

. 0

.029 0.0273
0.0295

.127
.192
.271
.287
.331
.390
.420
.576
.604
.630
.642
.764
.784
,861
,889
,905
,968
018
,033
,052
,060

,147
184

.204
230
293

al.4>

J%

1+

2+
3+
(5+)
3+
2+
3 +

4+
(4+)
2+
(4)+
(3)+

(8 ) "
(7)"
(4,6)
(5)"

(3)~

Ex(MeV)

0 . 0
0.03

0.13
0.19
0.27
0.29
0.33
0.39
0.42
0.57

0.63

0.77

0.85
0.88

1.02

1.13

1.19
1.22

1.30
1.32
1.37
1.43
1.86
1.96

This

L

0+2
2
4
6

(2 )
( 2 )
(2 )

4
4
2
4

2

(7 )

(5 )
( 5 )
( 1 )

4

3

(2)
4+6

2
(6 )
3+5
( 2 )

2
5

work

SL,J

0.05+0.17
0.08
0.10
0.13
0.02
0.10
0.07
0.07
0.05
0.04
0.03

0.54/0.33/0

0.34

0.16
0.07
0.08/0.03/0

0.17/0.14/0

0.05/0.03/0

0.05/0.03/0
0.03+0.05

0.11/0.07/0,
0.14/0.12/0
0.02+0.08
0.07/0.04/0,
0.12/0.07/0.
0.18/0.16/0,

calc.

. 2 4

. 0 2

. 1 2

. 0 3

.02

.05

.11

.03

.05

.14

with J71

1+
2+
3+
5+
3+
2+
3+
4+
4+
2+
4+

1/2/3+

7"

4 "
5 "
0/1/2"

3/4/5+

2/3/4"

1/2/3+
5+

1/2/3+
5/6/7+
4
1/2/3+
1/2/3+
4/5/6"

The reaction mechanism of direct three-nucleon transfer

J.J. Hamill, A.M. van den Berg and J.M.R. van der Blij

To date, there has been no satisfactory detailed description of the (oc,p) reaction

mechanism at direct-reaction energies. It has been demonstrated ' that both the shapes and

the magnitudes of angular distributions for the °Ca(6Li,t)^Ti reaction at EL1=34 MeV are

well described by the stripping model with microscopically calculated form factors;

however, the same analysis ' shows that observed cross sections in the Ca(o,p) Sc

reaction at E =36 MeV are larger than stripping-model predictions by two to three orders

of magnitude.



- 2 8 -

2 0 -
19F(3He.6Li)'6O
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Fig. 1

9=18 deg.

multiple!

12 10

0 +

In the hope of learning more about the

origin of this discrepancy, we have measured

cross sections for the (a ,p) and (He, Li)

reactions at higher bombarding energies, \~6®

MeV and E(3He)=81 MeV. An isotopically enriched

Ca target was used in the (a,p) experiment;

targets of 19F (in the form of 6LiF) and of 46Ti

(in the form of TiO9) were used in the

( He, Li) experiment. All measurements were made

with the 120 cm detector in the focal plane of

the QMG/2 spectrograph.

Figs.l(a) and l(b) show small- and large-

angle spectra for the Ca(a,p) reaction. The

states that are strongly populated by this

reaction at EL=36 MeV ' are also seen at 60 MeV.

The 0=50° spectrum in fig.l(b) shows that low-

lying states of low spin (!<5) are populated

weakly at this angle, while those of higher spin

(j=19/2" and 15/2") are populated strongly.

Fig.2 shows that this behaviour is predicted by

the (zero-range) DWBA with radial form factors

calculated in a cluster model, which ignores the

details of microscopic structure, in particular

the magnitude of the form factors. The

signatures of the different j transfers are of a

distinct form that is simpler than at lower

energy: the angular distributions fall off

approximately exponentially past a certain

(empirical) JJ-dependent critical angle; the

critical angles are indicated in the figure by

arrows. Fig.2 also includes a cluster-model DWBA

prediction for a 5/2" transfer. This curve, the

shape of which is in good agreement with the

experimental points (not shown), illustrates the

well-known j dependence of the (a,p) reaction;

compare the shape to that for the 7/2" state,

also Ji=3 . We have not yet analyzed the data with

microscopic form factors or with finite range

effects included, yet certain simple features

are already obvious. To summarize, the identi-

fication of high-spin three-particle states is straightforward at the 60 MeV bombarding

energy, perhaps even more straightforward than in heavy-ion induced reactions ' % Fig.l(b)

shows a few prominent peaks at high excitation energy in 3Sc which are by no means

7*
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obvious at 6=10°; see fig.l(a). We shall pursue the question of whether these high-lying

states represent 19/2" and 21/2+ three-particle configurations.

At the outset, it was an open question whether one could measure (-*He, Li) cross

sections at E(3He)=81 MeV with the usual detector in the QMG/2 spectrograph. Our

experiment demonstrates that good resolution and unambiguous identification of Li ions

are possible with the usual detector, when scintillator, energy-loss and time-of-flight

signals are used. Fig.l(c) shows a spectrum from the 19F(3He,6Li)16O reaction, with 60 keV
-4

resolution (AE /E. =7.4*10 ) at E =7 MeV. Although the spectrograph corrects kinematic
x beam x

broadening with multipole magnetic fields, this correction cannot be perfect across the

whole focal plane, and the deficiency becomes non-negligible when the ejectile is

relatively heavy, as in Li+ 0. For instance, in fig.l(c) the resolution at the ground

state is 130 keV, or AE/E=16xlO~ (The target was very thin, 60 \ig/cm2, and did not

contribute substantially to the degraded resolution). Fractional resolution as good as

4 x 10 will be possible when software has been written to correct, off-line, for such

peak broadening.

The spectrum in fig.l(c) shows that Op-Oh and lp-lh states are selectively excited.

The very weak population (if there is any population at all) of the 0 state of 1 60 is

remarkable, since it contradicts one's naiive expectations: shell model calculations ' of

the first two 0 + states of 0 predict rather large Op-Oh and 2p-2h components for both

states. Unfortunately, the ( H e , Li) experiments on both targets, l F and Ti, suffered

from poor counting statistics. The Ti( He, Li) Sc reaction, in particular, has very

small cross sections, and useful measurements may require runs as long as one day per

angle.

The (oc,p) and (He, Li) analyses are in progress.

1. J.J. Hamill and P.D. Kunz, to be published in Physicf Letters
2. P.A. Smith and R.J. Peterson, Nucl.Phys. _A363_( 1981)287
3. A. Anyas-Weiss et al., Phys.Rep 12(1974)202
4. A.P. Zuker et al., Phys.Rev.Lett. 21(1968)39

Summary of the results from the (d, Li) reaction studies on medium-heavy nuclei

A.M. van den Berg, N. Blasi, R.H. Siemssen, VJ.A. Sterrenburg

The analysis of the four-nucleon pickup data via the (d, Li) reaction mentioned in

the KVI Annual Report 1981 (pages 17-22) has been completed this year. The study on the
88 90

population of pairing vibration states in Sr and Zr resulted in a paper which has been

accepted for publication in Nuclear Physics A. Results of transitions to other states in

88Sr and of states populated via the 92>94»96'98»100Mo(d,6Li) reaction1^ are presently

prepared for publication. In addition to these experimental data shell model calculations
on

were performed using Sr as a double closed core (see section III.2 of this Annual Report).

To understand the population of the first excited 0 states in the molybdenum

isotopes via the Ru(d, Li)Mo reaction, IBA calculations were performed, using the u-
2}

particle transfer operator given by Bennett and Fulbright '.To this aim wave functions of

the target nuclei were obtained in a way similar to that used by Sambataro and Molna"r ̂

in their derivation of wave functions for the molybdenum isotopes.
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1. A. Saha et a l . , KVI Annual Report 1978, p. 15
2. C.L. Bennett and H.W. Fulbright, Phys.Rev. 016(1977)2085
3. M. Sambataro and G. Molnar, Nucl.Phys. A376(1982)201

High resolution investigation of 2 2 6 ' 2 2 8 Ra via the (d,6Li) reaction

A.M. van den Berg, N. Blasi, R.H. Siemssen, W.A. Sterrenburg, Z. Sujkowski

232Th(d. L0228R0

three angles: G 13°, 17° and 21°. As in

Studies of the (d,6Li) reaction in the

actinide region (see KVI Annual Report 1981,

page 20) were continued and resulted in high

resolution spectra of °Ra and Ra. These

spectra were decomposed with the code

AUTOFIT (see section VI.3 of this Annual

Report). Peak areas were obtained by fixing

the position of the peaks in the spectrum,

whereby the excitation energies were taken
1 21

from the published '^ level schemes of

2 2 6Ra and 2 2 8Ra. Exact-finite-range DWBA

calculations were performed with an L

transfer value consistent with the spin

assignments obtained from the p-decay
1 ON

experiments ' J.

Angular distributions for the

232Th(d,6Li)228Ra reaction obtained in the

range from 7° to 31° are shown in the

figure. The present experiment indicates

that the strongly excited state at Ex=0.78

MeV in 2 2 8Ra consists of a (0+, 2+) doublet.

The strength of this doublet is comparable

to that for the population of the ground

state and the first excited 2,+ state.

Members of the 0~ band are weakly excited.

The 23OTh(d,6Li)226Ra has been measured at
2 28 —•

Ra we find that members of the 0 band are
weakly excited too and that the 0 + and 2 + states in this isotope at E =0.824 and 0.873

MeV, respectively, are strongly populated. The present data contain an indication for

strongly excited 0 + and 2 + states at E x = 1.22 and 1.44 MeV, respectively.

The table summarizes the present results for the J Th(d, Li) reaction. Reduced

widths v2„ of the (d,6Li) reaction were calculated according to the method given by

' These results are compared with those given by these authors from an
232

Janecke et al. •

investigation of the ZJ*Th(d, Li) reaction at Ed=55 MeV. It is seen that for both (d,
6Li)

experiments these values compare rather well. Reduced widths (Y 2
n) obtained for the a-

decay of Th are presented as well. The discrepancy between these values from the
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present analysis and those from Janecke et a l . ' can be a t t r ibu ted to a smaller value for
228the decay energy of the oc-partlcle to the ground-state of Ra used in the present

analysis (0^ = 4.010 MeV from Horen4) versus 0^ = 4.080 MeV from Janecke et a l . 5 ^ ) . I t i s

therefore only meaningful to compare r e l a t i ve reduced widths.

Table 1. Reduced widths Y^D a n d YaR ^ a t c h a n n e l radius s=1.7A ' 3 ) and re l a t ive strengths
f l l i 2 2 8 l d i d d i h ( d 6 L i ) i
e c i h s Y^D

 YaR ^ )
of levels in 228Ra populated via a-decay and via the (d , 6Li) reaction,
respect ively . E and J71 were taken from ' .x

( M e V )

y2 gJ^ y 2 J' y2 y2 J ^
'aR aR 'aR 'aD

(keV) (keV) (keV) (keV)

0.000 0+ 0+ 0 H1.0 75 E1.0 59 321 73
0.064 2+ 0+ 2 1.0 69 2.2 120 600 133
0.205 4+ 0+ 4 0.7 40 0.6 29 360 73
0.412 6+ 0+ 6 <.2 <7 0.4 14
0.474 1" 0" 1 <.2 <9
0.538 3" 0" 3 <. l <6
0.656 5 0 5 <.l <5
0.721 0+ 0+ 0 0.6 38
0.771 2+ 0+ 2 1.1 65
0.846 V r 2 0.8 50
0.880 4+ 0+ 4 1.2 63

1. W. Kurcewicz et a l . , Nucl.Phys. A356(1981)15
2. E. Ruchowska e t a l . , Nucl.Phys. A383(1982)l
3 . J . Janecke e t al . .Phys.Rev. C23(1981)101
4. D.J. Horen, Nucl.Data.Sh. 17(1976)367
5. J . Janecke et a l . , Nucl.Phys. A343(1980)161
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1.3. BREAKUP REACTIONS
Scattering, transfer and breakup reactions in 3He+12C at E(3He)=27O MeV

S.Y. van der Werf, M.J.A. de Voigt, G.T. Emery1, D. Friesel1, M. Hugi1, W.P. Jones1,

H. Karwowski , H. Nann , E.J. Stephenson

Elastic and inelastic scattering, one neutron pickup and breakup reactions were
o 19

studied with a 270 MeV He-beam on C at IUCF, ELoomington, Indiana. The experimental

setup consisted of two telescopes built of a stack of four hyper-pure Ge-detectors each.

The total thicknesses of the telescopes were 40 mm and 50 mm. Singles spectra for He and

He particles were obtained with one of the telescopes at six angles between 0 =5.3"

and 18°. Typical spectra are shown in fig.l. In the ( H e , He') reactions the states at

4.439 MeV (2 +), 7.654 MeV (0+) and 9.641 (3~) are strongly excited. At higher excitation

energy three states or groups of states can be distinguished at Ex=15.1 MeV (1 T=l), 18.3

MeV and 21.5 MeV.
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In the ( He,a) reactions three peaks are seen corresponding to the C groundstate (3/2~)

the first excited state at Ex=2.000 MeV (1/2") and the doublet 4,319 (5/2~), 4.804 (3/2~).

The angular distributions are shown in fig.2. The primary goal of the experiment was to

study the 12C( He.pd)1 C inelastic breakup reaction. This reaction can be seen as a

specific form of inelastic scattering, which might be more selective for spin flip

transitions than normal inelastic scattering. Especially, we wanted to study the 1 states

at 12.7 MeV (T=0) and 15.1 MeV (T=l). Coincident runs were done at three different angle

combinations, (13°,-13°), (15°,-11°) and (17°,-9O) with the telescopes on opposite sides

of the beam. Spectra for the particle combinations (p,p), (p,d), (p,t) and (d,d) have been

obtained. These data give information on projectile-breakup and related processes. The

analysis of this part of the experiment is still in progress. The preliminary result is

that the 1 states are not so strongly excited that they can be identified in the spectra.

1. IUCF, Bloomington, Indiana, USA
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Reaction mechanisms in JHe projectile breakup at 52 MeV on
O O C Q

^ Si and JONi

E.H.L. Aarts, P. Dorenbos, P. Grasdijk, R.A.R.L. Malfliet, R.J. de Meijer, J. Regtien,

S.Y. van der Werf

The He breakup measurements at 52 MeV have been concluded this year. In this Annual

Report we present the status of the analysis in three contributions: the singles or

inclusive data for protons and deuterons (a) and the p-d (b) and p-p (c) coincidence

measurements. The aim has been to investigate the reaction mechanisms that lead to the

continuum parts in singles spectra.

a. The inclusive proton and deuteron spectra

INCLUSIVE DEUTERON
SPECTRUM

xl/IO

INCLUSIVE PROTON
SPECTRUM

Fig. 1.
Ep (MeV)

20 40
Ed(MeV)

Fig. 1 presents the proton

and deuteron singles spectra

at 8 = 10" for 1 2 C , 28Si and
CO

Ni targets. The continuum

structures in these spectra may

be separated into a bell shaped

bump centred around beam

velocity energies (indicated by

arrows) and an evaporation like

tail. At more backward angles

the tail part becomes more

dominant and at 6 = 70° it is

the only observed component

(dotted line). The centroid of

the bump is almost independent

of the target and shifts towards

lower energies with increasing

angle; its width is almost

independent of the outgoing

particle, target nucleus and

detection angle.

Fig. 2 shows the angular

distributions for as well the

bump and the tail components of

the continuum. The bump cross sections for protons at very forward angles are about twice

the deuteron cross sections. Both cross sections drop off exponentially in the forward

angle region. The slopes are almost independent of the target mass and the decrease for

the deuterons is about twice as fast as for the proton bumps. The tail cross sections for

the protons are rather flat and scale approximately with A. For the deuterons the angular

distributions show a forward peaking. At larger angles the cross sections become almost

target independent.

Fig. 3 displays the angle integrated cross sections (10°<8<60°) as function of the

target mass. From this figure it follows that the integrated bump cross sections for
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protons is about four times larger than for deuterons and that this ratio is target

independent. Furthermore, the cross sections are proportional to approximately A ' rather

than A1/3 as observed at E = 90 MeV in ref. 1). From this behaviour it is clear that the

breakup is dominated by the nuclear force since long-range Coulomb breakup would show a
2

Z_ -dependence,
target v

(a) ENERGY INTEGRATED CROSS SECTIONS AT

* S N ! ^ A(3He,<J)

=52 MeV (b)

s^^A
o - -

10 -

C? ' ( C )
•D

BREAKUP BUMP

. 2 8 S i
\ \
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o-o-o-o-o—-o—o— -0—"o"—0— "0 o—

'H:
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"10 20

Fig. 2.
30 40
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The angle integrated cross sections for the evaporation-like tails are proportional

with A for the protons and with A for deuterons. For the protons this proportionality

suggests a process depending linearly on the number of target nucleons as e.g. full equi-

libration between projectile and target in compound nucleus formation. Since in first

approximation the incident energy in such a process will be shared among all nucleons the

energy per nucleon will decrease with A and hence the slope of the tail spectra will be

steaper with increasing A. This is consistent with the shape of the 0 = 70° spectra shown
I/O

in fig. 1 as dotted lines. For the deuterons the A ' dependence indicates a peripheral

process. Together with the forward peaking of the angular distributions (fig. 2) this is

suggestive for a pre-equilibrium type of process.

Quasi-free projectile breakup calculations ' with either proton or deuteron as

spectator reproduce fairly well the general trends in the centroid position, widths and

angular distributions for the bumps in the singles spectra. From the comparison of the

calculations with the data it turns out that proton spectators are experimentally about

six times more likely than deuteron spectators.

Calculations with a coalescence model reproduce the angular distributions for the

evaporation like proton tails. This agreement supports the idea that this process is due

to an equilibration of the projectile with the target nucleus followed by proton

evaporation. The slopes calculated for such a process are in good agreement with the data.
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b. The p-d coincidence measurements

As mentioned in part (a) the quasi-free reaction mechanism calculations reproduce the

properties of the bump part of the proton and deuteron singles spectra fairly well. In the

model the projectile is thought to consist of two components: one that continues without

any significant disturbance (spectator) and the other one interacting with the target

nucleus (participant). The calculations in part (a) are the sum over all possible

processes and do no indicate explicitly which are the dominant interactions and to what

extent do they contribute to the total bump cross section. So the aims of this part of the
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investigation was to determine the main processes in the reaction of the participant and

the target nucleus by means of p-d coincidences, to compare the contributions from these

processes to the inclusive deuteron spectra and to understand these results in terms of

quasi-free reaction mechanisms.

, , « ^

^ :
i

j

i

Fig. 4.

1
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0d-IO°

E3 -55

0 p - l45 '

I MeV

28Si "
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Fig. 4 shows two-dimensional E versus E^ spectra for the three target nuclei at

8, = -10° and 0 = -145°. In these spectra one observes loci corresponding to the
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3 *
A( He,pd)A reaction. These loci indicate that the reaction has been measured kinemeti-

cally complete. At relatively low proton energies one observes for all three targets an

intense concentration of events. At more forward proton angles the intensity ratio between

the "uncorrelated" events and the loci changes in favour of the loci and at very forward

angles the spectrum is dominated by the ground state locus. The main difference between

the spectra for different target nuclei is the number and the position of the loci. This

is to be expected since they correspond to states in the nucleus A. Except for their

intensity the uncorrelated events seem to be independent of the target.
2) 28

In ref. the analysis of the processes has been carried out for the case of Si.

The following processes were identified: elastic breakup leaving the target nucleus in its

ground state, inelastic breakup leaving the target in an excited state, absorptive breakup

in which the par Li.: .^ant is absorbed by the target, which subsequently emits a nucleon and

an evaporation like tail. In the first three cases the other constituent acted as

spectator. A similar process is also observed in the analysis of the ( He,pt) reaction'.

Table 1

Cross sections (mb/sr) 12C 28bi 58Ni

Coincidences elastic breakup (0 )
inelastic breakup (2+)
absorptive breakup

54
9

25

±11
± 2
± 7

56±12
15± 3

122±22

77
3.

135

±15
4± 0.8
±23

total to the bump 88 ±13 193±25 215 ±27

evaporation like tail 22 ± 6 21± 5 15 ± 4

Singles

total

continuum bump

evaporation like tail

total

110 ±15

80 ±20

15.5± 1.5

95 ±20

214±20

192±20

27± 5

220±20

230

270

40

310

±28

±30

± 7

±30

Table 1 presents the comparison of the angle integrated continuum cross sections

derived from the p-d coincidences measurements with 0 , fixed at 0 , = -10° and the

d a

continuum cross sections in the singles deuteron spectrum. Contributions of discrete

states have been subtracted in both cases. From the table it follows that within the error
1 *) 9ft

bars the singles deuteron yields for C and Si are completely accounted for by the
58

yield of tne different p-d coincidence processes. For Ni about 70% of the singles yield
1 9

is traced back. The bump cross sections are fully accounted for in the case of C and
28Si and for 80% for 58Ni. For the tail cross sections the singles yield is completely

reproduced for 12C and for about 80% and 40% in the cases of 28Si and 5 8Ni, respectively.

Since no significant coincidence yield was observed between deuterons and ether charged

particles than protons it is likely that the missing strengths is contained in d-n

coincidences. Such coincidences were not measured in the present investigations.

In fig. 5 the cross section for elastic breakup has been presented as function of A.

The data are consistent with an A ' dependence, as expected for a peripheral process. In

order to circumvent the missing yield in the absorptive breakup coincidence measurements
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the "real" cross section for this process has been derived by subtracting from the

inclusive yield the contributions from elastic and inelastic breakup. The results indicate

that the absorptive breakup cross section is proportional to A.

Table 2 presents the comparison between the proton singles cross section at 0 =10°

and the particle-particle coincidence cross sections with 0 fixed at 0 = -10°. The

results show that the p-d coincidence measurements account only for about 10% of the

inclusive yield in the bump and do not contribute at all to the inclusive yield of the

proton tail.

The quasi-free reaction calculations have been presented in ref. ' for the case of

Si. For the other cases the calculations are in progress.

Table 2

Cross sections (mb/sr) 12C 28Si 58Ni

Coincidences two proton spectator
one proton spectator (pi)
elastic p-d breakup (0 )_
inelastic p-d breakup (2~)

total to the bump

one proton spectator (p2)
no proton spectator
p-d coincidences

75
100
22
3

200

5
30
1

±10
±20
± 5

.9± 1.3

±25

± 3
± 3
± 0.5

175
220
19
2.

420

10
60
3

±20
±40
± 5
3± 1.0

±50

± 5
± 8
± 1

205
270
23
3

500

12
150
4

±35
±40
± 5

.3± 1.0

±60

± 5
±30
± 1

total to the bump 35 ± 4 75 ±10 165 ±30

total 235 ±25 495 ±50 665 ±60

Singles continuum bump 210 ±20 430 ±40 510 ±40
evaporation like tail 52 ± 6 105 ±10 170 ±20
total 260 ±20 540 ±40 680 ±40

c. The p-p coincidence measurements

From table 2 it is obvious that an essential part of the inclusive continuum cross

section for protons at 0 = 10° is not accounted for by p-d coincidence measurements. From

the analysis of a run with a telescope system at 0 = 135" on a Si target it was found that

almost exclusively protons were in coincidence with charged particles detected at 0 = 10°.

So it was likely to investigate the p-p coincidences as a possible source to explain the

inclusive proton spectra. As pointed out in last year's Annual Report^' the coincidence

cross sections may be divided into: bump-bump (two-spectator), bump-tail (one-spectator)

and tail-tail (no-spectator) cross sections. For each of these processes the angular

distributions have been determined and the cross sections have been integrated. The

results have been listed in table 1. One sees that within the error bars both the

inclusive proton bump and tail cross sections are completely accounted for by the

coincidence measurements. It is rather remarkable that, in contradiction to the

reconstruction of the inclusive deuteron spectrum at 6, = 10°, no significant strength is
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missing due to p-n coincidences. This implies that the cross section for the ( He,2pn)

reaction is at least an order of magnitude larger than the ( He,pn) reaction.

Presently, the analysis of the data in terms of quasi free processes is in progress.

1. N. Matsuoka et al., Nucl. Phys. A311 (1978) 173.
2. E.H.L. Aarts et al., Nucl. Phys. A380 (1982) 465.
3. E.H.L. Aarts et al., Phys. Lett. 105B (1981) 130.
4. E.H.L. Aarts et al., Phys. Lett. 102B (1981) 307.
5. E.H.L. Aarts, R.J. de Meijer and S.Y. van der Werf, KVI Annual Report 1981, p. 31.

The quasi-free absorptive breakup of He particles

E.H.L. Aarts, R.A. Malfliet

3 3

From the study of breakup reactions induced by He particles at E( He)=52 MeV it was

found that the absorptive breakup reaction is a dominant reaction channel which accounts

for up to 75% of the inclusive cross section of the ( He,p) and ( He,d) reaction '. Here

we present a model in which it is assumed that the evaporated particles are emitted from a

system in full thermal equilibrium which may be described by a fermi-gas at low

temperature.

Schematically such a reaction may be written as:

r&_+ A -»• b + {x + A} (1)
1 +

where a denotes the projectile consisting of the substructures b (spectator) and x

(participant), A the target nucleus and x + A the compound system resulting in the

evaporation of particles among which particle y. The corresponding differential cross

section in the quasi-free reaction approach may be given as:

^ - 2* ( 2 l t h ) " 3 N ( E ) m m k k ^ * ( PIT

Here m , m, , m^ and fik , fik, , fik are the masses and momenta of the particles a,b, and y,

respectively. The momentum distribution of the spectator b within the projectile is given

by <t> (p). The function ( 3 v) represents the one-particle momentum distribution of
d Py

particles of a type y that participate in a thermodynamical equilibrium of the system

x + A . If it is assumed that this system is in a thermal and chemical equilibrium the

function may be approximated by a distribution for a Fermi-gas at low temperature and high

density:

g [exP((E - n + E )/T) + I]"
1 (3)

y y S
= = g [exP((E n + E
d p (2uh)J y y Sy

with V the volume of the gas, g the spin factors and E the separation energy of the
~ y

particle y. The energy E of the emitted particle is given in the cm. system of the
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2}
compound systam x + A . The temperature T and the chemical potential (j. are given by ':

— — u- EF(1- -^ ~2
E

(4)

where Ep denotes the feimi energy level and E the total energy per nucleon in the compound

system. The normalization factor N(EX) depends on the energy E x of the participant and may

be calculated from the formation cross section of the compound system.
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Fig.l shows results of the calculations for the 1 2C, 2 8Si, 58Ni(3He,pd) absorptive

breakup reaction where the deuteron is assumed to be the spectator. The curves are

adjusted to the data by multiplying them with a factor ~ 0.2. From the com( rison shown in

fig.l it is evident that the results from this model are in good agreement with the

experimental data, apart from an overall normalization.

1. E.H.L. Aarts et al., this Annual Report
2. P.T. Landsberg, Thermodynamics and Statistical Mechanics, Oxford University Press

(1978) p. 278
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28
Mechanisms for reactions of a-particles on Si at E =65 MeV leading to the

ct

three-body final states

R.J. de Meijer, E.H.L. Aarts, M.B. Greenfield , W.A. Sterrenburg

A kinematically complete measurement at 8 = -8 =10° has been made of all charged
9 Q

particles produced by 65 MeV a-particles on Si. Singles, coincidence and projected

energy spectra have been studied. The following processes have been identified: (i) quasi-

free projectile breakup; (ii) binary breakup due to the inelastic excitation of the

projectile to an unbound excited state; (iii) charged particle decay of the residual

nucleus following mass-transfer reactions; (iv) pickup processes to Li unbound states with

the subsequent decay into a and either p, d or t; and (v) sequential evaporation of

protons. The cross section for process (i) is at least one order of magnitude smaller than

the corresponding process induced by He at the same beam velocity. As indicated in last

year's Annual Report ' the processes (iv) and (v) have the largest cross sections. It has

been found that the selectivity for populating states in a final nucleus is almost

independent of the reaction leading to that nucleus.

A paper on this subject has been submitted for publication '.

1. On leave from Florida A&M Univ., Tallahassee, USA
2. E.H.L. Aarts et al., KVI Annual Report 1981, p.33
3. R.J. de Meijer et al., Nucl.Phys., in press

Search for direct a-projectile breakup at 120 MeV; application of intrinsic Ge-detectors

H.J. Koeslag, I. Brouwer, P.B. Goldhoorn, M.B. Greenfield , R.J. de Meijer, L. Sterck,
o

G. Vourvopoulos , W.J. Uytenbogaardt

3")In a previous investigation ' at Ea=65 MeV it was found that the cross sections for
7 ö

direct breakup processes in the a + Si reaction were an order of magnitude smaller than
o 90

observed in the He + Si reaction at the same beam velocity. A possible explanation was

given in terms of a mismatch between the available phase space and the momentum

distribution around beam velocity energies for tritons and He produced in the cc-induced

reactions. Additionally, the results showed at forward angles a large contribution from

sequential breakup processes. To investigate these effects in more detail coincidence and
7 8

singles measurements were carried out on Si at Ea=120 MeV and at various detection

angles.

The singles He and triton energy spectra at 6=10° are presented in fig.1. The two

peaks in the t spectrum at 70 and 90 MeV are due to hydrogen contamination of the target.

Compared to the Ea=65 MeV data the cross sections at Ea=120 MeV show an increase at

ejectile energies around the beam velocity. These cross sections are similar to the ones

obtained by Wu et al. ' at Ea=160 MeV on Al. Also in the present experiment there is

twice as much yield for He than for t.
o

Similar to the He breakup investigation coincidence measurements were carried out to

identify the various breakup processes and to determine their contribution to the

inclusive spectra. The preliminary results for some of the p-t coincidences are listed in

table 1.
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I
Table 1

d2o7dQ dS?t (mb/sr
2)

-10°
-10°
-10°
25°
30°
40°

25°
30°
40°

-10°
-10°
-10°

0.9
1.7
0.7
0.17
0.29
0.22

ë
a

28Si(4He,t)
E 4 u =120 MeV

H6

28Si (4He,3He)
E, (MeV)

_ E, =120 MeV
«2 1/2

25
1
50

E3He(MeV)

—r
100

20

Fig. 1.

In these experiments pure Ge (p-type) detectors of 1 cm thickness have been used. The

advantage of pure Ge detectors relative to Si detectors lies in the detection of fast

light ions because of the relatively large stopping power of Ge and their available

thicknesses (Ge detectors are commercially available up to a thickness of 2 cm). In the

triton energy spectrum one observes a sharp cutoff at 95 MeV indicating that 1 cm

thickness for these particles is still insufficient. The use of Ge-detectors has two main

disadvantages:

(i) Ge-detectors are about 100 times more sensitive to radiation damage than Si-

detectors. This damage shows up as charge collection problems that after some time

cannot be compensated anymore by a higher bias voltage. This requires a heating

procedure every two days (~ 10^ particles/cm2) of beam time. After about 10 h of

heating the high resolution properties of the detectors seem to be recovered,

(ii) Due to the smaller gap energy in Ge relative to Si the Ge detectors have to be cooled

to lower temperatures. The factory-recommended LN£ temperature is obtained by a

continuous flow of LN£ through the detector blocks. For a set-up with 3 telescopes

the LN2 consumption is about 100 liter/day.

Some investigations have been done to use these Ge-crystals as X-ray detectors. With a

modified Canberra 2001 preamp where the first FET stage was placed on the LN2 cooled

detector block, test measurements have been performed. At X-ray energies of 120 keV a

resolution of ~ 1.6 keV was obtained. In these high-resolution measurements the system

appeared to be very sensitive to microphonism. Especially the flow of LN2 through the

detector block and the turbo vacuum pumps in the beam line gave rise to enormous noise

signals. Although these problems have not been solved, improvements has been achieved by

optimizing the components in the first stage of the preamp.

1. Florida A&M Univ., Tallahassee, USA
2. Nucl.Research Centre Demokritos, Athens, Greece
3. R.J. de Meijer et a l . , Nucl.Phys., to be published
4. J.R. Wu et a l . , Phys.Rev. 020(1979)1284
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28 *
Deuteron projectile breakup on Si at E =17.85 MeV. — . — — - ' • U " —

C.A. Fields, R.J. Peterson1, R. S. Raymond2, J.L. Ullmann1, R.J. de Meijer, E.H.L. Aarts

and M.B. GreenfieldJ

7 50
28Si(d,p)

10 deg.

13.1

He (see e.g.

900

The first and most

frequently studied projectile

breakup processes have been those

for the deuteron. At energies of

190 and 56 MeV the features in

these breakup processes are

similar to the ones studied for

this Annual

Report). The most common

technique has been the study of

inclusive spectra for the (d,p)

reaction. At low bombarding

energies a recent study was made
4)

by Kleinfeller et al. .

So far only a few (d,pn) angular

momentum correlations have been measured over the full angular range as e.g. carried out

for 3He.

In this contribution we present some data of the measurements carried out at Ed=17.85

MeV with beams from the cyclotron of the University of Colorado at Boulder. At only about

9 MeV per nucleon this reaction is near the low-energy limit for the application of direct

reaction, and therefore of direct breakup models. The silicon target was chosen because

its ground state and first excited state are easily separated even with short-path neutron

time of flight techniques, and because with such a light nucleus the long-range Coulomb

breakup is not expected to be dominant.

Fig. 1 presents the inclusive proton spectra at 6 =10°. This spectrum exhibits a

continuum structure in addition to discrete states up to E ~15 MeV. This continuum

structure may be divided into a bump part (mainly visible at forward angles) and a tail

part which becomes dominant at backward angles. Already from these singles spectra it

becomes clear that a high energy resolution in the proton spectra is required to

distinguish between discrete states and the continuum part.

Fig.2 presents the TKE spectra at 9 = -12.5°, +12.5° together with a number of
n "- ' p

projected proton spectra in coincidence with neutrons and corresponding to certain gates

in the TKE spectra. From the TKE spectra it follows that at forward angles the dominant

reactions are elastic and inelastic breakup. The projected proton spectra clearly indicate

the large contributions to the TKE spectra from either (d,n) transitions to proton unbound

states or (d,p) transitions to neutron unbound states. Insufficient proton energy

resolution may easily result in an overestimate of the projectile breakup process by a

factor of two.
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Fig. 2.
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Fig.3 shows the angular

distribution of the elastic

breakup process for the case with

9 = -12.5° and e variable. The
n p

analysis of these data in terms

of a quasi-free reaction model ,

the comparison between inclusive

and coincidence cross sections

and the presence of absorptive

breakup are presently in

progress.

Work supported in part by the USDOE and NATO
1. Nucl.Phys.Lab., Univ. of Colorado, Boulder, USA
2. Brookhaven Nat.Lab., Upton, USA
3. Dept. of Physics, Florida A&M Univ., Tallahassee, USA
4. J . Kleinfel ler et a l . , Nucl.Phys. A370(1981)205
5. E.H.L. Aarts et a l . , Nucl.Phys. A380(1982)465
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1.4. HEAVY ION REACTIONS

Systematic study of the Wf Au system

H.W. Wilschut, G.J. Balster, P.B. Goldhoorn, R.H. Siemssen, Z. Sujkowski

Last year we reported on the possibility of investigating heavy ion reactions via

particle-X ray coincidence measurements '. The projectile-like fragment (PLF) is measured

directly and the heavy target-like-fragment (TLF) is identified by observing its

characteristic KX-rays. This method allows the identification of reaction channels that

could not be observed otherwise (e.g. via particle-particle or Y~Parti°le coincidence

measurements). In particular these are channels with more than one light fragment in the

final state.

We have measured particle KX-ray coincidences to study the energy dependence of

various reaction channels of the N+Au system at three bombarding energies: 8, 10 and 12

MeV/amu. In addition to the PLF-X-ray coincidences, we also measured PLF in coincidence

with fission fragments. A light-particle telescope placed in the backward hemisphere

allowed us to investigate the importance of charged particle evaporation in the various

reaction channels.

The main energy dependence observed is an increase of "non-binary" reaction channels

and an increase of fission after incomplete fusion. An intriguing aspect of the present

data is that the energy spectra of one particular ejectile, obtained by gating on the

various characteristic KX-rays, are almost identical, i.e. independent of the atomic

number of the TLF. This is illustrated in fig. 1. Here, we show spectra gated mainly on

ZTLF=81 and ZTLF=79. For ^ B ejectiles this

corresponds to a pure binary reaction channel

and a channel with 2 charges undetected (e.g. an

alpha particle). Within counting statistics, no

difference is observed. This is shown in the

spectra at the bottom of fig.l, obtained by

subtracting the normalized spectra above. These

reaction channel independent spectra are

consistent with a mechanism in which the light

particle is evaporated by the TLF. However, the

a-KX-ray coincidence data provided by the

backward telescope exclude evaporation as the

major contribution to this channel. Another

explanation for the independent spectra io the process of sequential decay of an excited

PLF. In that case, it is necessary that all primary fragments have approximately the same

velocity distribution. The subsequent emission of light particle (a,p or n) then only

changes the width of this distribution. Model calculations may provide more insight in the

validity of such an explanation. It is important to note that our observations are in
2)

agreement with the factorization procedure ' that relates the exclusive and inclusive

spectra in the following way

Fig. 1.
50 50

Energy (Channels)
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da d2a
dQ„_dQ dEu.dE dP„TdE__T " dP dEHI e Hi a HI HI a a

In the present case we observed that

1 d 0 d E " k

which is less stringent than eq. (1), but on the other hand is obeyed much better than has

been observed for eq. (1). The presence of pre-equilibrium light particles suggested in

ref.2 is thus also a valid explanation for the observed close similarity of the exclusive

particle spectra.

1. H.W. Wilschut et al., KVI, Annual Report 1981, p. 40
2. e.g. R.K. Bhowmik et al., Nucl.Phys. A390(1982)ll7

Application of the charged particle KX-ray coincidence technique to the N+ 5 Tb reaction

G.J. Balster, H.W. Wilschut, R.K. Bhowmik1, P.B. Goldhoorn, R.H. Siemssen, Z. Sujkowski,

J. Wilczyfiski2

We have supplemented a series of extensive particle-particle and particle-y correla-

tion experiments on the ^ Nf 'Tb reaction » ' with a measurement of coincidences between

charged particles and characteristic KX-rays from the reaction residues. Data were

obtained at bombarding energies of 140 MeV and 168 MeV. In the following we will discuss

some of the results of the 140 MeV experiment.

From the particle-y data ' it was concluded that only a small fraction (~ 25%) of the

inclusive ejectile cross section resulted from binary (incomplete fusion) reactions

(column 2 of table 1). Except for the 2a and 3a channel, the sensitivity of the method was

insufficient to observe reaction products from the decay of a particle unstable ejectile

produced in a binary reaction. In the present experiment, many more reaction channels with

different Z-values of the residual nuclei are seen. These may be due to incomplete fusion

followed either by the sequential decay of the excited ejectile or by evaporation of the

heavy fragment as well as due to truly non-binary reactions.

In the present experiment, a reaction channel can be observed only if an excited

heavy reaction product is formed that can deexcite by internal conversion followed by

emission of a characteristic KX-ray. Therefore, it is of interest to know what fraction of

the inclusive particle cross section is observed via particle KX-ray coincidences. This

fraction F is listed in table 1. For a, B and C ejectiles the values of F are substantial-

ly smaller than unity. This is indicative of the importance of reactions that do not leave

the heavy fragment in a (highly) excited state. An example of such a reaction is direct

nucleon pick-up by the projectile to a particle unstable state. It should be noted,

however, that F was obtained on basis of the previous y-particle coincidence experiment^'

and on the assumption that the average KX-ray multiplicities are independent of the atomic

number of the heavy fragment. The latter assumption may cause an error up to 25% in F.

We also make a comparison between our data and the particle-particle correlation

data ^ at 168 MeV. It is possible to evaluate the ejectile breakup probability P and the
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a-particle multiplicity M of ref. 4 from the particle KX-ray coincidence cross sections.

We make the assumption that the a-heavy ion coincidence and heavy ion inclusive cross

section are proportional to the equivalent heavy ion KX-ray coincidence cross section,

where the proportionality constant depends on the KX-ray multiplicity. In table 1 we

compare the two values for P and M obtained with the different methods. Good agreement

between the corresponding values is obtained, although the two measurements were carried

out at two different energies (140 MeV and 168 MeV). The analysis of the KX-ray data at

168 MeV will have to be awaited to see if this agreement is not fortuitous.

Table 1.

e je et i Ie

or
parent

a
6 L i
7 L i
7Be

2a
9 Be

l°Be
ioB

U B

12B

U C
12 C

3a

1 3 C

U C

i 4 N
1 5 N

a(binary) J

0 (inclusive)

0.12

<0.39

<0.32

<0.94

0.10

0.37

0.41

0.36

0.22

0.17

0.22

0.29

0.04

0.27

0.14

-

0.32

) F

0.57(10)

<1.11

<0.74

<8

0.83(17)

0.86(16)

1.14(25)

0.65(27)

0.33(12)

0.33(12)

0.46(13)

0.40(6)

0.67(33)

0.39(4)

0.35(8)

-

>0.64

Pa

0

0

0

0

-

-

0

0

0

<1

(X-ray)

. 3 0

.19

.21

. 1 3

. 0 5

.38

.06

.0

P (particle)

168 MeV4)

0.34

0.17

-

0.15

-

-

0.05

-

0.05

0.55

Ma (X-ray)

0.55

0.49

0.77

-

0.37

0.48

0.35

0.30

0.38

Ma (particle)

168 Mev4)

0.8

0.54

-

-

0.41

0.30

0.23

0.29

-

On the basis of the consistency of the present data with both the particle-y and

particle-particle coincidence data, emphasizing binary reactions and break-up reactions

respectively, we conclude that the same reaction mechanism (presumably in complete fusion)

should explain the various observations in these different experiments. Further analysis

will be needed to substantiate this point in more detail.

1. University of Oxford, England.
2. Inst. Nucl. Research, Swierk, Poland.
3. J. Wilczynski et al., Nucl.Phys. A373(1982)109.
4. R.K. Bhowmik et al., Nucl.Phys. A390(1982)117.
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K X-ray multiplicities for (h.i.,xn) reaction residues in the rare earth region

Z. Sujkowski, G.J. Balster, D. Chmielewska1, H.W. Wilschut

The K shell internal conversion of the y~rays deexciting H.I. reaccion residues

results in the X-ray multiplicity per reaction, M, which is often well in excess of one.

As is shown in ref. 2 the M values for well deformed residual nuclei are largely indepen-

dent of the angular momentum input, thus characterizing the nuclei rather than the

reaction channels used for production. It may therefore be hoped that once these values

are determined for a given set of nuclei, they can subsequently be used for quantitative

cross-section determinations for a variety of reactions. This may be of particular value

in the studies in which the K X-rays are used for Z identification of the reaction

residues, as e.g. in the investigation of the ^°Tb+ N reactions described elsewhere in

this Annual Report.

A systematic study has been initiated in order to obtain a comprehensive set of X-ray

multiplicity values for as large as possible a number of residual nuclei in the rare earth

region. Here we report on the preliminary results of this study, in which about 20 targets

ranging from Sn through W have been bombarded with a-particle and N beams (E =

50, 65, 90 and 120 MeV, E(14N) = 70 and 112 MeV). The technique used was essentially that

of ref. 2 in which singles X-ray and y-ray spectra are simultaneously recorded with a high

resolution Ge spectrometer. Examples of such spectra are shown in fig. 1.

The average values of the K X-ray

TK"?8n multiplicities, M, weighted with the cross-sections

of the contributing residues, can be expressed as

3

.Cj

where o.(Z ) is the K X-ray production cross-

section for the element Z and c(xn) are the

cross sections for production of various isotopes

of this element. The latter can be deduced from the

characteristic y~ray spectra.

The most extensive set of M as well as ÏÏ

values for a given element can at the present time

be found for Dysprosium. The upper part of fig. 2

shows the dependence of M on the neutron nunber of

Dy isotopes, as determined in ref. 2. The bottom

part of this figure shows the average M values

determined under widely different experimental

conditions (data of ref. 2 supplemented with those

of the present work). The abscissa is deter-

mined as a cross-section weighted average of

the neutron number of the residue. The experimental dispersion in neutron number is

indicated in the figure for a few points. The even-odd staggering and the drop in M values

at the beginning of the deformed region are well borne out by the data. The figure can

also be helpful in estimating the degree to which knowledge about the neutron dispersion

40

Fig. 1.
50 60

X-ray energy (keV)
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of the reaction products of a given element is needed prior to the use of some

particular M values in interpreting data obtained under different experimental conditions.

1. Permanent address: Inst. Nucl. Research, Swierk, Poland.
2. D. Chmielewska et al., Nucl.Phys. A366(1981)142.

The emission of fast a-particles in coincidence with projectile-like fragments

P.B. Goldhoorn, P. Humbert1, H. Koeslag, R.J. de Meijer, J. Quebert1, H.W. Wilschut,

F. Wolfs

In reactions with light ions several breakup processes have been observed which could

be explained by Aarts et al. ' in the framework of a quasi-free reaction mechanism. Accor-

ding to this model one part of the projectile continues with approximately beam velocity,

whereas the remaining part undergoes the interaction with the target-nucleus. This is the

spectator model. On the other hand important contributions from sequential breakup of the

projectile have been observed in many heavy-ion particle correlation experiments^). Rae et

96

64

32

16O*28Si
168 MeV
e i2c = • '3°
e„ = -15°

O 64 128 192
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Fig. 3.

200-

Fig. 2.
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al. ' found sequential decay to be the dominant process for C—a coincidences at forward

angles in the reaction 16Ot-28Si at 148 MeV.

The reaction Of Si has been studied at an energy of 168 MeV in order to see

whether spectator aspects are present in heavy-ion induced reactions. Singles data were

taken for both heavy-ions and light particles (p-ot) between 9 = 13° and 60°. For a fixed

heavy-ion angle angular correlations have been determined from coincidences with light

particles. The C-oc channel was found to be the most dominant coincident channel. Fur-

thermore it is the only channel with a clear ground-state correlation, as can be seen in

figure 1. In figure 2a the total kinetic energy spectrum for this channel is shown.

Another run with position sensitive detectors and a small relative angle between the

detectors was made in order to obtain more information about the contribution of

sequential decay processes to the reaction cross-section. Preliminary results are shown in

fig. 2b and 2c. The relative energy spectrum for "C-oc coincidences is shown in fig. 2b.

This spectrum indicates that in this reaction channel the sequential decay is a very

important reaction mechanism. For all HI-ct coincidences measured at 9 = 13° an

enhancement in the cross section of the a-particles with beam velocity is seen. Figure 3

shows a comparison of the trends in the total continuum cross sections for inclusive HI-
1 o o Q

spectra at 9 =13° obtained with a 120 MeV C beam on Si and the cross section obtained
HI

in HI-oc coincidences gated with beam velocity a-particles. It is striking to see how well

the cross sections relate for HI with Z<6. For Z>6 a deviation between the two curves is

apparent, indicating a contribution from pickup reactions. This is supported by the

relative energy spectrum for 0-a coincidences where several states in Ne can be

recognized (see figure 2c). Calculations to describe the sequential decay processes are in

progress.

1. University of Bordeaux, Gradignan, France.
2. E.H.L. Aarts et a l . , Nucl.Phys. A380(1982)465.
3. J . van Driel et a l . , Phys.Lett. 98B(1981)351.
4. W.D. Rae et a l . , Phys.Lett. 105B(1981)417, and pr iv . comm.

Search for sequential decay in the KH- Ni reaction at 148 MeV

P.B. Goldhoorn, B. van den Broek, G.J. Balster , R.J. de Meijer, R.H. Siemssen,

H.W. Wilschut

In a recent study of the N+ Tb system ' angular correlations between projectile

like fragments and alpha particles were ascribed to at least two processes, namely,

sequential decay of excited ejectiles and a process in which a pre-equilibrium alpha

particle is emitted. The cross sections for these two processes were found to be roughly

the same. In contrast, in an earlier investigation of . the N+ Ni system^', the non-

sequential component appeared to dominate the angular correlations. The N+ Ni results

are the more surprising since almost every other heavy-ion system studied exhibits the

presence of strong sequential decays. In order to shed more light on these observations we

have measured angular correlations of the N+ Ni system at 148 MeV, which is the same

bombarding energy as in ref. 2), with three position sensitive, solid state particle

telescopes, each covering a range of 4 degrees, centered at -26°, -13° and 13°,
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respectively. One normal telescope was placed at 39°. The angles were chosen such to cover

approximately the same range as in the experiment of Bhowmik et al. \ Good mass

separation of all isotopes (with 1<A<16) was obtained. The angular resolution of the

position sensitive telescopes was better than 0.4°. This is sufficient to obtain

distributions of the relative energy between the emitted fragments and the alpha particles

which are accurately enough to resolve discrete particle unstable states of the various

ejectiles. From these the magnitude of the sequential component can be estimated. The

analysis is still in progress.

1. R.K. Bhowmik et al., Nucl.Phys. A390(1982)117
2. R.K. Bhowmik et al., Nucl.Phys. A363(1981)516

Determination of the a-induced K shell ionization cross sections from the measured K X-ray

to y(2 -»0 ) intensity ratios

Z. Sujkowski, D. Chmielewska , M.N. Harakeh

The characteristic K X-rays emitted from targets bombarded with energetic ions

provide a readily available observable which can be used for normalization purposes in

various nuclear physics experiments. Such a normalization tecnique is practically indepen-

dent of the target thickness and beam current. It requires, on the other hand, accurate

knowledge of the K-shell ionization cross-sections. As it was pointed out by Celler et

al. \ for the case of bombarding energies well below the Coulomb barrier in rotational

even nuclei, one can reverse the argument and use the accurate knowledge of the Coulomb

excitation cross sections in order to determine the ionization cross sections. The purpose

of the present note is to show that the present state-of-the-art calculations of the

inelastic scattering cross sections permit extending the latter method also to energies

well above the Coulomb barrier.

The experimental part of this work consisted of measuring the X-ray and low energy

y-ray spectra for 158Gd and 160Gd targets bombarded with alpha particles in the 13-31 MeV

range. The spectra were measured with a hyperpure Ge detector placed at 9, . = 125° in

order to minimize the directional dependence of the y~ray intensities.

The a-beams were provided by the cyclotrons in Jyvaskyla (13.3-21.3 MeV) and at the

Free University, Amsterdam (25-31 MeV). Accurate intensity ratios of the 2+->0+ and

4+->2+ y~rays to the characteristic Gd K X-rays were determined at each bombarding energy.

A good description of inelastic differential and total a-scattering cross sections to

the first excited 2 state of a deformed nucleus can be obtained with coupled channel cal-

culations in the framework of the rotational model provided that the Coulomb excitation is

considered properly. In particular, the calculation has to be extended to include very

large JL values. We have used the program ECISr-* to perform such coupled channel

calculations to determine the total inelastic cross sections for the first 2 excited

states in ^ Gd and 6 Gd. Optical model parameters (OMP) obtained for inelastic <x-

scattering from the rare-earth nuclei at E = 50 MeV were used. Coulomb excitation and

reorientation terms were included for all energies. Deformations up to K = 6 and multipole

expansion up to 1 = 6 were allowed. For 1 5 8 Gd the p 2, ^ and p6 parameters obtained from
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- extrapolated from measured values
g universal scaling of the BEA model

from ADNDT I

present work

the inelastic scattering data available in literature were scaled down proportionally

until we could reproduce the B(E2) values obtained from life-time measurements. The

procedure used for determining the B(E2) values from OMP is by taking the multipole

moments of the real part of the optical potential as described in ref. 4. For the OMP

used, the real and imaginary geometries were the same. We have used the same geometry for

the Coulomb potential to ensure that the B(E2) values as obtained from the multipole

moments of real and imaginary parts of the optical potential and of the Coulomb potential

are the same. Indeed, for energies below the Coulomb barrier where nuclear excitation is

negligible, the predicted cross section is about equal to the one obtained from a

calculation with Coulomb excitation in a classical description.

We have checked the sensitivity

of the result to the choice of the

nuclear potential and the shape para-

metrization by varying the OMP and the

Coulomb potential parameters over a

wide range of values. The condition

was that the deformation parameters

were in each case scaled down or up in

such a way that the known B(E?) values

were reproduced. The latter values are

known from accurate life-time measure-

ments to about ± 1.2% for both the

158Gd and 160Gd nuclei. It turns out

that with the B(E2) values fixed

according to the above procedure the

total cross sections for the first

excited 2 state remain constant to

within 2%. The same was found to be

true also when the higher order shape

parameters p4 and p6 were put equal to

zero and only the value P2 was scaled

to reproduce the B(E2).

The total cross sections obtained

using the above method are shown in fig. 1. We believe that the relative accuracy of these

cross sections is roughly the same as that of the B(E2) values used to determine the

deformation parameters.

The calculated a(2 ) cross section values permit to determine the cross sections for

the ionization process from the measured X-ray to y-ray intensity ratios. The results (see

fig. 1) compare favourably with the calculations based on the Plane Wave Born Approxima-

tion with relativistic corrections but are in sharp disagreement with the values obtained

by extrapolation to lower energies of the experimental values available in literature.

The uncertainties of our data points include those of the efficiency ratio of the Ge

detector for X-rays and y~rays (<5%), of the total internal conversion coefficient of the

o-inel. (2+)
(mb)

Fig. 1. Ea(MeV)- -
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2 •*• 0 transition (~3%), and of the B(E2) values. The data are averages over results from

the two targets.

1. Permanent address: Inst. Nucl. Research, Swierk, Poland.
2. A. Celler et al., Nucl. Instr. Meth. 163 (1979) 221.
3. J. Raynal, Program ECIS, priv. comm.; J. Raynal, Phys. Rev. C23 (1981) 2571.
4. M.N. Harakeh, Internal Report KVI-77i and KVI Annual Report 1981, p.90.
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II. ELECTROMAGNETIC AND WEAK INTERACTIONS

11.1. GAMMA-RAY, ELECTRON AND X-RAY SPECTROSCOPY

Study of GPR built on highly excited states in light nuclei

Z. Sujkowski, S. Brandenburg, M.N. Harakeh, A.J. Hoeven, M.J.A. de Voigt, H. Wilschut

High energy (E > 8 MeV) y- ray spectra accompanying decay of highly excited reaction

residues have recently been studied by several groups. Observation of concentration of

the Y~ strength around 12-14 MeV in the decay of medium heavy nuclei has been interpreted

in terms of excitation of Giant Dipole isovector Resonance (GDR) modes coupled to highly

excited, high spin states1'. Studies of properties of such excitation modes as a function

of rotational frequency and nuclear temperature in various nuclear systems may yield new

insight to the collective behaviour of nuclear matter under extreme conditions.

The purpose of the present work is to search for the y~decay of such GDR states

produced in fusion reactions between light nuclei. Two special interests can be emphasized

in this connection. Firstly, the dependence of the resonance structure on the rotational

frequency is expected to be most pronounced in light systems, secondly these nuclei offer

a unique possibility of studying the significance of isospin mixing for high excitations.

This second question can be addressed in the following manner.

We notice that in self-conjugate nuclei the allowed El decay can proceed only

for AT=1. If we produce the compound N=Z nucleus by fusion of two lighter self-conjugate

nuclei (T=0 in the entrance channel) then the El decay can occur as the first step only

because of isospin mixing or because of ansitions to T=l final states. The latter,

however, should be hindered compared to particle decay because of the low density of T=l

states at lower excitations. Similarly, the former decay mode should be hindered if the

isospin remains to be a good quantum number at high excitations (i.e. if the isospin

mixing is small). Thufi a comparison of y- decay modes of a self-conjugate and a non-self-

conjugate nucleus formed in similar reactions may yield a valuable information on this

rather fundamental nuclear property.

We have chosen the C + Mg and C + Mg systems for such a comparison. From the

systematics of the excitation energies of the GDR built on the ground states we expect the

y-ray strength in these systems to concentrate at about 20-25 MeV. Two different

experiments have been performed. In the first one, selfsupporting 2 mg/cm thick magnesium
1 2

targets were bombarded with 80 MeV C ions. The targets were placed in the axial hole of

a 6-segment Nal(Tl) sum spectrometer, 40 cm long and with 40 cm outer and 8 cm inner

diameter. One of the six segments was removed and two 5" x 6" Nal(Tl) detectors were

placed in the horizontal plane at a distance of 50 cm from the target and at 9, ,=90° and
.Let D

135°. The detectors were mounted inside NE102 plastic scintillator annuli (see this Annual

Report, section VI.4) acting as anticoincidence shields to reduce the cosmic ray

background. Coincidences were recorded between the Nal detectors and the sumspectrometer

with a requirement that at least three out of the five segments fired. In the later off-

line analysis the effects due to neutrons were eliminated by the time-of-flight separation

and the cosmic ray background was further suppressed by the requirement that none of the
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segments contributing to the coincidence signal has registered a pulse with amplitude

above ~15 MeV.

The preliminary results of this experiment are negative in the sense that no

statistically significant y-ray strength has been observed by the two separate Nal

crystals in the expected energy region of about 20-25 MeV for either of the targets. A

bump at about 12-13 MeV has been observed in each of the spectra, the origin of which is

as yet not clear.

Statistical model calculations show that a dominant mode of decay of states in Ar
O Q

or JOAr populated after the emission of a GDR photon from the corresponding compound

nucleus is expected to be alpha emission rather than that of high-multiplicity y-rays, t 0

which our experiment was tuned. Our second experiment consisted of measuring the Y" r a v

spectra in coincidence with signals from any out of three particle detectors placed at 45°

and ±135° with respect to the beam. The y-ray spectra were recorded with the two

previously mentioned 5" x 6" Nal detectors in AC shields, located at 6. = ± 90° at 54 cm

distance, and also by any of the six segments of the sum spectrometer. The latter was

placed at 72 cm upstream from the target, with the beam passing through the axial hole.

Lead collimators were placed in front of the sumspectrometer, screening the outer as well

as the inner edges of each of the segments. Owing to the modular construction of the

sumspectrometer, a very effective elimination of the cosmic: ray background can be attained

for this system by requiring that no pair of the segment!» can simultaneously record high

amplitude pulses. Analysis of the results of this second experiment is in progress.

1. Newton et al., Phys.Rev.Lett. 46(1981)1383.

O O

A search for electric monopole transitions in ^Kr

A. Zemel, J. van Klinken

Even-even nuclei around mass 80 have been the subject of extensive studies that

revealed complex transitional properties as well as single particle excitations, leading

to backbending at I ~8 .

For Sr, aligned go/2 neutron-holes were recently shown to be associated with the
on

backbending through a magnetic moment measurement. Its isotone Kr, which has a similar

yrast band, has been the subject of in-beam and radioactive decay ' experiments. None of

these y-ray measurements could provide direct information on the nature of the excited 0

levels. These states are, however, of great interest because recent IBA calculations • '

were unable to reproduce the 0„ level at 1^88 keV. This is remarkable since these

calculations account well for the properties of the other low-lying states. This suggests

that the nature of the 1488 keV level, if the 0 + assignment is correct, is rather

peculiar.

The high selectivity of the mini-Orange spectrometer for observing weak conversion

lines makes it a suitable tool for studying the electric monopole transitions in Kr,
on

using the Sr activity with the convenient half-life of 25 days. The extremely low

intensity expected for these transitions (~10~7-lCr"8 per Rb decay) due to the

competition with high energy E2 y-decay, imposes severe conditions in terms of background
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reduction. For this purpose special care was taken to remove from the source any p
ft (\

emitter such as Rb (see F. ten Broek et al., this Annual Report, section VI.4) and to

reduce slit-scattering of the intense high-energy p radiation into the detector.

Our preliminary data indicate that the 09 -»• 0. and 0„ -*• CL transitions are not
+ +

anomalously strong. For instance, our present limit for the intensity of the 0 -> 0. line

is <10 ̂  per Rb decay. Improved measurements with sources of higher specific activities

and with coincident p gating are in progress.

1. R.A. Meyer et al., to be published in Phys.Rev.C and refs. therein.
2. U. Kaup and A. Gelberg, Z.Phys. A293(1979)311.

Monopole transitions in fission fragments with A=98 after (a,f) reactions

J. van Klinken, J. Oomkes, W.Z. Venema

Direct (3- and y-ray spectroscopy of fission product nuclei without intermediate mass

or element separation is confronted by disencouragingly dense spectra. However, we learned

that Mini-Orange spectra of conversion electrons allow the observation of certain E0

transitions despite a continuum background of unresolved transitions. These spectra open

possibilities for studying the population of low-spin states after fission. In a first

exploration we concentrated on the A=98 mass chain, taking advantage of two special

features:

(i) The fission was induced by a cyclotron beam (so far: 40 MeV a) so that ns-timing with

respect to prompt fission became possible. The thicknesses of the Th and U targets

ranged from 1 to 3 mg/cm ;. sufficiently thick for stopping a part of the fission fragments

inside the target, and sufficiently thin to restrict the energy broadening of the

conversion electrons to less than 3 keV.

(ii) The possibility of observing E0 transitions of the type 0„ •* 0. in even-even nuclei
+ +

with 2.-0» inversion. The observation of such E0 transitions is favoured by large

branching ratios and by the fact that these transitions proceed via internal conversion

only (except for higher energies where internal pair creation becomes of increasing

importance). Fig. 1 shows the K and L lines of the 635 keV

transition in 98Mo and of the 853 keV transition in 9 8Zr,

observed in subsequent 10 ns intervals between the 5.7 MHz

pulses of a 40 MeV a-beam. Within statistical accuracy the

two transitions showed no decay in the 176-ns range, which

suggests that they occur in (3 decay. In the A=98 chain the

feeding p-decays have half lives between 0.6 and 30 s; much

longer than the separation between the cyclotron pulses and

much shorter than the data accumulation times (about 3h).

Within the statistical accuracy there is also no indication

of prompt feeding of the 0_( Mo, 22ns) state to within 0.10
+ 98

and none of the 0„( Zr, 60ns) state to within 0.15 times the

total E0 strength. We preliminary assune that the two

transitions occur exclusively in p decay.

14.000

12.000

Auf

aooo

6.000

KVI 2738

2ons <l< 170ns

232 Th
(cr,f)

700 800 900

EB (keV)
Fig. 1
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98 98
Th ratio R=I„(EO, Zr)/l„(EO, Mo) can be related to the A=98 isobar production in the fis-

. 98

sion process . With the relevant knowledge of decay schemes, the EO transition in Mo can be used

as a monitor for the total A=98 yield,while the strength of the transition in ^8Zr is due to

the isobars with Z<40. For 232Th(a,f) we measured a ratio R=0.36±0.06 and for 238U(ct,f) a

value R=0.47±0.05, taking into account modest differences in detection efficiencies.

Perhaps the difference in these two values is statistically significant. However, if R is

calculated from available and detailed information^ on 2-"u(n,f), one obtains a much,2) 98,larger value R=2.68 when using^ a relative EO strength of 29% in the p decay of Y. The
98

sums of procentual yields of A=98 isotopes which do, and which do not decay with E0( Zr)

branching is given in fig.2.
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one

Tha U(n,f) process gives islands of primary fission yields of which the 1% and

0.1% contours are sketched in the chart of the isotopes (fig.3). As indicated in fig. 2

with the charge or Z-distribution for the A=98 chain, we observed that the (ce,f) processy O f.

is quite different from the (n,f) one. We remark that " " U is the same compound nucleus
232

9TS 232
for ZJJU(n,f) and Th(a,f) with an excitation energy of 6.55 MeV (thermal n) and 35,4

MeV (40 MeV a ) , respectively. Therefore, the (a,f) reaction may proceed with emission of

e.g. three additional neutrons. It is especially the island of light fission products

which will shift by this effect towards the valley of stability in the (a,f) case.

However, a detailed inspection of yield-contours with use of the EO branching value of

29%, suggests that the shift is conspicuously large: 3 or 4 additional neutrons coming
no

from '°Y. A perhaps more realistic number of two neutrons would require a branching ratio

of about 12%. It may be valuable that this branching ' is determined by a specific
Q Q

measurement for Y decay with a mass separator on-line with a reactor. In any case our

measurements show that also with a-induced fission the additional neutrons are mainly

evaporated by the light fragment.

1. H. Wollnik et al., Cargèse Conf. 1976, CERN 76-13, P.517.
2. C M . Lederer et al., Table of Isotopes, 1978. The E0( Zr) branching can well be

uncertain to 25% (K. Sistemich, private communication).
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106PdSearch for electric monopole transitions in

J. Bouwman, K. Cornells, J. van Klinken

The search for E0 transitions in 1{^Pd, a s started in 1981^ has been finished with

considerably improved electron spectra from the decay chain Ru-> Rh* Pd. Tight

limits, but no discrete values, have been obtained for the EO (0, •> 0„) intensity and for

the half-lives of the 0 and 0. levels, as indicated in the partial decay scheme (fig.

1).
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Mini-orange electron spectra were accumulated in prompt and delayed coincidences with

the populating p~ rays. The latter were detected with a fast plastic scintillator behind a

second Mini-Orange filter. The narrow spacing (5.7 keV) between the 0 and 2„ levels

resulted in K-line doublets around 1130 and 620 keV and in one of specific interest

searched at 870 keV. Fig. 1 shows parts of a prompt spectrum. Compared to the previous

year, the timing resolution improved from 5 to 3.4 ns, while the peak-to-background ratio

increased with a factor 2.5. This resulted in the observation of the K-line of the 616.1

keV 2 -*• 2 transition, and in a trace of the 1128 keV 2 -> 0 one. However, the presence

of a K(867.8;E0) peak, which was suggested as a 2a trace by our previous spectra, is not

confirmed. Our limit for the reduced branching ratio becomes:

B(EO; 0* + 0*) / B(E2; 0* + 2^) < 0.04.

The partial level scheme indicates values for E , I and I , where y~ray energies and
Y Y K

intensities were taken from data compilations, but where, the K-electron intensities (I„)

were taken from the present measurements normalised to the 0„ -> 2 E2 transition. The
+ +

decay of the 0, state shows that this level has evidently more affinity with the 2 than

with the 2 state. However, within the limits of 0.6 and 0.2 ns set by the present

P-K(873.5), p-K(621.8) and p-K(1133.7) coincidence timing, the 0^ and O2 states show no

anomalously long half lives.

1. J. Bouwman et al., KVI Annual Report 1981, p.54.
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Gamma-gamma energy correlations in '•'">'•''•'[}

H.F.R. Arciszewski , R. Holzman , M. Huyse , R.V.F. Janssens , R. Kamermans*, G.

Lhersonneau , C.J. van der Poel1, M.A. van Hove , J. Vervier2, M.J.A. de Voigt

A Y~ray spectroscopie study of some N=96 isotones and adjacent odd N nuclei included

coincidence experiments with two Compton-suppression spectrometers. Band crossing and

related phenomena were studied in 1°' »*°°Hf, of which the first results were published

recently ', and in 1'°>1'H/) the subject of this report. The experiments were carried out

using the 155Gd(20Ne,xn) reactions with a 110 MeV 2 0Ne beam from the cyclotron at Louvain-

la-Neuve.

Application of two Compton-suppression spectrometers with large solid angle is

particularly useful ' for the construction of y-y-energy correlation matrices, due to the

reduced influence of background subtraction techniques with respect to the use of bare

detectors. The analysis of the discrete part of the y-y-correlation data clearly shows"*)

the similarity between 1 6 8Hf and 1 7 0W nuclei. The yrast band of 1 7 Ow can be identified up

to the 22 state, with a pronouced first backbending occurring at the 14 state. Moreover,

a second strongly excited rotational band exhibiting upbendlng characteristics is observed

which is assigned to W on the basis of excitation function measurements. Assuming that

the lowest transition observed in this band populates the 13/2+ band-head state, the yrast

cascade can be followed up to the 45/2 level. Again the similarity to the odd 16'»l°9Hf

isotopes is clearly present '. Angular distribution measurements are in general agreement

with the stretched E2 character of all transitions in both W isotopes.

The aligned angular momenta i x are given in

fig. 1 as functions of •hw for the yrast bands in

1 7 0W (squares), in 1 6 9W (triangles)6^ and in

1 7 1W (circles). The first backbending in 1 7 0W

occurs at a critical rotational frequency

fiw =0.246 MeV, with a gain in aligned angular

momentum of Ai = 10.Oh, to be compared with

fiu =0.258 MeV and Ai = 9.4fi in 1 6 8Hf. In 1 7 1W,

the low-frequency alignment is i = 5.Oh, and an

upbending starts at hto > 0.29 MeV, with a gain

Ai of at least 3.7 fi; the corresponding quantities for the "favoured" bands in 1 6 7» 1 6 9Hf

are ±x= 4.7 and 3.6 fi, hix> = 0.28 and > 0.30 MeV, Ai = 5.7 and > 4.7fi, respectively. The

backbending in W shows up also in the correlation matrix as a "bridge" (enhanced

intensity of coincidences) in the central valley of low count rates (see fig. 2). At

higher rotational frequencies, bridges are seen in the valley at fiu = 0.45 and 0.48

MeV, to be compared with 0.42 and 0.52 MeV reported^ for the Hf isotopes.

The neutron quasiparticle diagram resulting from cranked shell model calculations '

is shown in fig. 3 for the case of 1 6 8Hf. The one for 1 7 0W is very similar. In this

context, the "favoured" and "unfavoured" bands in the odd N-isotopes correspond to the

lowest-lying quasiparticle trajectories with positive energy and parity, and positive and

negative signature, respectively. In fig. 3 these trajectories are indicated by A

0.2 0.4
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(positive signature) and B (negative). In Hf and W a strong backbending is predicted

to occur in the yrast band at fiw =230 and 190 keV, respectively, due to the alignment of a

pair of quasiparticles into the trajectories A and B. The alignment' is reflected in the

strong discontinuity of these trajectories. At tiw = 230 keV (in the case of Hf) the

two-quasiparticle energy E A + E £ ~ 0 with respect to the reference configuration, implying

a crossing of the two-quasiparticle band AB and the ground-state (reference) band. The

crossing results in an alignment gain of about 9.6fi. Both results are in reasonable

agreement with the experimental data (fio£ 260 and 250 keV,

and *'"W, respectively).
x=

9.4 and lOpi, fo r 1 6 8 Hf
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A similar comparison between theory and experiment is also possible for the odd-N

isotopes 1 6 7Hf, 169Hf and 1 7 1W. At low energies, the lowest positive and negative

signature trajectories A and B are predicted to have i„ values of 5.3fi and 4.3ft.

respectively. Alignment of an AB quasiparticle pair is impossible because trajectory A is

occupied in case of the favoured band and trajectory B in case of the unfavoured band

(blocking effect). However, at somewhat larger energies (fiw = 300 keV for Hf and Iiw =260

keV for W) an unblocked alignment is possible for a BC pair, as can be seen in fig. 3. The
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calculated aligned angular momenta for these two trajectories are 4.3fi and 3.5fi,

respectively, which would amount to a total alignment gain of about 7.8ti at the crossing.

This again is in staisfactory agreement with the experimental data, notably the values of

ix for low energies (4 to 6f>), the absence of backbending in the odd-N isotopes compared

with the even-even nuclei, the occurrence of the upbend in Hf at fiw ~ 330 keV and of a

rise in i„ in 'Hf and W above fiu ~ 260 keV, and the respective alignment gains above

these energies (5fi in 167Hf and larger than 5fi in 169Hf and 1 7 1 W ) .

Fig. 3.
0.15 0.30 0.45 0.60

The different behaviours of the N=95 and 97 isotones 1 6 9 W and 1 7 1 W (and also 1 6 7Hf

and Hf) are due to a change in the interaction |vl between the first and second quasi-

particle trajectories, corresponding at ftw = 0, to the neutron Nilsson orbits [642]5/2 and

[633]7/2, respectively. The quantity |v| is larger for N=97 than for M=95, resulting in a

progressive rise of i for the former isotones and an upbending for the latter. The reason

for this difference can be traced back to the fact that the neutron Fermi level X. is much

N
closer to the [642]5/2 orb i t for N=95 than for N=97.

1. R.J. van der Graaff Lab., Univ. Utrecht, the Netherlands.
2. I n s t . de Phys. Corpusculaire, Louvain-la-Neuve, Belgium.
3„ Katholieke Univ., Leuven, Belgium.
4. Argonne National Lab., Argonne, U.S.A.
5. R.V.F. Janssens et a l . , Phys.Lett. 1Q6B(1981)475 and M.J.A. de Voigt et a l . ,

Phys.Lett. 106B(1981)480.
6. I . Rezanka et a l . , Phys.Rev. Cl1(1975) 1767.
7. R. Bengtsson and S. Frauendorf, Nucl.Phys. A314(1979)27 and A327(1979)139.

Level structure above the 12+ isomers in

J.J. van Ruyven , P. van Nes , W.H.A. Hesselink , K. Allaart , E.J. Hengeveld ,

H. Penninga1, Z. Sujkowski, H. Verheul1, M.J.A. de Voigt

This year the final experiments and analyses were carried out. The results are

discussed in detail in refs. 2 and 3 and a publication is in preparation.
194 1 fift 1 0

Levels in Pb were excited in 0s( C,6ny) reactions at 70, 87, 95 and 110 MeV
bombarding energy and levels in 196Pb via the 4n exit channel at 70 and 74 MeV. The
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measureroents encompassed y-ray and e~-singles, y-y-At, y-e "At and e -e -At coincidences

as well as y-ray excitation functions, angular distributions, DCO ratios and half lives.

In addition, experiments were carried out employing a 40 cm x 40 cm $ Nal(Tl) sum

spectrometer in coincidence with two or three high-resolution Ge-detectors of which one

was of a through-hole type. The sum spectrometer turned out to be particularly useful for

suppression of the low-multiplicity background due to contaminants in the target and due

to competing fission, in particular at the highest bombarding energies used to excite
194

Pb. An additional advantage was the use as. a high efficient reaction time trigger in

the investigation of isomeric states. Low-multiplicity events were suppressed by the

requirement that all five segments of the sum spectrometer fired and some channel

selection was accomplished by slicing the sum-energy spectrum.

The results of these y~ a^d electron spectroscopie investigations are summarized in

the level schemes given in figs, la and b. This is the first report of levels above 12 +

isomers in the light Pb isotopes. It includes a new isomeric state both in 194Pb and
196Pb.
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Fig. 1a. Fig. 1b.

The levels up to the I = 12 isomers in both nuclei can be interpreted as two-

quasiparticle states. In previous studies it was shown that these parts of the level

schemes can be roughly reproduced with a two-quasiparticle BCS model and with a simple

residual interaction such as the surface delta interaction. The 2 , 4 and 5 states have

presumably a more collective nature2,3) Therefore we have included, in a number-

conserving version of the quasiparticle model, also particle-hole excitations of the

protons. For the proton particle the six shells lhg^, It-ji^* 2f$/2' ^P3/2» ^ pl/2'

were considered, like for the neutrons. The hole orbits vrere lgy/2» 2<^5/2> *^3/2' -

* SLngle~Part*-cle energies were taken from nuclei which differ by one nucleon from
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208
Pb. The residual interaction was a delta force, the triplet and singulet strength of

which were fitted to energies of 2 0 6Pb and odd-odd nuclei near 2 0 8Pb.

The calculated 12+, 10+

particle configuration, the 9 state
_ _ , _

considerably mixed. The experimental B(EX) values and g(12 ) factors are reproduced well,

except for the 5~ state, which is presumably of such a collective nature that also two-

particle two-hole components have to be included.

8 states appear to have a rather pure v(i._, ?)
2 quasi-

9 state a v(f5,„,ij,,„) while the other states are

The levels above the 12'

configurations including the

isomers were calculated assuming four-quasiparticle

-*P3/2» 2 f 5/2'

C*

u
X

LU

t
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3
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15~
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—

10 +

20+

16-

12 +

196pb

4q.p.

V .

16+ N V ^ =

exp.

16"

16+

12+

20+

18+

16"

15"
16 +

15

U+

2fy<2 an<i •'••'•13/2 n e u t r o n orbitals. A

qualitative argument for such con-

figurations is obtained from the

strong similarity between corre-

sponding levels in adjacent Pb

isotopes (with N-2, N-l and N

neutrons). The systematic trends in

the energies of states indicate that

three-quasiparticle states ranging

from 17/2+ to 29/2+ in odd nuclei

196

can be interpreted by coupling an

•̂ 13/2 n e u t r o n hole to the excitat-

ions in the A+l core. In the same

way four-quasiparticle states above

the 12 isomers in even nuclei stem

from the coupling of two aligned

i /2 neutron holes to the A+2 core.

The results of the two-broken pair

calculations are compared with

experimental level energies for

Pb in fig. 2. The general trend in the observed level scheme is reproduced very well,

Fig. 2.

except for the 14 and 15i states. The observed 20 states are according to the

calculation of pure .»,-) four-quasiparticle character.

1. Natuurk. Lab., Free University, Amsterdam.
2. P. van Nes, Ph.D. thesis 1982, Free University, Amsterdam.
3. J . J . van Ruyven, Ph.D. thesis 1982, Free University, Amsterdam.

K X-ray multiplicities associated with the quasicontinuum y~r"ays deexciting light residues

of the Os(12C,xn)Pb reaction

P. van Nes , W. Hesselink , J. van Ruyven , Z. Sujkowski, H. verheul , M.J.A. de Voigt

Anomalously large K X-ray multiplicities have recently been found2^ for (^Li,xn)

reaction residues in the region of the light Pb nuclei. The finding was interpreted as an

indirect evidence for high K, deformation aligned rotational bands in these nuclei. Such

bands are expected to feature strong, low energy Ml transitions, the internal conversion

of which could explain the X-ray yields.
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As a part of a systematic study of the structure of light Pb isotopes we have

determined the level schemes of 19/*Pb and 1 9 Pb up to Jn= 15 and 20 +, respectively (see

the preceding contribution). We found no evidence for any band structure above the 12

isomers in either of the two nucleides. We have therefore redetermined the K X-ray

multiplicities due to the quasicontinuum transitions for the residues of the

0s( C,xn) xPb reaction. The measured values do not confirm the anomaly reported in

ref. 2.

The average K X-ray multiplicities, <M>, were determined by comparing the K X-ray

intensities with those of known y- ray transitions recorded with the same Ge spectrometer.

The spectra were measured in coincidence either (i) with selected y- rays in another Ge

spectrometer or (ii) with the total energy sum spectra lecorded with a 4u Nal(Tl) sum

spectrometer. Method (i) yielded the <M> values associated with population of selected

states in a given final nucleus. Method (ii) provided the multiplicity values cross-

section averaged over all the Pb residues produced in the reaction. An example of

coincidence spectra obtained with method (i) is shown in fig. 1.
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The <M> values obtained are significantly smaller than those of ref. 2, where <M> ~3

and ~2 were reported for odd and even Z residues, respectively. Most of the measurements

in ref. 2) have been carried out by the X-ray-X-ray coincidence technique in which the X-

ray yield is averaged over all the (H.I. ,xn) reaction residues. A large even-odd

staggering in the K-shell ionization yields for Z = constant had earlier been found in the

rare earth region '. A similar effect in the lead region could explain the observed high

average X-ray multiplicities. The authors of ref. 2 have therefore carried out a separate

experiment in which the y-X-ray coincidence to y-ray singles yield ratios were determined

for y- rays in Pb. The K X-ray multiplicity for the cascades feeding the 12 + isomeric

state was found to be 2.2±0.2. The present value is 0.8±0.3.

We conclude that the K X-ray multiplicities associated with the quasi-continuum y-ray

cascades indicate the conversion of one or at most two low energy Ml transitions or a

larger number of E2 ones. The location of these converted transitions is presumably rather

high in the level scheme, since a significant fraction of the y- decay is observed up to

^=20 . The properties of the observed levels in 1 9^ »196Pb with J>12ti are discussed in the
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preceding contribution to this Annual Report. We conclude that neither the level schemes

nor the measured K X-ray multiplicities give evidence for low-lying rotational-like bands

in the 194,196pb n u c i e i <

1. Nat. Lab., Free University, Amsterdam.
2. H. Karwowski et al., Phys.Rev. C25(1982)1355.
3. D. Chmielewska et al., Nucl.Phys. A366(1981)142.

An attempt to study light mass actinide nuclei with in-beam spectroscopy

H. Koeslag, J.F.W. Jansen, Z. Sujkowski, M.J.A. de Voigt, K. Cornells

The structure of the actinide nuclei in the region with 82<Z<92, N>126 has so far

hardly been investigated by in-beam spectroscopy methods due to the strong fission channel

in the reactions. Yet, this mass region shows interesting features. Iachello and Jackson '

have recently proposed that a-clustering may explain the anomalously low energy of the

lowest 1" and 3~ states observed e.g. in 2 2 4> 2 2 6Th and in 2 2 2~ 2 2 6Ra. Another interesting

feature concerns enhanced ct-decay of higher spin states observed in N = 128 nuclei like

2 1 6Ra.

We made an attempt to investigate Ra and adjacent nuclei with 2 0 8Pb + 81 MeV 1 2C

reactions. In a first experiment we used a detector telescope of 100 and 1500 |im Si

detectors and three large area Si detectors (thicknesses ~ 200, 400 and > 500 \xm) placed

inside a half-moon shape target chamber at lab. angles between 90° and 154°. In addition

two Ge y-ray and one Ge X-ray detector were placed outside the chamber at 6, , = 45°, 150°
lab

and 90° respectively, and at 10 cm from the target. Separate runs were performed to store

singles spectra as well as coincidences between one Si detector (or telescope) and at

least one other detector. Coincidence data were obtained with 2 nA beam current during 15h

at an event rate of ~ 175 cps.

The particle identification spectrum shows predominantly a- particles and, less

significantly, also protons. The low-energy part of the singles a-spectrum (fig. la) shows

co
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several discrete peaks due to the g.s. decay of Ra and Rn isotopes formed in the reaction,

and of their short-lived daughter nuclei. The high-energy part of the particle spectrum

(recorded with the 400 \xm Si detector at 90°) contains two broad bumps. The one at 14-28

MeV (also observed in the telescope spectrum) is mainly due to a- particles, presumably of
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the "evaporation" type '. The energy and the width of the second bump (see fig. lb for a

coincidence spectrum) are in agreement with the shape of the low-energy bump of (light)

fission fragments. Heavy projectile-like fragments may, however, also contribute to this

bump. In the singles particle spectrum at 90° also the elastic peak at 71.6 MeV is

observed.
3—5}

The strongest lines in the singles y-ray spectrum were recognized as known '
"? 1 f\

transitions in Ra. Spectra coincident with a particle detector show also predominantly
o i C\ *y l (\

lines of Ra whereas a very clean Ra spectrum (fig.2) was obtained in delayed
coincidence with the 9.35 MeV cr-line of the 2 1 6Ra g.s. (Tj.= 180 ns) . A gate set on the 9.04

n 1 c 2

MeV a-line of the Ra g.s. (Ti=1.6 ms) in order to observe the so far unknown

transitions in this nucleus did not yield an interpretable spectrum (very poor

statistics).

o
o

izo
8

344

RoKX

20BPb*8l MeV I2C
GAMMA RAYS COINCIDENT
WITH 9.35 MeV a

476

Fig. 1.
200 400

CHANNEL NUMBER
800

The X-ray spectra recorded sinultaneously gave results which are consistent with the

conclusions of the y-ray spectra. In coincidence particle spectra also very weak lines of

the a-decay of excited states in Ra up to the 10+ state ' were observed at E = 10.5 -

11.3 MeV but these lines could not be resolved from each other.

In a second experiment we used three Mini-Orange electron spectrometers with magnet

configurations for maximum transmission at ~80, ~160 and ~700 keV. In addition two Ge and

one particle detector were used. This experiment lasted only 15h with only 2 nA beam

current. The same identifications as in the first experiment could be made in the y— and

a- spectra. The electron spectra showed mainly the L conversion lines of the yrast band

transitions in Ra up to 12 , both in singles and in the coincidences.

Combining the results from the trial experiments described above we concluded that

(i) fission is the dominant reaction channel, as expected;

(ii) ( C,4n) Ra and ( C,5n) Ra are the strongest evaporation-type reaction channels

with ( C,o3n) Rn, ( C,ce4n) Rn and ( C,2an) Po as weaker channels;

(iii) gating on the a-decay energy of one of the product nuclei is a useful selection

method for clean in-beam observation of its y-spectrum;

(iv) considerably better statistics (hence larger beam currents) are necessary to obtain
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useful results from the coincidence spectra (including y-y- spectra) and to observe the

probably very weak a-decay of higher spin states.

We also tried to observe excited states in °Th through the Bi( N,5n) reactions.

A similar setup as described for the first experiment with C beams on *0 Pb, was used to

observe the particle and y-spectra during a bombardment of self-supporting 'Bi targets

with 95 MeV N beams. The results, so far, are restricted to the observation with the X-

ray detector of Ra KX but very little of Th KX-rays. This shows the relatively small cross

section for the ( N,xn) reactions compared to the ( N,axn) reaction channels.

1. F. Iachello, A.D. Jackson, Phys.Lett. 108B(1982)151.
2. Y. Gono et al., J.Phys.Soc.Japan 50(1981)377.
3. T. Nomura et al., Phys.Lett. 58B(1975)273.
4. A. Chevallier et al., Z.Phys. A308(1982)277.
5. T. Lönnroth et al., Phys.Rev. C27(1983)180.
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11.2. NUCLEAR ORIENTATION

In-beam cryostat for nuclear orientation experiments

H.J. Ligthart1'2, J. de Jong1, H. Postma^

The in-beam cryogenic equipment has reached its final state and the first successful

experiments have been done. The setup was built in order to be able to perform nuclear

orientation of short lived nuclei (Tx > 0.5h). With the conventional refrigerators the
2 —

source mounting and the cool-down time to the millikelvin region take at least several

hours. To reduce this time, the commonly used recoil implantation of isotopes in iron is

performed inside the cryostat at a temperature below IK. For this purpose a so called

motherfoil, in which the recoil nuclei are produced by the a- beam, and a catcherfoil are

5 cm

6 1 6

Fig. 1.

introduced in the cryostat via a vacuum lock (see fig. 1; here 4 = catcher and vacuum

separation foils, Al 6p.m and 5 = Ft mother foil). After the irradiation the foil holder is

removed from the cryostat and the only remaining activity of the studied isotope is that

part which was recoil implanted in the iron sample that is connected to the coldest part

of the refrigerator: the mixing-chamber. The sample has a hole in order to get rid of the

heat load of the a- beam (45 Watts, whereas the cooling power of the refrigerator is

some \x Watts only). The recoil nuclei which have a much larger angular spreading than

the a- beam when they leave the motherfoil will pass the sample partly (~ 50%) through

this hole {f> 4mm); these recoil nuclei are lost for nuclear orientation and will be

collected by the catcher foil during the irradiation.

The temperature of the sample is about 400 mK during the irradiation (l^A, 90 MeV a)

while the end-temperature is 30 mK reached within one hour after the end of the

irradiation.

The sample is magnetized with a split coil magnet which has a magnetic field of 0.7

Tesla with a homogeneity better than 0.1 % at the position of the sample. The inner and
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outer cryostat vacuun are separated by two

aluminium foils mounted with indium sealings in

the magnet house which is connected to the bottom

of the 4K helium bath (see fig. 2). These foils

act also as heat shields. Further heat radiation

onto the sample is reduced by means of a movable

heatshield at IK and two copper valves in the

side-loading system; both are opened by the

foilholder and closed by gravity when the foil-

holder is removed.

The a- beam is focussed by minimizing the

current on the Al-collimator in the nitrogen

shield, which is electrically insulated from this

shield. In practice it has been proven to obtain

a transmission of the beam through the hole in

the collimator ($ 1.8 mm) of more than 99 7-, by

adjusting the focussing of the beam. The first

experiment that has been done with this setup was

a nuclear orientation measurement on AuFe

which resulted in a magnetic moment (g-factor of
191mAu _ o.79(9)) and three spin assignments.

1. Lab. voor Alg.Nat., Univ. of Groningen.
2. Present address: Nat.Lab. , Philips

Gloeilampenfabrieken N.V. , Eindhoven, the
Netherlands.

3. Dept. of Appl.Phys., Univ. of Techn., Delft,
the Netherlands.

Fig. 2.

1 2 44Te studied in the decay of oriented

J. de Jong1, H.J. Ligthart1»2, H. Postma3

Sources of suitable for low temperature nuclear orientation experiments were
123 124

produced with the Sb(oc,3n) I reaction. The reaction product was recoil implanted into

an iron catcher foil. During the irradiation Co was produced in the iron also. This
T O O

isotope could be used as a nuclear orientation thermometer. With AiLJi as a probe it has

been shown earlier that the lattice ite occupation of I ions after recoil implantation

into iron is very similar to that e mono-energetic implantation with a mass separator.

The distribution of hyperfine fieluss acting on the I nuclei is now known. Thus we can

estimate the value of the magnetic dipole moment of " ^ i from temperature dependent

angular distribution measurements. By observing the 603 and 1691 keV y- radiations,

\\x\ =1.14±0.08 nm was found. So far attempts to improve the experimental accuracy with a

resonance technique (NMR-ON) were not successful.
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If we accept experimental single particle g-factors from neighbouring nuclei, we

calculate for a [u(g7/2)v(hll/2)] - ground state configuration a value \i= - 2.48 nm. A

good agreement with the experimental value can be obtained if the three protons above Z=50

are allowed to couple the spin 9/2, then giving \i= -1.11 nm.

Anisotropies of 18 transitions in

the I decay could be extracted. The

sample temperature and preceding decay

put limits on the orientation parameters

B2 and B^ of levels in *^*Te. Sometimes

in combination with internal conversion

coefficients and angular correlation

data from litterature, unique assign-

ments could be made for 5 levels, and

several others could be verified.

Moreover, multipole mixing ratios for

most of the transitions observed could

be determined. The decay scheme of I,

as far as it is relevant to the inter-

pretation of the nuclear orientation

data, is shown in the figure.

By making use of stretched (E2)

transitions, a direct measurement of

some of the orientation parameters can

be made, and be used to derive mixing

ratios of other transitions from the

same levels. For instance,

6(723;E2/Ml)=-2.0±0.4 is found from a

comparison of the anisotropies of the

1326 (E2) and 723 keV transitions. Published^ 6- values seem to cluster around -3.6, but

an inspection of the original angular correlation data shows that the experimental spread

is actually much larger than currently adopted. Angular correlation data allow two

solutions for 6(1489; E2/M1) i.e. 6=-3.4 and 6=+0.13. The sign of our observed anisotropy

favours the second value: 6=+0.13±0.10.

1. Lab. voor Alg.Nat., Univ. of Groningen.
2. Present address: Nat.Lab., Philips Gloeilampenfabrieken N.V., Eindhoven, the

Netherlands.
3. Dept. of Appl.Phys., Univ. of Techn., Delft, the Netherlands.
4. J. Lange, K. Kumar, J.H. Hamilton, Rev.Mod.Phys. 54(1982)119.
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11.3. ELECTROWEAK INTERACTIONS

Beta decay and left-right symmetry investigated with a Bhabha polarlmeter

D. Atkinson , J. van Klinken, K. Stam , W.Z. Venema and V.A. Wichers

a. First results

The investigation of symmetries in electroweak interactions has been continued

following the outline given in the previous KVI Annual Report and has been completed with

a publication in Phys.Rev.Letters,2). In short, the aim of the experiment was to

investigate whether or not right-handed (V+A) currents are admixed to the dominantly left-

handed (V-A) interactions in nuclear |3 decay. Such an admixture would have fundamental

implications for unification models. Experimentally, it could become manifest in a degree

of longitudinal polarization of p rays which is different for Fermi and Gamow-Teller

decays (e.g. mAl and P) . In the past year we were able to verify that the ratio R =

Pp/Pj.,™ equals unity to within 4%, the accuracy being limited by statistics, that is by

counting time, counting rates and by polarimeter sensitivity. While aiming at future

experiments with higher precision, the 4% value is already a major improvement. Previous

results on 1 40 (1968) and on 3H (1977)

reached accuracy levels in P^ of 20% and

14%, respectively.

The experiments with the new Bhabha

polarimeter could be done thanks to the

0.2

0.1

:\J

(a) P.-CONSTRAINTS
p

0

Fig. 1.
-0.2 -0.1 0

MIXING ANGLE £

hospitality at the cyclotron of the Free

University of Amsterdam for on-line

production of the 2 6 mAl and 3 0P radio-

activity. The result of the measurments

which took eight days of beam time,

yields bounds in the (6,£) plane around

the (0,0) point predicted by V-A theory.

The parameter £, describes the mixing of

predominantly left- and right-handed
2 2

charged gauge bosons, and 6=M ./M .

the ratio of their mass eigenvalues.

Fig. 1 shows the significance of the new

bound to p decay, while the compatibi-

lity of our result with that from muon

experiments is demonstrated in the

bottom part of the figure.

b. Theoretical studies

Corrections to P due to radiative effects (including bremsstrahlung) and strong

interactions have been calculated. These effects turn out to be insignificant at the

present 4% level of experimental accuracy, but need to be estimated with sufficient

refinement as the experimental precision is improved by at least an order of magnitude.
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Furthermore, attention is being given to 0*~-0 beta decays, e.g. in view of pseudoscalar

interactions. In terms of the coupling constants C A and Cp a deviation of the longitudinal

polarization from v/c can be related to | C |/m| C | where m is the nücleon mass expressed

in electron rest masses. The theoretical part of the project is a collaboration between

the KVI and the High Energy Theory group of the Physics Department of the Groningen

University.

c. The analyzing power of the polarimeter

As explained in the KVI Annual Report 1980 the V+A experiment is based on Bhabha

scattering of positrons with polarized electrons. Experimentally, one observes an

asymmetry A = P.S where P is the unknown degree of longitudinal polarization of the

positrons. The polarimeter sensitivity S depends on the positron energy, on the momentum

transfer, on the fraction f of oriented electron spins in the scatterer and on the angle a

between positron momentum and scattering foil:

S = 2f cosa (a -a )/(a +a )
a p a p

Here, the cross sections a and a refer to antiparallel and parallel spins, respectively.
a p

In the case of an Fe scatterer, the limiting value of S is about 2 x (2/26) x 1 x (7/9) =

0.120. Although precise knowledge about the behaviour of S is not needed for a comparative

polarization measurement, the importance of this parameter can be presented in a figure of

merit as IS (I = event rate), which primarily determines the time needed to re-!ch a

certain statistical accuracy. The actual value of S depends on realistic f-values, on the

focusing properties of the Mini-Orange energy filter, on the effect of multiple scattering

in foil and other material and on the angular acceptance of the detectors. Typically, p-

polarimeters described in the literature reached maximum S-values ranging between 0.05 and

0.08.

Our 4%-result in Pp/Pgrj, is the combined result of three basic types of coincidences,

containing the asymmetry as a function of detection energy. Fig. 2 shows contours of

2 I
E„(MeV)

Fig. 2.

constant asymmetry for the three detector geometries: a) the central detector and a

peripheral one, b) two adjacent outer detectors, c) two opposite peripheral detectors, and

d) as expected from Bhabha (e e~") scattering theory assuming f = 0.035, cos a = 1 and P =
P

v/c. At low energy, the experimentally observed asymmetries for geometries 'a' and 'b'

fall below the predicted values. Matrices obtained with a Ru |3~ source (not shown) give

similar results. The contribution of positron annihilation and other diluting processes is

still under investigation. For this purpose the behaviour of electrons and positrons is

simulated numerically, taking into account multiple scattering, energy loss and

annihilation in flight. Further studies with FeCo(V) foils may result in significantly



-72-

larger values for S.

With a Sr p source the influence of detector positioning on polarization

sensitivity, singles- and coincidence rates was investigated by shielding different parts

of the detector surfaces with aluminum diaphragms. These defined angular intervals with

respect to the system axis of 15°-27°, 15°—45° (present setting), and 35°-45°. The results

show that the present detector geometry is close to optimum. This is supported by

calculations of Miller and Bhabha scattering using realistic values for energy and for

scatterer thickness.

d. Instrumental asymmetry

To first order, instrumental asymmetries will be the same for Fermi- and Gamow-Teller

measurements and will therefore cancel in the p^/p™ ratio. Nevertheless, we prefer to

reduce the size of these effects to a residual value which is as small as possible. To

estimate their influence, the scatterer was replaced by a Cu foil. Furthermore, the axial

symmetry of the polarimeter was spoiled deliberately by blocking three of the four Mini-

Orange gaps. We found instrumental asymmetries but their size was less than 10% ((3 ) and

20% (P ) of the asymmetry measured with an Fe scatterer. The main cause is probably the

alternating stray magnetic field induced by the magnetizing coil of the yoke ( ~ 10 G).

This field displaces the interaction region of positrons (electrons) across the scatterer

and influences the detection probability of Bhabha (Miller) events. The resulting

asymmetry can probably be reduced by an order of magnitude.

1) Inst. for Theoretical Physics, Univ. of Groningen.
2) J. van Klinken, K. Stam, W.Z. Venema, V.A. Wichers and D. Atkinson, Phys.Rev.Lett.

50(1983)94.
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III. THEORETICAL NUCLEAR PHYSICS

111.1. I.B.A. RELATED STUDIES

U(4) representation matrices

O.S. van Roosmalen , '"'-.J. Balster, A.E.L. Dieperink

The application of the U(4)-algebraic model to describe rotational-vibrational

degrees of freedom of diatomic molecules ' stimulated our interest in the properties of

this group. In particular to be able to obtain transition probabilities we found it

necessary to calculate representation matrices exp(iSG)|> of this group for symmetric

representations [N] with large N. We developed an algorithm to calculate these matrix

elements numerically using the concept of coherent states '.

A general element of the U(4) group can be expressed in terms of the generators G^

as:

U (e.) = exp (iZ E.G.). (1)

We are interested in the evaluation of the following matrix elements in the U(3)-basis
21states ':

<[N]n L ml U(e.)l [N] n' L' m'> (2)
P J P

where U(e.) is known in the fundamental representation (N=l). The method for calculating
J

(2) is based on two observations:

(i) coherent states can be interpreted as intrinsic states of a vibrating dipole with

coordinate r ;

(ii) the U(4) group consists of the unitary transformations on the four-vector
(a, /(1-a.a )) where a is the complex extension of r . In polar coordinates

1 iv (1)
(j, / 2 \i '

This four-vector transforms according to the fundamental representation U^ of U:

The matrix elements (2) can now be obtained using simple projection techniques,

2K +1 2it - i n ' x ,
<[N] n nl U | [N] n' I 'm' > ~ ƒ dX / dcos 9 ƒ d* e P Y^,(e,$)

P P 0 - 1 0

, i(N-np) H n - D
(l-a ' .a ' ) (a ' .a ') P ^ l m(« ') (5)

where V, (a') is a solid harmonic in the complex a' (cf. (4)). All integrals in (5) can be
uim

evaluated exactly by performing three nested summations over a number of mesh points of

order N each. (A conventional method to evaluate (4) involves transformatic-brackets to a

cartesian basis for both the bra and ket in the left-hand side of (5) leading to 6 nested
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sums). This method for calculating U(4) representation matrices can be extended to U(6)

and might therefore be relevant for studying excitation phenomena in nuclei.

1. Present address: Kellogg Rad.Lab., Caltec, Pasadena, U.S.A.
2. F. Iachello, R.D. Levine, J.Chem.Phys. 77(1982)3046.
3. G.J. Balster, O.S. van Roosmalen, A.E.L. Dieperink, to be published in J.Math.Phys.

Vibron-model for triatomic molecules
i o

O.S. van Roosmalen , F. Iachello, A.E.L. Dieperink, R.D. Levine

In the past year important progress^' has been made on the description of triatomic

molecules within the vibron-model based on the U(4) x U(4) group structure '.

We have considered dynamical symmetries related to the 0(4) subgroup in order to

describe molecules with rotational spectra:

U(1)(4) x u(2)(4) o 0(1)(4) x 0(2)(4) D 0(4) D 0(3) (la)

U(1)(4) x u(2)(4) D U(4) D 0(4) D 0(3) (lb)

U(1)(4) x U(2)(4) D U (4) D 0(4) D 0(3) (lc)

Molecules with a rigid character exhibit rotational band structures very similar to that

given by an 0(4) dynamical symmetry and related 0(4) o 0(3) decomposition rules. After

calculating 0(4)-reduced matrix elements in the 0 (4) x o (4) 3 0(4) basis of a

general 0(4) invariant Hamiltonian

H = A2 C2(O
(1)(4)) + A2C2(0

(2)(4)) + B C2(0(4)) + A M, (2)

(M is the Majorana operator, a U(4) invariant) diagonalization can be performed

numerically. Note that the Hamiltonian (2) only corresponds to dynamical symmetries in the

special cases, A=0 (chain (la)), A1=A2=O (chain (lb)) or A1=A2=-B=-iA (chain (lc)). For

any other values of the parameters numerical techniques are required to obtain the

eigenvalue spectrum.

We have been able to describe the linear molecules HCN and CO2 with the Hamiltonian

(2). The latter case is of special interest because of the Fermi-resonances that occur in

this molecule. These were satisfactory reproduced by the model. In both cases

approximately 30 known experimental vibrational energies were fitted with an accuracy

better than 5°/ o o or 15 cm for almost all levels.

A description of non-linear molecules is also possible with the Hamiltonian (2).

1. Present Address: Kellog Radiation Lab., Caltech, Pasadena, U.S.A.

2. Fritz Haber Research Center for Molecular Dynamics, Hebrew University of Jerusalem,

Israel.
3. O.S. van Roosmalen, F. Iachello, R.D. Levine and A.E.L. Dieperink, to be published.
4. O.S. van Roosmalen, F. Iachello and A.E.L. Dieperink, Chem.Phys.Lett.85(1982)32.
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Properties of intrinsic electromagnetic matrix elements in the SU(3) limit of the IBA

model

R. Bijker, A.E.L. Dieperink

A recent empirical study of E2 transitions in looEr showed a dominance of (3->y and

Y^g E2 transitions. This behaviour can be understood ' simply in terms of intrinsic E2

matrix elements in the SU(3) limit of the IBA-1 model, using the E2 operator

(1)

-2.958

Fig. 1.

For a fixed value of R the large N behaviour of the various

matrix elements is just what one expects on the basis of a

geometrical interpretation of the SU(3) limit. In leading

order in N only Av=0 transitions (g-*g), in first order

Av=l (P^-g) and Y"*ë)» and in second order Av=2 (p->y)

transitions. For finite N and R<0 the matrix elements for

transitions between different SU(3) multiplets (fHg and are

y->g) sensitive to R (and vanish for the SU(3) value

R=-i/35) , whereas the transitions within an SU(3) multi-

plet (g-*g and p->y) are rather insensitive to the value of R

(and do not vanish). Therefore, for finite N one can easily

have situations in which fi+y transitions dominate over p-*g

transitions. The situation is summarized in fig. 1 whereas

the various interband B(E2) values are shown as a function

of the parameter R.

As a second application of the use of intrinsic states we mention the calculation of

magnetic dipole properties in the framework of IBA-2

written as

n(Ml)

.-9 2). In IBA-2 the Ml operator can be

(2)

wnere L- is the angular momentum operator (i=p,n).

Using eq. (2) the excitation probability of the lowest L=l K=l state, which in the

SU(3) limit of IBA-2 represents an oscillation of the neutrons against the protons, can

easily be estimated:

N N

where N (Nn) is the number of proton (neutron) bosons.

1. R. Bijker and A.E.L. Dieperink, Phys.Rev. 026(1982)2688.
2. A.E.L.Dieperink, Proceedings Int.School on Collective Bands in Nuclei, Erice 1982.
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New class of boson-fermion symmetries in nuclei

R. Bijker, F. Iachello

The description of odd-A nuclei in the framework of the IBFA-model involves both

bosonic (s,d) and fermionic (j,jf,«.«) degrees of freedom. When the boson and fermion

group chain have a common part, it is possible to construct dynamical boson-fermion

symmetries.

We consider the case in which a fermion with j=l/2, 3/2, 5/2 is coupled to a boson

core nucleus with U(6) D 0(6) symmetry. The fermion space can be split into a pseudo-

orbital part with k=0,2, with which one can associate the U(6) representation

[1,0,0,0,0,0], and a spin part, s=y. The boson and fermion group chains can be combined

into a common boson plus fermion (B+F) chain,

U(B)(6) U<F>(12) 3 U(B)(6)

3 0(B+F)(3)

U(F>(2) 3 0(B+F)(5) x U(F)(2)

(2) 3 Spin(3) 3 Spin(2).

x U(F)(2) 3 U(B+F)(6) x U(F)(2)

(1)

If the hamiltonian i s expressed in terms of Casimir invariants of the groups,

appearing in (1 ) , we obtain the energy formula:

E = -AotN^Nj+5) + N2(N2+3)] - -^ [oi(ai+b) + 02(a2+2) + a\ ]

+ ^ ( T I ( T I + 3 ) + T 2 (T ; 2 +1) + C L (L+l) + C'J (J+l) ( 2 )

We suggest that the odd neutron nuclei in the Pt-Os region, in which the odd neutron

occupies in good approximation three levels with j%= 1/2, 3/2 , 5/2 (p. ,„, Po/?> f,-,,),

E(keV)
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Fig. 1.

may provide an example of this symmetry. In fig. 1 the energy spectrum of the negative
195

parity states in Pt is compared with that obtained by using eq. (2) with A Q = - 3 1 . 6 keV,

A=134 keV, B=210 keV, C=5 keV, C'=6 keV.

Finally, we note that by imbedding the symmetry group U (6)*u (12) into a larger

supergroup U(6/12), it is possible to treat both bosonic states and fermionic states on

equal footing in the framework of a supersymmetry.
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On triaxial features in the IBA-2 model

B. Visscher, R. Bijker, A.E.L. Dieperink

It is well known that in the IBA model three dynamical symmetries can be found,

namely those of U(5), SU(3) and 0(6) which correspond to the anharmonic vibrator, the

axially symmetric rotor and the y-unstable rotor, respectively. Recently it has been

pointed out^'^ that in IBA-2 in which neutron and proton degrees of freedom are

distinguished a new dynamic symmetry occurs, denoted by SU (3). It is based upon the

coupling of the neutron and proton SU(3) groups, realized with opposite values of the

in the quadrupole operator:structure constants X = "X = ± i

,(2)
i=p,n (1)

It can be shown2) that this coupling recipe corresponds to a rigid triaxial rotor. The

most general Hamiltonian for this pure limit can be written as

H = a C
p 3 n 3

a C
pn 3

(2)

where C^1' denotes the Sir1'(3) Casimir invariant. Although in reality the extreme SU (3)

limit does not occur, several nuclei exhibit properties that suggest an interplay between

Os and Ptthe SU (3) and 0(6) limiting cases. We have investigated several nuclei (Ru '

isotopes) in detail, by adding to equation (2) some SU (3) breaking terms and treating the

X. as parameters:

H=e(dt.d +
n n

df.d )
p p

a(Q ( 2 ).Q ( 2 )
+ Q

( 2 ).Q ( 2 )) + K Q ( 2 ).Q ( 2 )

n xn vp xp xp vn
(3)
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0

.845

.815
-0.026
-0.485

0

0
.249
.338

0

0
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.913

In fig. 1 we show as an example the spectrum of Pt compared with experiment and the

previous ^ IBA-2 calculation without the terms proportional to a. In addition to a slight

improvement of the energy levels (especially the level spacings in the y-band) it is found

that in particular the quadrupole. moments Q are sensitive to the triaxial degree of
(2) (2)

freedom (determined by the strength of the Q .Q force between the like bosons). The

parameters are given by K= -0.118(MeV), e=0.59(MeV), <x= -0.030 (MeV), x =1-0, x =-l«2,

eB=0.15 eb.

Table 1. Calculated values of Q in eb

J - 2l 4X 61 2 2 hl 62

ref. 3

this work

1. A.E.L. Dieperink, R. Bijker, Phys.Lett. 116B(1982)77.
2. A.E.L. Dieperink, F. Iachello, KVI Annual Report 1981, p. 70.
3. R. Bijker, A.E.L. Dieperink, 0. Scholten, Nucl.Phys. A344(1980)207.

The computer program PBOS

B. Visscher

The computer program PBOS, which calculates level energies and eigenfunctions of odd

A nuclei by diagonalization of a Hamiltonian which consists of an odd nucleon coupled to a

general IBA-2 core, has been expanded. In the interaction between the odd nucleon and the

boson core an exchange force ' is included.

Firstly, a prediagonalization of the core in terms of NPBOS is carried out in order

to reduce the size of the matrices in practical calculations. Subsequently, the lowest

eigenstates can be selected, the odd particle is coupled to those states and the program

ODDPAR diagonalizes the odd A matrix. The accuracy in the truncation has been investigated

by running several testcases; the results have to be evaluated.

1. 0. Scholten, Ph.D.thesis, Univ. of Groningen, 1980.

Low spin states in even Po and Rn isotopes and the interplay between collective and quasi-

particle configurations

A. Zemel, J. DobeS1

While the high spin states in Po and Rn isotopes below shell-closure at N=126 are

well described in terms of single particle configurations, the nature of the lower states

with I<8 was much less understood. In particular, the energies of the 4 + states show

irregular behaviour. In 20°~^10Rn, the unusual feeding properties of these states also

suggest an interplay between different degrees of freedom.

A recent extension^' of the IBA which incorporates quasi-particle configurations into

the model has been used to describe the low spin yrast states in 200--210po an(j 202-212gn>
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Th is extension involves a generalized quadrupole operator which allows a boson break-up to

210
form a quasi-particle pair. Using the experimental levels of the semi-magic nuclei Po

and Rn the fermion part of the Hamiltonian could be extracted, leaving only 3

parameters to be determined by a fitting procedure. These parameters were obtained from

the 2 +, 4 + and 6 + states in ^""Po and were kept constant throughout the calculations. The

assumed Z-dependence of the quadrupole parameters was based on the microscopic

calculations of Scholten '. The resulting spectra, shown as dashed lines in the figures,

are in good agreement with the experimental levels. Of particular interest is the

agreement obtained for the 4 + states which show a markedly different behaviour as compared

to the 2 , 6 and 8 states. This behaviour results from the interplay and mixing between

the quasi-neutron, quasi-proton and collective configurations, as is evident from the

dotted lines in the figures, which show the positions of the states corresponding to each

configuration when the mixing is assumed to vanish. Clearly, no configuration can account

alone for the observed trend. In contrast, the structure of the 2 (collective) and 8

(quasi-proton) states is found to have a pure nature. This is also true for the 6 states

in the Po isotopes, and is consistent with the near constancy of the measured magnetic

moments.

Po

1.8

fc 1.6

2.1

_ 1.9

§ 1.7

LÜ
1.5

Fig. 1.

200 204 208
A

200 204 208
A

To test the sensitivity of the model to the assumed Z-dependence of the microscopic

theory, we repeated the calculations for the Rn isotopes assuming a variation in the

quadrupole parameters that is a factor of two smaller. The resulting curves are shown as

dashed lines in the figure.

The Ra isotopes (with N =3) could provide a further test of the model. These

calculations have been carried out, but unfortunately, no experimental information is

available to compare with.

Calculation of E2 transition rates show that the model accounts well for the trend of

the BE(2) values observed for the 8 ->6 transitions in the Po isotopes and for the unusual

feeding properties of the 4 + states in 2 0 6~ 2 1 0Rn.

1. Nucl.Phys.Inst. of the Czechoslovak Acad. of Sciences, Rez, Czechoslovakia.
2. N. Yoshida et al., Phys.Lett.ll4B(1982)86 and refs. therein.
3. 0. Scholten, Ph.D.thesis, Univ. of Groningen, 1980.
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Application of the IBA + 2 Quasi-Particles Model to the study of some backbending nuclei

A. Zemel, C E . Alonso , J.M. Arias

The remarkable success of the IBA ir the description of the low-spin states in Xe, Ba

and Ce isotopes suggests strongly that the model can be extended to describe states above

backbending by including explicitly the two quasi-particles (q.p.) bands. Such a

calculation has been recently carried out ', and good agreement with the salient features

of the states in and above the backbending region was obtained. However, in a detailed

comparison of the experimental results with the model predictions for Xe and Ba, a

few difficulties show up.

The yrast states of these two nuclei have similar properties as shown in a recent

study by the Cologne group. The main difficulty in their interpretation lies in the

apparent lack of correlation' between the irregularities in the excitation energies

(starting at I > 10) and the E2 transition rates (starting at 1=8). The calculations of

ref. 2), although accounting very well for the observed Ba energies, are unable to

reproduce the large reduction in the B(E2, 8 -> 6 ) value, but rather predict that only

the B(E2) value at the band crossing would be considerably lowered. This conclusion is

valid for Xe as well, regardless of the assumptions attributing the band crossing to

neutron or proton configurations.

In an attempt to obtain a consistent description of both energies and transition

rates in * Xe and ^2"Ba, the calculations of ref.2) have been extended by considering

mixing with both quasi-neutron and quasi-proton bands. It has been found that even by

allowing the large number of q.p. parameters to vary over large ranges, no consistent

description could be obtained for both nuclei simultaneously. In fact, the different

properties of the 1 2 2Te and 124,126Xe xBA-2 cores allowed i reproduction of the * Xe

levels and B(E2) values by a careful adjustment of the q.p. energies. However, such an

agreement is impossible to obtain for * "Ba, due to the similarity between the 2 Xe and

126,128Ba c o r e s appropriate to this nucleus. Even for
 12^Xe, the fit implies that for both

8 and 10 pairs of nearly degenerate states exist. Such states were not observed by the

experimentalists. For Ba, the fit yields a q.p. 10 state which is considerably lower

than the experimental yrast level.

An alternative approach, in which the reduction in the B(E2) values is related to the

boson cut-off has also been tested. Clearly, the nunber of bosons must be considerably

reduced in order to have an appreciable effect at such a low spin. In these calculations

we arbitrarily chose N = 3 (as if N=64 represents a clocsd neutron shell) and kept N =2,3

for Xe and Ba respectively. Backbending has been introduced by mixing with a (vh,i #5)

band, as in ref. 2). Again, it has been found that using certain parameter combinations, a

good fit can be obtained for 12*Xe, but not for 126Ba. The rather large B(E2, 2 + -> 0+)

values in both nuclei are also incompatible with such an arbitrary reduction in the boson

number.

It appears that the reason for the reduction in the E2 transition rates at relatively

low spins is not yet understood.

Similar calculations have been carried out for ^*~"°Dy. For these nuclei, the level

schemes and B(E2) values are known up to high spins from recent measurements at Argonne
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and the GSI. The fits involved both protcc? and neutron bands, treating the q.p. energies

as free parameters. Further study is reqvJred to determine the physical significance of

the results.

This research has been carried out in collaboration with the group of Profs. P. von

Brentano and A. Gelberg from the University of Cologne.

1. Present adress: Dept. of Atomic and Nucl.Phys., Univ. of Sevilla, Spain.
2. N. Yoshida et al., Phys.Lett. 114B(1982)86.
3. G. Seiler-Clark et al., Phys.Lett. 80B(1979)345.

Application of time-dependent mean field methods

G.J. Balster, O.S. van Roosmalen , A.E.L. Dieperink

We have studied the application of time-dependent mean field methods to algebraic

hamiltonians '. This work can be regarded as an extension of previous applications of

group-theoretical techniques to the description of static properties in terms of

interacting bosons. The dynamic properties of a typical system are determined by the

transition amplitudes

S f i = },im <4.f| U(T,0) I *±>t (1)

where U is the time-evolution operator for a hamiltonian of the form

H(t) = Ho + H ^ t ) . (2)

The unperturbed system is governed by the static part, HQ, which is taken as a linear and

quadratic function of the group generators G^:

Ho - E e G + E V G G . (3)
kj kj J

The time-dependent external field is assumed to be linear in the generators:

Hj(t) = Z f (t) G . (4)

k k k

Since eq. (1) is in general difficult to solve exactly it is of interest to study

ways to obtain approximate results. A mean field or TDHF approximation is obtained by
replacing

T
U(T,0) = /expl-i ƒ dtH(t)] (5)

by a linearized evolution operator
T

U (T,0) = Jexp[-i ƒ dtH (t)] (6)

with Ho(t) = Z ekGk+ Z Vk.(akG.+ G ^ ) + Ï fk<t)Gk. (7)

The mean fields a are defined either by an initial value HF prescription:

H F

or by application of the stationary phase approximation (SCMF) to the right hand side of

eq. (5):
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_
" R e

where U^t,0) J O and <4.f(t)|-=<*f|Uff(T,t).

KVI 2557

Since the evolution equations involve hamiltonians that are linear in the generators

it is sufficient for the calculation of the transition amplitudes to be able to calculate

representation matrix elements of the group. Up to now only simple cases have been

treated, such as the two-level Lipkin model (SU(2)), and U(4) invariant hamiltonians;

extensions to the case of SU(6) (the IBA model) are planned. For the case of U(4) a

relatively simple procedure for the calculation of the representation matrix elements was

developed, based upon the decomposition of eigenstates in terms of coherent states3'.

For various cases calculations have

been performed in which the mean field and

TDHF results were compared with the exact

solutions. In general the self-consistent

mean field (SCMF) approximation appeared to

be accurate in case of strong and instan-

taneous perturbations; however, compared to

the TDHF results no appreciable improvement

was obtained. In fig. 1 the results for the

matrix elements SQ, for the excitation of

the state | L> in the ground state band for

an 0(4) invariant hamiltonian are given (V=

exact, • = TDHF, A= SCMF method).

In general further improvement was

obtained when the initial state could be

decomposed and the evolution was calculated

separately for the various components.

If one departs from a sudden perturb-

ation deviations of the mean field approxi-

mations from the exact results are observed

0.9

O8r

0 7 I

06

04h

03 1-

Fig. 1

in a region where the TDHF method is still accurate. This may be caused by the occurrence

of more self-consistent solutions that become important in cases where the bilinear part

of the hamiltonian is stronger or for adiabatic perturbations. We also found that the use

of complex mean fields in eq.(9) instead of real ones did not lead to an improvement.

Unlike the mean field approximations the TDHF approximation, which involves the least

numerical effort, led in almost all cases to a reasonable result.

1. Present address: W.K. Kellogg Radiation Lab., Caltec, Pasadena, USA.
2. O.S. van Roosmalen, Ph.D.thesis, Univ. of Groningen, 1982.
3. G.J. Balster, O.S. van Roosmalen and A.E.L. Dieperink, to be published in J.Math.Phys.
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The hybrid model

H. Daly1, *". Iachello, A.D. Jackson2

The interacting boson model has provided, in the last few years, a framework for the

unification of the collective model and the spherical shell model. We have begun an

investigation to see whether or not the cluster model developed by Wildermuth and

Kanellopoulos could be brought into the same theoretical framework. We have done so by

coupling the quadrupole degrees of freedom, described algebraically by the group U(6), to

the molecular (dipole) degrees of freedom, described algebraically by the group U(4). We

call the combined model hybrid model. This model has group structure U(6) x U(4). Since

the group U(6) has three subgroup chains and U(4) two, several possibilties may occur in

the coupling. We have investigated in detail the case in which one of the clusters is

deformed with axially symmetric deformation, corresponding to the subgroup SU(3) of U(6),

and the two clusters are oscillating relative to one another corresponding to another

SU(3) subgroup of U(4). This case can be solved analytically, since it corresponds to the

dynamical symmetry

U(6) x u(4) D SUX(3) x SU2(3) D SU(3) 3 0(3) o 0(2). (1)

By writing the Hamiltonian as

H = a1C2(SU1(3)) + a2C2(SU2(3)) + aC2(SU(3)) + pC2(O(3)), (2)

where C2 denotes a quadratic Casimir operator of the corresponding group, we were able to

find the eigenvalues

2 2
E(N 1 ,N 2 , \ 1 , ( i . 1 ,X 2 , | i 2 ,X , | i , J ,M) = a j lXj + Hi + ^iM-i + 3X1 + 3 ^ ] +

2 2
+ a [ \ 2 + \i2 + Xii + 3X + 3u] + p j ( J + l ) . (3)

Applications of this model to the structure of heavy nuclei are in progress.

1. Univ. of Arizona, Tuscon, U.S.A.
2. SUNY at Stony Brook, N.Y., U.S.A.
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III.2. OTHER THEORETICAL STUDIES
A simple realistic model for high-energy nucleus-nucleus collisions

R. Malfliet, B. Schürmann1

The simultaneous description of all particles produced in a specific nucleus-nucleus

collision by a unified theoretical model offers the opportunity to extract possible

information on nuclear matter under extreme conditions. Realistic models like the

intranuclear cascade have so far only been applied to inclusive nucleon spectra because

composite formation is very difficult to incorporate. Approaches which include at the same

time non-equilibrium features and the formation of composite particles are therefore

needed. An approach in this spirit was persued in ref. 2. There, nucleus-nucleus

collisions are described by a relativistic Boltzmann eq. reduced to a multiple collision

series based on .independent nucleon-nucleon collisions. The direct production of fast

nucleons is decoupled from their final state interactions. In this second step, the

formation of composites is related to Hagedorn's statistical thermodynamical approach of

strong interactions. However, this model still is too sophisticated and does not allow in

an easy way to include other processes like pion production. Therefore, we have developped

an approach which is very much in the spirit of the model of ref. 2 but possesses the

desired transparancy, by employing the transport theory of ref. 3.
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The primary nucleon inclusive cross section is assumed to be given by an incoherent

superposition of multiple scattering contributions:

d3p
) +

n=l

5T
' n ()

-•*
where p denotes the momentum in the fireball rest frame, the geometrical weights T are

R T
the integrated Glauber-Malthiae factors and P and P the momentum distributions of the

n n
fast and slow-nucleons after n collisions. The Pn are calculated using a Fokker-Planck
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type transport equation. The formation of composites is treated according to Hagedorn's

prescription using the primary inclusive nucleon distribution (1) as the input '. The

calculation contains only one parameter, the freeze-out density which we take as half

normal nuclear density.

In fig. 1 we present results using the approach for proton-, deuteron- and triton

inclusive spectra from the reaction C on C at 800 MeV/nucleon. The agreement is reasonable

to good and the calculation reproduces the so-called shoulder-arm feature at small angles

in the proton-data which is a manifestation of the once-collided nucleons (n=l). In this

calculation the pions were reproduced in a thermal description which gives rise to too

many pions and a wrong shape for the pion spectra. A more proper description of pions is

therefore needed.

1. Techn. Univ., Munich, Germany.
2. R. Malfliet, Nucl. Phys. £363(1981)429.
3. B. Schürmann et al., Nucl. Phys. A360(1981)A35.

Pion production in high-energy nucleus-nucleus collisions

R. Malfliet, B. Schürmann1

The production of pions in collisions between nuclei at high energies is usuallv

described either based on the isobar model or using a thermodynamical model. In the first

case one considers the reaction N+N*N+A where the delta (A) decays into a pion: A->it+N.

The inverse reaction, involving two nucleons, N+A-HSH-N is then responsible for pion

absorption. This prescription has been used for instance in cascade-models and gives the

correct shapes for the pion spectra but the yields are a factor 2 too high. The thermo-

dynamical model can, through a parameter, reproduce the absolute magnitude but fails to

give the appropriate shape. In general, a too high pion yield seems common to most

descriptions of the dynamics of nucleus-nucleus collisions. This deviation is most clearly

demonstrated by comparing multiplicities of negative pions for near-central collisions

with the results of the cascade-model.

On the basis of this discrepancy it was conjectured ' that the negative-pion multi-

plicity can be used as a selective probe to investigate the high density stage of the

reaction. To study this in more detail we have modified our transport model ' to include

pionic degrees of freedom. The primary participant distribution resulting from microscopic

nucleon-nucleon collisions is an incoherent superposition of multiple-scattering

contributions which we group into n=l and n>l, separating the first collision from the

rest. In the first-collision contribution we take pion-formation into account in the

isobar model i.e. üH-N->-NfA followed by A+TC+N. For the pion yield from n>l we assume thermal

production of pions in conjunction with the formation of composites assuming chemical

equilibrium. The pion yield will then be determined by the amount of thermal energy

available which will depend on the compressional degrees of freedom. Since the latter are

not so well known we use the fraction of the energy which goes into compression as a para-

meter. One has also to expect that in high density regions multi-nucleon pion absorption

becomes important, thus providing for another way to deal with the plon-multiplicity
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discrepancy. This can be achieved by changing the

chemical potential from its chemical equilibrium

value u =0 to another one.

We have studied the consequences of both alterations

on the pion spectra. In fig. 1 we display some of our

results. From the comparison it is clear that one can get

excellent agreement with the pion data.

1. Technological Univ., Munich, Germany.
2. R. Stock et al., Phys.Rev.Lett.49(1982)1236.
3. R. Malfliet et a l . , Phys.Lett. to be published.

Fig. 1.
Momentum (GeV/c)

Interactions in the nucleon-delta system

B. ter Haar, R. Malfliet

The dynamics of relativistic nucleus-nucleus collisions are based on the nucleon-

nucleon (NN) interaction within the mean field of the surrounding nucleons. To calculate

this effective interaction some boundary conditions should be fulfilled. The calculation

should be relativistic, should contain the effect of inelastic channels in the NN-

interaction and should take into account the effect of the nuclear medium for a large

range of densities. Clearly this is a rather complicated problem which only can be

attacked in an approximate way.

The bare NN T-matrix fulfills the Bethe-Salpeter (BS) equation. This relativistic

equation cannot be solved in a simple manner. Using the unitary constraint on the T-matrix

an infinite set of reduction schemes can be constructed of which specifically the

Blankenbecler-Sugar (BbS) approach is frequently used. For fermions, however, the Gross-

reduction seems to be most useful in which an asymmetric off-shell structure has been

chosen1', as opposed to the BbS-approach. Particularly within the Gross equation the

coupling to inelastic channels can be achieved in a natural way.

For highly energetic NN-interactions the A(3,3) resonance seems to play an important

role. This means that it might be appropriate to study the interactions in a multi-channel

equation, containing not only the NN-channel, but also NA and possibly the AA-channel, in

which the A is treated as elementary. The two channel equation for NN-interaction which is

a set of two coupled equations, has the form:

U 1 1 n 1 1 1 1 2 2 2 1

{ T12= V 1 2 + T11 G1 V12 + T12G2V22

where (1,2) stands for (NN,NA). In diagrammatic form this equation looks like fig.1.

The V i i are constructed using one-meson exchange diagrams. Normally a B.S. like

equation is solved in a partial wave expansion to reduce the momentum integration.

However, to introduce medium corrections on the Green functions G^ a more appropriate way
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is to perform the momentum integration directly. The Brueckner form of G.̂  has the form:

where Q is the Pauli-projection operator and E a self-energy term, together resulting in

the full two-particle Green function. This self-energy should be calculated self-

consistently, which means that its calculation should contain a half-closed T-matrix.

Normally, a low- or high-density

limit is chosen for the self-energy

which corresponds to the calculation

of resp. ladder or ring diagrams.

I I 7 t I I f t~~ T>

+

KV 2793

Fig. 1.

Recently, attempts have been made to

combine these limits avoiding the

serious problem of double counting.2)

So far calculations are performed for the bare NN T-matrix. The reduced B.S. equation

is solved iteratively by use of the Padê approximants method. Results of this calculation

are compared with non-relativistic solutions using a partial wave expansion. The agreement

in the low energy range is fair. In the next future the calculations will be extended to

the self-consistent full T-matrix including inelastic channels.

1. F. Gross, Phys.Rev. 186(1969)1448
2. A.D. Jackson et al., Phys.Rep. 86(1982)55

Group approach to scattering

Y. Alhassid1, F. Gürsey1, F. Iachello

In the course of this year, we have started an investigation to see whether or not it

is possible to apply algebraic techniques similar to those used in bound state problems

for a treatment of scattering problems. The results of our investigation are that it is

indeed possible to do so, by analytically continuing the compact group, G, describing the

bound states into a non-compact group, G .

We have studied this explicitly in the case in which GsU(2) and G =U(1,1). This case

corresponds to scattering by a one-dimensional potential, V(x). Depending on the

particular realization of the U(2) algebra, we find that it is possible to relate several

exactly soluble potentials to the group structure. We have shown that a realization on a

two-dimensional harmonic oscillator space leads to the Morse potential

-2(x-xo)/d -(x-xo)/d
V(x)= D[e -2e ]

while a realization on the sphere leads to the Pöschl-Teller potential

V(x) 31
ch2(x/d)

These potentials are of considerable interest for applications to molecular and nuclear

physics.
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Th e results of our investigation will appear soon in Annals of Physics.

1. Phys.Dept., Yale Univ., New Haven, U.S.A.

Shell model calculations for nuclei around A=90

A.M. van den Berg, E.A. Bakkum-1-, P.W.M. Glaudemans , D. Zwarts

The nucleus Sr can be considered as an inert core for shell model calculations in

the zirconium and molybdenum isotopes. In trying to understand the results of the

Mo(d, Li)Zr reaction performed at this institute ' wave functions of initial and final

states should be calculated in a consistent way. In addition the alpha-cluster wave

function of the transferred alpha-particle should be known. For this reason the program

RITSSCHIL ' was used to perform shell model calculations for nuclei with 40<Z<42 and

50<N<58, thus including zirconium, neobium and molybdenum isotopes.

Since neutrons and protons fill different single-particle shells all calculations

were performed in the neutron-proton formalism. In a first approximation the model space

was confined to the it2p . , nig . , vds/? a n d v^si/? single particle orbits. Two-body

matrix elements describing the interaction between the different particles were calculated

using a surface delta interaction. Two of the six parameters describing the present model

(A(T=1), A(T=O), e U 2 p 1 / 2 ) , e(itlg9/2), e(v2d5/2) and e(v3s1/2)) were kept fixed in a

linear least squares fit of calculated excitation energies to experimental data. For 63

excited levels an average deviation of 220 keV was obtained in this way. Transition

amplitudes were calculated, using the structure amplitude G introduced by Kurath and

Towner ', for the population of the two first 0 + states in the zirconium isotopes via the

(d, Li) reaction. Preliminary results indicate that the present model is not able to

reproduce the relatively simple calculations performed by Saha et al. ^. Calculations

using a different type of interaction or a larger model space (including n2p„ ,. and and

Tilf . orbits) have been started recently.

1. Univ. of Utrecht, the Netherlands.
2. A. Saha, G.D. Jones, L.W. Put and R.H. Siemssen, Phys.Lett. 82B(1979)208.
3. D. Zwarts, G.A. Timmer and B.C. Metsch, Proc.Int. Conf. on Nucl.Struct. Amsterdam

1982, eds. A. van der Woude and B.J. Verhaar, vol.1, p.303.
4. D. Kurath and I.S. Towner, Nucl.Phys. A222(1974)l.

Multipole (p,t) strength distribution and partial two-nucleon form factors in "Gd

H.J. Riezebos, J.S. Vaagen1

The 158Gd(p,t) 156Gd reaction at E =40 MeV has been studied and tht xperimental

results were reported in ref. 2. A wealth of spectroscopie information wa cted from

DWBA calculations using a cluster di-neutron form factor. The mu.1 >. .-ole strength

distribution for JK= 0 ,2 ,4 and 6 multipoles is shown in fig. , where the integrated

"spectroscopie factors" are defined as:

c a = ( 2 j + n * f—1 If—1
O ^ J + i) l.d£3JexpKdQJDWBA
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We observe a striking absence of J=0 strength to excited states from 2 to about 3.5 MeV.

In an attempt to explain this observation we constructed the total form factor for spin J

transfer between deformed nuclei, which is made up of contributions from deformed orbitals

as follows:

(1)

where P I.I is the pairing creation operator, which creates a pair of neutrons in a

deformed orbital, characterized by its quantum numbers vkn. The first term in the sum on

the right-hand side of (1) is evaluated in a BCS-model calculation with the pairing

parameter G=0.12, which reproduces the pairing gap in Gd(~1.00 MeV); we note that this

term is proportional to v2, . The second term on the right-hand side of (1), F u i (R) is

evaluated using the code FRODE, which is described below.
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In fig. 2 we show the result of these calculations by plotting for each deformed

orbital vkit the partial form factor for J=0, 2 and 4 transfer as a function of deformed

orbital energy, which should be folded in the total formfactor with V , .U , for 0-quasi-
vkjc vku

particle excitations and with V2. for 2-quasiparticle excitations. The result of this

folding as given in (1) is that for O-quasiparticle excitations the J=2 transfer from the

deformed orbitals in fig. 1 amounts to 67% of the J=0 transfer, while this is 85% in case

of 2-quasiparticle excitations. For the J=4 transfer we see a clear difference in strength

going to O-quasiparticle (10% of J=0 O-q.p. strength) and 2-quasiparticle states (33% of

J=0 2-q.p. strength) caused by the strong contribution of the [541] j-~" orbital.

To conclude we note that J=2 and J=4 transfer to K=0 2-quasiparticle states is indeed

stronger than the J=2 and J=4 transfer to K=0 O-quasiparticle states, at least for the
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deformed orbitals we considered in our calculations. This effect is not sufficient to

explain the strong experimental phenomenon of no J=0 multiple strength above 2 MeV.

1. Universitet i Bergen, Bergen, Norway.
2. H.J. Riezebos et al., Phys.Lett.l18B(1982)287 and KVI-Annual Report 1981, p. 20.

Computer programs for calculation of form factors

H.J. Riezebos, J.S. Vaagen1

Two computer programs which calculate one- and two-nucleon overlap functions in

deformed nuclei, have been made available for the KVI library. The code STURM calculates

radial multipole functions for one-nucleon transfer reactions in deformed nuclei '• These

multipole functions correspond to orbitals in a deformed Woods-Saxon field with given

deformation parameters p., 8 and S.. This is achieved by evaluating these functions on a
2. 4 o

Sturraian basis, which has the correct asymptotic decay properties implemented. In that way

the problem is reduced to a matrix diagonalization procedure, resulting in a number of

possible solutions of which the "physical one", depending on well depth and amplitude

criteria, will be picked out.

The code FRODE calculates finite range two-nucleon overlap functions for heavy ion

transfer reactions in spherical or deformed even-even nuclei in the scaling approximation

to recoil . Fourier transform techniques are used to integrate the overlap functions in

the heavy system with the light system radial overlap functions to obtain the desired two-

nucleon radial overlap function. The one-nucleon overlap functions involved either enter

as numerical input (in deformed nuclei for instance taken from the code STURM described

above) or are calculated in the code using well depth search methods (useful in spherical

nuclei). An internal report describing the physics and the use of these codes will be

available soon.

1. Universitet i Bergen, Bergen, Norway.
2. J.M. Bang and J.S. Vaagen, Z.Phys. A2f7(1980)223.
3. J.S. Vaagen and R.J. Ascuitto, Nucl.Phys. A260(1976)317.
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IV. ATOMIC PHYSICS

Introduction

A.L. Boers

To study the structure of metal surfaces on atomic scale our Atomic Physics group

(FOM AIII) applies the technique of Low Energy Ion Scattering (LEIS). The potentialities

of LEIS have been investigated in a series of scattering experiments with a stepped copper

(410) surface^. The measured values for the step height and plateau length agree with

results obtained with Low Energy Electron Diffraction (LEED), carried out by other surface

physicists. In addition, the position of oxygen adsorbed on the stepped surface can be

determined.

Another main line in the group is the study of hydrogen on a stepped platinum

surface. Information on the presence and the position of adsorbed hydrogen is obtained

with a time-of-flight spectrometer.

Performing collision experiments as described above the scientific climate of a

nuclear physics institute like the KVI seems more suitable than that of the Department of

Applied Physics. For this reason it was decided to choose the KVI as the new home

institution for the continuation of the investigations. The subsequent move took place

last summer. In the present situation the computer facility offers new possibilities;

intensive interaction with scientists working with multiply charged ion beams from the ECR

source is inspiring new activities too.

The position of hydrogen on a stepped (997) platinum surface

A.L. Boers, ". Koeleman, S.T. de Zw^rt, E.K. Kooi

Different techniques are applied to investigate the interaction of adsorbates, as H2,

0£, CO and C2H2, with platinum surfaces. Hydrogen is the most important one; it has

received much attention but the results obtained with the different techniques (electron

energy loss spectroscopy, flash desorption, electron stimulated desorption, helium

diffraction, etc.) do not always agree K

It is nearly impossible to obtain information on the interaction of hydrogen with a

metal surface by means of LEIS. Due to the low mass of hydrogen is i) the amount of energy

transferred from the incoming ion to the hydrogen atom negligible small, and ii) the

maximum scattering angle of the ions is low; for helium it is about 14°, and for heavier

ions even smaller. Consequently, the energy resolving power is too low for spectroscopy of

scattered ions.

The other possibility is to analyse the recoil hydrogen ions instead of the scattered

incoming ions. However, analysis of recoil hydrogen ions with an electrostatic analyser,

usually applied for LEIS, is as good as impossible. The reason is that the yield of recoil

hydrogen leaving the platinum surface in the charged state, appears to u^ extremely low.

We have measured ior.ization degrees of only 1 a 2 X. In addition, the recoil peak is

superimposed on the low energy tail of primary ions scattered by platinum atoms. With our

time-of-flight spectrometer, however, particles in ti.e charged state as well as in the
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neutral state may be selected according to their velocity, and thus to their energy.

Fig. 1 shows a time-of-flight spectrum of a "dirty" platinum surface- We obtained the

spectrum with argon ions of 10 keV. It shows clearly recoil hydrogen, carbon and oxygen.

Argon ions singly scattered by platinum atoms have a flight-time of 7.33 p.sec, and can

thus not be indicated in this spectrum.

Fig. 2.

Fig. 1.
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The hydrogen peak with the highest yield comes from recoil hydrogen leaving the

platinum surface without interaction, with surface atoms, thus a real single collision.

The contribution of hydrogen with higher kinetic energies may originate from hydrogen

particles suffering a second collision, namely with a surface atom. Other trajectories,

however, are possible also. Anyway the energy and the yield of such double scattered

hydrogen particles contain information on the position of hydrogen on the crystal surface.

A schematic view of the apparatus is shown in fig. 2. The details are described
2)

elsewhere . A photograph is shown as fig. 3.

The unoplasmatron ion source provides a beam of primary ions (2-10 keV) which are

selected according to their mass, with a 60° magnetic analyzer. The current density at the

target varies between 10 and 10 Acm . When the time-of-flight spectrometer (TOF) is

used the current density can be reduced considerably; 10~* -10 Acm . It is a

consequence of the fact that a time-of-flight spectrometer is a multi channel analyser

whereas an electrostatic analyser (ESA) is a single channel analyser.

The target is mounted on a goniometer which allows continuous variation of the angle

of incidence, <K and the azimuthal angle of the target. The scattering angle 9 has a fixed

value of 30°.

The energy of the particles in an ionized state is determined with an ESA while a
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Daly-type ion-electron convertor is used as a detector. The energy resolution AE/E of the

ESA is 0.5% (FWHM).

Fig. 3.

Atomic physics set-up. From right to left: ion source, magnetic analyser,
collision chamber and the rectangular box which contains the movable electro-
static analyser (with detector) and the time-of-flight spectrometer.

The energy of the particles in a neutral state can be determined with the TOF

spectrometer, with a flightpath L of 1116 mm; it has an energy resolution AE/E of about

0.5 % (FWHM) also.

A typical value for the pressure in the collision chamber is 10 torr, and that in
_ Q

the primary as well as the analyser system amounts to 2.10 torr.

1. B. Poelsema, G. Mechtersheimer and G. Comsa, Surf.Sci. 111(1981)L7 28.
2. S.B. Luitjens, A.J. Algra, E.B.Th.M. Suurmeyer and A.L. Boers, Appl.Phys. 21(1980)205.

Efficiency of a Bendix Multiplier for 2-5 keV helium ions and neutrals

A.L. Boers, Brahm Dev

In the collision experiments described above the scattered particles leave the target

in the charged or in the neutral state. Analysis of these scattered particles is carried

out with a TOF-spectrometer. For a quantitative analysis the efficiency of the applied

detector must be known for both kinds of particles. Hitherto it is generally assumed that

the efficiency of commonly used detectors (Bendix Multiplier, channeltron) is the same for

both types of particles ^ which seems to be reasonable for relatively high energetic
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(> 8 keV) particles^. However, no data on these efficiencies are given in literature.

Our preliminary measurements indicate that the detection efficiency of a Bendix

Multiplier (M306) for helium atoms in the 2-5keV energy region is about 60% of that for

helium ions.

The applied technique as well as these measurements are described in a paper which is

accepted for a publication in Journal of Physics E: Scientific Instruments.

1. T.M. Buck, Y.S. Chen. G.H. Wheatley and W.F. van der Weg, Surf.Sci. 47(1975)244.
2. S.A. Agamy and J.E. Robinson, Nucl.Instr.Meth. 149(1978)595.
3. S.B. Luitjens, A.J. Algra, E.P.Th.M.Suurmeyer and A.L. Boers, Appl.Phys. 21(1980)205.
4. H. Verbeek, W. Eckstein and F.E.P. Matschke, J.Phys.E. 10(1977)944.
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K-shell ionization by fast light ions

J.H. van Dijk, A.L. Boers, A.G. Drentje, H.W. Wilschut, A. van der Woude

The K-shell ionization experiments reported in the Annual Report 1981 have been

continued. In these experiments the K-shell of the target atoms, Pb in this case, is

ionized by fast projectiles. We detected the scattered particles with the QMG/2 spectro-

graph, set at an angle of 12° , in coincidence with the K X-rays, observed with a Ge

detector. Experimental results have been obtained for 50 MeV a particles, 15 MeV protons
1 9

and 100 MeV C ions. The proton results are shown in fig. 1. The upper part shows the

coincident proton spectrum, where the prompt +

random events are displayed by the full line,

while the dotted line gives the random

coincidences only. Subtraction of these spectra

gives the histogram in fig. lb; hence the prompt

and random contributions of pure elastic

scattering from Pb and also from the C and 0

contaminants in the target cancel quite nicely.

The remaining peak is the result of a process in

which the proton scattered elastically from the

Pb-nucleus has ejected a K-shell electron.

A spectrum obtained in a similar manner with

50 MeV a-particles was shown earlier (KVI Annual

Report 1981, p. 57). In the experiment with 100
12MeV C projectiles the overall resolution was

not better than 60 keV, which has to be compared

with the K-shell binding energy of 88 keV. How-

ever, since the ionization probability for these

ions is much larger than for protons and a—par-

ticles, the K shell ionization peak can well be

resolved also in this case, as is shown in fig.2.

Calculations for this process were performed by Trautmann et al ' in a semiclassical

approximation scheme using exact hyperbolic orbits for the projectile, while the electron

is described in the initial and final state by full relativistic hydrogenic wave func-

Fig.
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tions. Screening and binding corrections are

taken into account in an approximate way. In

order to compare these theoretical predictions

with our measurements we have to fold in the

instrumental peak shape, i.e. the pure elastic

peak. The full curve in fig. lb is the result of

the folding. As can be seen the shape of the

spectrum is quite well reproduced by the calcu-

lations, but the experimental ionization

probabilities seem to be significantly lower

(about 20%) than the calculated value. A further

theoretical investigation will be made, in order

to find reasons for these differences.

The ionization probabilities where calculated according to I b = N /(N •<ii»f»ey)

where:

N T = total number of true counts in coincidence with K X-rays

Ng = total number of particles scattered elastically

aj„ = fluorescence yield= 0.97

e v = efficiency of the X-ray detector
A

f = K /(K +KQ) = 0.782.
(x ff p

The results for scattering of protons, alpha particles and C ions off Pb are summarized

in table 1.

Table 1. Ionization probabilities of Pb.

Particle

Energy

Energy resolution

Impact parameter

True counts (NT)

Ionization probability (I. )

Theoretical value (1^)

Proton

15 MeV

6 keV

38 fm

1741

(1.5±0.1)»10~4

1.9-10"4

oc-particle

50 MeV

20 keV

23 fm

1520

(4.9±0.3)«10~4

6.0»10~4

12C ion

100 MeV

60 keV

34 fm

600

(2.5±0.3).10~3

2.5.10"3

During the last years several reports appeared on the measurement of 6-electron

spectra in heavy ion collisions, see e.g. ref.2. In those experiments the electrons were

detected, consequently there is a low energy cut off. We want to point out that by

measuring the projectile energy loss curve, as in the present experiments, the complete

electron energy spectrum is obtained.

1. D. Trautmann, F. Roesel and G. Bauer, priv.comm.
2. F; Giittner et al., Z. Physik A304_(1982)207.
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State-selective single electron capture by 20.q keV C and 0 ions from H2» He and Li

D. Dijkkamp1, A. Brazuk , A.G. Drentje, F.J. de Heer1, H. Winter

Multiple charged ion beams from the ECR ion source at KVI have been used to measure

absolute photon emission cross sections resulting from single electron capture processes.

From the emission cross sections partial cross sections for electron capture into specific

(n,l) states of the projectile have been deduced.

The measurements were performed with C and 0 beams extracted at a voltage of 20

kV from the ECR source, which corresponds to projectile velocities of about 0.5 a.u.

(1 a.u. ~ 2 x 108 cm/s). Beam currents up to 500 nA could be obtained in the collision

chamber.

We studied the following process:

A q + + B - A ( q' 1 ) +* + B++ A ( q- 1 ) + + hv + B+,

where A = C 4 +, 0 6 + and B = He, H2, Li.

VUV-photon spectra were obtained in the wavelength region between 10 and 160 nm by means

of two different intensity-calibrated grating spectrometers with position-sensitive micro-

channelplate detectors. Apparatus (see photograph), experimental techniques, intensity

calibration procedure and data processing are described in more detail in ref. 3.

Here we shall limit ourselves to a discussion of the C -B system. A Grotrian diagram

(level-scheme) for C , covering all observed emission lines, is shown in fig. 1 (E, is

the binding energy and T° is the ground state energy of the respective targets). For a

derivation of the excitation cross sections from the absolute emission cross sections

given in table 1, calculated branching ratios (ref. 4) of high accuracy have been used.

c4+ r

20

30

50-

60-

70-1

Fig. 1.

In numerous cases superimposed emission lines were encountered because of the limited

spectrometer resolution (typically lnm) and blending with higher spectral orders. This was

resolved by taking into account the signal ratios for different spectral orders (up to

four) and all branches belonging to observable emission lines for a single excited state.

The accuracy of intensity calibration was 50% or better in all cases. The resulting

excitation cross sections, which should be considered preliminary, are given in table 2.
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Table 1.

MA)

1548/1551
312
245
223

420
384
289

260+263

798+800
770

683+685
1169

Zaem(2s-nP)

Transition

2s-2p
2s-3p
2s-4p
2s-5p

2p-3s
2p-3d
2p-4d

2p-(5s+5d)

(3p-5s)+(3d-5f)
3p-5d

(3s-5p)+(3d-6f)
3d-4f

C4+-He

3.4
1.1
0
0

0.4
1.5
0
0

0
0
0
0

4.5

4.0 ^

a (KT"16 cm2)
em

C4+-H2

15
7.2
0
0

4
8.2
0.5
0

0
0
0
0.4

22.2

21.76>

C4+-Li

165
16.5
10.4

3.5

0
130
27.7
14.3

12.3
3.7
3.9

98

195.4

Table 2.

Final State C3+(n,l) cm2

C 4 +-He C4+-H2 C 4 +-Li

6 f

5 f
5 d

5 P
5 s

4 f
4 d
4 p
4 s

3 d

3 P
3 s

2 P
2 s

5.8

0
0
0
0

0
0
0
0

1.
1.
0.

1.
0

5
1
4

5

0
0
0
0

0.
0.
0
0

7.
7.
4.

0
0

4
7

8
0
0

13
15
5
5

75
28
10
0

18
2,
0

0
0

.8

.8

.0

.7

.3

.5

.7

Summation of all emission cross sections for 2s-np transitions reveals the total one

electron capture cross section also. The result is shown in table 1 together with

published total one electron capture cross sections measured by means of charge state

analysis. The agreement is very satisfactory.



-98-

From our data, we find for each collision system a certain most probably populated n-

shell, which is in agreement with predictions from simple classical models. The rather

large experimental errors do not permit firm conclusions on 1-state distribution, so far.

We see clearly, however, that a tendency for population of higher 1-states for almost all

n-shells exists. The very large cross sections found in the Li case are also expected from

the classical model which predicts inverse proportion J cross sections with target

ionisation potential. We find a considerable contribution of double electron capture both

for He and H2, but for Li this was not the cace. Therefore, our results provide clear

evidence for the single-electron character of collision systems involving multiply charged

ions and Li-atoms. The high emission cross sections found for transitions between high 1-

states are very encouraging for the proposed application of neutral Li beams for plasma

impurity transport studies.

1. FOM-Inst. for Atomic and Molecular Phys (AMOLF)5 Amsterdam, the Netherlands.
2. Inst. für Allgemeine Phys., Techn.Univ., Vienna, Austria.
3. K. Kadota et al., J.Phys.B. 15(1982)3275.
4. A. Lindgard and S.E. Nielsen, At.Data and Nucl.Data Tables 19(1977)533.
5. D.H. Crandall, Phys.Rev. A16(1977)958.
6. D.H. Crandall et a l . , Phys.Rev. A19(1979)504.
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V. NUCLEAR SOUD STATE PHYSICS

Decoration of impurities in metals

H. de Waard1, F. Pleiter1, Zhang Gui-Lin1

The work described in the KVI Annual Report 1981 was continued. Here we report the

results obtained with 1 1 9Sb as the implanted impurity, which was produced almost every

month by the KVI-cyclotron, using the reaction 121Sb(45 MeV p,3n) "Ve S 119Sb. The

method of measurement is Mössbauer spectroscopy of the 23.9 keV transition in 1 1 9Sn,

excited in the ^'Sb decay. From the Mössbauer spectra three different parameters that

inform us about the 1 1 9Sn environment can be derived: a) the magnetic hyperfine field

(only for ferromagnetic hosts), b) the isomer shift and c) the recoilless fraction. The

following new results merit reporting here:

1) By implanting varying doses of Sb and He, an upper limit n~3 was found for the number

of He-atoms decorating vacancies trapped at Sb-atoms in nickel.

2) From measurements as a function of source temperature lower values of the characteris-

tic (or Mössbauer) temperature, 9 = 180-200K, were found for Sb-atoms in nickel surrounded

by He-decorated and non-He-decorated vacancies than for substitutional Sb (9 = 260K). This

demonstrates that vacancy associated atoms, decorated or not, have more space in the

lattice.

3) It was attempted to decorate

vacancies associated with Sb impuri-

ties in iron with nitrogen, but no

spectral component with a lower

magnetic hyperfine field, typical for

helium decoration was found in this

case. However, the magnetization

behaviour of the implanted region was

found to change drastically compared

with iron not post implanted with

nitrogen after annealing at 800° C. It

is surmised that a magnetically hard

phase is formed by a reaction of the

implanted nitrogen with the iron.

4) The analysis of 119SbW_sources with

and without post implanted helium was completed. Sources without He show a strong decrease

of the substitutional fraction (0.8-»0.3) between 600 and S00 K, which gives evidence of

vacancy trapping followed by release. For sources with helium this dip in the

substitutional fraction is much shallower (0.7+0.5). Above 1200 K the substitutional

fraction of sources with and without helium keeps on rising, it drops sharply when helium

is present, down to 0.2 at 1600 K. Clearly, a very strong capture of helium decorated

vacancies occurs at the Sb impurities. The results for the substitutional fractions are

summarized in Fig. 1.

1. Lab.Alg.Nat., Univ. of Groningen.
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Depth selective MSssbauer spectroscopy with conversion electrons using a Si-detector and a

Mini-Orange magnet filter

A. van der Wijk, J. van Klinken, S.C. Pancholi1'2, J.W. Petersen1, S.P. Steendam1, H. de

Waard1

The possibility of investigating thick layers with depth selective conversion

electron Mössbauer spectroscopy3) (DSCEMS) has been explored using a special surface

barrier Si-detector with very thin dead layer, suitable for low energy conversion electron

spectroscopy, and a Mini-Orange magnet filter transmitting the relevant conversion

electrons. The arrangement is as follows (see fig. 1).

Cooled Si-detector

Mini-Orange

Fig. 1.

-6 - 2 0 2 4

VELOCITVImm/sl

Fig. 2.

A 5^Co source of 5 mCi is placed at the side of the central absorber opposite the

detector. The 14.4 keV radiation falls on a sample (0 = 8 mm) which is attached via a

flexible vacuum tight bellow to a Mössbauer drive outside the vacuum chamber. The Fe

atoms of the sample that resonantly absorb the 14.4 keV y rays emit conversion electrons.

Our measurements are restricted to unresolved electrons from L + M shells with an initial

energy of 13.6 keV. The energy loss of these electrons on leaving the sample depends on

the depth of the 57Fe atoms. Electrons leaving the sample are guided by the Mini-Orange

magnet filter onto the Si-detector. This filter has a transmission of order 1 % in the

energy region of interest (between 7 and 13.6 keV). The Si-detector used had an energy

resolution of 0.65 keV (FWHM) for 14.4 keV gamma rays. By recording CEM spectra in energy

bands of e.g. 1 or 2 keV width, it became possible to observe the variation of the Moss-
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bauer patterns for depth values up to 500 nm corresponding to an energy loss of about 6

keV. The electronic arrangement (a DIDAC multiscaler with 4 groups of 1000 channels)

allows the simultaneous recording of 4 CEM spectra.

In fig. 2 we show a set of 4 CEM spectra recorded during 7 days in an initial stage

of the experiments, when the background was still quite high. For this test case the

sample was a 1 (im thick stainless steel foil enriched in Fe onto which a 50 nm thick

Fe layer was evaporated. The top 3 spectra, (A, B, C) taken at different conversion

electron energies clearly demonstrate the change of the relative intensity of the single

line spectrum due to the stainless steel (SS) and the 6-line spectrum of Fe-metal. The

bottom spectrum (D) was taken for electron energies that cover the sum of the ranges of

the energies used in the top 3 spectra. The results are summarized in the following table:

Spectrum

A
B
C
D

Energy range

keV

8 - 9.75
9.75-11.50
11.50-13.25
8 -13.25

S&-area

1.03(3)
1.36(3)
0.29(3)
0.47(2)

57Fe-area

0.48 (9)
1.24(12)
0.94(12)
0.47 (5)

SS/57Fe

2.1 (4)
1.1 CD
0.31(4)
1.0 (1)

I.Lab. Alg. Nat., Univ. of Groningen
2. On leave from the Dept. Phys. and Astrophys., Univ. of Delhi, India.

Mössbauer spectroscopy using °'Zn

R.V. Pound*, Zhang Gui-Lin^, L. Niesen , H. de Waard

The 93.3 keV l/2~ •*• 5/2~ transition in 67Zn provides a big challenge to Mössbauer

spectroscopists. Due to the 9.3 us lifetime of the excited state the resonance is

extremely narrow, resulting in a quality factor E lY = 2 x 10*5» Unfortunately,

experimentation with this probe is quite difficult due to the small resonance absorption

effect even at 4.2 K, particularly if absorbers are used with natural abundance (4.1%) of

67 Z n.

Research was started using natural Zn single crystals as absorbers. This material was

chosen mainly to study the expected large anisotropy in the recoil free fraction. In the

first experiments a Cu single crystal was used as source material. The parent activity
67Ga(ti=78h) was produced by the 65Cu(35 MeV <r,2n) reaction. A 60 (iAh irradiation produced

an activity of 5 mCi. Previous work ' has shown that the Mössbauer nuclei emit a single

line in polycrystalline Cu, broadened with a factor of 5 compared with the natural width.

Although we hoped to obtain narrower lines by using a single crystal and a suitable

annealing treatment, no Mössbauer effect could be detected (relative depth of the

resonance < 10"^). Better results were obtained by irradiating a Zn single crystal with 40

MeV deuterons, producing ~ 30 mCi of Ga in a 28 \iAh run, mainly via the Zn(d,3n)

reaction. After irradiation the source was allowed to cool for 48h. It was then annealed

at 300° C and slowly cooled in order to remove radiation damage.

To provide the necessary Doppler modulation, the source was attached to a piezo-

electric PZT-4 cylinder that was driven with a sine wave at a frequency of ~ 100 Hz. Fig.



-102-

Be window

Fig. 2.

PZT cylinder

brass

stainless steel

lead diaphragm
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1 displays the cryostat insert, that was operated at 4.2 K. with a pressure of ~ lkPa He

gas. The source was glued onto a stainless steel

disk, clamped to the PZT cylinder by means of a

corrugated BeCu plate acting as a loading

spring. The 93 keV Mössbauer radiation was

detected below the cryostat with a 5 mm thick Ge

detector (jD = 23 mm). At a counting rate

of 9 x 101* p/s in a 20 keV window (total

counting rate in amplifier ~ 4 x 10 p/s) we

obtained a peak/background ratio of 4 : 1.

In the case of Zn both as a source and an

absorber the Mössbauer spectrum shows an

absorption line around velocity zero, other

lines being at velocities widely exceeding the natural linewidr.h of 0.32 |am/s. Therefore

we concentrated on this central line, using velocity ranges up to ± 3 p.m/s.

Mössbauer spectra were obtained with single crystal absorbers of which the c-axis

made an angle of 90°, 75° of 60° with the direction of observation of the Mössbauer gamma

rays. In all cases the c-axis of the source was perpendicular to the direction of

observation. The relative absorption depth was 4.2(6)xl0~J* for the 90° orientation,

decreasing to 2.4(6) x lCr^ for the 60°-orientation. The average linewidth was

0.53(10) um/s» i.e. less than two times the natural width.

1. Permanent address: Lyman Lab. of Phys., Harvard Univ., Cambridge, Mass., USA.
2. Permanent address: Inst. of Nucl.Research, Academia Sinica, Shanghai.
3. Lab.Alg.Nat., Univ. of Groningen.
4. A. Forster, W. Potzel and G.M. Kalvius, Z.Phys. 637(1980)209.
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VI. CYCLOTRON, COMPUTERS AND INSTRUMENTATION

VI. 1. CYCLOTRON AND BEAM LINES

Cyclotron operation in 1982

C. Smit, S. van der Veen, H.W. Schreuder

In 1982 the cyclotron has again continued to operate reliably» The operating schedule

which allows for 8 hours of maintenance a week, was the same as in previous years. Two

additional periods of one week each have been allocated for larger maintenance jobs.

An account of the use of cyclotron time is given in Table I.

Table 1: Operational record for the cyclotron

1. Planned maintenance: 468 h or 6.4 %

2. Beam preparation, ion source service, etc.: 1000 h or 13.6 %

3. Beam available for users: 4780 h or 64.8 %

4. Waiting; cyclotron off but operable: 407 h or 5.5 %

5. Unplanned stops, failures: 722 h or 9.8 %

Total, number of hours on schedule: 7377 h or 100 %

Time scheduled for users (2+3+4+5): 6909 h or 93.7 %

Cyclotron operational (2+3+4): 6187 h or 83.9 %

Table 1 shows that good results regarding the amount of beam time available for users

were produced. The table also shows an increase in the time needed for beam preparation

and ion source service. This is to be attributed to an increase in the number of heavy ion

beams. The increase in downtime is thought to be largely of statistical nature, although

more time is needed for a careful analysis of the data.

Freewheeling, operation of the cyclotron by duly qualified experimentalists, contri-

buted 1216 h to the time the cyclotron was operational.

Technical developments for the cyclotron

Reported by H.W.Schreuder

In 1982 the available manpower was to a large degree directed towards realization of

the axial injection system and setting up the ECR source and associated beam lines. Never-

theless, a number of other developments took place,of which the most important ones will

be mentioned here.

The new extractor was tested with various beams. Although a number of minor faults

had to be corrected, we succeeded easily in extracting alpha particle beams with energies

ranging from 45 to 160 MeV. This means an extension to the available energy range of the

cyclotron, since the highest energy ever extracted with the old extractor was 140 MeV. The

performance of the extractor agrees wtll with the calculations, as far as could be esta-

blished in these tests.
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The PIG ion source and the associated power supply were completed. In preliminary

tests with a N beam in the cyclotron both source and power supply performed as expected.

The conversion program for the power supplies of the concentric and harmonic coils

makes good progress: all concentric coil supplies have been rebuilt. Electronic components

for polarity switching have been completed and will be installed during the long shutdown

period in 1983, when also the power supplies for the valley coils will be converted.

Installation of the remotely controlled beam line slits was nearly completed. The

slits proved to be very convenient in many experiments. The thick tantalum jaws of the

three sets of slits positioned in the downstream end of the energy analyzing line have

been replaced by 3 mm thick polished copper jaws in order to reduce slit scattering.

The rebuilding of the Dee voltage stabilization circuits and the building of the beam

phase measurement electronics as well as the completion of beam line B fell victims to the

axial injection project: due to lack of manpower further work on these systems had to be

postponed.

Several smaller improvements were introduced: we mention the replacement inside the

cyclotron of a number of sliding vacuum seals by bellows and changes in the distribution

of heat load over different cooling circuits, leading to a further simplification of those

systems.

Progress in computer control of the cyclotron

H. Pater, H.W. Schreuder, B.D. Taenzer

The progress in 1982 has been such that, as of January 1983, the computer control

system for the cyclotron has all basic functionality needed for control of the accelera-

tor. Some details:

- The operator now has 4 knobs at his disposal, typically for controlling the output of

power supplies.

- The new control desk was equipped with a colour TV display. Software has been completed

for displaying variables on this display as numerical values or as (quasi analog) bar

graphs.

- A number of accelerator components, most notably the power supplies for the concentric

coils, are now computer controlled.

- The settings of the most important cyclotron parameters for light ion beams can be

calculated and "plugged in" on operator command.

- There is a facility for "hot news" for cyclotron operators with a user friendly inter-

face for adding, editing or removing messages.

- Convenient system startup and shutdown procedures remove the pain caused by crashes of

the control system or the operating system. (This is especially important because these

crashes do not occur very frequently.;

- DECnet was installed, establishing a single DMR-11 link to the VAX-780. At present the

network is mainly used for remote program development and remote printing. At a later

stage we intend to use DECnet on-line, e.g. connecting to the VAX program CYFASE ^ for

optimizing the RF-phase history of the beam.
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- The program for servicing the Database has been moved to the VAX-780. Additionally it

has been extended. The conversion has been finished in time before the expected influx

of new variables related to the axial injection system.

Regarding the hardware:

- 16-bit DACs were designed, built and tested for use in power supplies which require

better performance than is available from the standard 12-bit models.

- Design and prototyping of units for controlling DC motors was completed. Units for

controlling the new support for ion source and inflector will be ready for installation

early in 1983.

1) See the contribution by W.K. van Asselt et al. ia this section.

CYFASE: A program for optimizing the internal beam phase slip

W.K. van Asselt, A.M. van den Berg, H.W. Schreuder

The program CYFASE has been developed for obtaining the optimal phase history of the

internal beam '. Recently, the program has been extended to allow for the calculation of

the radial focussing frequency and the current density as a function of radius resulting

from a coherent radial oscillation.

The results of the program were checked by measuring the internal beam phase history.

The beam phase was obtained by timing gamma rays produced at the cyclotron's main beam

probe against the RF voltage. Since low energy particles could not be detected efficient-

ly, the phase could only be obtained for radii larger than approximately 60 cm. The signal

to noise ratio was improved by limiting the phase width of the beam to about 10 degrees.

It appeared that there is a discrepancy

between the measured and the calculated phase

behaviour. In order to discover systematic

effects, calculations and measurements were done

for four different beams. In all these cases a

reasonable agreement between experiment and

calculation was obtained when the contributions

of the concentric coils to the magnetic field

used in the calculations were lowered by

0.9±0.1°/oo for radii > 80 cm. For a 120 MeV

alpha beam the calculated and measured phase

histories are given in fig.l. The only free parameters used in the calculation are the

starting phase and the current through the outermost trim coil.

We tried to investigate the cause for the discrepancy by measuring the influence of

each trim coil on the beam ph<?.se at several radii. It turned out that the measured and

calculated coil influences agreed well, with the exception of trim coil nr.ll which showed

a difference of 13%. This, however, has only a very small effect inside the radial region

of interest. We also measured the field contribution of each trim coil at the cyclotron

centre; again there was good agreement with expected values. Again, however, the value

found for trim coil nr.ll was 13% higher than the one quoted by the manufacturer of the

Fig. 1.

40 60 80
RADIUS (cm)
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cyclotron. Although the differences between calculated and measured beam phase are not yet

fully understood, the concentric coil currents needed for a particular beam can now be

predicted confidently.

1. H.W. Schreuder, KVI Annual Report 1974, p. 103; A.M. van den Berg, KVI Annual Report
1981, p. 89.

Determination of a median plane error

W.K. van Asselt, H.W. Schreuder

Measurements on the internal beam of the cyclotron using a three-finger probe showed

that the beam is above the median plane just before extraction. Because of the limited

radial range of the finger probe, further studies were done using the main probe. The

upper trace in fig'.l was obtained by mounting a vertical collimator onto the main probe.

Its aperture was 5 mm, both in radial and vertical direction. The reduction of the beam

current to almost zero at a radius of 115 cm shows that at that radius the beam is 2.5 mm

out of the median plane. This is so because the width of the collimator corresponds to the

radial interval of one vertical oscillation period. The second trace recorded with the

differential probe showing coherent radial oscillations, is given as a reference trace for

understanding the lower traces. In further measurements the main probe was equipped with a

vertical post with a radial width of 2 mm, extending below the median plane. In the third

trace the beam clearly passes the vertical post completely. When the magnetic median plane

was shifted downwards by running an additional current through the lower concentric foil

nr.ll, the lowest trace was recorded. Now the beam remains close to the geometrical median

plane.

DIFFERENTIAL PROBE
MAIN PROBE

TARGET HOUSING

60 80

Fig. 1.
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Th e median plane shift due to asymmetric excitation of the concentric foil was also

calculated following the method described in ref.l). The result is plotted in the right

hand part of fig.1 for the same asymmetry as was used in obtaining the 4-th trace. For the

beam the calculated response is broadened through the influence of the flutter on the

shape of the equilibrium orbits (R m a x~
R
mi n

 = 8 cm)« W e conclude that there is a reasonable

correspondence of calculated and measured median plane shifts.

As a conclusion we remark that the vertical post is also a very useful tool for stu-

dying coherent vertical oscillations of the beam.

1. J.I.M. Botman, Ph.D. thesis, Technological University Eindhoven, 1982.

Study of the extraction rate

W.K. van Asselt, H.W. Schreuder

During 1982 many experiments have been done in order to understand the poor extrac-

tion rate of the electrostatic extractor. From these measurements the followi.ng conclu-

sions can be drawn:

- The width of the septum as seen by the beam is 0.75 mm. This is caused by a too fast

increase in septum thickness during the first 10 cm.

- Beam loss along the extraction path was studied by timing the gamma rays, produced at

positions of beam loss, against the RF voltage. In the figure a spectrum is given for a

normal setting of the extraction system. Between the peak corresponding to the loss at

the septum and the one caused by the beam hitting the

extraction target an enhancement in the ntmber of counts is

visible due to beam loss in the electrostatic channel. The

number of counts is not proportional to beam loss, since

different parts of the extractor are shielded differently

towards the scintillator and since the solid angle towards

the scintillator decreases from the beginning to the end of

the extractor. The current on the extraction target, at the

end of the extractor, was about 40% and the loss at the beginning of the septum is

estimated at 20-25%.

A measurement of the beam distribution within the acceptance of the electrostatic

channel also indicated that beam loss exists near the end of the channel.

- Through lack of radial focussing in the fringing field, the beam width becomes so large

that beam is intercepted at the entrance of the magnetic channel. Since its aperture is

fully used, the magnetic channel introduces non-linearities in the radial focussing too,

which makes further beam handling difficult.

- With the present extractor good results can be obtained with single-turn extraction

only, because the septum loss can then be reduced. By additional reduction of the inter-

nal radial beam emittance an extraction rate of 90% has been obtained in an experiment

at low beam current.
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The new support for internal ion sources and for the inflector of the axial injection

O.C. Dermois, G.J. Sa, A.H. ter Brugge

The principle of a hydraulic control for the vertical and horizontal movement of

internal ion sources or for the inflector of the axial injection system was described

earlier '. This hydraulic control has been used in the new support. The shortcomings

mentioned in 1979 are removed and especially the change in equilibrium position when a 10

kg load applied is reduced to 0.4 mm. This is realised by the choice of a different type

of bellow found by calculations using the original ones as a starting point. The

reproducibility in vertical and horizontal position is between 20 and 50 y,m. The

hysteresis is about 10% of the range being 10 mm vertical and 12 mm horizontal. The

temperature dependence of e.g. the vertical position of the source is about 5 p,m/°C for a

change in temperature of that part of the system which is inside the vacuum chamber.

Fig. 1.

The photograph shows the support in the central region. The two couples of cylinders

A are for the vertical movement. They both form an independent differential system. The

vertical support pins B are activated by the pivots via cross-spring bearings C. The arms

for the horizontal movement are activated by the cylinders D which are coupled by the bar

E to form again a differential system. Three other movements are possible: the radial

position of the source and a rotation of the axis in two perpendicular directions for

alignment with the magnetic field.

1. KVI Annual Report 1979, p. 140.
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VI. 2. ECR ION SOURCE AND AXIAL INJECTION

Status of the axial injection project

W.K. van Asselt, O.C. Dermois, A.G. Drentje, H.W. Schreudar

The shut-down period for the installation of the axial injection system in the

cyclotron will start January 17, 1983, and is planned to be finished at the end of April.

The cyclotron itself will then be modified for axial injection and in operational

condition for the use of internal sources. The remaining parts of the injection system can

be installed during short shut-down periods later in the year.

In the ion source room, located on top of the cyclotron vault, the ECR source and the

horizontal part of the beam guiding system have been installed and are already in

operation for atomic physics experiments. The design of the central region and the axial

beamline is completed, the parts are either under construction or finished. The new dummy

dee system is a "sliding-in" construction so that the system can easily be removed for

repairs, mounting additional parts etc. It is also equipped with a movable slit with

variable aperture for phase selection.

The new R.F. liners, which will be equipped with the numerous fixation points for the

dummy dee and ion source support and on which the "bump coils" are mounted are still under

construction. The support for the hyperbolic inflector is under construction. It will be

inserted radially using the new internal ion source support. The position control will be

mainly done via the ion source support except one additional control for the rotation of

the inflector around a vertical axis and one for a movable slit for beam diagnostics and

definition.

In the beginning of the shut-down period the axial hole in the upper pole will be

enlarged in diameter in order to mount the last lens of the axial line as close as

possible to the inflector. A large boring-machine will be mounted on top of the cyclotron

to perform the job. Calculations have indicated that the removal of some iron will not

disturb the symmetry of the magnetic field in the gap if the hole in the upper pole is

changed only.

The axial beam line

O.C. Dermois, H.F. Gorter, I. Smid, P. Wieringa

The design of the axial beam line was completed already a year ago and described in

the KVI Annual Report 1981, p. 82. The cylindrical magnetic lenses have been produced and

the two lenses intended to work in the axial hole have been tested. They produce the

required field strength and shape. Two other lenses have been built to match the beam to

the periodic focussing structure in the ion source room. This part of the line is shown in

fig. 1.

Stepping motor driven beam scanners will be placed in the two coupling blocks to have

sufficient control on the matching conditions. The two correction magnets adjust in two

directions both the position and angle at the entrance of the periodic structure. It is

hoped that this will be sufficient not only for the transport through the periodic system

but automatically for the alignment of the beam in the cyclotron centre too. The axis of
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the beam line coincides with the axis of the cyclotron. There are, of course, provisions

for additional corrections.

I* wais!

Fig. 1.

position coupling block 1° magnetic cylinder lens
correction
magnet

345 205

angle 2* magnetic1 cylinder lens coupling Mock periodic
correction «tructure
magnet

Fig.2 shows the valve which will be situated in the axial hole to separate the

cyclotron vacuum chamber from the axial line. It is driven by two cylinders, equipped with

bellows. Cylinder A controls the position of the valve stem B. This is at the same time

the second cylinder which pushes the seat against the upper flange. This flange is removed

to show the mechanism. The valve closes in both directions against atmosferic pressure.

Fig. 2.

The ECR ion source and beam lines

Reported by A.G. Drentje, J. Sijbring

The ECR ion source at the KVI is one of the socalled Mini Mafios type. It has been

designed and manufactured by R. Geiler and coworkers ^ at CEN-Grenoble. The assembly was

completed early 1982, and the acceptance tests could be performed in March (at CEN^G).

Installation of the source at KVI, and of the beam line components and charge state

separator started shortly after that. The first beam was produced in July. Atomic physi-

cists of AMOLF-Amsterdam (F. de Heer, D. Dijkkamp and coworkers) coupled their collision

chamber, equipped with V.U.V. spectrometers, to the 45 degree switching magnet in the beam
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line; electron capture experiments with carbon and oxygen beams started in November (see

chapter IV of this Annual Report). In the following a few details of the tests with the

source are summarized.

The tests at CEN-G were performed on beams of nitrogen, neon and argon, where charge

state selection was obtained with a single focussing magnet. We have measured the currents

of the different charge states at extraction voltages of 12 and 20 kV, and also the beam

emittance in a few cases. Results are reported in ref. 2; here we give some values. At 12

kV we measured 100 nA 1 5N 7 +, 10 nA Ne 9 + and 100 nA Ar 1 2 +; at 20 kV this was 90, 35 and 70

nA, respectively. We quote the current "in the pulse": the source was usually operated in
q .

a pulsed mode with duty cycle ~ 50%. Except for Ne at 12 kV all currents were larger

than the guaranteed values in the financial contract. It could be made certain that in

this case the (poor) vacuum in the analyzer was the limiting factor.

Beam emittances, with the source in continuous mode, were measured for N , Ne ,

Ne 8 + at 20 kV, and for Ar 9 +, Ar 1 1 + beams both at 12 and 20 kV. In all cases the emittance
O I

was below 250 mm mrad; for Ne at 20 kV we measured in two perpendicular planes and found

140±20 mm mrad in the horizontal plane and 16O±2O in the vertical plane.

The charge state analyzer (110° magnet) at KVI was designed to accept beams with

emittances up to 700 mm mrad, and for that reason located close to the source. This

particular set-up gave rise to a magnetic stray field in the extraction area which

differed in shape from that in the Grenoble tests. The main difficulty was caused by the

presence of the return yoke of the 110° magnet in the fringing field of the ECR coils,

producing together a horizontal field component. Installation of a soft iron mirror plate,

see fig. 1, and in addition two sets of small correction coils reduced the problem

largely.

Fig. 1.
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Experience with the ECR source so far has learned that it works excellently. Some

tests with neon beams showed that the set-up in Grenoble was limiting indeed; at KV1 we

obtained at 12 kV 50 nA of Ne 9 + and at 20 kV 60 nA Ne 9 + and 0.3 nA of 2 2Ne 1 0 +, the last

measurement being made on a down stream target. For neon and argon extensive current

measurements were carried out; table 1 gives the results. We remark that the values have

been obtained in different settings so they cannot be considered as a charge state

distribution. Asterisks in table 1 indicate that some contaminants may be included.

Table 1. Current per charge state q (in uA)

Ion Extraction q=l 2
Voltage (kV)

10 11 12 13 14

Neon

Argon

12

20

12

20

150

240

30

45

60

80

30

40

60

60

30

20

40

60

16

33

40*

40*

40*

55*

25

17

25

22

3.4

6

14

17

1.2

1.7

17

33

.05

.06

10

12

.3nA

12*

16*

1

1

.20

.15

.01

.02 0.4pA

The ECR source has been used very intensively in conjunction with the electron

capture measurements. This period of time turned out to be a very effective test on

stability and operation of source and beamlines, although the ion optic diagnostic

elements (like targets, scanners, slits) and correction magnets were available in very

primitive version only. The cyclotron produced a stray field, depending on its setting, of

at maximum about 5 Gauss, enough however to necessitate adjustments. Since extensive

shielding will be installed on the cyclotron yoke during the shut down period, we will

decide on installation of correction elements once we have gained experience.

Fig. 2.

1 target
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charge
separator
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The transmission of the beam line up to the entrance of the vertical "injection" line

has not been studied up till now. We do not expect considerable losses due to charge

exchange, since the (vacuum) pressure in the line is below 2*10 mbar. The transmission

from source to the target in the collision chamber amounted to about 3% in the first

experiments, when we had not yet installed a focussing element between the switching
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magnet and the chamber (fig. 2). At the end of the year a magnetic triplet was used for

this purpose; now about 30% of the extracted beam of the ECR source arrives through two 3

mm diameter diaphragms, 25 mm apart in front of the target.

1. R. Geiler and B. Jacquot, Nucl.Instr.Meth. 202(1982)399 and refs. cited there.
2. A.G. Drentje in Proc. Symp. on Production and Physics with Multiply Charged Ions,

Stockholm 1982; Physica Scripta T3(1983)45.
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VI.3. DATA ACQUISITION AND DATA ANALYSIS

Computer systems for data acquisition and analysis

P.A. Kroon, F. Sporrel, R. Alkema

a. Data-acquisition

Main emphasis has been put in 1982 on the selection of a new computer and CAMAC sy-

stem to replace the current PDP-15 data-acquisition computer. Although initially the VAX-

11/750 was selected, the announcement of the smaller, cheaper and promising VAX-11/730

made us decide to order the latter system, accepting the risk of being the first Dutch 730

user. Thorough tests, however, which included CAMAC, showed that the performance of the

730 was not as good as predicted, in particular when used with high speed DMA transfers

from CAMAC. This, and a very attractive offer made by DEC, made us decide to have the 730

processor exchanged by a 750 one and a second Unibus adapter added. This operation is

expected to take place in February 1983.

For the new CAMAC interface we have finally selected the Fisher Control System Crate

concept. The main reason for this choise is the fact that this system appears to be the

only one that implements a repeated address scan mechanism similar to that available with

our current PDP—15 CAMAC interface. This allows us to connect the existing event readout

hardware virtually without modifications. (Note that there are many CAMAC interfaces with

an address scan mechanism, but none of these can repeat this scan for several events

within one single DMA transfer). For evaluation purposes a complete interface set was

placed at our disposal by Fisher Controls for several months. CAMAC device driver software

for the VAX was obtained from Mr. S. Vascotto at CERN.

b. Networking

At the same time of the installation of the VAX-11/730 we have started the use of the

DECnet communication software. The VAX-11/780 data-analysis and software development sy-

stem, the VAX-11/730 (750) data-acquisition system and the PDP-11/34 cyclotron control

system are now linked together, allowing filetransfer, task-task communication and virtual

terminal handling between all three systems.

c. LSI-11/23 based experiment control systems

A small LSI-11/23 based experiment control and data-acquisition system was installed

mainly for atomic physics experiments with the new ECR ion source. This system and the

required software were obtained from AMOLF, Amsterdam. It is a copy of the systems in use

there. It mainly consists of an LSI-11/23 processor, 256 kb RAM, a special bootstrap loa-

der, a 4-line terminal interface, a Kinetic Systems 3992 Caroac interface and an EPROM

resident RSX-11S operating system. Tools are also provided to develop Fortran programs on

the VAX and downline load these programs via a serial asynchronous terminal interface into

the LSI. The same terminal interface is used to transfer data from LSI to VAX.

Another LSI-11/23 running RSX-11M and equiped with an RL02 10Mb disc and a dual

Kinetic System 3992 CAMAC interface was installed as a replacement for the HP2100 data-

acquisition and experiment control system in use at the atomic physics group which joined

the KVI in the middle of 1982.
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d. Miscellaneous

- The VAX/VMS operating system was updated from V2.5 to V3.0 which, besides important

improvements, also included sufficient modifications to make this upgrade the most

painful and time consuming one of all VMS updates ever performed.

- The CYCLINK filetransfer package used between VAX-11/780 and PDP-11/34 has become

obsolete with the arrival of DECnet. The same package, however, is now used between the

VAX-11/780 and the LSI-11/23 RSK-11M system.

- A utility MCALINK was written which allows transfer of spectra over a serial

asynchronous terminal line from either a Nuclear Data ND100 or a Tracor Northern 1705

multichannel analyser to the VAX.

- A papertape reader/punch from one of the PDP-15's was connected to the VAX-11/780 Unibus

via a standard PC11 interface. A simple driver was written for this device since no such

driver is available in the standard VMS software. The reason for connecting this ancient

device is that there still exists some papertape producing equipment in the lab.

- Another PDP-15 has been dismantled. Now only one PDP-15 is left for data-acquisition

which can hopefully be honourably dismissed in the middle of 1983.

Interactive analysis of spectrograph data with the programs AUTOFIT, AUTOX and XFIT

A.M. van den Berg

With the introduction of the VAX/VMS computer it became desirable to have an

interactive code to analyze data obtained with the QMG/2 magnetic spectrograph. The

program AUTOFIT ^ is well suited for this purpose; its disadvantage is that it is not

interactive. To overcome this shortcoming AUTOFIT was extended with subroutines which

interactively control in- and output commands. In addition a graphical display package was

added to obtain a sophisticated peakfitting program for the interactive decomposition of

charged-particle spectra. A typical example of a spectrum decomposition is shown in the

figure, where the solid line indicates the results of the fit to the experimental data.

The cpu time used to perform this fit was about 15 seconds.

200 400
Fig. 1.
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To extract spectroscopie information from measured angular distributions the code

XFIT was written. Like the program GOODYS ' XFIT converts peak areas to centre of mass

cross sections by supplying the code with the collected charge and the laboratory angle of

a given analysed spectrum. In order to evaluate experimental data in a convenient way, the

input for this XFIT program can be prepared with a code called AUTOX. This performs a

appropriate bookkeeping of the AUTOFIT outputs. As a result the cross sections with their

errors are plotted as a function of the c m . angle. The program XFIT, however, is also

able to perform a linear least-squares fit of DWBA cross sections, calculated via the code

DWUCK4, to the experimental da^a. Options such as fitting of two or three L-transfers to

one state, and averaging of the calculated cross sections over the detector opening angle

are included also.

1. J.P.. Comfort, ANL Physics Division, Informal Report PHY-1970B.
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VI.4. INSTRUMENTATION AND ELECTRONICS

Resolution in spectrograph experiments

J.H. van Dijk, A.G. Drentje, A.M. van den Berg

The energy resolution, obtained in regular experiments with the QMG/2 spectrograph is
-4 -4

usually not better than AE/E = 4.5*10 , mostly 5 to 6*10 . As mentioned last year it is

feared that the contribution of the focal plane detectors (lengths 50 cm and 120 cm, both

types described in ref.l) is the limiting factor. This was confirmed last year in a few

experiments with 50 MeV alpha particle beams where a solid state detector used in the
-4

focal plane: with a regular target we found AE/E = 2.3» 10 , which could be reduced to
-4

1.7*10 when we inserted an extremely thin point like target. In this case the spectro-

graph solid angle was set to 7 msr. It can be concluded also chat the energy resolution of
—4

the analyzing system, set at the nominal value of 1.8»10 , turns out to be somewhat

better.

An attempt was made to modify the existing devices in such a way that the intrinsic

position resolution of the detector improved, including also the line broadening caused by

the pressure foil. The modification, which is described in a separate contribution, was

successful. It was tested in an experiment with a 50 MeV deuteron beam. The setting of the

beam line elements was properly scaled; and we used a thin Au target to measure elastic

scattering. The observed overall energy resolution was slightly better than 3*10 (14

keV). An additional spectrum of the Ni(d, He) reaction showed peaks (see fig.la) with a

width of 15 keV; here the target contribution is about 10 keV. From this we conclude that

the modified detector has a substantial better position resolution, which we estimate to

amount to not more than 1 mm.
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A well known procedure to increase current on target without disturbing the energy

resolution is the so called dispersion matching technique. In the beam guiding system at

the KVI the matching consists of an adjustment of the horizontal magnification between the

exit slit of the analyzing system and the target in the spectrograph scattering chamber;

to a good approximation this adjustment can be done by a change of one quadrupole magnet

setting. A correct matching occurs if the dispersion on target, as seen from the analyzing

magnet entrance slit, equals the dispersion on target, as seen from the spectrograph focal

plane. In that case all particles, having passed the entrance slit, will arrive at the

same spot in the focal plane; hence the exit slit can be opened, which gives larger

current. The method we have oplied to judge the adjustment is to estimate the horizontal

magnification from the wid of the beam on a viewing target, about 1 m from the

scattering chamber, and to .ealize that this width is in proportion to the angular

magnification in the beam liau, hence inversely proportional to the linear magnification.

In this way the adjustment can easily be made. Fig. lb shows the spectrum with exit slits

opened from 2 mm to 6 mm, which would correspond to an energy width of 6«10~^ nominal in

the beam. The peak widths do not show a deterioration, proving that this method is

effective.

1. J.C. Vermeulen et al., Nucl.Instr.Meth. 180(1981)93.

A modified spectrograph detector with better position resolution

J.H. van Dijk

As described in the preceeding contribution the existing focal plane detectors are

limiting the obtainable overall energy resolution. It was recognized that two reasons for

this could be:

a) the argon-methane gas mixture which has inferior quenching properties at low partial

pressure of methane .

b) energy loss fluctuations will degrade the position resolution. This, because particles

are incident on the detector at an angle of 45 degrees and the position is determined

by the centroid of the charge distribution'.

We have chosen a mixture of argon and isobutane (50% - 50%) which has better quenching

properties such that the gas pressure can be reduced; we applied a pressure of 180 Torr(In

stead of the usual 400 Torr). This lower pressure allows also a reduction of the pressure

foil thickness from 25 (i.m to 12 |im (Kapton) .

The drift region is formed by applying, via a resistor chain, a suitable voltage on

gold strips, that are evaporated on 2 um mylar foils. The one but last strip, close to the

sense wire is decoupled from the resistor chain, and given a separate positive potential.

This has been done to decrease the effective gap width of the chamber, by allowing only

the primary electrons from the central region of the detector gap to reach the anode wire.

The results obtained with this detector are described in the preceeding contribution.

The conclusion is that the main improvement is achieved by changing the gas mixture. A

quantitative estimate of the effect of the reduced effective gap could not be made yet in

the test experiment.
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1) J. Hough, Nucl.Instr.Meth. 105(1972)323.
2) J.L.C. Ford, Nucl.Instr.Meth. 162(1979)277.

Development of a heavy-ion detector system to use in experiments with the spectrograph

J.M.R. van der Blij

For future heavy ion experiments which will make use of the magnetic spectrograph of

the KVT, a new detector system has been designed. Such a new system is needed since the

present set-up does not allow for mass identification in the region covered by beams of

the new ECR source. In the following subsections the three components of the heavy ion

detection scheme will be described, see also fig.1.

.M,

(1) channel plate detector

(2) position sensitive parallel plate detector
(3) ionization chamber Fig. 1.

a. Position sensitive timing transmission detector to be installed in the focal plane.

This is a parallel plate type device, where sense wires are positioned between the elec-

trodes '. The read out of the wires will be performed by coupling • < a tapped delay line.

The detector is designed as a part of a modular system; each mod .ie has a sensitive area
o

of approx. 100x7 cm . Two such modules can be used - as in the j resent set-up - to deter-

mine position and angle of incidence.
1 2

A prototype with a length of 15 cm was tested with a 100 MeV C beam; the intrinsic

resolution turned out to be better than 1.5 mm. In this value there may be a considerable

contribution of the timing electronics too; they were connected to the detectors with

regular RG/U58C coax cables, approx. 100 m long.

The wire pitch is 2 mm, the gap between anode and cathode is 3 mm, and the delay

between taps of the delay line amounts to 1.5 ns. In the test experiment the wire struc-

ture was visible.

b. Ionizatxon chamber of the type described in ref.2. The present vacuum vessel in which

the focal plane detectors are installed, is not deep enough to accommodate an ionization
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chamber for AE,E measurements of heavy ions. Therefore, this new chamber will be con-

structed as a separate unit which can be coupled to the back flange of the present vessel;

inevitable in this set-up is a reduction of the focal plane at the high energy end

corresponding to a reduced energy bite of 15%.

The new ionization chamber will have an effective depth of about 120 cm, with an

entrance opening of 110x7 cm . The entrance pressure foil should withstand a pressure up

to 0.5 atmosphere; it will be a 1.5 \im mylar foil, supported by a frame with 100 |j.m wires

which also serve as potential wires. If we apply isobutane most of the heavy ions that can

be accelerated by the cyclotron, can then be stopped. The ionization chamber will be

position sensitive also, in order to perform the angle determination in the focal plane.

At present the box of the ionization counter is being manufactured in the machine shop of

the Technological University Delft.

c. Position sensitive timing transmission detector at the entrance of the spectrograph.

Both parameters can improve particle identification, in particular mass resolution, since

in this type of spectrograph large path length differences exist such that a time of

flight can be used only in combination with knowledge about the particle trajectory. It

is aimed to apply a position sensitive channel plate detector in conjunction with a thin

carbon foil, see ref.3.

1. D.van Harrach and H.J. Specht, Nucl.Instr.Meth. 164(1979)477.
2. H. Sann et al., Nucl.Instr.Meth. 124(1975)509.
3. F. Busch et al.s Nucl.Instr.Meth. 171(1980)71.

Energy loss and straggling in heavy ion reactions

A.G. Drentje, J.H. van Dijk

In high resolution nuclear reaction experiments one usually has to minimize all

contributions to line broadening; it may not be simple, however, to determine beam energy

spread and target straggling independently. This is in particular difficult if the projec-

tile ions are not completely stripped. We will describe the way we have determined these

values in a scattering experiment with carbon ions on several targets (Pb, Sn, Au) to

study K-shell ionization, see chapter IV. The method may not be new, but its simplicity is

reason enough for mentioning it here.

In the experiment a 100 MeV 12C beam (in this case C3+) is produced in the KVI

cyclotron with an internal source. The beam is transported through the energy analyzer

with associated entrance and exit slits, to the target. Scattered ions - completely

stripped in the target foil - are detected with a position sensitive detector in the focal

plane of the QMG/2 spectrograph. In order to study the energy width of the beam, and the

broadening due to the target we set the spectrograph at 0 degree, such that the beam

itself will be focussed in the focal plane; in fact we focussed on a ZnS screen,

positioned aside of the detector. The width of the image was examined with a TV camera.

The logical way of measuring the target effect would be to replace the target by an empty

frame. The difficulty is, however, that in one case (target in) the C^+ ions will be

focussed, and in the other case (no target) the C ions enter the spectrograph but follow
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different trajectories. For this reason we placed a thin stripper foil (carbon) in front

of the entrance slit of the energy analyzer; magnets and lenses were adjusted such that

the stripped C ions were transported to the target chamber. In this way the influence of

the target can be examined without change of any spectrograph magnet setting.

The photograph shows two images: the left line corresponds to the beam spot itself,

i.e. no target, while the broader line appears

when a 100 ug/cm2 (nominal) Sn target was in-

serted. Without any calibration one observes that

the line broadening amounts to a substantial

fraction of the shift, which corresponds to the

energy loss; in the present situation this

fraction is 45(±10)%. A calibration gives:

AE(beam)=16(±2.5) keV, AE(beam+target)=52(±5)

keV, energy loss=115 keV. A few other targets of

comparable thicknesses gave similar results, in

all cases the fraction was between 39 and 45%.

Fig- '• The method is very practical for checking the

homogeneity of a target foil and the backing

material; in one case, unfortunately not on a photo, the broader line was strongly curved.

Such an irregularity was not at all visible at the target itself.

One reason for the relatively large broadening could be that the nonlinearity of the

screen response results in an image of the basewidth or the width at say 10% of the

maximum, while usually FWHM values are considered. We will make a further test on this.

Parallel plate timing detectors for heavy ion experiments

J.M.R. van der Blij

In the course of 1983 an experimental set up for heavy ion experiments developed by

R. Kamermans et al. at the Robert van de Graaf f Laboratory in Utrecht, will be installed

at the KVI. This set-up consists of a scattering chamber with an inner diameter of 56 cm,

a flight path of 2 m and an ionization chamber consisting of two independently working

parts above each other ' with an effective depth of about 120 cm.

At the KVI two parallel plate transmission detectors were designed and are now nearly

completed. They will serve as start and stop detector for the time of flight measurements.
2

The start detector has an active area of 9x5 cm and will be mounted against the inner

wall of the scattering chamber. The stop detector consists of two independently working

parts above each other, each with an active area of 38x6 cm , and will be mounted in front

of the ionization chamber.

1. U. Lynen et al. , Nucl.Instr.Meth. 162(1979)657.
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Construction of a Bragg-curve detector

P.B. Goldhoorn, H.W. Wilschut

In order to study recoil fragments in heavy-ion reactions on light nuclei we have

constructed a Bragg-curve detector. This detector makes use of the Bragg-curve, i.e. the

specific energy loss, dE/dx, as a function of the density. The Bragg-curve shows a maximum

which depends on the nuclear charge of the incoming particle. Therefore one has to measure

two parameters, the height of the Bragg-maximum and the total energy, in order to obtain

Z-identification and energy determination. The construction of our detector is more or

less similar to the design of Chiessl et al. ^. The drift field is chosen parallel to the

incoming particle direction and perpendicular to the Frisch-grid and the anode plane. The

drift path is about 15 cm and is made by a resistor chain connected to equipotential rings

with a spacing of 1 cir We used mainly an Ar-CH^ gas-mixture with pressures up to 1 atm.

The maximum solid angle can be 160 rasr. The detector was tested with a N beam of 140 MeV

on a n a tSi target. The anode voltage was typicaly 800 V, with the Frisch-grid at 700 V and

a drift field of 40 V/cm.

To collect the total charge a shaping time of 8 (is was needed. For the determination

of the height of the Bragg-maximum we used the same preamplifier, but now with 1 \is

shaping. In the figure some typical experimental result is shown. Note that in the case of

Be the different isotopes can be recognized. From the
KVl 2797

14Kunats figure it is also seen that the identification using the

140 MeV Bragg-curve characteristics can be applied only when the

maximum of the Bragg-curve is located well inside the

gas volume, otherwise the "dE" and the total energy have

a linear dependence. This is the case for low incident

energies and also for high energies. One can discrimi-

nate against particles penetrating through the whole

detector volume by measuring the drift-time.

To improve in the performance of the detector

e n shorter shaping times and a higher stopping power are

needed. Therefore the next step will be to use a

different counter gas such as isobutane, and to use

larger drift fields, in the order of 200 V/cm.

1. Ch. Chiessl et al. , Nucl.Instr.Meth. 192(1982)291.

Anti-coincidence shields for 5" * 6" Nal(Tl) crystals

M. N. Harakeh, S. Brandenburg, R. van der Ploeg, Z. Sujkowski

For ongoing and planned experiments for the study of giant dipole resonances built on

highly excited states (see this Annual Report section II. 1), it is important to detect

high energy gamma rays in the range of 10 - 30 MeV with, compared to the background, very

low count rates. For such experiments one usually applies large Nal(Tl) crystals

surrounded by anti-coincidence (AC) shields to discriminate against cosmic rays.
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We have built two such AC shields for use with medium size 5" x 6" Nal(Tl) crystals

available at the KV1. The scintillator rings (144 mm inner diameter, 20 mm thickness and

160 mm length) of NE102A were delivered machined and polished by Nuclear Enterprises.

Light guides of lucite were made and polished at the KVI. Each light guide consists out of

four pieces of lucite which form a ring; they are bent together in pairs to be viewed by

photomultipliers. The light guide ring was optically coupled to the scintillator with

optical grease. The mechanical contact was ensured by clamping the scintillator between

the light guide ring and an additional lucite ring at the other end of the scintillator.

Fig. 2.

80

40-

20 -

(a)

cosmic ray background _
without anticoincidence

(b)

with anticoincidence

30 60 90

Erad(MeV)

Fig. 1.

The whole setup was covered with aluminum foil in order to maximize the light transmission

to the photomultipliers. The photomultipliers (Philips XP2020) were pressed against the

light guides with a spring mechanism connecting the light guide and the base of the

photomultipliers. The whole setup, including the photomultipliers was then covered with

black tape to make it light tight. Voltage dividers from Fairlight Industries (CERN type)

were used for the photomultipliers. A photograph of the whole assembly of a Nal(Tl)

crystal with AC shield is shown in fig. 1.

For the processing of the signals from the Nal(Tl) crystal and the AC shield standard

fast and linear electronics were used. The energy deposited in the Nal(Tl) crystal and the

time relation between the Nal(Tl) crystal and the AC shield were recorded in event mode on

line. The anticoincident Nal(Tl) energy spectrum was then generated off line. Fig. 2a

shows a background spectrum obtained for the Nal(Tl) crystal without the anticoincidence

requirement, the bump arc und E , = 50 MeV is due to cosmic rays passing through the

crystal. In fig. 2b the corresponding spectrum requiring the anticoincidence with the
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shield is shown. The bump due to the cosmic rays is suppressed to such an extent that the

measurement of the high energy gamma rays of interest becomes feasible.

Detection of low-energy electrons with Si surface-barrier detectors

J.L.W. Petersen , J. van Klinken

In view of possible in-beam observation of conversion electrons from Yrast traps and

especially in view of promising recent results with Mössbauer depth-spectroscopy, we con-

tinued the efforts on detection of low-energy electrons (5 to 25 keV) with good energy

resolution; if possible still better than the FWHM of 800 eV as reached last year. The

Mini-Orange systems for this energy region are discussed in sect. II.3. Here we report on

progress with n-type Si-surface barrier (SB) detectors considering both their stability

and their window properties.

With gold layers reduced to less than 30 (even 20) |ig/cm2 we obtained good barriers

which remained stable during a test of 11 days in vacuum. With 15 jig/cm2 an initially good

barrier showed afterwards an increasing noise '. Fig.l shows a Co spectrum of electrons

and photons and fig.2 a spectrum of electrons only, with photons subtracted. These spectra

Fig. 1.

were obtained with a detector with 20 \ig/cn? Au. Compared with the results of last year ,

the K- and L-line resolution is improved from 800 to 600 eV. Of interest for Mössbauer

spectroscopy is the improved peaking of the Auger electrons. The observed energy loss of

the electrons in the window indicates a dead layer of 0.035 ji.ni Si-equivalent, which is

considerably less than what can be reached with Si(Li) detectors. The y-ray resolution of
9

500 eV is satisfactory for a SB detector of 50 mm manufactured from 10 kQcm Sij we know

at least of no better values. The e-lines are broader by 100 eV. Whether this is due to

straggling or to imperfect charge collection is a question which needs further

investigation.

1. Lab. voor Algemene Natuurkunde, University Groningen.
2. Application of gold layers as thin as 15 \i.g/crt? was also reported by Elad et al. (IEEE

Trans. Nucl. Science 201 (1973) 534), without stability tests, however.
3. KVI Annual Report 1981, p. 99.
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Target preparation

T.W. Tuintjer

About 230 targets were produced in 1982. The table indicates specifications and

details of the prepared targets.

TABLE. Targets prepared in 1982

Target material starting method backing thickness remarks
material type (mg/cm2)

n a t LiF
24,26Mg

n a t Al
n a t s i

nat T i

nat,46T l c ,2

58,60Ni

ZnS
n a t . 8 8 S r
nat ,90Z r

nat,107 ,109^

nat ,115 I n

116Sn
134Ba
n a tLa
nat,142,144,146,148,150Nd

1 6 4 Dy
n a t T h

n a t H f

n a t T a

182W

na t ,191 ,193 I r

196p t

n a tAu
na t ,208 p b

Styron 666 (D.O.W.)

Deuterated polyethylene

LiF

MgO

Al

Si

Ti,TiO2

TiO2

Ni

ZnS

Sr(NO3)2

Zr

Ag

In,In2O3

Sn

BaC03

La

Nd2O3

Dy

Th

Hf

Ta

W

I r

Pt

Au

Pb

(C6H6C2H2)X

c

b,d

c.d

a
a.b.d

o

d

n

b

d

c

c , e

d

b

d

b,d

d

d

d,f

d

f . n

f

d

c

c,d

1

m

k

g

g

g

g

h

g

Al-tape

i , j

g

g

g

g

h

g

g.i.j .k

g

g

g

g

g . i

g

g

g,h

g.h.j

g

g

0.10

1.90-2.00

0.20-10.00

0.36-0.75

0.50-3.45

0.12-0.20

0.40-0.48

-

0.20-0.45

0.25-1.10

0.08-0.15

0.30-1.00

14.10

0.25-0.37

1.48-3.70

0.15-1.40

3.85

0.45

0.12-2.60

0.60

0.70-15.00

0.05-0.60

0.60-0.65

0.08-0.16

0.05-20.50

1.1 um

2.1-7.3 um

-

s , t

-

-

-

-

r
-
-
-

-

-
-
-
s

s

s

s

-

r

P

-

-

also q

also q , r

-

a. Vacuum evaporation, using electron gun.
b. Simultaneous reduction and evaporating, using electron gun.
c. Vacuum evaporation, using resistance-heating.
d. Rolling.
e. Electrolytical reduction.
f. Heavy ion sputtering.
g. Selfsupporting foils,
h. Formvar backing.
i. Mylar backing.
j. Polystyrene backing.
k. Carbonbacking: 30-38 ng/cm2.
1. From solution in chloroform.
m. From solution in xylene (± 125°C).
n. Preparation as powder target.
o. Preparation as paint target.
p. With squeezed pill.
q. Line target with width 1-2 mm.
r. Large model targets: 2.4x2.1 cm2.
s. Targets handled under vacuum or argon atmosphere.
t. KV1 Annual Report 1981, p. 98.
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Preparation of sources of 25-d Sr,Rb

F.Th. ten Broek1, J. van Klinken, A. Zemel

The parent-plus-daughter activity Sr,Rb is of interest because of its high-energy

(3.3 MeV) |3 continuum emitted with a convenient half-life of 25 days. We used the radio-

activity for two purposes; 1) the Bhabha polarimeter (see sect.II.3) requiring a sourca-

strength of 2 to 5 mCi with thicknesses up to 10 mg/cm , ii) the search for monopole
DO

transitions in Kr (see sect. II.1), requiring strengths up to 0.1 mCi, thicknesses up to
o — ft A

1 mg/cm and being pure from |3 contaminants like Rb.

After testing a number of options, Sr,Rb was made with the Rb(p,4n) reaction by

thick-target activation of a 7 mm thick pellet of natRbCl with typically 30 uAh of 60 MeV

protons. From the activated sample the Sr fraction was chemically separated after a few

days to reduce the radiation level and the presence of Rb (86 d) from Sr (32 h) decay.

The activated RbCl (2 g) was dissolved in 4 cm3 0.1 N HC1 with 5 mg Sr carrier. The Sr

fraction was then precipitated as Sr(N0o)2 w*-tn refrigerated fuming HNO,. After centrifu-
ging and washing this precipitate could serve

directly as a Bhabha-source. Its typical con-
on

taminants per mCi of Sr,Rb were about

10 |iCi 8 4Rb, 20 uCi 83Rb and 2 uCi 8 6Rb. A column

separation worked well (see fig.l) for small I

quantities of initial RbCl, but gave so far too

much of residual Bio-Red components for the EO
40 80

bottle number source. To reduce this we repeated the separation
Fig. 1.

with refrigerated HNO^. unfortunately, this asked

for an additional amount of inactive Sr carrier

which lowered the specific Sr activity. The sufficiently thin E0 sources remained
no

therefore weak (about 0.01 inCi), although the separation was excellent: per mCi Sr the

limits for 84Rb and 86Rb were « 5 \id and « 1 jxCi, respectively.
1. Laboratorium voor Algemene Natuurkunde, Univ. of Groningen.

Electronics group status report

T.F.L. Armbrust, W.T.L. Bisseling, H.A.P. van der Duin, D. Kamphuis, H. Kooi,

G. van der Kruk, D. Kuipers, H.A.P. Lóhrengel, J. Mulder, H. Pater, B.D. Taenzer,

W.J. Uytenbogaardt, F. Waringa

a. Electronics for the cyclotron and the ion sources

a l . Power supplies for the concentric and valley coils

Conversion of the power supplies for a l l twelve cyclotron concentric coils was

completed. Each output stage is now equipped with silicon power transistor plates.

Stabilisation, control and safety circuits were redesigned. All necessary electronics is

now located in a single euro-format crate which contains also the interface logic used for

computer (CAMAC) remote control. The output current of each power supply can be adjusted

locally by a multi-turn potentiometer or controlled remotely by a reference voltage
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supplied by a CAMAC 12-bit, 16-channel multi DAC (NE-9091). Shunt voltages are measured by

a 11-bit, 16-channel scanning ADC (KS-3510). On/off switching and status read-out i s

performed with the interface system described below which now becomes a standard method to

interface power supplies to the cyclotron computer via the CAMAC system.

The electronics necessary to convert the power supplies for the valley coils, has

been designed and tests performed with a prototype were succesful. Also the electronics

necessary for switching the polarity of the output currents of the concentric and valley

coil power supplies have been produced and tested.

a2. Beam-phase measurements

the prototype module which was built last year (KVI Annual Report 1981, p.92) for

beam-phase measurements has been tested "in-beam". A few problems were detected and s t i l l

have to be solved. Final completion of the equipment is postponed to 1983 because of the

higher priority that was given to the axial injection project.

a3. Power supply for the heavy-ion Penning source

Problems with the noise sensitivity of the heavy-ion Penning-source during the

ignition phase were solved. After (re)installation of the power supply in the ion-source

room located above the cyclotron and the installation of the remote control electronics

near the cyclotron control desk, the complete system has proven to operate reliably in

combination with the heavy-ion Penning-source, placed inside the cyclotron, during several

test runs.

b. Be am-line electronics

bl. High resolution digital-to-analog converters

For the remote adjustment of the currents in the analyzing magnet and the 30° bending

magnet two high resolution (16-bit) and very stable digital-to-analog converters (Analogic

type MP 1916TC and type MP 8116) were interfaced to CAMAC via a parallel I/O register. The

overall stability of the MP i916TC is <1.1 ppm over 15 hours and for the MP 8116 <0.1 ppm

over the same period of time. Temperature coefficients are typically 1.5 and 0.25 ppm/°C,

respectively.

b2. Remote control of beam-line s l i t s

The remote control system for the beam-line s l i t s (KVI Annual Report 1980, p.144) was

extended with two relay units each suitable to drive up to 8 new s l i t heads.

c. Electronics for the injection beam lines

cl . Power supply remote control system

The installation of the ECR ion source, beam lines and the associated equipment

involves the remote computer control of about 40 power supplies. Therefore an interface

method has been developed to be used as a standard in future control of power supplies or

comparable equipment. The basic idea is to connect CAMAC I/0-modules (Joerger Enterprices,

model OR-3 and CS-12) to a patch-panel -see the photograph- which allows user defined wire

connections between the CAMAC l/0-modules and standard, euro-formatted, interface modules.

These standard interface modules are designed to accept four signals from the power supply

to sense the on/off, local/remote, interlock and polarity status. Two relay contacts are
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available and may be used to

switch the power supply on/off

to control the output polarity.

Because these standard in-

terface modules are made out of

separated, bit-oriented input

and output logic, every desired

combination may be defined ac-

cording to their usage. A con-

trol panel is designed for power

supplies which do not have a

facility for local/remote

control. These control panels

can be connected between the

standard interface modules

described above and the power

supplies and take care of all

possible actions. A switch unit

handles the output polarity

switching between the power

supply and the load. Before the

polarity will be changed the

power supply is switched off.

Voltage and/or current setting

is controlled and sensed by

CAMAC 12-bit, 16-channel multi

DAC's (NE-9091) and CAMAC 11-

bit, 16-channel scanning ADC's

(KS-3510), respectively.

c2. Beam line control

Beam-line components such as turbo-pumps, valves, beam—current probes, vacuum

diagnostic equipment and multi-position targets will be controlled and protected by two

Philips' Programmable Logic Controllers (PLC's). The frontpanel lay-out and the cabling

between the beam-line components and the PLC's were specified. Local and remote control

protocols were specified whereby an Intel-8085 based communication micro-computer is

introduced to operate as a front-end processor between the PDP-11/34 cyclotron computer

and the attached beam-line PLC's. The micro-computer stores the status of all PLC-systems

and their beam-line components and presents these to the cyclotron computer on request.

The micro-computer accepts also commands from the cyclotron computer and transfers these

to the required PLC which actually activates the selected beam-line component. Software

production and installation of the two PLC-systems and the micro-computer will start in

1983.

Fig. 1.



-129-

c3. Beam-scanner control

Up to eight rotating and four linear scanners are controlled by an GESPAC-8085 based

micro-computer. Each rotating scanner is driven by a stepping motor, while the linear

scanners will be driven by DC motors. Two stepping motors are interfaced to a stepping

motor control board. The DC motors will be controlled via a parallel I/O interface board.

Both end positions of the scanner wire will be detected by micro-switches which are

interfaced to the micro-computer. Scanner wires are connected to a 16-channel multiplexer

board after which a current-to-voltage converter will convert the beam currents (0.1 nA -

10 \iA) into a voltage. An amplifier with programmable gain setting is used before the

signals are supplied to a 12-bit ADC. Micro-computer hardware has been ordered and tested

while the stepping-motor-control boards were specified.

c4. Logarithmic amplifiers for beam current measurements

We have started the design of logarithmic amplifiers for beam current measurements in

the 0.1 nA - 100 |iA range. Beam-current targets will in special cases be connected to a

voltage of 300 V which implies the use of isolation amplifiers. Amplifier output

voltages will be measured by CAMAC 16-channel, 11-bit scanning ADC's (KS-3510).

d. Nuclear physics electronics

The tests performed on a Silena 7420 13-bit ADC have resulted in ordering four of

these units. They were interfaced to CAMAC with CAMAC-ADC adapters offered to us by GSI

Darmstadt for which we are very grateful. On a low priority basis, a CAMAC buffer-memory

module will be produced with a capacity of 8 k 24-bit words. The Silena ADC's will then

directly be connected to these modules via a front-panel connector, and can then work in

list, increment or decrement mode, selectable by a front-panel switch. The list mode of

operation is also available when the data are transferred from the CAMAC dataway into the

memory module. Collected data can be read out by CAMAC commands in single- or blockmode.

The Silena ADC's together with eight Ortec AD-811 11-bit ADC's (ordered slso this

year) will replace the Tennelec PACE ADC-system when the new data acquisition computer

becomes operational. This will result in the availability of four ADC-channels with a

resolution of 8 k and 72 ADC-channels with a resolution of 2 k. Also the existing eight

CAMAC time-to-digital converters with a time range of 1 |i,s and a resolution of 1 k are

extended by another 24-channels. (3 x CAMAC octal TDC's model LRS 2228A).

A NIM module (KVI model 100) was designed and built which can adjust the high voltage

of an RCA, type PF1006, photodetector. A detector position controller has been designed

and built by which a detector, mounted on a turntable, can be put into a predefined

position during an adjustable time period.

Furthermore the following NIM modules were built: three Fast Delay and Pulse Formers

(KVI model 74), two Pre-amp power supplies (KVI model 1A) and two level monitors (KVI

model 85A) the last with slight modifications.

e. Atomic physics electronics

el. Time-of-flight spectrometer

A preliminary design of a time-of-flight spectrometer was made which measures the

travelling time of particles from the target to a detector. Chopper and sweeper plates,
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placed in the beamline, are used to sweep the beam over the target or to by-pass the

target. A frequency divider is placed between a 100 MHz clock and the chopper and sweeper

driver. Chopper and sweeper voltages will be in the order of 80 V with risetimes of -20 ns

at frequencies between 100 kHz and 5 MHz. A time-to-amplitude converter (TAC) is started

by the detector signals. The digital delay generator (BNC model 7050) is.used to stop the

TAC. Adjusted delay times, with increments of 10 ns, are used to compensate the time of

flight of the beam particles from the chopper plates up to the detector. A ND66

multichannel analyser (MCA) will read out the TAC and store a time spectrum into memory.

Special plates are planned to be placed in the beam line between the target and the

detector in order to eliminate charged particles. The time during which these plates are

activated is controlled by the MCA, at which time the MCA stores another time spectrum in

a separated part of its memory.

f. Event processing for the Bhabha-polarimeters

A system has been designed to process the data from four polarimeters each consisting

of four detectors. The four detectors are observed in two pairs by coincidence electronics

which specifies a valid event if the two signals arrive within 5 ns. A valid prompt

coincidence event is registered when the signals arrive within 800 ps. A provision is made

to correct for delay variations which may occur in the signal path between the detector

and the "valid event" timing circuits during long experimental runs of several months.

Energy signals are converted into fast 3-bit ADC's in case of a valid event and are

routed, together with coincidence information, to a CAMAC memory module in which a

histogram is stored. CAMAC sealers will count the detector signals (expected count rate up

to 500 kHz), the valid events and prompt events, the system dead-time and the amount of

ADC conversions.
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VII. NUCLEAR MEDICINE

ihort-lived isotopes for medical applications

J.M.Bolster, T.H. van Dijk, E.J. de Graaf, W. ten Hoeve, H.D. van der Molen,

A.Rljskamp, J.F. van der Werf, T.Wiegman, J.B.Zijlstra, A.M.J. Paans, W. Vaalburg

Department of Nuclear Medicine (M.G. Woldring), University Hospital and Organic Chemistry

Laboratory (H.Wijnberg), University of Groningen.

a. Introduction

In 1982 the target transport system, connecting the irradiation cell and the

radiochetnistry laboratory, was completed and several target systems for the new

irradiation position were developed. Our tomographic abilities were increased by the

installation of a Semens dual head Rota-camera, for which the electronics were built to

operate the system in coincidence mode for positron emission tomography. The stationary

positron camera was used for patient as well as animal studies. To accomodate the new

Rota-system the patient investigation room was enlarged and redecorated.

Our research to study malignant processes with short-lived positron emitting

radiopharmaceuticals was stimulated by a grant of the 'Koningin Wilhelmina Fonds',the

Dutch Cancer Foundation. The project 'Production and application of short-lived " C o for

labelling bleomycin', also granted by the Cancer Foundation, was terminated at the end of

1982. The results of this research will be presented in a thesis by O.E.Nieweg.

b. Carbon-11 labelled amino acids for tumor metabolism

(This research is supported by the 'Koningin Wilhelmina Fonds', the Dutch Cancer

Foundation)

Amino acids labelled with a positron emitting radionuclide are potentially important

tools for studying physiological processes in vivo, for both normal and diseased states.

Melanoma are highly malignant tumors of melanocytes which can have an increased melanin

synthesis. According to the Raper-Mason scheme melanin synthesis starts with L-tyrosine,

which is converted into L-DOPA.L-DOPA is converted into dopaquinone which after several

steps polymerizes into melanin. It has been shown that D-L(l- C)-DOPA is suitable for the

detection of Greene melanoma in ^rian Golden hamsters . Our attempts to detect human

melanoma in nude mice were not succesful until now.

In order to make D-L(l- C)-DOPA suitable for human application the synthesis has

been improved. Earlier the synthesis took 80 minutes and the radiochemical yield was about

1% without correction for decay '. We now have optimized this synthesis up to 15% yield of

D-L(1-11C)-DOPA in 30 minutes ', The reaction product was tested several times for

sterility. In humans and animals only L-DOPA is the precursor for melanin which makes the

separation of the D- and L-isomers desirable. Furthermore,the recently reported

preferential incorporation of some 14C-labelled D-amino acids makes the availability of D-

(1-**C)-DOPA desirable for tumor detection. This separation has been performed in 16

minutes by HPLC using a chiral stationary phase column consisting of polymer bound (L-

proline) Cu complex and a NaH2PO^ buffer of pH=4.5 as eluent.
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L-ornithine is the precursor of the aliphatic polyamines putrescine.spermidine and

spermine. These amines are considered to have an important role in cell proliferation and

differentation. The polyamine levels are dramatically increased in rapid growing tissues.

We have synthesized D-L-(l-1^C)-ornithine via the isocyanide route in 8% yield.Although

this synthesis is not yet optimized, more than enough ornithine can be made for animal

experiments. Three rats with Walker carcinoma have been injected with D-L-(l- C)-

ornithine. No definite conclusions could be made because the tumors were so fast growing

that,within a few days,the tumors were necrotic.Experiments with rats bearing other types

of tumors will performed.

1. A. van Langevelde et al., J.Nucl.Med. 22(198i)76.
2. S. Reiffers et al., Int.J.Appl.Radiat.Isotopes 28(1977)955.
3. J.M. Bolster et al., submitted for publication.

c. Steroid hormones as receptor-binding radiopharmaceuticals

The steroid a-bromoestradiol (Ĵ ) has a high binding affinity for estrogen-receptor

containing tissues. Therefore,this compound can be suitable for the scintigraphic

OAc . 0 OH OH

AccV1

2 3 1 R.Br 4 R = Br

5 R = C1 6 R=Cl

Fig. 1. "

investigation of certain tumors, if labelled with a radionuclide. Towards this end the

synthesis of 16-oc-[ Brjbromoestradiol was undertaken through a slight modification of the

reported procedure for 16-ct-[ Brjbromoestradiol . Preliminairy experiments have been

done using a mixture of Br and Br, obtained by the irradiation of natural selenium by

protons. After the irradiation of the selenium compound the bromine was collected as

descibed in the next section. Although the bromine isotopes were present as Br~, no

reaction occured with the starting compound (_2). It appeared that the bromine had to be

treated with KMnO^-HCl. With a helium flow the bromide,together with the chloride, is

removed and collected in a mixture containing the other necessary reagents. Incorporation

of ' Br then occurs rapidly (0.25 h) and the brominated product (3) is extracted.

Subsequent reduction with LAH-THF affords the bromoestradiols (_1_ and _4) with a ratio of

2.5 to 1., which are separated by HPLC. As contaminants the corresponding chloro-analogues

(_5_ and 6) are present,of which _5_ co-elutes with J_. The desired _1_ has to be separated from

5_ because _5_ has also a high receptor-binding affinity.The tedious separation of _1_ and 5_

through HPLC is currently under investigation. After completion of this separation, the

synthesis of Br--".abelled _1_ can be performed. Based on our preliminairy experiments this

preparation is expected to take 3-4 h.

1. J.A. Katzenellenbogen et al., J.Nucl.Med. 22(1981)42.

d. The production of 5Br

The best method for the routine production of the positron emitter Br (98 m) is the
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Se(p,2n) Br reaction at 28 MeV '. This reaction not only shows the highest production

rate but also the radionuclidic purity is the best (98.6%). Due to the low melting point

(217°C) and the bad thermal conductivity of pure selenium a number of selenium compounds

had to be tested as a target material for the routine production of Br. The selenium

compound to be used should have the following properties:

-The compound should be stable under irradiation conditions.

-Thermographic collection of the bromine should be possible.

-No loss of selenium during the collection of the bromine.

Thirteen different selenium compounds were tested on these properties. The compounds

were: Ag2Se, AgVSe2, C^Sej, CuAgSe, CuSe, C^Se, CuSe2, MnSe2, MoSe2, Se, TiSe, TiSe2,

ZnSe2« After the irradiation the target material was placed in an oven in a quartz tube

under a helium flow. The radioactivity condensing outside on the quartz tube was monitored

with a Nal detector while the temperature was continuously increased until the

radioactivity remained constant. After the quartz tube wa~ cooled down the radioactivity

at the different places was analyzed with a Ge(Li) detector coupled to the PDP-11/34

computer. In this way the efficiency of the bromine collection and the loss of selenium

from the target material was measured. It was found that three of the compounds mentioned

above fulfilled the requirements,i.e. Ag2Se, CuAgSe, Cu2Se. In these compounds no loss of

selenium was observed and 70% or more of the bromine produced could be collected.

1. A.M.J. Paans et al., Int.J.Appl.Radiat.Isotopes 31(1980)267.

e. Cerebral oxygen extraction in ischemic tissue

(In cooperation with K.Gwan Go, Department of Neurosurgery)

The measurement of the oxygen extraction rate in patients with different pathologies

may give an early indication if infarcted tissue will recover or not. Pilot studies using

rats as experimental animals and 0 2 as radioactive gas were started. The 0 2 was

produced by the N(d,n) 50 reaction using a new target system.

f. Short-lived radioactive gases for pulmonary studies

(In cooperation with R.Peset Reig and Th.W.van der Mark, Lung Function Laboratory)

The comparison of nitrogen-13 for ventilation studies was continued. The regional

ventilation was studied in normals before and during exercise and in patients which

underwent pneumonectomy in the past. A spontaneous breathing method was employed. The

subjects were connected to a bag-in-box system to ensure a constant inspiratory

concentration of 1 3 N 2 or
 1 3 3Xe.

Carbon-11 labelled C02 was produced for measuring regional perfusion in patients with

congenital hart disorders before and after surgical correction. A new technique has been

developed (Th.W. van der Mark) to measure the absolute pulmonary blood flow.

g. Carbon-11 labelled radiopharmaceuticals for brain studies

(in cooperation with J.Korf, Biological Psychiatry and J.P.F.W. Lakke, Neurology. This

research is supported by ZWO-FUNGO, project 13-31-48)

The cerebral activity distribution was studied after injection of the separated D-

and L-enantiomers of C-DOPA in the rat. In earlier studies ^ with unresolved DL-l-^c-



-134-

DOPA it appeared that in the carbidopa treated animal the regional radioactivity levels

were depending on the presence of the enzyme DOPA-decarboxylase. Thus the striatum, the

structure of interast in our investigations having high levels of DOPA-decarboxylase,

contained two times less radioactivity than the cerebellum, a region were the enzyme is

almost lacking.

The question arose whether such 'contrast' could be enlarged when only the L-compound

was given. It was expected that the D-compound, probably not to be decarboxylated by

stereospecific enzyme, would only contribute to a higher background. From the present

studies, however, it appeared that after pretreatment with carbidopa the D-compound also

gave rise to an uneven distribution of the label. To investigate whether this was

decarboxylase-dependent, the effect of the central DOPA-decarboxylase inhibitor NSD-1015

was studied and the results suggested indeed some role of the enzyme.

The results of the experiments with the L-enantiomer were not very different from

that already found with DL-1- C-DOPA.the ratio cerebellar to striatal radioactivity also

being about 2. By comparing the absolute radioactivity levels in the cerebellum after NSD-

1015 or carbidopa treatment about 10 times more radioactivity was found after injection of

the L-enantiomer compared with the D-compound,suggesting a more efficient brain uptake of

the first. This was also seen in tomographic studies with both enantiomers in the cat.

In conclusion, it can be said that the use of only L-l- C-DOPA does not improve the

'contrast' of the specific radioactivity distribution in rat brains compared with the DL-

compound. The fact that the D-compound is very poorly entering the brain may be of

interest for studying the integrity of the blood-brain barrier.

l.Korf J.et al., Brain Res. 145(1978)59.

h. Positron cameras

The positron camera ' has been working reliably during this year; it was in use for

both human and animal studies. A second system became available in the course of 1982. It

is a Siemens Rota system consisting of two ZLC cameras in a rotating gantry, see fig. 2.

The advantage of a ZLC camera as compared with the standard LFOV camera, as used in the

old positron camera, is the increased linearity and better spatial resolution. Since the

crystal thickness is decreased from 1/2" to 3/8" in the ZLC camera the efficiency for

annihilation radiation is decreased. The essential advantage of a rotating system above a

stationary system is that data can be acquired at all angles. Due to this fact it is in

principle possible to obtain quantitative information, in terms of p.Ci/cm . This

information can not be obtained with a stationary system due to the limited angle of view.

To transform the Rota system into a positron camera the following hardware and software

has to be implemented:

- The coincidence electronics between both cameras. The electronics as used for the

stationary system were installed after a minor adaption to the characteristics of the

ZLC camera electronics.

- Data acquisition software which also controls the rotation of the gantry of the Rota

system.
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Fig. 2.

- Reconstruction software which forms images of transverse sections of the object by back-

projection.

- Software which corrects the back-projected images for the system response function.

After installation of the coincidence electronics the software developed for the

stationary system was used to test the Rota-PET system in a stationary mode. The spatial

resolution was found to be 5 mm FWHM while the sensitivity was 100 cps/^Ci for a point

source in the geometrical center at a detector separation of 50 cm. This lower sensitivity

as compared to the old positron camera is due to the use of thinner crystals. The first

image obtained with a rotating system showed a much better resolution in the vertical

direction as compare.' with the old camera.

A copy of the data acquisition system, as in use in our stationary positron camera,

has been made available together with the reconstruction software, for use at the Turku

University Hospital (Turku, Finland).

1. A.M.J. Paans et al., Nucl.Instr.Meth. 192(1982)491.

i. Computer system

The memory of the PDP-11/34 was increased, for reasons outlined below, to its maximum

of 256 kbytes. A data acquisition program for the Rota-PET system was developed. This

program is based on the program already available for the old camera system. The

interfacing of the gantry control to the computer was done via the universal computer

interface ('UCI') of the Rota system and the AR-11 module in the PDP-H/34. In this way a

flexible data acquisition program was obtained which also controls the rotation of the

gantry.
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For the image reconstruction of transverse sections by back-projection a program was

developed that performs a three dimensional back-projection in user defined volume. The

position coordinates of each coincidence event as detected with the Rota-PET system are

converted to real space and all volume elements which are are passed by the line

connecting the two detection positions are incremented. Since back-projection is a time

consuming process all volume elements should be in memory for obtaining maximum speed. For

this reason the memory was increased from 128 kbytes to 256 kbytes. Up to 25 transverse

sections of 64 x 64 elements can be reconstructed simultaneously by this program. The

program to correct the back-projected images for the system response function is under

development.
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VIII. ENVIRONMENTAL STUDIES

Introduction

During the last few years several studies on natural radioactivity have been done at

the KVI. A study of radioactivity of granite, fly ash and bottom ash was reported in the

1981 Annual Report (p. 57). This year this work was extended with measurements on gypsum

and sand.

One of the sources of radiation exposure of the population is caused by the presence

of radon and its airborne daughters in the natural environment. Studies of the magnitude

of the radon concentration in the living situation have been made and are being made in

several countries. To investigate the situation in the Netherlands measurements of radon

concentrations in Dutch dwellings were started.

In an exploratory study an active device was used for the measurement of momentaneous

radon-daughter concentrations in and around 80 houses in the Groningen area. The results

of this study (see below) were used in choosing the exposure time for passive devices to

be used in time integrating measurements. Such measurements are presently being done in a

national survey of average radon concentrations in Dutch dwellings. This survey is part of

the national research program on effects of radiation in the living conditions (SAWORA)

which is financed by the Departments of Public Health, of Housing Affairs and of Economic

Affairs.

Measurements of the intrinsic radioactivity of some gypsum and sand samples

P. Hofstee, H. Koopmans and R.J. de Meijer

For a number of samples of gypsum and coastal sand the intrinsic radioactivity has

been determined with gamma-ray spectroscopy using a 110 cm Ge(Li) detector. The gypsum

samples were taken from plaster boards available in shops in or around Groningen or

obtained from coal-burning electricity plants (ROGIPS), a fertilizer industry (FOSFOGIPS),

a magnesium factory (MAGIN) or a gypsum plant using natural gypsum (NATUURGIPS). The sand

was collected at the beaches of the North Sea islands Borkum (Germany) and Ameland (the

Netherlands). A gamma-ray spectrum was recorded for each sample. From this spectrum the

concentrations of 2 2 6Ra, 2 3 5 U , 2 3 2Th and 4 0K were deduced. The results are presented in

table 1.

Table 1 indicates that only one brand of plaster board (GYPROC) showed an enhanced Ra

content (enhancement of ~ 40%). This gypsum is similar to FOSFOGIPS, a byproduct in the

fertilizer industry using phosphate rock with traces of uranium. The measurements indica-

ted with PERSPEX are carried out with the Gyproc sample enclosed in a tight lucite

container, in order to determine the radon exhalation.

Dark coloured sand was found on the beaches of many West-German North Sea islands.

Those sands were identified as monazite sands and have a relatively high content of ura-

nium and thorium . The present investigation provides the first evidence that this type

of sand is also present along the beaches of the Dutch North Sea islands.
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Table 1. Activity of the samples in pCi/ga)

Sample:

gypsum:
plas ter board:
CANADA
NORGIPS
RIGIPS
GYPROC I
PERSPEX I
PERSPEX I I
GYPROC I I
indus t r i a l samples:
MAGIN
ROG I P S
FOSFOGIPS
NATUURGIPS
b locks :
GIBO
sample bu i ld ing b lock:
DUROX

sand samples:
BORKUM
AMELAND 19
AMELAND 2 3

density
(g/cm3)

0.678
0.768
0.867
0.783
0.783
0.783
0.738

0.706
0.995
1.009
1.210

0.927

0.656

2.052
2.040
1.509

Ra-226

0.19
0.20
0.19
8 . 6
9.3
9 . 1
8 .9

0.20
0.31
14.2
0.22

0.27

0.41

6.4
4.5
0.36

U-235

<0.05
<0.04
<0.08
0.20

average

0.15

<0.15
<0.09

0 . 7
0.05

<0.08

<0.06

0.6
0.62
0.08

Th-232

0.18
0.17
0.19
0.27

0.28

0.25
0.21
1.43
0.18

0.32

0.37

6.4
4.7
0.54

K-40

6.4
5.3
4 . 3
4.3

9 .2 b )

4.8

6.8
7.0
7.9
4.6

7.8

8 . 3

9.1
9 . 8

10.2

Ra-equivalent

0.94
0.85
0.79
9 . 3

9.7

1.08
1.15

16.9
0.83

1.33

1.58

16.2
12.0

1.92

a. The errors are in the order of 10-20%.
b. This result and the activity measured for the GYPROC I sample indicates that (6±3)% of

the radon escaped from the GYPROC I sample.

1. H. Koopmans, P. Hofstee, Meting van de radioactiviteit van enige gips- en zandmonsters,
KVI internal report 86i (1982).

2. H. Bonka, Umschau 80(1980)305.

Momentary radon-daughter concentrations in dwellings

H.Hofstede, R.J.de Meijer, F.Wolfs

In an exploratory survey the momentary radon-daughter concentrations have been measu-

red in and around 80 dwellings located in the northern part of the Netherlands . For one

of these houses 18 measurements were carried out over a period of three months in order to

see whether there exists a relation between the outdoor and indoor radon-daughter concen-

tration. The aim of this investigation was to get an estimate of the radon concentration

in dwellings in order to make a choice on the method and exposure time for time-integra-

ting techniques. These techniques were planned to be used in a national survey being a

part of the national research program on effects of radiation on the living conditions

(SAWORA). The radon-daughter concentrations were measured by pumping air through a filter

and measuring the alpha-activity of the filter. From this activity and the measured volume

of air that passed through the filter the concentration can be deduced.

If we define ventilation as a direct replacement of indoor-air by outdoor-air, a

certain fixed ventilation rate will give rise to a linear relationship between the concen-

trations with a direction coefficient <x<l. As shown in fig.l a linear relationship has

been found with coefficient a=4±2, which indicates that additional sources have an impor—
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tant influence on the indoor radon-daughter

concentration.

As a possible source we considered

ventilation via the crawlspace under the

dwelling. Ventilation measurements, done by IMG- .

TNO, are consistent with this assumption.

Measurements with time integrating radon devices

indicate that the average radon concentration in

the crawlspace is about 2.5 times higher than in

the living room.

The measurements in the other dwellings also

indicate a higher average radon daughter

concentration for rooms at the ground floor

compared to those where the measurements were

carried out at a higher floor, unfortunately, the

statistics are insufficient to make firm

conclusions.

1. H.Hofstede, F.Wolfs, KV1 internal report 83i
(1982).

Radon concentrations in Dutch dwellings

L.W. Put and A. Veldhuizen

In the framework of the national research program on effects of radiation in the

living conditions (SAWORA) a project was started to determine the average radon concentra-

tions in Dutch dwellings.

For the measurements passive (time-integrating) radon dosimeters of the Karlsruhe

design •* are used (see the photo). This diffusion chamber type of dosimeter contains a

Fig. 1,



-140-

polycarbonate tracketch foil which registers a-particles from radon and radon daughters.

These tracks will be made visible by applying the electro-chemical etching technique des-

cribed in ref. 1.

The dosimeters will be placed in about 1000 dwellings spread over the Netherlands.

These dwellings were selected from about 2500 addresses which, as a reaction on a press

campaign, were offered by the occupants. This choice forms a sample which is reasonably

representative for the total stock of Dutch dwellings. For reference the radon

concentration of the outside atmosphere will also be determined at 200 points regularly

spread over the country.

The dosimeters will be exposed during 3 succeeding periods of 4 months, which will

enable to observe possible seasonal variations. One dosimeter per location will be exposed

for the total period of 12 months.

The distribution of dosimeters (by an outside company) was started in September in

the north-eastern part of the country, i.e. the provinces Groningen, Friesland and

Drenthe. Distribution in the rest of the country starts in January 1983.

1. M. Urban and E. Piesch, Rad.Prot.Dosimetry J_(1981)97.
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J . J . van Ruyven, P. van Nes, W.H.A. Hesselink, H. Verheul, M.J.A.de Voigt
Z. Sujkowski
"High-spin quasiparticle excitations in neutron deficient even Pb isotopes"

J .S. Vaagen, J.R. l ien, T.F. Tnornsteinsen, N. Elasi, M.N. Harakeh,
S.Y.van der Werf
"Population patterns for the ij3/2 intruder in odd-A platinum isotopes, investigated
by the (x ,CC) reaction"

1982 INS Int . Symp. on Dynamics of Nuclear Collective Motion, Mt. Fuji, Japan, 6-10 July

F. Iachello (invited talk)
"Dynamic symmetries in nuclei"

H. Sakai, R.K. Biowmik, S. Brandenburg, K. van Dijk, A.G. Drentje, M.N. Harakeh,
Y. Iwasaki, S.Y. van der Werf, A. van der Woude

"y-decays of the deeply-bound hole states in 101»105,107pd a n d lll,117Sn»

Fifth Kyoto Summer Inst i tute , Kyoto, Japan, 12-16 July

F. Iachello (invited talk)
"Microscopic aspects of the interacting boson and boson-fermion model"

Varenna School on Nuclear Structure and Heavy-Ion Dynamics, Varenna, I taly, 27 July -
6 August

R.H. Siemssen (invited talk)

"Incomplete fusion reactions as fast binary processes"

Int.Conf. on Nuclear Structure, Amsterdam, the Netherlands, 30 August - 3 September

F. Iachello (invited talk)
"Algebraic approach to nuclear structure"

W.A. Sterrenburg, S. Brandenburg, A.G. Drentje, P. Grasdijk, M.B. Greenfield,
M.N. Harakeh, S.Y. van der Werf, A. van der Woude
"Search for collective isovector excitations via the (3He,t) reaction"

F. Zwarts, S. Brandenburg, M.N. Harakeh, K. van der Borg, A.G. Drentje,
J.H. van Dijk, H. Sakai, W.A. Sterrenburg, A. van der Woude
"Decay of giant resonances in "4°Ca excited by inelast ic alpha scattering at E = 120
MeV, 0 = 12.5 and 0 degrees" a

a'

D. Atkinson, J . van Klinken, K. Stam, W.Z. Venema, V.A. Wichers
"Left-right symmetry in p decay under investigation with a new Siabha polarimeter"
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E. Cereda, M. Pignanelli, S. Micheletti, H.V. von Geramb, M.N. Harakeh, R. De Leo,
G. d'Erasmo, A. Pantaleo
"A study of proton scattering on A = 92-116 nuclei with extended optical models and
the interacting boson approximation"

P. De Gelder, D. De Frenne, K. Heyde, N. Kaffrell, M.N. Harakeh, W.A. Sterrenburg,
A. van den Berg, N. Blasi
"Study of the transi t ional nucleus l°3Tc"

N. Blasi, S. Brandenburg, R. Bijker, M.N. Harakeh, Y. Iwasaki, W.A. Sterrenburg,
M. Vergnes, S.Y. van der Werf
"Study of the reactions 193Ir(3He,d)19HPt, 193Ir(d,3He)1920s and 197Au(3He,d)"

R. Bijker
"New class of supersymmetries in nuclei"

A.E.L. Dieperink, R. Bijker
"On the asymmetric rotor in the neutron-proton IBA"

H.J.M. Aarts, H.F.R. Arciszewski, R. Holzmann, M. Huyse, R.V.F. Janssens,
R. Kamermans, G. Lhersonneau, C.J. van der Poel, M.A. van Hove, J . Vervier,
M.J.A. de Voigt
"Gamma-gamma energy correlations in the some Hf and W isotopes"

J . J . van Ruyven, P. van Nes, W.H,A. Hesselink, K. Allaart, H. Verheul,
M.J.A. de Voigt, Z. Sujkowski
"High spin neutron excitations in even mass Pb isotopes"

A.M. van den Berg, N. Blasi, W.A. Sterrenburg, R.H. Siemssen, Z. Sujkowski
"Alpha-clustering states in 226»228Ra populated via the 2 3 0 »232Th(d,6Li) reaction?"

A.M. van den Berg, N. Blasi, R.H. Siemssen, W.A. Sterrenburg
"Search for an a-vibration in 88Sr via the 92Zr(d,6Li) reaction"

A.M. van den Berg, N. Blasi, W.A. Sterrenburg, R.H. Siemssen
"Inelastic excitation of the 2. level in 96»98,100Mo ^ a t n e Ru(d,6Li)

H. Wienke, H.P. Blok, J.F.A. van Hienen, Y. Iwasaki, W.A. Sterrenburg, A.G. Drentje
"Sequential-transfer processes in the 2 0 6Pb(p,t)2 0 6Pb reaction at E =50 MeV"

Brasov Int . Summer School on Nuclear Collective Dynamics, Poiana Brasov, Romania,
26 August - 8 September

A.E.L. Dieperink (four invited lectures)
"Geometrical analysis of the interacting boson model"

Workshop on Medium Energy Interactions in Nuclear Physics, Pavia, I ta ly , 28-30 September

A.E.L. Dieperink (invited talk)
"Electron scattering the the IBA model"

Int.Conf. on Nucleus-Nucleus Collisions, East Lansing, USA, 26 September - 1 October

H.W. Wilschut, R.K. Biowmik, P.B. Goldhoorn, J.F.W. Jansen, R.H. Siemssen, K. Siwek-
Wilczyfiska, Z. Sujkowski, J . Wilczyfiski
"Selection of binary and non-binary heavy ion reactions via particle KX-ray
coincidences"

R.K. Bhowmik, J . van Driel, R.H. Siemssen, P.B. Goldhoorn, S. Gonggrijp, Y. Iwasaki,
R.V.F. Janssens, H. Sakai, K. Siwek-Wilczyfiska, W.A. Sterrenburg, J . Wilczyfiski
"Particle-particle correlation studies for the system 14N + 159Tb at 12 MeV/A"
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First Gentner Symposium (4th MLnerva Symposium) on physics, Deidesheim, Germany, 10-15
Oct obe r

A. Zemel (invited talk)

"The interacting boson model: application to nuclei"

\utumn Meeting of the Dutch Physical Society (NNV), Petten, the Netherlands, 15 October

A.G. Drent je
"Status of the KVI ECR ion source"
R. Bijker
"New class of boson-fe rad on symmetries in nuclei"

W.Z. Venema, D. Atkinson, J . van Klinken, K. Stam, V.A. Wichers
"Investigation of left-r ight symmetry in beta-decay with a new Bhabha polarimeter"

H.W. Wilschut, R.K. Ehowmik, P.B. Goldhoorn, J.F.W. Jansen, R.H. Sietnssen, K. Siwek-
Wilczynska, Z. Sujkowski, J . Wilczynski
"Light ion production in incomplete fusion reactions"

H.F.R. Arciszewski, H.J.M. Aarts, R. Kamermans, C.J. van der Poel, R. Holzmann,
M.A. van Hove, J . Vervier, M. Huyse, G. Ihersonneau, R.V.F. Janssens,
M.J.A. de Voigt
"Band-crossing phenomena in 1 6 7 > 168Hf and 170,171w»

S. Brandenburg, R. De Leo, A.G. Drentje, M.N. Harakeh, H. Janszen, A. van der Woude
"Fission decay of the isoscalar giant monopole resonance in 238U"

Meeting of the I tal ian Physical Society, , I taly, October
(Bull.Ital.Phys.Soc. 127(1982))

R. De Leo, G. d'Erasmo, A. Pantaleo, M.N. Harakeh, E. Cereda, S. Micheletti,
M. Pignanelli
"Inelast ic scattering of intermediate energy protons from H-C"

Fall Meeting of the APS, Anherst, Mass., USA, October
(B.A.P.S. 27(1982))

J . Janeeke, M.N. Harakeh
"Spreading width of isobaric analog s ta tes and the isovector giant monopole
resonance"

Topical Meeting on Nuclear Fluid Dynamics, Trieste, I ta ly , October

R. Malfliet, E. Martschew, B. Schurmann
"Light fragment emission within the model of transport theory for high-energy
nucleus-nucleus collisions"

Fall Meeting of the Dutch VAX Special Interest Group, Nijmegen, the Netherlands,
28 October

P.A. Kroon

"New features and experiences with VMS V3.0"

Conf. on High Angular Momentum Properties in Nuclei, Oak Ridge, USA, 2-4 November

P. van Nes, J . J . van Ruyven, W.H.A. Hesselink, H. Verheul, Z. Sujkowski,
M.J.A. de Voigt
"K-X ray multiplici t ies from qua si-continuum transitions in 194,196pt,"

H.F.R. Arciszewski, R. Holmann, M. Huyse, R.V.F. Janssens, R. Kamermans,
G. Lhersonneau, C.J. van der Poel, M.A. van Hove, J . Vervier, M.J.A. de Voigt,
"Gamma-gamma energy correlations in 170>171y"
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Conference contribution of the Atomic Physics group

Fifth European Conf.on Surface Science, Ghent, Belgium, 24-27 August

B.J.J. Koeleman, B. Poelsema, A.L. Boers
"Hydrogen-adsorption on a stepped Pt(997)-surface investigated with TDF spectroscopy"

Conference contributions of the Department of Nuclear Solid State Physics, University of
Groningen

Spring Meeting of the Dutch Physical Society (NNV), Nijmegen, the Netherlands, 13+14 April

H. de Waard (invited talk)
"Onderzoek aan vaste stoffen met kernfysische methoden"

12th Int» Conf. on Defects in Semiconductors, Amsterdam, the Netherlands, 31 August -
3 September

H. de Waard (invited talk)
"Hyperfine interaction and channeling studies of impurities implanted in sil icon"

Int . Conf. on Ion Beam Modification of Materials, Grenoble, France, 6 - 1 0 September

L. Niesen, F. Magendans, H. de Waard
"Mössbauer studies of impurity-vacancy complexes in platinum produced by ion-
implantation and subsequent annealing"

H. de Waard, F. Plei ter
"Helium decoration of impurities in metals"

Conference contributions of the Department of Nuclear Medicine, University Hospital of
Groningen

Spring Meeting of the Dutch Physical Society (NNV), Nijmegen, the Netherlands, 13+14 April

A.M.J. Paans, T. Wiegman, O.E. Nieweg, W. Vaalburg, M.G. Woldring
"De productie van 55Co-Bleomycine voor de detectie van longtumoren m.b.v. een
positron camera"

23th Dutch Federation Meeting, Utrecht, the Netherlands, 13-16 April

J .F . van der Werf, J .B. Sebens, W. Vaalburg, J . Korf
"Occupation of cerebral dopamine receptors by N-p-propylnorapomorphine in vivo:
relation to metabolic effects in rat brain"

4th Int . Symp. on Radiopharmaceutical Chemistry, Jülich, Germany, 23-27 August

J .F. van der Werf, H.D. van der Molen, A.M.J. Paans, T. Wiegman, J . Korf, W. Vaalburg
"In vivo detection of central dopaminergic processes: studies with 1-C11-DOPA and
Cll-labelled n-alkalytic ADTN derivates"

W. ten Hoeve, W. Vaalburg, T. Wiegman, A.M.J. Paans, M.G. Woldring, H. Wijnberg
"Synthesis of 75Br-labelled estradiols"

Meeting of the Dutch Soc. for Nucl. Medicine (NVNG), Groningen, the Netherlands,
23 October

A.M.J. Paans, T. Wiegman, W. ten Hoeve, W. Vaalburg
"Productie van broom-75, een nieuw radionuclide voor de markering van radiopharmaca"

J .F . van der Werf, H.D. van der Molen, T. Wiegman, A.M.J. Paans, J . Korf, W. Vaalburg
"In-vivo detectie van cerebrale dopaminerge stofwisselingsprocessen: studies met 1-
(HC)-DOPA en 1 IC gemerkte N-gealkyleerde ADTN-derivaten"



-153-

J . Bolster, W. van Veen, H.D. van der Molen, A.M.J. Paans, T.H. van Dijk, W. Vaalburg
"AminoEuur-metabolisme van tumoren in-vivo"

W. Vaalburg, A.M.J. Paans
"Positron emissie tomografie: metabolisme in beeld"

Meeting of the KWF-Vterkgemeenschap "Baeldende technieken in de oncologie", Amsterdam, the
Netherlands, 26 November

T.H. van Dijk, W. Vaalburg
"Aminozuur-metabolisme van tumoren in-vivo"

IX.3. INTERNAL REPORTS

KVI-83i H. Hofstede and F. Wolfs
"Momentane radon concentraties in en rond woningen in Groningen en Noord-Drenthe"

KVI-84i R. Meijer
"Study of 191tPb"

KVI-85i S.Y. van der Werf
"Representations of particle-hole operators"

KVI-86i H. Koopmans en P. Hofstee
"Metingen van de radioaktiviteit van enige gips- en zandmonsters"

KVI-87i J. Bouwman
"Electrische monopoolovergangen in het gebied van kernen met Z < 50 en N > 50"

KVI-88i A. van der Wijk
"A Mini-Orange used for depth selective conversion electron Mössbauer
spectroscopy. If the electron could talk "

KVI-89i R. Malfliet
"Scattering theory, Lecture Notes 1982"

IX.4. SEMINARS AT THE KVI

Jan. 5 0. Scholten (Michigan State Univ.)
"Inelastic proton scattering at forward angles"

Jan. 13 P. Hvelplund and H. Knudsen (Univ. Aarhus)
"Collisions between highly charged ions of medium and high velocities and light
atoms"

Jan. 19 C. van der Poel (Univ. Utrecht)
"Spectroscopie investigations with a large solid angle Compton suppression
spectrometer"

Jan. 22 H. Bohn (Univ. Munich)
"Spectroscopy of neutron-rich nuclei"

Jan. 26 C. Mahaux (Univ. of Liege)
"Dynamics of the shell model"

Febr. 2 J. Los (AMOLF, Amsterdam)
"Oppervlakte ionisatie d.m.v. zware ionen verstrooiing aan oppervlakken"



- 154 -

Febr. 9 H. Wilschut (KVI)
"Spectroscopy on the 19.7 MeV resonance in the 160 + 12C system"

Febr. 23 A. Zemel (Rehovot/KVI)
"Polarized hyperfine interactions in the t i l ted-f oil geometry"

March 2 J. Rapaport (Ohio Univ.)
"Spin-isospin vibrations in nuclei"

March 12 J.S. Vaaren (Univ. Bargen)
"Present status of the unhappiness factor in (p,t) and (t ,p) reactions"

March 16 M. Thies (Free Univ., Amsterdam)
"The role of the A33 in pion-nucleus interactions"

March 23 W.A. Sterrenburg (KVI)
"Isospin and spin-isospin modes in light nuclei excited with (3He,t) reactions'

April 20 A.L. Boers (Dept. Appl.Physics, Univ. Groningen/KVI)
"The interaction of low-energetic ions with metal surfaces"

April 27 J. Quebert (Univ. Bordeaux)
"Some heavy-ion interactions probed by light-particle emission and three-body
decays"

May 11 D. Trautmann (Univ. Basel)
"Semi-classical methods in nuclear and atomic physics"

!

May 18 J. van Ruyven (Free Univ., Amsterdam) I
"The structure of 194,I9i+pb s tudied via the (12C,xny) reaction"

May 25 G. Vourvopoulos (Nucl.Res. Center Demokritos, Athens)
"Heavy ion resonances in the sd-shell"

May 28 E. Flynn (HMI Berlin/Los Alamos)
"Supernovae, nuclear synthesis and charge exchange reactions"

June 1 K.A. Snover (Univ. Seattle)
"Giant dipole resonances built upon highly excited s ta tes"

June 4 H. Machner (Univ. Bremen)
"How can we understand the continuous part in spectra from inelast ic scattered
hadrons?"

June 17 H. Ryde (Univ. of Lund)
"Physics in H.I. collisions at 100 MeV/nucleon"

June 22 W. Schaafsma (Dept. Math., Univ. Groningen)
"Enkele wiskundige stat ist ische aspecten van y multipliciteitsmetingen"

July 6 J. Blocki (Inst.Nucl.Res., Swierk)
"Extra-push and extra-extra push in heavy-ion collisions"

Aug. 10 M. Pignanelli (Univ. of Milano)
"Collective properties and IBA calculations on proton scattering data in the
Mo, Pd and Cd region"

Aug. 20 S. Tabor (Florida State Univ.)
, "High-lying states in 12C and giant multipole resonances in the (3H=,t)

reaction"

Aug. 25 W. van Oers (TRIUMF, Vancouver)
"On the evidence of charged symmetry breaking"
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26 E.E. Gross (Oak Ridge Nat.Lab.)
"Recent results from HHIRF"

Sept. 7 0. van Roosmalen (KVI)
"Algebraic description of nuclear and molecular rotation-vibration spectra"

Sept. 9 H. Ejiri (Osaka Univ.)
"Nuclear spin-isospin susceptibilities and spin-isospin giant resonances"

Sept. 14 J.P. Svenne (Univ. Manitoba)
"Reaction theory studies in a multichannel three-body problem"

Sept. 16 H. Winter (Techn.Univ. Vienna)
"Electron capture by slow, multiple charged ions from at ons and solids"

Sept. 23 Huang Shengnian (Inst . of Atomic Energy, Beijing)
"Angular distributions of fission fragments and the double-peaked barrier"

Sept. 2 4 S. Steadman (Niels Bohr Insti tute, Copenhagen)
"Investigation of heavy ion reaction to the continuum"

Oct. 12 K. Sistemich (KFA Jiilich)
"Spectroscopy of neutron-rich nuclei with recoil spectrometers"

Oct. 26 A. Zemel (Rehovot/KVI)
"Application of IBA plus two quasiparticles"

Oct. 29 H. Bodenstedt (Univ. Bonn)
"Recent g-factor measurement on short-lived rotational and vibrational states"

Nov. 2 H. Sagawa (NIKHEF-K, Amsterdam)
"Hartree-Fock + RPA approach for highly excited states"

Nov. 9 N. Marty (Univ. Paris, Orsay)
"Intermediate energy protons as a probe to study giant resonances"

Nov. 11 A. Saha (Northwestern Univ.)
"Pion production and dibaryon resonances"

Nov. 30 J. Konijn (NIKHEF-K, Amsterdam)
"On muon induced fission"

Dec. 1 H. Daly (Univ. Arizona/KVI)
"A phenomenological model for "a-clustering" in nuclei and i t s application to
the actinides"

Dec. 6 M. Tanaka (MPI Heidelberg)
"The spin-flip probability of the heavy ion systems"

Dec. 8 R. Geiler (CEN, Grenoble)
"Present status of ECR sources"

Dec. 21 P.W.M. Glaudemans (Univ. Utrecht)
"Some prospects for structure research on light nuclei"

IX. 5. SEMINARS PRESENTED BY STAFF MEMBERS OUTSIDE THE KVI

R. BLjker
"Dynamical boson-ferndon symmetries in the IBFA model"

Universitat Köln, Germany, 17 February
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S. Brandenburg
"Some aspects of giant monopole strength in nuclei"

University of Mian, Italy, 3 February
University of Bari, I taly, 13 February

A.E.L. Dieperink
"On the Interacting Boson Model"

Universitat Hamburg, Germany, 1 February
"Recent developments in the IBA model"

University of Trento, Italy, 4 October
"Phenoraenological analysis of the IBA model"

University of Utrecht, the Netherlands, 12 November
"Application of algebraic models on time-dependent multi-particle systems"

University of Groningen, the Netherlands, 9 December

M.N. Harakeh
"Fission decay as a measure of s t a t i s t i ca l equilibration of coherent collective modes"

University of Groningen, the Netherlands, Ik January
University of Utrecht, the Netherlands, 5 February

"Excitation and decay of isospin and spin-isospin giant resonances in light nuclei"
Oxford University, Oxford, England, 11 May
Birmingham University, Birmingham, England, 12 May
Daresbury Lab., Daresbury, Warrington, England, 13 May
University of Bari, I taly, 24 September
University of Milan, I taly, 1 October

F. Iachello
"Symmetries and antisymmetries in nuclei"

Univ. of Pennsylvania, Philadelphia, USA, 10 March
Univ. of Arizona, Tucson, USA, 29 April
Hensselaer Polytechn. Ins t . , Troy, USA, 5 May
University of Leiden, the Netherlands, 26 May

"The interacting boson model"
University of Tokyo, Japan, July
University of Osaka, Japan, July
Nucl.Phys. Accelerator Ins t . , Tokai, Japan, July
Suzhou University, Suzhou, China, July
Beijing University, Beijing, China, July
University of Torino, Italy, October
University of Padova, Italy, November
University of Trento, Italy, December

J. van Klinken
"Beta decay and left-right symmetry"

Lab. Kern- en Stra 11 ngsfysica, Leuven, telgium, 23 June
University of Göttingen, Germany, 1 October
NIKHEF-H, Amsterdam, the Netherlands, 26 November

"A V±A experiment with a Bhabha polarimeter for (3+ rays"
Universitat Bonn, Germany, 2 4 June

R. Ma If l ie t
"Nucleus-nucleus collisions in the framework of the Boltzmann equation"

Centre d'Etudes Nucléaires, Saclay, France, 11 Eebruary

R.J. de Meijer
"3He projectile break-up"

University of Colorado, Boulder, USA, 14 January
University of Bordeaux, France, 9 November
University of Nantes, France, 15 November

R.H. Siemssen
"The facil i ty and the research program of the KVI"

Inst . of Atomic Energy, Beijing, Cnina, 7 May
Inst . of Modern Physics, Academia Sinica, Lanzhou, China, 14 May
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"Heavy-ion reactions in the energy range between 10 and 20 MeV/A; incomplete fusion
reactions and break-up processes"

Inst. of Atomic Energy, Beijing, China, 8 May
Inst . of Modern Physics, Acadenda Sinica, Lanzhou, China, 15 May

"Nuclear structure studies via few-nucleon transfer reactions"
Inst . of Atomic Energy, Beijing, China, 10 May

"Incomplete fusion and break-up reactions"
Argonne Nat.Lab., Argonne, USA, A October
Lawrence Berkeley Lab., Berkeley, USA, 14 October

W.A. Sterrenburg
"Isovector modes in light nuclei excited with ( He,t) reactions"

Universitat Basel, Switzerland, 6 May
NIKHEF-K, Amsterdam, the Netherlands, 10 June
Centre de Itecherches Nucléaires, Strasbourg, France, 17 June

Z. Sujkowski
"Giant dipole resonances built on highly excited states"

NIKHEF-K, Amsterdam, the Netherlands, 22 April

M.J.A. de Voigt
"Gamma-gamma correlations and band-crossing phenomena"

NIKHEF-K, Amsterdam, the Netherlands, 25 March
"Band-crossing phenomena in Hf and W isotopes"

Indiana Univ., BlooraLngton, USA, 22 October
"High-spin excitations in rare earth nuclei"

Columbia University, Chio, USA, 7.5 October

S.Y. van der Werf
"Spin-isospin vibrations"

Free University, Amsterdam, the Netherlands, 28 June
"Breakup reactions and spin-isospin vibrations"

NIKHEF-K, Amsterdam, the Netherlands, 29 June

H.W. Wilschut
"Spectroscopy on the 19.7 MeV resonance in the 0 + C system"

University of Utrecht, the Netherlands, 22 January

A. van der Woude
"Fission"

Inst. Nucl. Studies, Tokyo, Japan, 12 January
Inst . Physical and Chemical Studies, Tokyo, Japan, 26 January
Research Center for Nucl. Physics, Osaka, Japan, 19 February
University of Tsukuba, Japan, 2 March
Cyclotron Lab., Tokohu University, Sendai, Japan, 2A March
Tokyo Inst . Technology, Tokyo, Japan, 14 April

"Giant resonances"
Lab. Nucl. Studies, Osaka University, Japan, 10 February
Japanese Atomic Research Ins t . , Japan, A March
University of Tokyo, Japan, 15 March
Linear Accelerator Lab., Tokohu University, Sendai, Japan, 23 March

"Experiments on the double-humped fission barrier model"
Universidad de Lisboa, Portugal, A June

A. Zemel
"Applications of polarized hyperfine interaction"

Free University, Amsterdam, the Netherlands, 10 May
"Application of the IBA + 2 quasi-particle model"

NIKHEF-K, Amsterdam, the Netherlands, 25 November
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Seminar presented by staff member of the Atomic Physics group

A.L. Boers
"Low-energy multiple ion scattering"

University of Hannover, Germany, 14 December

Seminars presented by staff member of the Dept, of Nuclear Solid State Physics, Univ, of
Groningen

H. de Waard
"Geïmplanteerde atomen"

Royal Dutch Academy of Sciences, Amsterdam, the Netherlands, 25 January
"Interactions of implanted nuclei"

University of Duisburg, Germany, 28 June
"Helium in metalen"

Catholic University of Nijmegen, the Netherlands, 23 November
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Prof. M. Plgnanelli

Dr. 0. Scholten
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University of Sevilla, Spain
University of Oxford, England

Techn. University, Vienna, Austria
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University of Bonn, Germany
University of Bari, Italy

AMOLF, Amsterdam
Florida A&M University,
Tallahassee, U.S.A.
University of Bordeaux, France
University of Bonn, Germany

University of Bari, Italy

University of Sevilla, Spain
University of Milan, Italy

University of Bari, Italy

University of Bari, Italy

Michigan State University, USA
University of Milan, Italy

Sept. 3 •

Sept. 3 •

April 5 -
Sept. 11
Nov. 1 -
Febr. 8 -
Sept. 3-
April 12
Aug. 9 -
Dec. 5 -
Oct. 25 -
May 10 -

•Dec. 3
-Dec. 3
- 16 and
- 25
Dec. 10
• 22
Dec. 3
- 19
16 and
12
Dec. 10

31

Nov. 14 - 23
Jan. 25 - 29 and
April 5 - 1 9
April 5 -- 12, July 6 - Aug. 6,
Nov. 1 - 14, Dec. 5 - 1 2
Sept. 3 - Sept. 30
July 22 - Aug. 25 and
Dec. 5 - Dec. 12
Aug. 9 - 1 6 and
Dec. 5 - 1 2
Aug. 1 - Aug. 20 and
Dec. 5 - Dec. 12
January 5 - 1 2
Aug. 9 - 1 6 and
Dec. 5 - 1 2



-160-

(visiting scientists continued)

Dr. J. Quebert

Dr. G. Wenes
Prof. J . Wilczyfiski

Centre de Recherches Nuc léa i res ,
Bordeaux, France
Univers i ty of Gent, Belgium
Ins t .Nuc l .Resea rch , Swierk, Poland

June 27 - Ju ly 11 and
Nov. 1 6 - 2 3
Nov. 1 - Dec. 31
May 29 - Aug. 25

TECHNICAL AND ADMINISTRATIVE STAFF

CYCLOTRON OPERATION GROUP
S. van der Veen (since Aug. 1)
Cooling, cryogenics and vacuum
H. van Bergen (since Febr. 16)*
H. Gorter
P.W. Schmidt
E. de Wilde
J. Wieringa1

Cyclotron operation
W.T.L. Bisseling
H. Pater
H. Post
F. Rengers
C. Smi t
B.D. Taenzer
H.J. Timersma
J.N. de Vries
Electrotechnics

ENGINEERING, DEVELOPMENT, SPECIAL TECHNIQUES
AND PROJECTS

R.D. Alkeraa2

J. Eilander2

H. Fraiquin
J. Mulder
F. Sporrel
J. Sijbring
Drs. Tj.W. Tuintjer
A. Veldhuyzen1

ELECTRONICS
T. Armbrust
H.A.P. van der Duin
D. Kanphuis
H. Kooi1

G. van der Kruk2

D.J. Kuipers1

D. Damstra
A. t e r Veen ( s i n c e March I ) 1

P. Wieringa

DRAWING OFFICE
A.H. t e r Brugge
G. Grave1

L. S la t ius

ADMINISTRATION
Mrs. M.C. Chr i s ten
F.J. den Hollander (since Dec. 1)
B. Koop
0.S. Kramer1

E. Latumalea1

Mrs. T. Nijhof (until Oct. 1)
Mrs. L.L. Peterson
Mrs. W. Smeenge

RECEPTION AND CAFETARIA
Mrs. R. Carol1

Mrs. W. Dussel-Weitering1

G. van der Es1

N. Huisman (until Oct. 1)

1. Not on the research contract
2. Atomic physics group

H.A.P. Lohrengel
W.J.J. Uytenbogaardt
F.G. Waringa1

MECHANICAL WORKSHOP
F.W. Bui tenwerf
H. Dost
R . J . Dusse l
A.A. van Essen
M. Lap
K . F . Lindeman1

J .M. Luidens
W.W.P. O l t h u i s
R. van d e r P l o e g
G . J . Sa
I . Smid
J . Smid1

D.J.M. Tilman ( u n t i l May I ) 1

G. van Tongeren ( s i n c e Aug. I ) 1
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UNDERGRADUATE STUDENTS

G.J. Balster
A. Bleeker2

J . Bouwman
B. van den Broek
W. Boterraans
I . Brouwer
P. Dorenbos
A.J. Hoeven
H. Hofstede

H.Hofman
E.K. Kooi2

R. Meijer
J.Oomkes
T. Poelhekken
J . Regtien
H.J. Riezebos
W. Segeth
S. Smid

APPRENTICES (for 6 months periods)

H. Abbringh
H. Antonides
J.A.M. Plagge
B.J. Sieljes
B.B. Visker

G. Bijl
P. van der Meer
S. van der Mser
J. Winius

B. Smith2

L. Sterck
B. Visscher
V. Wichers
F.Wolfs
G. Wiist
A. van der W jk
S.T. Swart2

2. Atomic physics group


