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Abstract

This volume of the Proceedings of the XX1 Masurian lLakes Suamme
Schonrl contalins the contributed papers, pregsented orally or in the form
of posters. Vol.1l, comprising the invited lectures and the panel
discussion, s published by A. Hilger, 1.0.P. Publishing Ltd., Bristel,
Fngtand.

The scope of both volumes s limited to Heavy lons Physles,
nuclear as well as atomic. The inclusion of the latter in the program of
our School is no acclident. The new generatinn of heavy lon accelerators
,providing us with beams of Jons of nearly any stable or long lived
nuclear specles with any desired charge, cooled and stored in rings tf so
wished, has brought about a dynamic growth of a new fleld : the high
energy atomic physics.We expect a continuling healthy cross-fertilization
of these two subflelds of heavy lon physics

One of the objectives of the School was to take a "snapshot" ot
the quickly changlng field of nuclear physics at the turn of the decade.
We hope that the Proceedings will help the Reader to find at least some
answers to the leading question of the Panel Discussion at the end of the

School : "Quo Vaais, Nuclear Physics 7"

Pegxme

MpeanaraeMuf BHAMAHMO uyKuTaTeNef BTOpof Tom Tpvaoe
XXI-a JleTHen Ulxonm no AaepHof Dugmke COAEPXUT paboTn
ApeACTaBAIcHHNE YYACTHHKAMM B BUAEe AOKNAAOB Ha CeMMHAapax WM
CTEHAOBHX AOKJAACB. AOKRAaAN NOpouMTaHHbe asTopamu Ha Ukone a
Taxxke MaTepyann NaHeSbHOA AMCKVCCHU ONVEJIMKOBAHW B MEPBOM TOMe
CA. Hilger, 1.0.P. Publishing Ltd., Bristol, England).

Temof Tpyaos noMeweHHHx B ofbeMX ToMax sBIsieTcst dujzuka
Tsxenmx MoMOB Tax SIAEPHAST KAK aToMHast. BumueHMe mociieaHef TeMM
He CAVIaARHO. B HacToOosimee BpeMsl NMPOMCXOAKT BHeApeHHe
aKueepaTopos HOBOR reHepaumy, KOTOpHe AaT BOJMOXHOCTDb
noavar Thb MNMOYTH o ele NVJiKH CTAaBK JIbHBIX vy AOJIFOMM BYTIM X Aden,

JIMWEHHLIX 201eKTPOHOB B mo>oM QApPAAOBOM  COCTAAHHMM, HAKANMMbAae MRX
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10 HEDBNOAMMOCTH R HAKONKUTEIALMbBIX  KOSbUAN. ONNLVKABIBAEMBIX ¢
VURUPSIAMBIX A0 Gonbunx DHEPIrUM. DTw HOBBI@ TeXHKWYeckue
BOJMUKHOCTH  BH3BAMKM  AMHAMUUYECKOEe paj3BMTe HOBOTO HAaNpansierd s
ATOMHUR PUIMRYM BHRCOKUX DHeprua. BAavckas cBAgb MeXAV 3>THUMH ABRYMS
pajaesnamMy  PUJURE  THANXEIBIX WOHOB :  SAEPHOA W ATOMHUOR PHUJUROA,
HECOMHEeHHO THIOAOTBOPHA.
AaepHasa $HIMKA BO-30 roaAcB MOABEPracTcy HeOOKMUARHO 6GHCTPbiM

M ravbokumM UaMeHeHuAM. Ml Haseemca, vro Tpyanm xHawefg Wronw
MOMOI'YT MHTATENN0 HAaATH o KpagdHef Mepe HeKOoTopbie OTBeTbh Ha
AACJIARHNEe  ROMPOCH JakfXMeHHble B NadeNbHoR AMckveoHu 'Quo Vadls,

AnepHan buiguka

Streszczenie

Oddawany do rak Czytelnilka tom Il Materiatow XXI Letniej Szkoly
Fizyki Jadrowg zawiera prace zgloszone przez uczestnikow, prezentowane w
postac!l wygloszonych semlnarioéw lub tez na scesjach plakatowych. Teksty
wykladéw na zaproszenle oraz materiaty dyskusji panelowej zawarte sa w
Tomie Pierwszym (A.Hilger, 1.0.P. Publishing Ltd., Bristol, Englandi.

Przedmiotem prac =zawartych w obydwu tomach Jest Fizyka Ciezkich
Jonéw, zardwno Jadrowa jak 1 atomowa. Wlaczenie tej ostatnie) do naszego
programu nle Jest przypadkowe. Jestesmy sSwiadkami oddawania do uzytku
akceleratorsw nowe) generacji, pozwalajacych na wuzysklwanle wiazek
dowolnych nlemal, stabilnych 1lub dlugozyciowych Jader atomowych,
obdartych z elektronéw do dowolnego stanu tadunkowego, gromadzonych w
razie potrzeby w pierscieniach zblorczych, chtodzonych i przysplieszanych
do wielkich energii. Te nowe mo2lliwodci techniczne spowodowaly dynamiczny
rozwé) nowe] dzliedziny : fizyki atomowe) wysokich energii. Scisle zwlazki
miedzy tyml dwoma dzlatami flzyki ciezkich Jondw : jadrowa i atomowa sa
niewatpliwle wzajemnle korzystne.

Fizyka Jadrowa na przetomie lat osiemdzieslatych i
dzlewlec¢dziesiatych podlega niezwykle szybkim 1 glebokim przemianom. Mamy
ﬁadzleje. 2e Materialy naszej Szkoly pomoga Czytelnikowi w znalezleniu
przynajmnie} niektérych odpowledzl na tytutowe pytanle dyskusjl panelowe}
"Quo Vadls, Flzyko Jadrowa ?"
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PREFACE

We are witnessing a major reorientation of the rescarch in

nuclear physics a change of subjects as well as of the working
style. Like 1t or nct. "the ninetles” are heading towards large
scale experiments, large internatlonal collaborations,

concentrated around few, hlgh energy, heavy don or eleciron
facilitles. There 1is, hopefully, a lot to be gained in this
pursult. There are alsc pitfalls of sometimes blindly following
the fashion. There may be worlhy areas of rescarch unjustly
neglected, there \is &an \rreparable 1loss of the life-style,
especially that of individuals worklrg in small teams.

One of the objectives of the XXI Masurtian Lakes Summer Schoo)
(Mikotajki, Poland, August 26 - Seplember 5, 1990) was to take a
"snapshot" of the quickly changing fleld of nuclear physics at the
turn of decade. We hope that the Proceedings wlll help the reader
to find at least some answers to the leading question, expressed
by the title of the panel discussion at the end of the School:
"Quo vad!s, nuclear physlics?"

The Proceedings are divided into two parts: volume 1, edited
by A. Hilger, I1.0.P. Publishing Ltd,.Bristol., England, comprising
the invited lectures and the panel discussion, and this volume,
contalning the contrlibuted papers, presented during the School
orally or iIn the poster sesslons.

The scope of both volumes is limited to heavy lon physles:
nuclear as well as atomlc. The Incluslon of the latter in the
program of our School is no agclident. The new generation of heavy
ion accelerators, providing us wlth beams of lons of nearly any
charge and mass within the periodic table, cooled and stored In
rings If so desired, has brought about a dynamic growth of a new
fleld: the high energy atomic physlcs. We may expect a continuing
healthy cross-fertillization of these two subfields of the heavy
ion physics.

This School has been sponsored by the Atomlc Energy Agency,
the Warsaw UWniverslty and the Soltan Institute for Nuclear
Studles. The "Polcolor" TV factory has provided us with a

comfortable bus transportation and printed our program.
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O ¢ ORRFLATTONS BEIWEEN F RAGMEHT MASS AND EXCTTALIOM EMERGY

DIVISTON IH THE " ‘Ge + 776 REACTION

ty .

P I'ranet s o Teke” L W Sebrsder 27 and TP N znnqaz’
1

Institute of Phystee, fTnael lont an Unt ver st by

AN OB Ky akow, Feymenta 4, Poland
2

Depavtment.  of  Chemistry  and NGPL

thilt verstty of Porhester, Pochesgter, Hew York 14R27

ARSTREACTE

~

Feculls of alternative analysls of experimental data fex 4 Ge
1057
3 Ho  reaction are presented. Information aboutl the

correlation between Lhe excitation energy division and net

nucleon transfer {s extracted,

The process of dissipation of kinetic energy and |its
redistribution among the various degrees of freedom In a
complex nuclear reaction 1s of high slgnificance for
understanding of the ramped reactlion mechanism. During the
past decade a number of experiments and analyses have been
per for med which shed 1ight on varlious aspects ‘df
excilation-energy sharing in damped collisions. Several early
experiments (see e.g. Ref. [11) suggest that thermal
equilibrium might be achleved very early 1in the damping
process, perhaps as low as El,oss= S50 MeV. However, subsequent
"works [2-5]1 have indicated that excitation energy Is shared
nearly equally between the reaction parthers in early stages

of damping. In addition, some of these studies have also

Indicated that the pariftion of excitation energy 1s dependent




on T he nint e leon eaxchange

FPecent results gepr tmd by Plraneta et al . LBl aned
Fuwlatbowskt ot al. 17) on the *Ge + '*THa 1eacttion at 8 &
MeV nucleon have also demnstiate such a dependence opn mass.
In thte evperlment mass, A . and charae, 7z . of the

PLE i rLE
projectite 1ike 1 agment CTLFD wel e ldent i f iod u<inhy 2
rombination of the AR E and Lime-of -fl1ight techntigues. ‘The
primary mass of PLF before 1ilght partlcle evaporaiion, A'rnr'

wae derived from angular correlation hetween the PPLF and the
target--like fragment. Applying statistical model predictions
Iin an iterative evenl-by-event procedure {nformation on
excitation energy of the FLF fragment was exiracted from the
measured evaporated mass. As shown by Toke et al. (8) in such
colnclidence measurement Lnstrumental effecls may slgnificantly
modify experimental results especially for low energy losses.
In order to extract informz=Lioin on the excitation energy
division In a way less dependent on experimental conditions
the data were reanalyzed using an alternative method. The new
approach (9,10] is based on the fact Lhat the mass resolution
for secondary fragments is much better than the resolution for
the primary reconstructed mass. Additionally resolution f;;
secondary fragments does not dependent on the energy loss.

In the new procedure we were assuming different possible

* » .
correlations between EPM__/ETDTAL and APLF toe be used in the
Monte Carlo calculations. The generated mean value of
A = . -
evaporated mass, <8A> <A PLE APLr>‘ versus APLr dependence

was than compared to the experimental one. The assumed

" L]
s was linear:
dependence ErLr ETOTAL s



- K
E ~F = a M Al + b, s
rir TOTAL PLF
wheras  A* represents the "true™ worimary mass of Pi°

riLF

generated in the Monte Carleo procedure. Values of coefficieni s
a2 and b were treated In our 'procedure as free paramaters
Final resuit are shown as diamonds in Filg. 1 and a set o
siralght 1thes In Fly 2 representing Eq. 1. The equa.
ﬁxhilation energy division imitt 1is represented by

horizonlal 1ine. The dotted iine indicates the equa!

tomperature 1imit.
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F1g.1 The average evaporated mass versus the secondary mas
for energy loss indicated on the picture. Clrcles represent
Lhe experimental data, diamonds results of Monte Carin
simulation. The solid line for each energy loss bin represents

the average <8A> dependence on seconhdary mass established §:

Lthe fterative procedure.
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Sensitivity of our method on the primary mass resoclution

is presented in both parts of Fig. 3. The average evaporated
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)
A PLFE
Fig.2 Excitation energy divisionh ratio dependence upon

primary mass described by Eq. 1 for energy loss bins indicated
on the figure. Aiditlonally btLhe equal excitation energy
division 1imlit 1s represented by a horizontal 1line. The dotted
line indicates the equal Lemperature 1imit.

mass is bLhere depicted by circles az a funcltion of the
secondary mass Cleft part) and the reconstructed primary mass
Cright partd. The data are compared with two different Monte
Carlo predictions. Diamonds represenht simulation for the case
where the recoil and experimental angular resolution effects
are neglected. The crosses correspond to the full simulation.
Comparison between these Lwo different Monte Carlo predictions
show that <8A> as a function of the secondary mass |is

practically lnsensitive to the flnlte primary mass resolution.
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The same quanlily presented as a funcbtion of A'”r shows a big

diecrepancy between both cases.

?
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F1g.3 The dependence of the average evaporated mass upon the
secondary mass Cleft part) and Lhe reconstructed primary mass
Cright part). The data Cclrclesd are compared with two
different Monte Carlo predictions. Di amonds represent
simulation fror the case where the recoil anhd experimental
angul ar resolutiof effects ate neglected. The crosses

correspond to the full simulation.

In a more transparent fashionh the mass dependence of

L] L ]
/E
PLF TOTAL

excltation energy division on the PLF primary mass |is

is shown in Fig. 4. Here dependence of Lhe

presented for two representative energy loss windows.
Additionally to experimental results Ccircles) the Monte Carlo
simulation ratios are glven by diamonds. The dashed line glves
the “true" dependence described by Eq. 1. Comparison between
dashed Jines and dlamonds gives for hoth cases the magnitude

of {instrumental effects,
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In conclusian, evidence on physfcal correlations of heat
ieneration mechanisms |s presented. AL {nhitial stages of the
olllsion, reflected Iin low total kinetic energy losses, does
he heal generaled via the ntucleon exchange mechanism show a

lear acceplor -donhor asymmebty.
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OPTICAL MODEL WITH CRITICAL ANGULAR MOMENTUM CUT
OFF FOR THE FUSION OF LIGHT HEAVY-ION. SYSTEMS

J.Crakanski, J.Kisiel, M.Kostrubiec, W.Zipper
Intitute of Physics, Silesian University, Uniwersytecka 4,
40-007 Katowice, Moland

P. von Brentano
[nstitut fUr Kernphysik der Universitat zu Koln,

Zulpicher Str.77, D-5000 Koln 41, Federal Republic of Germany

ABSTRACT .

The extended optical potential model with separate
absorptive part for fusion and critical angular momentum cut
off was proposed for the calculation of fusion excitation
functions. As an example a calculated fusion cross section was
presented for the 1ZC+1ZC. 1ZC+14N, 12C+160 and 160+160 systems

for the existing experimental data above Coulomb barrier

energy.

The fusion excitation function have been measured for many
vears for a large number of combinations of colliding ions (1].
The experimental fusion cross section th(E) is rather smooth
function of energy although for some system the oscillatory
structure is observed. For the energies above the Coulomb

barrier ”nH(E) usually follows the total reaction cross

section ﬂR(E). Above the certian energy ahw(E) becomes

considerably smaller than OR(E) and finally th(E) is

propotional to the inverse of bombarding energy. Some models

were applied for the theoretical description of such behavior
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of oh"(E) (2]). Because the fusion cross section is a part of
the total reaction cross section it is tempted to use for the
fusion the optical model potential Uh”(r) which is different
form the optical model potential UR(r) describing the elastic
scatterting and the total reaction cross section. Such modsl
with Saxon-Woods form of the potential gives a satisfactory
result up to energy region in which o“m(E) decreasing rapidly
with 1increasing energy [3]. We extend this idea by the
assumption of a critical angular momentum 1cr above which no
fusion is possible. This allowed us to describe the fusion
cross section in whole energy region starting from the Coulomb
barrier energy.

In our model the fusion cross section was calculated
according to the formula:

lor
o, (E) = N A&7 }_ (21+41) T (1,E) , (1)
1=0
where the fusion transmission coefficients Trus(l’E) were
obtained by using the optical model potential Urue(r). As a
real part of Urus(r) was taken Satchler-Love microscopic double
folded (M3Y) potential Ve(r) which has only one parameter - the
renormalizating factor N8 {4]. This potential givev a good
description of elastic scatterting and the total reaction cross

section in a wide energy range. The imaginary part of Urus(r)

has a standard Saxon-Woods form. Ufuq(r) can be writeen as

follows

fus  S-W *fus’ fus

Uruﬂ(r) = Na Vs(r) + iW f (r;R a ) . (2)
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The critical angular momentum 1Fr was calculated from the
inflexion point of the effective real potential curve so it is
no a free parameter. The renormalizating factor Ng takes the
value 1.0 according to the review paper of Satchler and Love
[4] so the real part of the optical models potentials for

elastic scattering and fusion are the same. fFrom the fits it

was found that o m(E) depends very weakly on wfus if only wr

1 us

1S greatar than 10Mev. Taking into account the overlap nuclear
matter radius the fusion absorption radius AP has a standard
value around 1.0fm [5]. futhemure for all reported system the
same value of ahmﬁ 0.2fm was obtained from fitting procedure.
Ffor more details of the model and discusion of parameters see

ref [6]. The parameters of the optical model potential Uhm(r)

togethaer with l‘r value are presented in table 1.

Table 1.
Reaction N W r a 1
g fua fusg fuae cr
{Mev] {fm] (fm] {(fH3
e 4 V2 1.0 10.0 1.00 0.20 22
12 14
C N 1.0 9.8 1.08 0.18 25
12 16 -
C + 0 1.0 10.0 1.00 0.20 27
e+ 1.0 10.0 1.00 0.20 34
2 12 . 12 14 17 16
The results of the model for c+ ¢, Ct M, ¢+ 0O and

16 16 . . . . .
U+ 0 systems are shown in fig.l. Cros2 sections are obtailned

by using the optical model potential paramaters given in fab.!.
I1he calculated fusion cross sections follow the experimental
potmts 1n the wide energy range. Thas qood fit was achieved by
.

the using only one parameter a, which take< the same vailue
b "a



-10-

Ttus Ty
{mb) {mb)
- N AT A
950 - — 950 Hﬂ \ +
: -
- B
700 |- -- } 700 -
CF 12 12 Cl N
e+ e N e NN
450 450 H
NN AR E RN NN sop B Loy g |
3 30 55 80 S 55 105
£ (Mev) Ecm (MeV)
Ttys Otus

(mby I {mb)

1200 - /J—\‘L 1200 - -

+
i 12 16 i 16 16
700 — C+ 0 700 |- 0O + 0
- -
- -
Do . O Y B B A P I T B I
30 55 5 30 55
Ecm (MEV) E:m (MPV)
Fig. 1. Comparision of calculated (solid curves) and
experimental fusion cross gsections for the systems :12C+12C
(experimental data from ref. [71). 2oy My (8i, 1?'C+160 (101

16 16
and o+ 0O [21-



-11-

H.2fm for all reactins considered. The extensive experimental
data for the fusion excitation functions below Coulomb barrier
exist for systems which were taken into account in this -
contribution. The wmodel presented 1is verified now for the
enargy ragion bellow Coulomb barrier.

This work was partly suppored by the Polish Ministry of
National Education under contract CPBP 01.09 and by the B8MFT

under contract No 060K143.
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COMPETITION BETWEEN pn AND d EMISSION

IN o+>'v,%*Fe REACTIONS AT 26.5 MeV.

P.Eednarczyk,lE.Bozek , B.Fornal, M.Lach, A.Maj, W.Meczynskli,
T.Pawlat, J.Styczen.

fA.Nilewodniczanskl Insticuteof Nuclear Physics, Cracow, Poland
ABSTRACT

The competitlon between pn and d evaporated from comPound nuclei created in
the fusion of 26.5 MeV o-particles on Sly and s Fe was studied. The
nuclear level density parameter a=A/89.3 for excited nucleil populated in
these reactions was extracted.

In a compound nucleus decay the same evaporation residuum may often
be reached by different sequences of emitted particles. For example,
emission o: np or pn as well as emission of deuterons leads to the same
residuum with ARES=ACN—2, ZRES=ZCN~1. The difference is that the cascades
of np or pn pass through an "intermediate nucleus" [ACN—I,ZCN] or
[ACN—l.ZCN~1], respectively, whereas d-evaporation brings the decaying
system directly to the final nucleus. Because in both cases the evaporation
residuum is the same, one might expect that the competition between these
two processes (np and pn or d-evaporation) would reflect the structure of
the "intermediate nuclei”.

Two nuclear reactions were chosen to look at the pn and d
competition. The 26.5 MeV a-beam from U-120 Cracow cyclotron was focused on
the 'V and °'Fe metallic foils. During two, long runs the colncidences
between y-rays and light charged particles were recorded event by event on
the magnetic tape. 7y-rays were measured In the Ge(Li) detector whereas
p.d,t and a's were detected in the AE-E silicon telescope. The telescope
was placed at the backward angle BLAB=140° to select only particles
evaporated from the CN. Particle spectra associated with different reaction
channels were generated off-line requiring the colincldence with
characteristic y-rays.

Fig.1 shows proton-spectra for particular evaporation channels after
o+ Fe fusion reaction. Protons emitted in the (. p) channel are in average
much more energetic. In fact, belng followed only by y-ray cascades they

have to bring the decaying system close to the yrast line, where the
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competition between particle and y-ray starts to be significant. Devlations
between proton-spectra for («,pn) and («,2p) channels reflect the fact,
that protons in («,pn) channel are emitted prevalently in the second step
of the cascade where the emitting system has much lower excitation energy.
In the {(«a,2p) case one deals with protons evaporated 1n both steps: the
first at a high excitation energy and the second with much lower excitation

energy.
The deuteron-spectra from («,d)} channel are too poor for presentation

1053 due to a very low counting
5 rate of d-y colncidences.
- ] O (a,2p)
n ] o Nevertheless, the statlis-
- 4 op
s 10° 5 A (a,pn) tics in the colncidence
= y-spectra was good enough
8 S that the o to o ratio
k= Gﬁgﬂ\ pn S s
3 103# Q\\,\ in the two cases of a+ V
) 3 G’E'BBQB' and «+ 'Fe could be easily
"é‘ ] : calculated (Fig.2).
< 2 '
:: 10" It is rather well
N ] established that the CN
3] b (
~ ] o decay, at the excitation
10, energy considered here,
0 5 10 15 20 can nicely be described in
E (MeV)
the frame of the statis-
Filg.1. Spectra of protons emitted tical model. Therefore,
1n54particular‘ channels of
a+” Fe reaction. The solid the calculations we report
lines are drawn to guide here were performed with
the eye.

the evaporation code CAS-

CADE [1]. They included the emission of four particles n,p,d,a and
y-decay. In Fig.2 we show the predictions of the statistical model with
standard 1input parameters (the level density parameter a=A/8) for the

[ /a-d. It Is seen that they overestimate the experimental values by a
pn

factor of 2.

In order to understand this result a number of additional CASCADE
calculations have been performed. It turns out that the calculated 0‘pn/c'd
ratio 1s 1insensitive neither to changes of the level density parameter
nor to variations of other statistical model parameters which characterize




the evaporation restduum

a=A/3.3 are able to

account for the measured

PV S

pn to d ratios as shown in

200 U\CN—Z, ZCN—I ]. Notlceable
]-~--- calc. a=A/8 changes of the ¢ /o
cale. a=A/9.3 a+MFe y be MP" d
1 ratlo can achieved
] @ exp. value o
150: E E exlusively by varying the
b - level density in the
] -
Ed ] o “Intermediate nucleus"
\) 1 [ ]
] b i.e. -
\QIOO: MV E ; N [ACN l'ZCN] or
g o at Lo [A_-1,Z_-1]. In fact,
= 1 Co CN CN
] [ ] the calculatlons with the
b b
] e level densiiy parameter
504 b
b
.
t '
) 1

Frmmmmm ey

I

0 Fig.2.
Similar conclusion
regarding the leveldensity

Fig.2. The opn/od ratios obtalned
from experiment and parameter has been drawn

CASCADE calculatlions for

at IV,MFe react lons. in Ref. [2], where the

value a-A/8.5 is necessary
to describe the GDR y-ray spectirum from hot 63Cu system, neighboring to the

systems studied in the present work.

As a conclusion, the pn and d competition seems to be very sensitive
to the nuclear level density of decaying equilibrated systems and can be

used as an easlly measurable probe for thls quantity at excitatlon energes

of about 20 MeV.
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ANALYZING POWER OF THE ~ S(p,t)”“S REACTION AT 30 AND 40 MeV
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Warsaw University
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Institute for Atomlc Energy, Rikkyo University
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Abstract
) ! L 34 32 +
The analyzing power angular distributions for the ~S(p,t) "S(gs,0 )
reaction, measured at 30 and 40 MeV of protons, are compared with
predictions of the finite-range DWBA model. The experimental results can
be reproduced correctly, without Iincluding the sequential transfer

process.

A mechanism of the (p,t) reaction, used, among other things, for an
investigation of the neutron palr correlations 1n nuclei, 1s still not
fully understood [1]. Predictions of the simple model of mechanism as a
one- stép transfer of the two neutron pailr coupled to a spin equal to zero
can not fit properly the measured total cross-sections nor the excitation
functions.

Theoretical estimations show, that a refinement of the model (by
accounting for the s’ and d states of triton, the tensor forces, the
excitation of both the target nucleus before transfer and the final
nucleus after transfer of a neutron pair does not change the total cross
section very much. Only the mechanism of the sequential transfer of
neutrons may influence the reaction cross sectlon significantly [2].

In general the analyzing power of the (p,t) reaction depends on two
factors: the Intrinsic structures of the target and final nuclei and the
mechanism of transfer of two neutrons.

According to the final range DWBA calculations, in our case of 0*— 0+
transfer on the 'S nuclel, the analyzing power practically does not
depend on the intrinsic structure of the neutron pair wave function.
Differences in analyzlng power calculated with the wave function of

Wildenthal ([3]:
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In case of the one-step transfer of a spin zero neutron pair between
states with spins 0+, the analyzing power s produced by the spin-orbit

interaction In the entrance and exit channels. The l-s 1interaction in the
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proton channel is much stronger, so 1t has a dominant influence on the
analyzing power. This 1is depicted Iin Fig.2 in which the angular
distributions of the analyzing powers for three cases: 1) Vls(p) 70,
V(1) F0i 2) v (p)=0, V (1) #0; 3) v (p) F0, v (t}=0 are shown.

On the other hand, in case of the sequential transfer of two neutrons
the spin-orblt interaction in an intermediate stage of the reaction may
cause changing of the angular distribution shape of the analyzing power,
which could be observed when the contribution of this process |is
significant. According to lgarashl [2], the analyzing powers for these two
mechanlsms have opposite sign at small angles.

An  analysis of tLthe proton energy dependence of the reaction
differentlal cross section [4] shows, thal for proton energies up to about
20 MeV, the cross section of the sequential mechanism is comparable, or
even predominates the one-slep lransfer cross section. With increasing the
energy of protons the sequential transfer contribution decreases, and at
80 MeV of proton energy the one-step transfer prevails (over 80% of total
cross section ). However, simllarity of shapes of the cross section
angular distribution for both the one-step and the sequential transfer
processes makes that the conclusions drawn from cross section experiments
are doubtful.

A few years ago, the attention was drawn to the possibility of
determiﬁation of the one-step and sequential transfer mechanism
contributions from the measured analyzing power. Some drastic changes in a
shape of the analyzing - power observed in certain region of incident energy
{5] were interpreted as being a result of opening of the sequential
reaction channel or at least a predominaﬁce of this channel over the
one-step process.

In the present work we make an attempt to observe an effect of a
variation of contributions of both processes on the reaction analyzing
power. The 34S(p,t]325(gs.,0+] reaction was chosen for investigation. The
analyzing power measured at proton energy of 30 and 40 MeV is shown in
Figs 3 and 4.

The experiment was performed using the beam of the INS cyclotron of
Tokyo University. In Figs 3 and 4 the solid lines represent the results of
the finite range DWBA calculations (DWUCK 5, [6]), in which one-step
transfer of a neutron pair is assumecd.

Results of calculatlons fit pretty well the angular distributions of

analyzing power for angles greater than 20 deg. In the range of small
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angles the experimental results taken at proton energy of 40 MeV show
minimum arcund 10 deg., which feature 1s predicted correctly by one step
model. In case of the experiment at 30 MeV such minimum is not observed at

theses angles. [t ls not

10f N g
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29 Mev r 1 -
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g | v:\ ! g F . # E
LT A A g ont— %
\;-{ AN A ] +
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<t . << ]
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0 20w w0 B0 80
Theta (cm) Thetg (cm)
Fig. 3 Fig. 4

reproduced by calculations. This disapreement between calculations and the
experiment may be a result of "kinematic effect’.

In Fig.3 the calculalted angular distributions of analyzing power as a
function of the Iincident proton energy are glven. Our calculations
reproduce the experimental distributions at 30 MeV pretty well if the
tncident proten energy is shifted slightly down by about 0.5 - 1.0 MeV.
The quite similar effect can be obtained by slightly changing the Q-value
of the reaction. We conclude, that the quasi-resonant behavior of positive
bump of analyzing power is caused mainly by varlation of the kinetic
cenergy in the reaction exit channel.

The differences in the shapes  of analyzing power of the
“.’w‘(p,H"’!S{nf;.,()*) at 30 and 40 MeV do not give any reason that a new
mechanism of the reaction, the sequential transfer, should be included in
caleulations.

It must be noticed that a similar quasi-resonant positive bump in the
analyzing power distributions of the reaction can be reproduced in the
zern range DNDWBA calculations, but the incident proton energy must be

shifted. nearly by 5 MeV.

In conclusion, the analyzing power angular distributions measured can
be reproduced successtully by calculations in a frame of the one-step

transfer model, without any contribution of the sequentlal transfer.
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Unfortunately, the cross sectlon predicted is S5 to 8 times smaller than
the measured one, whlle the zero range DWBA calculations with seml
empirlical constant D°=22'104 fm’/MeV® differ no more than a factor of two.
It remalns still a serious, well known drawback of the finite range DWBA
calculatlions of the (p,t) reactlion.

In order to make our concluslon more convinced we Intend to expand

our measurements over smaller and higher proton energy reglions.
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MULTIPOLE DECOMPOSITION OF DOUBLY DIFFERENTIAL CROSS SECTIONS
~ A MODEL INDEPENDENT ANALYSIS

S.0Osuch, G.Szeflinska, Z2.Szeflinski, Z2.Wilhelmi
Nuclear Physics Laboratory, Institute of Experimental Physics

Warsaw University, Hoza 69, 00-681 Warsaw, Poland

INTRODUCTION

We propose here a new, model independent melhod which can be
used to analyze high quality data from inelastic scattering or
charge exchange reactions. Such data contain resonances observed
as bumps superimposed on a smooth continuum generally assumed to
be background (see fig.1). The major problem in these studies is
the decompositlon of data into bumps originatlng from nuclear

exclitatlons and the underlying continuum.

Fig.1 Simulated doubly differential cross seclion from

12 12 : _
Ci{n,p) "B reaction at En—IOO MeV.




21~

Additionally, the rescnance part of the spectrum should be
dlsentangled Into multipole components. We have prepared a method
of data treatment, which in a model independent way extracts
strengths and angular distributions of successive giant
resonances.

Our approach ls exclusively based on measured quantlty i.e. doubly
differentlal «cross section. The analysis makes no explicit
assumptions on the shapes of the resonances contributing to the
cross section, allowing all shapes with no functional form to be

assumed.

MULTIPOLE DECOMPOSITION OF EXPERIMENTAL DATA

In order to unfold doubly differential cross section
2

Eg_gﬁ Into multipole components a matrix me thod have been
developed. In this method the experlmental data are represented by
a two dimensional array. One dimension provides the energy
intervals and the other the momentum transfer intervals

Assuming factorization of the cross section, the experimental
doubly differential cross scction data can be treated as a fold of
several = multipole strength distributions and corresponding
momentum transfer distributions. As the first step in our method
we establish the number, of components that contribute to the input
data (i.e. background and a number of multipoles)}. We test the
hypothesis concerning the lowest acceptable value of the rank of
the double differential cross section matrix (equal to the number
of components).

In the next step the continuous background is subtracted. We
fit the smooth function describing two dimensional surface in
order to determine continuous part of the spectra. Extracted in
that way the continuous background is subtracted from input data
to get the resonance part Rij .The correctness of this procedure
can be tested as after subtracting the background correctly, the
number of components of remaining double differential cross

section should be lower by c¢ne than the 1initial number of

components.
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Finally the partition of the remaining - resonant part RiJ
into individual multipoles is performed. If we denote the energy
dependence of the strength distribution of multipole A b; SA(E)'
and the momentum transfer distribution of outgoling particles

exciting a giant resonance of multpolarity A by TA(q)' then the

matrix R1J 1s decomposed into A matrices to fulfill the
max

equation:

A

max

R = Y S T (1)
1J A=l iAa Ad
The matrix R, . consists of 1 x |} data points where i
i] max max max

denotes number of energy bins and j number of momentum transfer
max

bins. SlA and Ti\ are lwo-dimensional matrices dimensioned
7

1 ~A and | xA respectively. In our approach the matrix

max max max max

elements Si\ and TiA are unknown quantities. The necessity

condition to obtain solution is

A =] + 1 )< x 1 (2)
Generally, decomposition of Rij into multipole components Rli is
non-unique. In order to obtaiﬁ reasonable (physical} so]utioﬁ an
additional assumption is introduced, namely that the distributlons
of multlpole strength, S,

iA
negative for every subscript A,1 and j. A similar idea {1), was

and momentum transfer TAj are non

used to analyze the inelastic scattering (e,e’'p) and (e,e’'a) data
leadlng to excitation of giant resonances.

In order to find unknown matrices 51A and TAJ' a model
independent method was developed, which solve eq. 1 by literative
procedure. To start decomposition, zero approximation for both,
the strength and momentum transfer distribution should be assumed.
Reasonable zero approximation can bhe obtained by assignment of
selected rows in Rij to SiA' and columns to TAJ' The first
approximation of the solution 1is obtalned by solving set of
overdetermined linear equations finding by least-squares method

(1)) (1)

TAJ .Having TAj we can solve once more the set of linear
equations findiné now Sgi)
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Generally, having kth approximatlon of the solution Si:) and
k
T;J). we must solve two successlve sets of linear equations in

order to obtaln (k+1)th approximatlion of the solution

A
max
(k} _(k+1)
¥ s T = R
N2 A A 1,
(3)
A
max (k+1) .(k+1)
Agi S1a T Ry

If, In successive lteratlons, the desired degree of convergence ls
obtalned, the procedure is stopped after the n-th iteration. The
matrices S:;) and Tig) are accepted to be solutlons of matrix
equation (1}. The output at this stage are the energy and momentum
transfer spectra of each Individual multipole, whlch can be

compared with theory to extract the physical information.

ANALYSIS

Prior to applylng the method to experimental data, it was
subjJected to a computer test. The experimental matrlix was
generated (see Filg.1), and then unfolded by iterative procedure tn
order to find dlstrlbuﬁlon of strength SA(E) and momentum transfer
TA(q). In the simulation of experimental data two glant resonances
were assumed to have a concentrated gaussian distribution located
on the continuous background. Momentum transfer distributions were
formed to have Bessel function dependence Jg(q). and Jf(q)
respectively. Matrix R was folded as a product of § and T and
randomly disturbed by statistical errors of Poisson distribution.
The simulation was performed in order to generate matrlx R of
dimension 32x30 (32 channels in energy spectrum and 30 channels 1in
mementum transfer distribution). The solutlons were found using
the method described above and compared to generated functions
TA(q) and SA(E) in order to check validity of the method. Ten
lterations leads to the solutlon of eq. (1) shown in Flgs. 2 and 3
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Fig.2 Unfolded momentum Fig.3 Unfolded strength
transfer distribution of two distribution of two multipole
multipole components and the components and the background.
background. The clircles The solutlons are denoted by
represent the solutions and histograms and the assumed
assumed Input dlstributions fnput distributions by
are denoted by dashed lines. dashed lines

The generated functions describlng strength and momentum transfer
distributions are denoted by dashed lines In Flgs.2 and 3 while
the solutlons are denoted by circles and histograms respectively.
The energy distributlons and momentum transfer distribution
functions are very close to input functions. As we see the
reproduction of strength widths and posltions of extiacted
distributions are good. Even in the case of the wunfavorable
conditions (i.e., statistical fluctuatlons In the data or =zero
approximation far f{rom the minimum ), the procedure applied to

the Monte-Carlo generated data was found (o work very well.



CONCLUSTONS

Our model Independent method of unfolding the measured doubly
differential cross sectlon was demonstrated to work properly even
in the case of overlapplng resonances and very weak strength. It
was found that the result of the decomposition does not depend on
the assumed =zero approximation solutions needed to start
{terations. Qur method of data decomposition allows us to analyze
the differential cross section measured over the full angular
range of the flrst dlffraction pe?k. It means that varlous glant
resonances can be studied using thlis approach. Moreover, the
method allows to avold many problems which faced the “traditional
approach” of data decomposition. The method is to be applled to
the (n,p) experlments, 1llke 12C(n.p) reactlion at En=100 Mev [2].

This work has been supported by the Natlional Research Program

CPBP 01.09.
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Nuclear Charge Distribution in Symmetric and Asymmetric Fission
Induced by Light Charged Particles

Pekka P. Jauho*
Department of Physics, University of Jyviiskyld
40100 Jyviskyld, Finland

We have studied the charge dispersion by detennining the yields of elements in isobaric
mass chains at A= 80, 82, 84, 110, 112, 114, 116, 118, 120 using proton and deuteron
induced fission of 238U, There have been extensive studies of independent ussion yields using
thermal neutron induced (asymimetric) fission [1], but little is known about yields in the case of
nearly syvmetric fission studied in this wuork.

The {p.h)-studies were performed using 20 MeV protons from the MC-20 cyclotron in
Jyviskylid. The (4,1 reaction was studied at the Louvain-la-Neuve K= 120 heavy ion cyclotron
using I8, 25, and 41 MceV deuteron encrgies and continuous beam. We used the IGISOL
facility in Jyviiskyld and the Louvain-la-Neuve LIGISOL w separate the mass chains. The
IGISOL methed is fast since no ion source is necded. The efficiency is also practically
independent of the chemical properties of nuclides making the method well suited for charge
dispersion studies. Standard spectroscopic methods were used to determine the level structure
of isotopes in the mass chains. In Jyviskyld we have measured y-abundances, i.¢. y-intensities
per 100 B-decays, by resolving exponential components in time specira when the beam is in
pulsed mode. For this purpose we detected y-singles, P-singles (with B-telescope) and Y(B)-
coincidences simnulianeously in the same setup.

Our experimental values for the mean isoburic charge Z and the standard deviation 0z and
the relative merits of the (d,f)- and (p,f)- reactions as means of producing extremely neutron

rich isotopes in this mass region will be discussed.
[17 A.C. Wahi, Atomic Data and Nuclear Data Tables 39, 1 (1988)

This work has becn supported by the Academy of Finland.
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Figure 1. Independent yields Y (Z -Zycp. A) of fission products in the isobaric mass chains A= 110,
112, 114 in the reaction 238U (p, f), Ep= 20 MeV. Zycp is taken from the unchanged charge

distribution hypothesis:
Zucp= (Zr /AEXA +v(A)), where v(A) is the mean number of prompt neutrons evaporated.

Table 1. Average charge numbers Zgve (mea) and variances czz(mea) have been calculated on the data
shown in figure 1. The values for thermal neutron induced fission (Wahl) are represented for comparison
(ref. 1).

A Zave(mea) oz(mea) Zave(Wahl) oz(Wahl) Zycp Zave(mea) -Zycp
110 44 .01+-0.20 - 43.16 058 4416 -0.15

112 45.24 0.71 4421 062 4494 0.30
114 45.86 0.60 45.17 0.60 4572 0.14
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The Mean-Square Charge Radii of Ba Isotopes*

B. Nerlo-Pomorska, K. Pomorski, B. Skorupska
Department of Theoretical Physics, University M.C.S., Lublin, Poland

Abstract
The microscopic calculations of the mean-square charge radii and the quadrupole
moments of Ba isotopes where done. It was shown that the pairing mean field
deformation A influences strongly  the magnitude of the isotopic shift of < 72 >.

The newest development of the measurement techuignes of nuclear mean-square charge
radii of nuclei givesus more accurate data {I] demanding a theoretical effort in order to
explain diversing nuclear sizes and shapes mechanisis,

The microscopic ~alculation of < r? > was doue for the neutron deficient nuclei
with 50 < Z, N < 82, The deformed single-particle Nilsson potential with the nniversal
set of the parameters [2] was nsed. The caleulations were performed using the generator
coordinate method (GCM) and assuming the extended gaussian overlap approximation
(GOA). The BCS wave function depending on quadrupole (¢) and hexadecapole (e4)
deformation was taken as the generator function. The expectation value of the r? operator
between the ground state wave function of the collective GCM+GOA hamiltonian gives :
the theoretical estimate of < r? > [3].

The results of the calculation for Ba isolopes are compared with the experimental
data in Fig. 1. The absolute valuesof < #? > are not given by experiment, so we have
assumed the radius of the magic isotope ™ Ba to be equal to the size of the spherical

hquid drop. [T
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Figure 1: The microscopic estimates of < 7 > for Ba isotopes compared with the experi-
mental data(c).

*Paper supported by the Polish Ministry of Education, project CPBP-01.09 .



229.
The slopes(sc called isotopic shift) of the theoretical curve are larger than that
frgm measurement.In order to explain this discrepancy we performed the analysis of the
influence of some parameters on the value of the mean-square charge radius of nuclei.
The dependences of < r2 > for '*Ba isotope on €, €4 and A are plotted in Fig.2 a, b
and ¢ correspondingly. All dependencies are taken around the equilibrium point which is
marked by arrows on the plots.
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Figure 2: The dependences of < r? > for 1% Ba isotope on € (a), €4 (b) and A (c).

It is seen that the change of < r? > with respect to €4 or A is similar.It means that
the pairing gap A is as important paramcter as the hexadecapole deformation 4.

Assuming that the experimential value of quadrupole moment @y establishes well
the quadrupole deformation ¢ we can estimnate £4. Namely, we have evaluated within
the deformed liquid drop model the values of quadrupole (¢2?) and hexadecapole (eL?)
deformations which reproduce the experimental [1] < r? > and Q9 and comparedthem

)
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with the microscopic equilibrium deformations (e*9,¢5?). In Fig. 3 we can sec that they
differ much from each other especially for the heaviest Ba isotopes.
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Q.0 0 £ 0.2 0.3

Figure 3: The microscopic equilibrivm points (*) and their estimates deduced from the

experimental values of < r? > and @y (0).

This discrepancy means that the other factors in spite of € , and e, deformations
could be important.

For the next investigation we took the quadrupole deformation of the Nilsson po-
tential (¢ ) and the pairing gap (A ) and we vary them free in order to reproduce in
microscopic calculation the experimental values of < r? > and Q0. The results of this
analysis on € and A plane are plotted in Fig. 4 for Ba isotopes.
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Figure 4: The quadrupole deformations and cnergy gaps obtained microscopically (*) and
from experimental masses (o) and extracted from < r? > and Q9 (1) .

The equilibrium values (¢%9, A®) as well as the estimates of A*? obtained from the
experimental masses (4] are marked. The values of A which reproduce the experi-
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mental < r? > and Q* are almost half of their estiinates from masses. This result couli
be understood in the dyvnamical pairing model [5] in which the most probable A is much
sinaller as that corresponding to the minimum of the BCS energy.

The following conclusion can be drawn from our investigation. The quadrupol
and hexadecapole deformations should be taken into account in order to reproduce th
experimental isotopic shifts of < 2 > of the neutron deficient nuclei. But the deformation
e and £* can not alone explaiu the experimental data. The dependence of < r? > on £
is also important. The more careful dynamical treatment of pairing degrees of {reedom 5

necessary.
Further improvement. of the single particle scheme and probably taking into acconsn

the quadrupole-pairing termn are planned.
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BETA-DECAY HALF-LIVES OF VERY NEUTRON RICH
Ni, Co, Fe ISOTOPES PRODUCED DY THERMAL FISSION
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8. Czajkowski® and J.1. Sida®

Institut Laue-Langevin, Grenoble, France
“Institut de Physique Nucléaire, Orsay, France

*“Institut des Sciences Nucléatres, Grenoble, France

- Introduction

Thermal uneutron or low energy fission has long been the unique way to produce neutron rich
isotopes. On the extremely light side of the light fizsion products, we have identified nnambiguously
geveral new n-rich isotopes of Nickel and Copper in the thermal neutron fission of 237U’ at the ILL high
flux reactor in Grenoble [1]. These isotopes, the lightest masses ever observed in hinary thermal fission,
have a significant neutron excess since they profit from the large ncutron to proton ratio of the fissioning
2367 parent nucleus, but they are produced with low rates. Identified in the focal plane of the Lohengrin
spectronteter, the icotopes are well separated, but rare commpared to other fission products. Therefore,
facing this experimental challenge, we developed a novel method to determine f° decay half-lives out
of a few events.

Previous studies of A -decay of light fission products have already been extended down to #"Zn
[2,3]. More recently half-lives and A - 7 decay schemes have also heen reported for 7*Cu [4,5], 7°C'u [4,6],
Cuand BCu (4], Inall these cases, an-line mass separator techniques were applied. With the available
ion sanrces, the stuly of N1 isotopes is still difficult since this element can not be efficiently extracted.
However, “" N1, the heavieat Ni isatope for which the half-life is known, was indeed separated by this
technique [7]. The lieaviest Ni isotopes, %7 N1 [8] and 8 N1 (9] for which mass excess and spectroscopic
features are kuown, were studied by quasi-elastic transfer reactione,

Using time correlations, we remeasured the half-life of "#Cu and "*C'u to validate our method and
to confirm the ouly result published for 7*C'u at that time [4). This method was extended to the new

isotopes of 7PNy, TENG TING, TN, S0, P5Co and "R Fe and the results are presented here.

1 - Analysis and identification of the ions

The fragments are produced by thermal fission of *™7 ar *** Py induced by the neutrone of the
high flux reactor. They cover wide ranges of mass A (69 to 16R8), of kinetic energy E (50 to 115
MeV) and of charge state q {15 to 25). They are separated by the recoil spectrometer Lohengrin [10]
which combines electrostatic and magnetic deflections in perpendicular planes. Many fragments appear
with similar discrete valnes of A/q and equal values of 13/q, and thus a detector has to provide a
complementary separation. If the energies are measured in an ionization chamber (1.C.), the few charge
states can he separated and the mass lines well identified. Using a narrow shit of 4mm on the target,

an A/q ratio can be relected with a resolution of 800. However, when the fragments of interest are
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produced with extremely low yields (e.c. 1078 fragments/fission), even this good resolution could not
prevent a potential contamination from the tails of neighboring high yield A/q distributions. The slit
defining the velocity range has a length of 70 mm, which introuuces au cicig, opread of 1%. It is the
main contribution to the energy definition of the I.C. system. This definition is sufficient to separate
the charge states and consequently the A lines. In order to identify the few isobars populating an A
line, the energy loss AE is accurately measured [11] (fig.1). The resolution achieved for the isotopes
investigated is Z/AZ = 32.

The Z value iz determined by extrapolation from the isobars in a well known mass line, like A=82.
Along the line A=72 (E = 90 MeV, q = 19) shown in fig. 1, the group with the sinallest AE is attributed

to 72Nt and the next one to *Cu.

. fig. 1- Ezample of AE ~ E scatter plot {A=178).
The 150topes of A=72 q=19 are indicated. The large
number of contaminants are due esther to different

1) g-values combining with 'ting mass values (below
i - 7 . the hatched line] or to tons having suffered charge
: ‘ - 7. changing collissons 1n the rest gas between the mag-
| ey 7 : LB* _ netic and electric deflectors (above the hatched line).
: Al o - [:?
i TN
[ R v SRR Py 19

E/Mev

We took advantage of the large n-odd even effect on the yields to measure the half-lives of the even
Ni on the 23U target. In a second experinient, a 2°° Pu source was used, which provided the isotopes

under study with larger yields and a smaller n-odd even effect.

11 - How to measure the # decay half-lives?

Only a few relevant fragments per hour reach the detector together with a large number of con-
taminant fission products. Each of those emits 2 to 3 # particles, which, together with a considerable
background due to the high radiation field close to the beam tubes of the high flux reactor, makes this
meaaurement somewhat a challenge. Furthermore, the half-lives for the new neutron rich isotopes are
predicled as relatively long ~ 1 s.

A delayed neutron counting, one of the most efficient methods, could not be used since estimated
neutron emission probabilities, Pn, are lower than 0.3% for the Ni isotopes under study. With the
very low count rate expected f-delayed v ray spectroscopy is excluded, even with a multitude of high-
cfficiency Ge(Li) counters. We applied a methed of time correlation between the fragment of intereat
and the detection of a subsequent 3 particle.

The ions are implanted close to the end of their trajectories into one of 8 decoupled small (10 10
mm}, thin (0.5 mm) solid state detectors where the subseguent f is also detected. The energy loss of a
mininum ionizing electron amounts to 170 kev in a 0.5 mm Si detector where the energy resolution is
12 kev. The energy threshold was kept above 40 kev.(see fig.2}.

All the signals which are not affitiated with the fragments under study constitnte the background.
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They may come from S decays of any other fission fragment or rare gaa isotopes flowing to the entrance
window of the 1.C., or they may be due to X-raya produced in the condenser. The rate of § events
due to the decay of the fragment under study is negligible compared to the total 8 rate. Therefore the
background rate b is simply the & counting rate, which was measured accurately and checked to stay
constant over each irradiatiation.

Correlating the position of the implanted jon with the pusition of the subsequent electron detected

leads tn a division of the random events.

n ¥ .
o 2 Tupieal energy loss spectrum of B's 1n one of

the Sidetectors

AL ey
At e hev
II1 - Analysis of time correlations

1} Probability functions

- The spectrum of time intervals hetween the arrival of a relevant jon and the following f’s detected
within a critical time t.. summed over the detectors, is a function of A, with A = In2/Ty,3 . The
time f g chosen as 2 to 5 times the valiue expected lor the half-life T} ;. Superimposed on a constant

backgraund rate, the ;5's pmitted by the fragmenis are found at the shorter time intervals. This spectrum

1= calculated with the expression :

ANpa(t) = Np o~ p(A t)At

where Ny = n,; T is the number of separated frayments summed over the 8 detectors and p(A,t) is
the probability density for counting a @ in one of the detectors per unit of time. This density p may be

written as

p(dt) = b rede M (1)

The apectrum of the first 7 detected after each fragment, summed over the detectors, can also be
analysed. If there were no 8-decay, the probability would be given by p(t) = b x exp(—5t). Time intervals
between the last 2 occuring before a fragment and the fragment are providing this purely atatistical
distribution. For each measurement reported here, this logarithmic time spectrum was evaluated and
shown to be a unique atraight line of slope b, ensuring that i counting rates were stable.

The first @ detected after a fraginent comes either from the fragment decay or from backgrouad.
Since the two processes are independent, the probability for having not detected a 4 at time ¢t is the
product of the twn prohabilities, one for having not counted a background 8, e ™, and the other for

having not detected the 3 of the decay, 1 - (1l - ¢ )
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(1 —~ {1 - e"“)) x ¢~

The probability density of detecting the first § at time ¢ is given by the first derivative of this
product:

that ir to say:

pr{At) = e{b+ A)e 1M (1 — g)pe ™ (2)

which is normalised to one, and the probability spectrum of time intervals between the fragments and
the first B particle detected is given by AN a{t) = Nrp, (A, t)At
The expressions for 27 - chain decays have been derived long ago and expressions 1 and 2 become :

AN ‘
pMt)=b+ere ™ 4o Y (e"“ —c'“) (1)
pr(At) =(1 — «)28e
,\'
re(1- =052 )b e e @)
A ‘
- b4 Al Ih+A)e
+e( 5)/\__/\,( + e

They must be used whenever X' is not negligible compared to ).

...............

ANg | - |
p E 73N|' :
000 T1/;=090%015s
N Tiz;=38s )
80! P |
Lo | i - i i
IR RS N R |
50} S L
PR R T O Wil 6 R A N
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! i fig. 8- "3Ni fitted spectrum of time correls
{ , tions for A’s detected vn a time t. in order &
20! ; sllustrate the second method. The decay unde:
‘ J study, the background, and the filiation are in
L S R dicated
2 A 6 8 10

2) x? minimisation

Chosing an appropriate time interval §¢ = T}/2/10 the spectra for time intervals At, ANrs = [(At)
can be reproduced by a x? minimization in terms of p(),t) or p1(A,t) (when considering only the firat
A} in order to obtain the parameter ). The uncertainty on the value of ) is associated to a variation ct

lonx?.
3) Maximum likelyhood (MLH)

The least square method is simple to apply, but it fails to properly estimate parameters when the
number of events becomes amall. In that case, one seeks to maximize the information content of the

data by utilizing the occurence time ¢; of each individual event.
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Suppose that after the arrival of an ion the 8 events occur with a probability p{A,t) per unit of
time. For a Poisson distribution, the probability for £ events to occur between t = 0 and ¢t = ¢, is

—m

e"™m’/|elll where

m= L: p(A, t)dt , is the mean value of the number of events in this time interval. Given a sequence
of ¢ independent eventa occuring at the times t),.. t,_;,t;.. , up to t. the probability of finding this
sequence is the product of the probabilitiea to ind no events between the event times ¢;_; and ¢; and

one event between time ¢; and t, + A¢,. It is written as

up(—AhMﬁM>MJAhXup(mzprM)MMAhX.”Xup(—xhpm&)

!

¢
-m T
= M iI plti)Ae,
i=1
and there exists a value of A which makes the total probability maxinum. It ic found as the maximum

of a likelyhood function, £, which is defined for each fragment as follows :

¢
L=c ] nte)
t=1

where t; is the time sequence of the s detected after a fragment over a time t., m is the mean
number of A's per fragment and {, the number of A'a detected over this time ¢,.

For N fragments, the N likelyhood functions are multiplied ; m becomes the mean value of the
number of A's expected in the time Np x t. and { the total number of A’s counted within this same

time. Instead of finding the maximum of £, it is equal but simpler to minimize

4

-InfL=m - Zlnp(/\,t‘)
i=1
: . -
The standard deviation ¢ is given to a good accuracy by ¢ = 1/\/F where F = §—1§£¥1
With p(t) wiven by equation 1 we obtain

4
~inl = Np [btc +e(l - e‘““)] - Z In(b + e/\e_“')

=1

£ L2 At
2 At e + st;be?t (2 — Aty)
F=eNpt2e ™+ > (5% 1 )3

=1

When the filiation of decay constant A’ had to be included in the analysis, the expression 1’ was
used for p(A,t) and the corresponding expression for F - more complicated - has been similarly derived.

The time sequences of the first § detected after a registered fragment can be analysed in the frame
of M.L.H. using the probability law p;(},t). The formulae are given in ref. [13].

IV - Measurements and results

1) Test of the methods

The time correlations depend on A, on ¢, and on b. Since those three quantities are correlated in
the analysis, we chose to accurately determine the last two quantities in order to constrain the search
to the first unknown parameter A. The isobaric chain A=96 was used to test our methods, since the
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production yield for this mass i2 one of the largest. At intermediate ALK, the Sr(Z = 38), Tyj = 18 is
the main component with naa = 65%.

To determine the efficiency a high fux of fragnients was chosen and then, in the abrence of contam-
inante, the A background can he neglected. The cumulative yield in the 4 chain is well known (1.67),
thus the ratio of counted 3’z comparad to mues 96 jons directly providea the g efficiency in situ.

On the contrary, a small flux of fragments was used to check the practicability of the correlation
methods. Althongh the three ischars could ot be well separated, a AE-E window was get on the
acatter plot narrow envugl (o selecr the “28r fragments. The counting rate was adjusted by setting
adiaphiayime at the entrance of the magnetic field of Lohengiin in order to obtain a fiequency of 8
fragments/lont per detectar, a value siall enough - compaied to the decay constant A -~ 0.7/s - to be
neglected The time correlation spectrm of f'8 counted within a time ¢, could be analyred either to
deduce the decay comstan A or ta exitact hoth parameters A and € (see ig.5) since the statistica were
autficient and the ackgonnd fieguency Iowas low enough, 0,16/,

The vatues dednec §for Ty 105 $0.15 s and, in case of a 2 parameter analysis, for Ty;5 and e,
LOBZT 013 « aned 0 5% qyespectively, show the achievement of the method, since the published value ia

KRS SR AT S Y
2) Apphcation to Ni Co and Feizatopes

Fragment kinetic encigies £ and charge states q were zelected in order to optimize the counting
rate of studied fragments and te keep the backgronnd rate compatible with the half-life. The proportion

of selected fragments versus contaminants is indeed very low {table I).

7 !
Fissionning | Isctope | Rate of all fragrarts | Rate 9f the relevant | Background rate/ Factor of
source s heour t isotopes / hour detector/s. "practicability"
{b) (er/b)
| S—
233, 2 1660 3 0.192 0.77
b7y, 1763 1.3 0.216 1.31
i |
3%, Ty, 540 1 0.159 0.7
e 2204 V7.2 6.213 0.57
By 3060 4.6 0.251 1.12
B, 1620 1.52 0.31 3.0
B0 £.38 3.20
3802 0.42
b8cp 0.15 . 5.75
]

TARLE ]

Both analysis, i} the x? minimisations of time spectra and ii)the maximum likelyhood (M.L.H.)
analysis of time distributions up to 10 seconds were performed for two sets of data: a) time intervals
between the fragments and the next 3 arrival and b) time intervals between fragments and consecutive
A’a. The aptimum time interval &t for the first analysis is chosen between 0.1 s and 0.4 8. The four
values ohtained for each half-1ife are statistically compatible, but scatiered. No systematic deviation
can be observed, but the M.L.H. procedures lead to lesa scattered values. The improvement due to the
M.1.H analysiz becontes even more obvious {or a very small number of correlations.

Both type of methods a and b can be copepared. With the first one the time data is truncated, but,
a notion of sequence (the first) is exploited. With the second one, in principle, all the detected f's (e Nf
are indeed included in Llie evalnaiion, however the sequence of the A's occuring after each fragment is

not accounted for, only the preduct of ind-pendent probabilities is exploited. We have exiended the
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time distribution analysis of the firat 8 to the second f, at the price of a more complex calculation in

order to analyse the 2f-chains which coud be abserved in the ®® Fe decay. This will be diecussed in {15]

V - Calculated and measured half-lives

Syatematic comparisons of experimental values with calenlated onea are relevant in order to test the
validity of nuclear and 3-decay models and to provide a basis fur chosing a reliable type of extrapolation.
In fact, more half-life of n-rich nnclei are required for a complete r-process calculation. Local maxima
in the solar A abundancies are velated to the existence of waiting-pointe around A=80, 130 and 195.
In those regions, the n-shell closure provides a limit to the r-process, heyond which the n-capture is
hampered by the sudden drop in S, to values smaller than 2 Mev. They are unambiguous foot-prints
of this process and the cancerned isolopes can more easily he measured, since they are closer to the
atability valley. DPredictions of half-life and J3-decay scheme of isotopes flooded by the high neutron
flux hefore rhe waiting points are also of importance in order to reproduce the relative yields and the

elemental compositicn in the waiting point peak abundances,

The calcufation of a half-life requires the knowledge of many features of the decay, the final states
quantuny numhber, the initial and final state nuclear configurations and the f decay interaction. Since
the final states and the energy gaps are not known, drastic approximations are ..eded for which a few

methoda have been developped.

1" - The "Grosa theory”, (G.1.) of #-decay fulfills the sum rules and uses a spreading width of
collective states ns the only free parameter. The model has been improved recently [16]. The vahtes we
use in the following (A on table I1J were calcnlated with the G.T. diatribution width parameter of 50
Mev and an intermediate "hottom raising” of the ground-state Qu-value due to the fact that transitions

to low-lying states may he forbidden. This evaluation is labeled {1b) in ref [16].

2" - The "microscapic approach™, developped by Klapdor [17] is a shell model calculation which
makes nse of the Tamm-Dancnfl approximation. It is labelled B in the following. This calculation has

recently been ameliorated by using the Q.R.P.A. [18]. Only the half-lives of the most n-rich isotopes

(C}) are predicted.

The ratios « f measured half-lives over the calculated ones, |16, 17, 18] are plotted in fig. 4. Measured
values are taken from references {4] to {7] and from the present results with their experimental uncer-
tainties. The main discrepancies occur for isotopes before the proton shell closure at Z<28, for which
half-lives are consistently overestimated by almost one order of magnitude. K.L.Kratz attributed the
origin of such a failure [19] to the sensitivity of predictions to the changes in deformations (quadrupole
moment) of the decaying isotopes. Predictions of half-lives of n-rich nickei are in very good agreement
with each other and witl. the measured values, bul they decrease slightly too fast with the excess of
neutrons. In the case of copper isotopes there is a clear difference between both predictions : Gross
theory predictions are scatlered and Loo large by a factor of about 2, while microscopic calculations
reproduce the variation of half-lives in terms of the neutron excess, but they are too emall by the same

factor. This trend may alao reflect a defect in the assumptions made when crossing the 2=-28 shell

closure.
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A similar over-estimation of half-lives calculated with the same models was found by J.Aysté |20}
for norich izotapes just belote thie 2550 proton shell closure. [t was explained by similar arguments. In
rapid neutrop-capture process {u,5} erenatio, these n-rich isotopes would be less gffective, rince they A-
decay too rapidly {19]. It will therelore madify the relative importance of the waiting-point abundancies
maviia at A—80 as well as ita elenental ccmposition. The caleulated mass porition of the peak wonld
aten he ehifted. Even with they iather Lage experuneatal uncerlainties, the present rerults allows one
tooapppreciate the performance: aud the Limits of theoties for fJ- decay and for nuclear structure. With

finther resulte they will help to solve the r-pnoceas puzale.

S 1
[sntope { Prosent viling Catculated half {tfe ,
of Ty, (8] (5.}
17
Al 2.18 A
Ni s 155+ 0.38 3.03 B
5.6 0
75 2.48
hi 625 2.05 1 0.3% 2.08
1.56
P a5 0.86 + 0.15 5o
0.81
AT 73 1.07 + 6.50 8.5
0.46
%, 175 0.27 + 0.0% va
0.07
o8 0.80
Lo 80 0.18 + 0.10 0.81
0.23
0.37
e 29 0.10 + 0.06 0.42
0.16
) TABLE 11 -
T ”29)([) L .
[ ]
o0
Tyoth | °
w2t x +
%,
! [ x x .d x
C * x 3
x
- [ L x
0sf :
I @ ® '
? = o
I x | x
l e o}
* ¢ x Gross theory
- x 'Y . . .
0. o} Microscopic theories
! ?
—dd i | I O | i | .| ) T O O | 1
63 68 65 67 69 69 71 73 71 73 75 78

fig. 4- Fe Co Ni Cu
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Conclusaton

The present method could be applied ta other sonrces of exatic jsatapea It ia appropriate far half-
life measurements of new isotopea aceuring with low rates, when other subgsequent particles {~y or n} are
not jneasurable and when contaminant ions are nat rejected well envugh by electrostatic or magnetic
filtera. A firat atep has thus heen achieved towarls the doubly magic iectope of TN which iz one of the
most fascinating objecta still to he reached far from stability. The knowledge of half-lives in this region
provide a significant test of nuclear models along the line of proton shell closure (7 - 28) far apart from
stabidity and of @ decay theary. Further, their values enter as ingredients into the 1-process ealenlations
aitwed at reproduring the relative mass abundiances of nnclei hoyond iton as they are fonnd in the solar

system.
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SUPERDEFORMED STRUCTURES IN THE 145,146Gd ISOTOPES

OSIRIS-COLLABORATION (KV'A Jilich, IIMI Berlin, Univ. Bonn, Univ. Kéin)
ESSA 30-COLLABORATION {Univ. Bonn, Daresbury Lab., KFA Jiilich,

Univ. Koln, Univ. Liverpool)

presented by W. Gast. Tnstitut fir Kernpyhsi, KFA Jiilich

D-85170 Jilich,

W.-

Germany

The intrinsic configuration of specific structures like superdeformed (SD)

bands in rolating nuclei can be investigated by studying their proton or (and)

neutron depcendence.

For the A = 150 region discrete superdeformed bands are

alrecady koown in the 8Gd [1], ¥9Gd (2] and 15Gd [3] isotopes. In our work we

extend these investigations to lighter isotopes.

A first indication for the existence of discrete superdeformed bands in 145 146Gd we

ohbtain from an experiment done at Daresbury using the ESSA 30 specirometer. By

hombarding a stack of 1°2Ru targets with a 48Ca beam of 205 MeV we populated Gd

and collected 6060 Mio. double— and 80 Mio. triple events. The big number of triples

allowed us to perform an off-line analysis where we make use of the pronounced
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Fig. 1

Schematic correlation matrix  of
energy differences of triple events
from the decay of a SD band and
definition of a  dimensionless
parameter W characterizing rota-
tional sequences in a 3—{old coinci-
dence space (c.f. ref. 9). Dashed lines
denote unobserved transitions. For
En>Emn>Er

(Fn—h'n) — (E7—Em3)

(Ev-E7o) + (EvrEm)




energy correlations of SD bands. That is, if we rearrange in our triple evente the
energy parameters in such a way thau paramcier 1 aiways contains the iowest and
parameter 3 the highest energy, we can construct a correiation matrix {rom energy
differences instead from absolute energics In such a mitrix superdeformed siruc-
tures should be enhanced since in S bunde the energe difference between neigh-

bouring transitions 1s nearly constani and nence they are accumulated at fixed

s
i

= iai- S nairorn can easily be projecied

positions (c.f. Fig 1} Transitions follow

out of this mairnx by putting Z—dim gaws or e ceitalation peaks and sorting the
corresponding energies into an i—dim. spectruri 'he rosult of such an analysis for
our data 1s shown i ¥ig. 2). Indecd onc observes several scquences of transitions
which show the expected behaviour, three of tho e marked by their energies.
However, in order wo establish these sequences as Si) bands one hus to prove that the
transitions are fast and in coincidence with caecl viter Unfortunately, the low sta-
tisiies of the tniptes data did not allow to prove the vaditadual coincidence relations
and the 2--fold comcidences were too ninch contaniea ol by strong low multiplicity
transitions, whick ~ould nov be suppressed due o one niassing multiplicity filter

detector of the I'S5A 30 seuus.

JHHeV) Fig. 2

Projection of y—tran-
t sitions gated on the
2—dim. correlation
peaks of superde-
formed structures
observed in  the
correlation matrix of
energy differences in
K et triple events.

KA T 166 t N (14.[)\/)

Therefore ve repeated the experiment at the VICKSI accelerator of the HMI,
Berhn, using the v9Pd (499Ar,xn) reaction The v—radiation was measured with the
OSIRIS spectrometer consisung of 12 Compion-suppressed Ge detectors and an

inncr baii of 48 ismuth germanace (BGO ) saruilators acting as a y—ray multipli-



city and sum-energy fiiter. We carried out two experiments:

(i)

To study the coincidence correlations of the fast SD transitions with optimal
energy resolution we bombarded two self—supporting Pd foils of 0.5 mg/cm3
thickness with a 175 MeV Ar beam. We stopped the recoiling nuclei 15 mm
downsiream from the target in a 197Au foil of 8 mg/em? to detect the prompt
and delayed y-radiaiion with the BGO filter but only prompt radiation with
the Ge detectors. In this way we obtained the correct y—ray multiplicity and
sum—energy information despite the isomers existing in Gd [4] but reduced
the background in the Ge detectors. From the analysis of the 250 Mio. double
and 10 Mio. triple events we could establish at least one discrete band con-
sisting of 13 approximately equally spaced transitions between 826.7 and
1448.3 keV. The resulting sum spectrum which corresponds to sequence I of
Fig. 2) is shown in Fig. 3). From individual coincidence spectra we could
prove that each transition up to that of 1345.7 keV is in coincidence with the
other members of the band The last two transitions have been assigned from

the sum spectrum.

1500 +

Counts per Channel
8

T ~r

"pd 1“Ar xn) 175 MeV

8267
8785
9294
9831
K188
10939

11487

12004
1250.3
12976
13457
13970

1Y3.X)

100

Fig. 3:

800 900 1009 HOO 1200 1300 po
Ey {(keV}

Gamma-ray spectrum obtained from the 110Pd(40Ar,xn) reaction at 175 MeV beam

energy by summation of spectra gated on ten members of the SD band.

ii)

Lifetime information for this band was obtained {from an experiment with a
backed target at a beam energy of 180 MeV. The target consisted of a 1.2
mg/cm? thick Pd foil backed by a layer of 18 m/cm? 1#7Au. Using the DSA
method [5] the fractions of full Doppler shift F = v/v,, with an initial recoil

1500



velocity of vy = 0.026c, were extracted from the data up to the 1297.4 keV
transition. The F factor of the 1345.7 keV transition could be determined
from the thin—target experiment. The F factor has been converted to the
effective lifetime utilizing a velocity distribution of the recoiling nuclei which
was caiculated by a Monte Carlo method [6]. The effective lifetimes are
increasing smoothly with decreasing transition energy as expected for a SD
band. To determine the average quadrupole moment theoretical F factors
have been calculaied [7] assuming a constant quadrupole moment and prompt
side feeding intc the seven high—spin members of the band taking into
account the experimental intensity distribution (Fig. 4a). A comparision with
the experimental results (cf. Fig. 4b) yiclds a quadrupole moment of
Qo =12 £ 2 ¢b. [8].

[r;l ( . Q
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© { * # | rig 4

o TT*+‘ a) Reclative intensities of SD
transitions normalized to the

e e ground--state  transition  of
b 146Gd.
¥ b) Experimental fractions of full
F Doppler shift for the SD
W do {ransitions. Calculated values
Tlfs) are given as solid lines for
b 150 various quadrupole moments.
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After we sucoesshndly eqablished ons of Jhe sequences showing up in the
Ipies data as superdeinsng d bane we siaried & scarep for ohe other sequences. Bui,
shhongh some of ther o of Gomcaranb mtensity in the tnpies projection (cf. Fig.
), we were not abie t0opeeye thear N E Land suactuce o the data discussed up te
aoew Hmaweven el o perbocied Lwe further expertmests e siudy superde-
Tarmation i Ol Lhere e ad e sar  targeis aud the same sebup, but increase
the bopnbarding oerg. do tae vinn wego b 190 Ale and 1or the backed targer i

2ot Mer The date wandyes st o noogress but preliminary resuits indicate tha,

e sengenced, denoiea as D and 1 en Figl 2 are populated

at leany bwa o MY E IS
M Lhese cxpeanients boo oo peseiing, s spESTIS ate shown Iin Fig 5 togeu:

with some mdivadual eoaciaenes ectra by whict we prove that ¢hey indeed form

banids  Fron thee DISA apadyag of whe nac s cxnerment we hope i be abic

Lo entract the bfchmes mformaton.

Iwosimmary, we eeabhched o Giaerere 8B band an (:d consisting of 13 trans
tons with @ guadruoole moment of e = 5y 2 7 en Indications for at leasy two
additionad soquences of S stencu have heen aoserved  We have shown that the
triples analysis presented at the begimmog 1s 2 very powerful and sensitive method
to detect SI collective correlations 1 nucler However, with regard to the quality of
the spectra presented here, which = oot enmiymcal for many experiments of this type
using state of the art spectrometers. we have also shown, that we are approaching
the hnuts of our present day weennology. We have to sharpen our spectroscopic 1ools
to be able to explore this new exciting ficld of nuclear spectroscopy in secondary
minima  Actually this 15 one of the 1deas lcading to the establishment of ihe

FUROBALL collaboration.

REFERENCES

(1] M.A. Deleplanque et al . Phys Rev. Lett 60 (1988) 1626

(2] B Haas et al., Phys Rev Lett. 60 (1988) 503

[3] P Fallon et al.. Phys. Lett. 3218 (1989) 137

[4) R Brodaetal., Z. Phys. A285 {1978) 423

[5) P.) Nolan and J F. Sharpev—Schifer, Rep Prog Phys. 42 (1979) 1

6] J. Bacelar, private commumnication

71 G. Hebbinghaus et al., Phys. ey Lett 59 (1987) 2024
{8]  G. Hebbinghaus et al Phys ettt B240 (1890) 311
(6]  B. Mottelson, Contnbution to the Workshop On  Nuclear Structure,

Kopenhagen (1588)



AT :
M MELM uM &MMMMM
JLMMMM m JMMMM

[de}
a
<« <O

~

ULW b

£y IkeV)

“aunts L
&

Fig. 5:
Sum-—spectra of cuts on SD structures observed in the 110Pd(49Ar,xn) reaction at 190
MeV beam energy together with some representative spectra gated on individual

transitions.




STRUCTURE OF ODD-ODD Sh AND In NUCLET

T. Fényes, Zs. Dombradi and 2. Gacsi
Institute of Nuclear Researcn of the Hungarian Academy of

Sciuences, Debrecen, Hungary
ABSTRACT

The level structure of ''®7 ''6gh gng ''4r 112r 1107,
1987 19%1n nuclei was studied with complex y- and e ~spectros-
copic methods via (p,ny) and in some cases {a,ny) reactions at
different bombarding particle energies between 5 and 17 MeV.
Large amount of spectroscopic information has been obtained
and significantly extended level schemes have been deduced.

The energy spectra and electromagnetic properties of
116gp, 1Y6r 178y A%2r 1100 108y 1067y pyclei were calculated
in the framework of the interacting boson-fermion-fermion /
odd-odd trancated gquadrupole phonon model (IBFFM/OTQM). Numer-
ous p-n multiplet members have been identified. The main
systematic trends and observed nuclear structure anomalies

have been reasonably described by the theory.
1. _EXPERIMENTAL TECHNIQUES

Enriched stable isotopes of Ag, Cd, In, and Sn were
bombarded with p and o beams of small size isochronous cyclo-
trons, y-ray spectra (EY' Ip), Yy coincidences, internal con-
version electron spectra, y-ray angular distributions, lifetimes
of excited levels, and relative reaction cross sections
[Urel(ELEV)] were measured at different bombarding particle
energies. Ge(HP), Ge(LEPS), and Si(Li) detectors, supercon-
ducting and conventional magnetic lens, as well as miniorange
electron spectrometers were used in the experiments. Level
schemes, energies (ELEV)’ spins, parities, y-~branching ratios,
and y-mixing ratios have been deduced. The spins have been
determined on the basis of Hauser-Feshbach analysis, internal
conversion coefficients of transitions, and y-ray angular

distribution data.
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2. EXPERIMENTAL AND THRORETICAL RESULTS: Sb NUCLEI
The level scheme of ''°5h is comparcd with the results

of parabolic rule calculations in figy. 1. The experimental
data In column {d} are uviven on the basis of cur (p,ny) and
(a,ny) reaction results [ 1,21, with the exception of configu-
rations. The latters are based on the (’lic,d) proton transfer
reaction study of Kamermans et al. !37; only components having
large spectroscopic factcrs arce showh.

The parabolic rule 4] predicts the cenergy splitting of

proton-neutron mnltipglote as a fanctron of JiJ+1Y, where J is

the spin of the state. Using S 5.4 MoV guadrupele and

e] . . : . , . .

g 15/A = 0.13 ¥¢V spin-vibraticnal int.raction strengths, as
well as occupation probabilitics V2 of subshells taken from

the systematics of experimoental data, the cnerqgy splitting of

more than six p-n wmultiplets could bLe dewcribed reasonably

well., At each multiplet we used one overall normalization term,

which pushed up {(or down) all manbers of the given multiplet ,
with the samc cnergy.
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calculation. (d) Experimental results on ''°Sb.* indicates the

members of high-spin level scheme based on the 8~ isomeric state.
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Between the neighbouring J and J+1 members of the same
p-n multiplet onecan expect M1l transitions. The majority of
them have been observed experimentally.
i A5~seen 1; fig. 1 many nembers of theﬂnas/zvsl/z,
"oy avdy g s vy 50795 0v8 0 1 pvds gr 1B VB

nd5/21hll/2'+”§7/2vhll/2 muftiplfts could Ee id??tified. In
the 33 and 35 states the ng7/2vsl/2 and “dS/ZvdB/Z components
are strongly mixed.

In order to get a deeper insight into the structure of the
low-lying states of ''°Sb we have calculated the energies and
electromagnetic properties of the states on the basis of
truncated quadrupole phonon model for odd~odd nuclei [5]. This
model is equivalent with the interactig boson-~-fermion-fermion
model on phenomenological level,

The Hamiltonian of the model is

- N S pn
Horom = Mpgu * 20 * .5 Upyr + Hpppe
where HOTQM is the SU(6) quadrupole phonon Hamiltonian of the

even-even core, H' denotes the Hamiltonian of the odd proton
and odd neutron in a spherical potential, and H;VI is the
Hamiltonian of the particle-vibration interaction. It contains
three terms, the monopole, dynamical and exchange interactions.
HESF is the Hamiltonian of the effective p-n interaction. We
have considered only central delta force and spin-spin inter-
action of the form

rn _ s S
H = 4n6(rp fn) [VD + v

EFF ap.dn] + Voo(up.dn).

S
The OTQM Hamiltonian was diagonalized in the proton-
qguasineutron weak coupling basis |(jpjn)I, NR;J>, where I is
the resulting angular momentum of jp and jn states, R is the
angular momentum of the N-phonon state, and J is the total

angular momentum.

The computer code IBFFM/OTQM used in the calculations
was written by Brant, Paar and Vretenar [6].

Details of calculation are described in ref. [2].

The experimental and thecretical level schemes of the

116

low-1lying positive parity states of Sb are shown in fig. 2.
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The IBFFM/OTQM calculations preserved the approximate
classification of the parabolic rule. For example the 21 and
31 states are dominated by components with ﬂd5/2V§l/2 confi-
guration, the l+ 2;, 3;, 4;, 51, 61 states by components
with nd 5/2vg7/2 configuration etc.

The magnetic dipole moments are known for the 31 ground
and ll excited states: Iuex I* 2.715(9)u,, and
(l )= + 2'47(9)“N [7]. The correspondlng theoretical

Yexp +
(31)= + 2.79 My and

values (for set 1 calculations) are u

+
Wrgppm(lp) = + 2.30 v
within 7 %.
The y-branching ratios and y-mixing ratios have also been

IBFFM

N’ they agree with the experimental ones

calculated, they show also reasonable agreement with the
corresponding experimental values [2].
From (p,ny) and (a,ny) reactions we have obtained prelimi-

nary level schemes for ''®sb, too [8].
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3. EXPERIMENTAL AND THEORETICAL RESULTS: In NUCLEI

The results obtained on odd-odd In nuclei have been
published in the folliowing papers: ''®In [9], ''**In [10],
'"21n [117, ''°1In [12, 13], '°®In (14], and '°®1n [15].

The energy splitting of two p-n multiplets of the odd-odd

In nuclei is shown in fig. 3.
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Fig. 3. The energy splitting of the ﬂ99/2v§7/2 and wgg/zvas/z
multiplets in the odd-odd In nuclei, as a function of J(J+1),
where J is the spin of the state.

It is interesting that the shape of energy-splitting of
the ng9/2v§7/2 multiplet changes from an open-down parabola
in '%6r 11%¢ 11275 through a W-like pattern in '°%In, to a
(distorted) open-up parabola in '°®In. The IBFFM/OTQM cal-
culations could give a resonable description of this change.
The inversion is caused by the fact, that the §7 2 qguasineutron
is hole~like in ''®In and particle-like in '°%In. The W-like
distorsion of the parabola is caused by the exchange inter-
action. The dynamical interaction is strong near V3= Oor 1,
and weak near V3= 0.5; while the exchange interaction plays an
important role only around Fermi level (Wf= 0.5). The increased
strength of exchange interactioun points out the increased role

110, 108B

of Pauli principle in In.
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ARE THERE 8- and v-BANDS IN TRANSITIONAL NUCLEI?

A. Gelberg'?, D. Lieberz', W. Lieberz!, P. von Brentano!, T. Otsuka® and M. Sugita?

! Institut fir Kernphysik der Universitat zu Kdln, D-5000 Koln, Fed. Rep. Germany
? Japan Atomic Energy Research Institute, Tokai, Ibaraki 319-11, Japan
3 Department of Physics, University of Tokyo, Bunkyo-ku, Tokyo 113, Japan

Abstract: A comparison of the O(6)-limit of the IBM and of the triaxial rotor model
with B-vibration has been carried out for the nucleus 2Xe. The comparison has been
extended to include the Rotation Vibration model. In conclusion it was found that the
03 and 2§ states in transitional nuclei can not be interpreted as 8- and y-band heads

respectively.

The Interacting Boson Model (IBM) [1] provides an algebraic description of collective
nuclear motion. It is the object of this talk to examine some properties of the O(6)
dynamic symmetry as applied tc the mass region around A=130 and to carry out
a comparison with collective geometric models, in particular with the Triaxial Rotor
Model (TRM) (2,3]. We will address the question whether it is appropriate to talk
about quasi-3- and quasi—y-bands in this region.

It has been observed in ref. [4] that the O(6)-limit of IBM is able to describe important
experimental features of Xe, Ba and Ce nuclei around A=130.

The O(6) dynamic symmetry is based on the group chain

U(6) > O(6) D 0O(5) > 0(3) (1)
N o T L

The quantum numbers written under each group label the irreps. N is the total boson
number; o and 7 label the irrep. of U(6) and O(5) respectively. L is the total angular
momentum. Only s— and d-bosons are considered.

The energy eigenvalues can be expressed as a sum of Casimir operators leading to

E= i—A(N—a)(N+a+4)+é—Br(TT3)+CL(T;+1) 2)

The E2 transition operator has the form

T(E2) = ¢{(d's + s'd) + x[d'd|} 3)
Following P. van Isacker [5] we relax the condition x=0 imposed in ref. [1]. If x=0
only transitions with Ar=#+1, Ac=0 are allowed. The second term of (3) generates
transitions which follow the selection rule A7=0,42. These transitions are generally
weaker ("O(6) forbidden transitions™).
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A comparison of excitation energies in !Xe with those calculated from (2) is shown
in fig. 1 [6]. States belonging to the O(6) irreps. =N and o=N-2 can be recognized.
Experimental and theoretical B(EZ2) ratios are given in table 1. A more extensive
comparison can be found in ref. |6]. At large boson number the B(E2) ratios inside the
o=N irrep. are identical to those of the y-soft rotor of L. Wilets and M. Jean (7,8,9].
The connexion to geometric models can be investigated by introducing an intrinsic
boson [10].

1

V2

b(B,7) = (1 + %) VB cosvdh + —=Bsinv(d} + 4t ,) + s'] (4)

and an intrinsic state (boson condensate)

le; By >= (N 2(81)Nj0 > (5)

where (3 and 7 are the deformation parameters. An energy surface can be defined

En(B,7) =< ¢; ylHlc; Bv > (6)

where H is the IBM Hamiltonian.

If an O(6) type Hamiltonian is chosen, En(3,v) is independent of 4, hence the similarity
to the y—soft rotor becomes obvious; in this case 3=1.

However, if the average in (6) is taken in an angular momentum projected state [11],
e.g. in the ground state, Ey has a rather shallow minimum at 30°. If a "slice” with
7=30° is cut out of the wave function the analogue of a rigid triaxial rotor is created
[12]. At small boson number, e.g. N<10, this object has a good overlap with the correct
0O(6) eigenstate. On the contrary, for large N>20, the overlap decreases. The energy
spectrum at large N becowes identical to that of the Davydov-Filippov rigid triaxial
rotor. Therefore we can consider the latter as being similar to the classical limit of an
O(6) nucleus in which a value y=30° has been cut out of the interval 0° < 4 <60°.
Therefore we can expect an analogy between O(6) and triaxial rotor with ¥=30° but
certainly no identity [13].

While the rigid triaxial rotor has no excited 0% state, a version including 8 vibrations
has been developed by Davydov and Chaban [3]. We tried to fit the levels in *®Xe
by this model. As one can see from table 1, some branching ratios which are correctly
obtained from O(6)-IBM are in disagreement with the TRM calculation. In particular,
the 0F state of the TRM should decay to the ground state 2f. In reality the former
decays to the 2 state and the IBM correctly reproduces this feature. Therefore the 07
state is not the quasi-G-band head.

In the IBM this state belongs to the lowest O(6) irrep. with =N, and it is characterized
by r=3, va=1, where the latter counts the number of boson triplets coupled to L=0.
This state can be obtained by angular momentum projection from the intrinsic state
(5); as a matter of fact all states with N=c can be obtained in this way. From the
viewpoint of the IBM, the 0} state in transitional nuclei is not an intrinsic excitation,
but a collective one (see A. Leviatan [14]).

The - and y-intrinsic excitations can be described by introducing nonspherical bosons

[14]. In particular in the O(6) case one can use



by = —(dh - s") (7)
If the O(6)-paired bosons are introduced through

g% %{d*d* — (") = (S, (8)

It can be shown [14] that an intrinsic state containing B-bosons has the form

an,‘; = .’VN,,H(S+)“’7([)C)N-2DB\O > (9)
where Nng, is a normalization factor and

N-o
ng:—2-~ (10)

In the large N limit is S* = bfb}; and

[Nog >= Ny, (61)N"2(85)2]0 > (11)

i.e. ng condensate bosons have been replaced by 3-bosons.

According to (i1) one can expect the o=N-2, r=0, 0] state to have the properties ol the
fB-band head. The 0} state has been observed in ?Xe but only in a transfer reaction
and its decay properties are unknown. On the contrary there is no intrinsic y-excatation
in the O(6) limit [14]. In this case the nonspherical y-boson represents a spurious
excitation. The absence of a y-vibration is a consequence of the y-independence of
the potential. This means that we must consider the band based on 27 as a collective
and not an intrinsic excitation. It would be correct to call it an O(5) rotation. This
excitation appears as soon as the axial symmetry is removed.

A comparison was carried out with a model whose potential included harmonic vibra-
tional terms in the 3 and « variables, viz. the Rotation Vibration Model (RVM) [15]
of A. Fissler and W. Greiner. The model Hamiltonian is diagonalized on a basis with
quantum numbers K, ng and ny, the latter is related to y—vibrations [15]. A fit of energy
levels is shown in fig. 2. The quality of the fit is comparable to that of the IBM. One can
notice that also in this model it is the 01 state which has one f~phonon. One can also
compare the quantum numbers of the two models. We noticed that the values of 4 on
one hand and ny on the other hand are the same. There is a qualitative explanation
to this coincidence. As a consequence of the O(5) symmetry, the v dependence of the
wave function of L = 0 states is given by a Legendre polynomial P, (cos 37) [12,16].
Therefore vs actually counts the number of nodes in the 0° < v <60° interval. Since n,
plays the role of a radial quantum number in the RVM, it also determines the number

of nodes.

The authors would like to thank S.G. Rohozinski and J. Srebrny for interesting discussions.
Thus work was funded by the BME'L under contract No. 060K272. One of the authors (A.G.)
would like to thank the Physics Department of JAERI for support.
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Table 1: "B(E2)"-tatios in **Xe. The experimental ralios based on the intensiiies divided by E?r,
30 that these ratios are B{E2)-ratios in the strict sense only if either no M1-parts are involved or are
taken into account (marked with *)). Any undelected Ml-portion will lower the experimental ratios
{exception: 47). M: B(E2)-ratios of the ARM withirn the band build on the one (-phonon excited
0*-state, assuming that this band corresponds to the experimental "K=0"-band. B(E2)'s of O(6), are
calculated with x = -0.5in {3).

! | "B(E2)"-ratios
level spin g transition exp. T o0 770) 0(6),, | ARM [ RVM
879.9 27 | 491.3— 2] 100 o 100 100 100 100
| 879.9—0f | 15204 ® ] 0| 15| 19l s
1317.7 37 1 37574 34738 3 40 40 39 31
1 437.8— 25 | 100 w | 100 100 100 180
Doa2no—2f | 20106 o 0 2.0 21 83
1488.4 47, 5464—4f | Tex22 W 91 91 70 52
[ A03.5— 28 100 * 160 100 100 100
| 1099.8—27 | 0401 0 2.0 5.9 | 0.03
1803.5 57 | 268.5—67 | 75x23 45 45 58 31
415.1—4F | 76421 45 45 105 63
585.8— 3} 100 @ 100 100 100 100
961.6—4F | 2.9+0.8 0 2.0 0.02 2.8
1313.9 0 | 434.0— 27 100 a) 100 100 |[ 100 % 100
| 925.3—20 | 77+22 % 0 2.0 || 567 0.3
1678.5 2 | 360.8— 37 | 67x25 125 125 | 559 69
364.2— 0} 100 a) 100 100 || 100 ® 100
736.4—4f | 2.0x08 @ 0 1.1 209 0.4
798.8— 27 | 22410 0 35 5.6% 11
1290.0— 2§ | 0.14 4 0.06 0 0 6.9Y |t 0.04
1678.2— 07 | 0.13£0.04 9 0 0 449 0
2042.1  4; | 363.4—27 100 al 100 100 || 100 ® 100
1100.2— 4} | 7.9+ 34 0 0 34 [ 0.08
1653.5—27 | 09+04 0 0|l 3.4 || 0.02
1903.1 43 | 414.8— 45 100 100 100 100 100
585.3— 3} 43413 115 115 150 159
961.2—4f | 4.5+ 1.4 0 0.4 12 24
1023.2—-27 | 28409 , 0 2.5 75 4.3
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HIGH SPIN STATES IN PlCe
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J. Bacerar?, J JongMman?, W, UrBax?,
W . HESSELINKY, J. Nasser', A ProMpen?

! Soltan Institute for Nuclear Studies, Swwrk, Poland
? The Niels Bohr Institute, University of Capenhagen, Denmark
SK.V. Groningen, The Metherlands
* V. U. Amsterdam, The Netherlands

-
Abstract. Gamma ray spectra from the 17Sa*fFO.4n ) 1 Cr raaction have been stadied
with the NORDBALL arrav of 15 Comptan-snppressed Cie {etectnrs. States ap to [ =
51/2 A, £ 298 Mcl' are populatrd. Evidence is presented tor bands “milt on three- and
possibly five. quamparticle configurations resnlting fren the abignment of Ay, 5 neatroas.

Nuclet in the 4 ~ 130 region exhibit a variety of coexisting shapes as relatively low
excitation energy and spin values. In particular strongly collective bands {SD bands)
with @ = 8 —~ 10 ¢b and h ~ 0.4 have recently been observed throughout the region
[GOD, WADST7]. In spite of the relatively strong population of these bands there is
as yet no firmly established link to the underlying less strongly deforined states. This
suggests an effective fragmentation of the strength in the decay mode of the SD bands.
A detailed knowledge of the "normal” band structures is needed to locate this strength.

One candidate for such an analysis is '*!Ce. where a strongly populated SD band of
14 transitions has been observed in the /*®$.5n) reaction [LUO87]. The band is also
strongly fed in the (**Q,4n) reaction [NYB], even though the feeding occurs at lower
spins. The quadrupole moment of this band has been determined to be Qg ~ 8.0 eb
{HE90|. The band seems to depopulate mostly to the states with J = (19/2 - 21/2) A~
and I = (15/2 — 17/2) ™, 3, ~ 0.2, but no transitions linking this band with less
deformed states have been found.

Low lying states of both the positive and negative parity bands have earlier been
established in '**Ce up to [ = 27/2 A and 23/2 A respectively {GIZ77]. An extension
of some of these bands to higher spins can be found in refs. [NOL82, NOLS&3].

The present work reports on the study of the ''7Sn('%0,4n)!3!Ce reaction done at
the Tandem Accelerator Laboratory of the Niels Bohr Institute. A stack of three thin
(~ 0.4 mg/em? ) self supporting ''7Sn foils was bombarded with 85 MeV 0 beam.
The NORDBALL array of 15 Compton suppressed Ge spectrometers with a y-ray mul-
tiplicity filter of 10 Bal; detectors was used [SLE88]. Coincidence events with at least
two Ge and one BaF; detector firing were recorded in a list mode. About 10% events
were collected. The quality of the data is illustrated in fig. 1 with examples of the gated
~-ray spectra, corrected for efficiency and for the Doppler shifts.

Fig. 2 presents the level scheme based on the coincidence relationships and on the
earlier parity and spin assignments {GIZ79] of the lowest states. The levels are arranged
into five bands of positive (II, IIl, IV) and negative {I, V) parity. There is evidence for
linking transitions between systems of positive and negative parity; the linking chains
are, however, incomplete. Likewise, there is a relatively strong cascade of transitions
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Fig.1 Examples of the efficiency corrected v —=~
coincidence spectra.

depopulating the lowest states of bands 1II, which by-pass the known levels and whose
energies do not add up to the excitation energies of the levels in question. Transitions
linking band V to band I do not support all the strength of band V, either. The
incomplete depopulation paths are marked with dashed "hanging” arrows in fig. 2

In order to interpret the observed bands in terms of quasiparticle configurations the
experimental alignments and routhians were calculated for bands I, II, IIL, IV, V. This
was done using the method given by Bengtsson and Frauendorf [BENT79]. Harris parame-
ters Jo = 13.4 A’ MeV~! and J; = 39.1 A* MeV =3 were used. The K-value was assumed
to be 7/2 for bands II, IIL, IV, V and 3/2 for band I. The results of calculations are
shown in fig. 3, together with the proposed assignments of quasi-particle configurations.

In the negative parity part of decay scheme, the lowest, yrast cascade is typical
for vh,,,, orbital with large triaxiality (v ~ —20° ) causing large signature splitting.
Similar bands have been observed throughout the region [ARY 34, MA87, NYAS9]. At
the frequency within the interval 0.37-0.41 a band crossing is observed and is interpreted
as due to alignment of the pair of ~;,;; protons. The influence of the aligned protons on
the shape of the nucleus is different than that of the neutron. The neutron, which lies in
the lower part of hy/; shell, drives the nucleus to negative gamma values (triaxiality),
whereas protons, lying in the upper part of the shell, change the shape of the nucleus
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to the prolate one. The lack of signature splitting in the vhyy;; ® (whu/,f band is
consistent with the prolate shape.

The ground state band is extended to higher spins above the point corresponding
to decoupling of protons. This band continuation shows rapid increase of alignment
and is interpreted as the beginning of the band built on (uh”,;,)3 configuration. Two
additional aligned h;;;3 neutrons would drive the nucleus to more negative gamma
values, so the nucleus would have collective oblate shape (v ~ —80°)

For N = 73 and J; deformation around 0.2 the lowest positive paritv band is prob-
ably built on one decoupled gr;3 neutron. This band is crossed by two 3-quasiparticle
bands at nearly the same frequency (0.31 MeV). One of these bands is built on the
vgzya ® (Thyy2)? configuration, the other one, probably, on vhyy g ® Ay ® Tgy/g.
If one chooses the assignment shown in fig 3b, then the increase of alignment in high
spin/frequency part of vh,;;;®7hyy/;®7gy;; band may be due to decoupling of the sec-
ond pair of nucleons, namely hyq;; neutrons. This would thus indicate the appearence
of 5-quasiparticle configuration. The lack of the crossing of the second 3-qp band with
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alignment of neutrons and protons is already blocked in this band.

Conclusion: We have expanded '3'Ce decay scheme up to relatively high spins and
excitation energies. Besides the previously reported bands built on vhyy3, vgr2 and
vhyij ® (7!"111/2)2 configurations, we have observed two bands with presumably 3-qp
character: 1/;;,,,@(7;’/1”,,)2 and vhyyy; ®mhy, )3 @7 gy, 5. We also propose the assignment
for two others bands oserved as being due to alignment of the pair of the h;;3 neutrons,
that is one built on 3-qp (uh“/g)3 configuration and one on 5-qp vgr/; ® (‘ﬂ’hll/g)z ®

(vhy13)? configuration.
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ABSTILACT: 1veonsion of the applicabality of & electron spectroscopy to the
study of the tine cvchition of heavy o olhisicons at intermediate bombarding energies is
preseuted The dependence cUdelta el cteon spectra on nuclear contact time is analysed
for Xet-5n. Xe4Pb and U0 reactions o 20 MeV/u and 40 MeV fu beam energies.

1. INTRODUCTION

The analysis of delta elociron peetra offers a capability to test various models of
time evalition of deepomelasire andd srnsfer resctions [Re79).

Debta eivctrons are enntted due to a rapdly changing Coulomb potential during
thie time when the nueled form o guast solecule. For Rutherford trajectories, the energy
spectrum of delta rlectrons s oomenotonically decreasing function of electron energy.
I nosimple inodel of HUL reaction is sssumed, where the nuclei stick together for a
time T durning which its relataive dictance is constant, in the delta electron spectrum
pronounced oscilfations are exprected  The period of these oscillations is related to the
nuclear sticking tie Al=h/T

In a more realistic model, a naumber of effects have to be considered which wash
out the oscillntory pattern. In o Loep inelastic (DIC) reaction the finite resolution
of the measured energy loss corresponds to a certain interval of nuclear contact times.
Statistical fluctuntions can also play a eignificant role in wiping ont the oscillations. Even
for a single impact parameter, one is dealing with a distribution of different trajectories
and interaction times [Fr90]. This distribution smears out the oscillatory structure. The
effect of nuclear contact, nevertheless, is still considerable and is observable as a change
in the shape of delta electron spectra, especially at high electron energies.

Applying the fitting procedure to the measured delta electron spectra,a mean col-
lision trajectory can be obtained and in conscquence the information about the mean
interaction time and the width of the time distribution. The procedure for obtaining
internuclear distance R{1) is model independent within the limits of its applicability
[IKr88].

The idea to use § electrens as an atomic clock for the time scale of deep inelastic
reactions hus been verified experimentally at lew ion energies (<10 MeV/u). The 2x-
perimentalists centered their intesi-t on super heavy systems, in which apart from .he
delta electron emission the preduction of positrons is particularly interesting from the
point of view of quantuny cwctrodynnics,

The purpose of the proseni nate is to analyse the applicability of é—electrons as
a probe for nuclear reaclwn dynamics atb interincdiate energies and for medium heavy
and heavy systems
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2. RESULTS OF MODEL CALCULATIONS

The encrgy diffeientind ebeetron eminsion probability dU /el caleulated in the franie-
work of the time dependent pertarbation theory s given by:

(’{])
e z= o () ¢ where
A5,
~f 0
(21) ofw) - (£ 7 xplwtidt and D = B Fung
\ ! rd

P

R - s the infernacloar dicvince and 70(t) its derivative, (Discussion of limits of its
applicability ol eqe {22 1) s poesented in the APPINDIX

The mncded that we ml-q;tcf] (e dependent proeturbation theory) is not capable
of reproducing the Lenbite vadues of the jonization probability. However, because the
mutrix element de pendy wendly on BUowe can compare velative d~electron probabilities

for vars o wen o 0 e ol s el eaion ‘*"nn" is to test to what extent
the propesc e b ! cove feivaeiong tickingg Liae. We present the results of aur
calowiat one fop 1l Y R P S A T B S C T TN

Popse i G20 thic the frnasite onotang v a(w) is essentialy the Fourier
transform of L o« 'xf , ml JAU /R For the ealendations of the nuclear trajectories
we choose o rmlw.lsr ek bad WD codhisione [Be¥s] The naciear motion is cajeulated

from macee: Pioes uaing parameterfree proscvipfions for the congervative and
friction forcon. oo cosrrstie fareees are Jdorived from liquid drop potential energies
(Conionb 4 sufues torms §acd proxianty petentind o 33 ocki [BIT7]. For the friction,
the proxitaite “emdow formaude™ of Ramdrap [Rais] sth a flux correction is nsed. An
exchanpe of particles acrcss the window iy alse takesn into account. The numerical
calenlntions of Rit) are performed with a code writien by M.Dworzecka and modified
by @Li.Feldmeior and J. Ulocks.

A compatison of the delta electron spectra for Xe 4+ Sn and U 4+ U reactions at 20
MeV /i snd also i U Uat 40 MeV /u bombarding ene ‘gY 18 shown in fig.1. The curves
represend thre spectrs calcalaterd for dissipative collisions in different T K .E.L. windows
and for o quasielnstic reaciion, Eifects of finlte resolution and statistical fluctuations are
accountod Jor by waighling the spectrum with o wide Gaussian distribution of impact
parameters (indioated aa jnsets in the fignr ). One can recognize the increasing effect
of nuclear contact with increasing energy foss, and the corresponding change of shape
of the spectra. In fy2 2 comparison of the ratios o} inelastic to elastic é-electron
emission probabilities vs clcetron onergy {or difterent nuclear contact times is shown as

an illustration. S _
One of our ohjectives was to deterinine np to what value of beam energy the delta

electron spoctiun s senstive to proloaged nuclear nuclear contact. Due to a faster
deceleration ot higher beaur energies the timme variation of the two-center Coulomb
potential is greuter when the nuclei approach cach other. Thus, the contribution to
the total production amplitude from the initial phase becorwes dominant (see fig.3 ).
This effect and the decrease of nuclear contact times, contribute additionaly to the
destruction of the jnteference pattern in the delta electron spectra at higher incident
energies. A comparisen of delta clectron spectra for one impact parameter and four
diflerent Leam energies is shown in fig.4. The infinence of nuclear contact time on the
spectra diminishes for higher enecrgies.

However, the heavier the system the lsnger are nuclear contact times (fig.5).Also,
due to relativiatic contraction of the electrsic wave function with decreasing internu-
clear distance, an increase in the emission 1.:obability of the high energy delta electrons
is expected for heavier systeins.

Thus, aur model celenlations show that the S-electron spectra of high Z united
systerns at bombarding encipies in the region of Fermi velocities (40 Mev/u), remain
only weakly sensitive to the time evolution ~f nuclear reaction.

An observalle ex deficione left out of the present analysis is that of the angular
distribution of delta electrons. This could possibly be used for more asymme. -ic systems,
where the monopole approximation breaks Jdown (see Appendix).
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3. CONCLUSJIOINS

Tosummarize, within the apphed podel defta electron spectral shapes can be used
to deduee the naclear reaction thine for baam energies up to 20 MeV/u and systems
with Zyvrep greater than 110 Trore s n need for new model calculations and
experiBnenls o waymierie eynterns Bt ot nuedite energiee, where obaervableas such
as angodnr distibations el sleobons mesion probabilitios of §-electrons should be

tnvestipnted.
APPRNDIX
LINMI'ES O AUPPLICALITY OF THE MODEL

The nse of many approsinedioae nckes the entimntion of the applicability of eq.
(2.1) dithieult. We errploy e oruwianeiod Cheory, where the nuclear motion is described
clngicaly  An long as v o ese the e oo ubne voedel and neglect relativistic kinematics,
the resnlta vre valid for coogbon B <ron MeV /. The adiabaticity condition requires,
that the collision sheidd not be tao fast. Vhe Couluraly potential should vary sufficiently
alowly, so that electrons ean relax adinbaticnlly to the nuclear motion. A rough criterion
whon the gnasi-atomie state can be fovimed s obiained comparing the velocities of
electronic and nuclear motion

Quast-aloms are formed within the condit ol
ION
(102 < e <010
eleclr

Also the monopole approximation restricts the validity of the model to nuclear charges

Zprn_" b Zlargﬂi > 110(')'

but this condition depends strongly on the impinging heavy ion energy. In addition this
approximation is limited to near symnictiric syvstems .

7 .
e a8

LTarget

In order to obtain information about the accuracy of the monopole approximation, one
can measure the angular distribution of delta electrons. Measurments performed for
systems not [ulfilling conditiont! fike Br + Pl or I +Pb show, that monopole condition
is valid even for Z,+7, < 0.4 [He84].
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AHSTRACT

We have performed a high resolution study of the satellite structure of K
No-rays in Ta and U produced by energetic heavy 1on bomvardment The expenimen-
tal resalte ase congpared with theoretical predictions based on the Semiclassical
Approximstion. We discass the importance of L substiell coupling, charge transfer
from the Losheb of the rarget to the K shell of the projectile, vacancy redistribution
doring the Bl e of the Kohole and the holes” angular momentum coupling with the
apen shells. We find very good agreement between theory and experiment, neverthe-

teas asmall discrepancy in the vicinity of the diagram lines remains.
INTRODUCOTION

i tie iast years the X—ray speciroscopy of energeric ion—atom collisions has
proven o be i frumtful field for new wnsight in the atomic reaction and relaxation
mechamsms [i-7] in the energetic ion—atom collision the target atom experiences a
violent Coulomb shock which leaves the atom 1 a muitiply ionised state, where the
electrons have been promoted o empty shells, to the continuum and even to atomic
shells in the vrojecute The probabilities for Lhese processes depend sensitively on the
velocity and cliarge of she projectile, the nuclear charge of the target atoms, and on
the state of the invelved eiectrons. While the Coulomb ionisation cross section can be
described sausiacterily within the frame of the semiclassical approximation (SCA)
[8—11]. the theererical prediction of the charge transfer process from target atom to
projectile [12—131 and subshel! coupling [14] only yields qualitative estimates.

Afver she collision the highly excited target atom decays through a variety
of competing processes radiative deexcitation by emission of characteristic X—rays,
where the transition energy contains the information about the relevant vacancy
configuration, and Auger and Caster—Kronig transitions which shift the vacancy

distribution fron. Jhe mner shells to the outer shells.
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Due to the very short lifetime of the K-—-hole, the K X--ray spectrum will
reflect the vacancy distribution close to the statu nascendi. In contrast, because the
lifetime of the L hole is almost an order of magnitude larger, the L X—ray spectrum is
significantly modified by the ¢. mpeting decay processes.

The complexity of the X—ray satellite spectra requires an investigation at

ultimate resolution, which can only be achieved by the use of focussing crystal
spectrometers.
Recently, several experiments [6,7] have been carried out with rather light atomic
systems. As expected from the scaling relations of SCA [8,11} very complex X-tay
spectra have been found. where in addition the Kea; and Kay, satellite structures
overlap.

Therefore we decided to perform experiments with heavy targets: We use a
projectile beam, having the ion velocity in the vicinity of the Bohr velocity of the L
electrons. We performed the study of the K X—ray spectra of Ta bombarded with 350
MeV N¢*ions and of U bombarded with 500 MeV Nec#* ions.

THE EXPERIMENT

We used our high resolution crystal spectrometer {15] which is installed
online at the Jiilich Cyciotron JULIC. The experimental details and the measuring
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strategy is described elsewhere [16]. We measured the Ka;, Kf;3 X-ray lines in
seccond and third order reflection at negative and positive Bragg angles, scanning
across the region of the reflection, point by point. Simultaneously a Ce(Li) detector is
used to monitor intensity changes due to beam intensity and positioning fluctuations,
which in this way are corrected. For calibration purposes and line shape studies, in
cither case the target, was bombarded with 25 MeV p. As an example we show in Fig.

! the K ay line of Ta in second order reflection excited Dy proton hombardment.

THEORETICAL CALCULATION

For the interpretation of the experimental data we use the same procedure
as outlined elsewhere [16,17]). The calculations of the iunisation probabilities, the
corrections due to L subshell coupling and due to the charge transfer of an electron
from the L shell of the target to the K shell of the projectile (other transitions have
been estimated to be negligible) have been provided by Jakubassa [18]. From these,
we determined the intensity of all satellite lines with up to 3 spectator holes in the L
and M shells, whereas the satellites with N,O, ... holes, are treated as inclusive. We
take into account the slight rearrangement which securs during the lifetime of the K
hole due to radiative, Coster—Kronig and Auger transitions.

The energy shifts of the satellites have been obtained with the use of the
relativistic Dirac Fock program of Desclaux [19]. Here we also took into account the
multiplet structure of the L satellites.

For the Ka; transition we obtain here 286 satellites. The 60 strongest
already carry away 70% of the total intensity. For the KB, 3 transitions, which we
treat as one data set, because of their small energy distance, we handle a total of 321

satellites.
COMPARISON BETWEEN EXPERIMENT AND THEORY

The intensity of the satellites is normalised with respect to the diagram line.
Each of them is provided with a line shape corresponding to the natural line width of
the diagram line. By a fitting procedure, we adjust the peak intensity of the diagram
line in the theoretical spectrum, which consists of all superimposed satellites, to that
of the experimental spectrum.

We include in the theoretical specirum the above discussed elfects, one after
the other, and judge its importance from tle agreement with the experimental data



via a X2—test.

The I subshell coupling tends to decrease the intensity of the satellites
where L spectator holes are involved. For Ta the effcet 1s in the order of 10% on the
average and increases in the case U to 30%.

The electron transfer process from the L shell of the target to the K shell of
the projectile leads to an increased probability for L shell vacancies. Its trend is there-
fore opposite to that of the L shell coupling. If we include this effect 1n the predicted
spectrum as calculated, a significant discrepancy to the experimental data remains.
From an carlier experiment {20] it was found that the strong potential Born approxi-
mation theory underestimates the effect by a factor of about 3. We also find best
agreement for Ta with a factor of 3 (see Fig. 2b) and, as expected from relativistic

considerations, for U with a factor of 5 [17] (see Fig. 3).
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Fig.2: a) The second order reflection of the Ka; in Ta produced during collisions
with 350 MeV N#+ ions. With solid lines are given the complete fit, the
diagram line as the largest component and some of the strongest
satellites. The residue is shown in the upper part of the figure. Without
taking the multiplet splitting into account there remains a clear
discrepancy between experimental data and theory in the region of the L

satellites.
b} We include now the angular momentum coupling of the K and LIII

holes of the transition, with the L spectator holes.

To demonstrate the effect of the angular momentum coupling of the holes in
open shells we calculated the splitting and the intensity spread for the Ka, transition
in the presence of one L spectator hole. The resulting 9 lines extend over a region of
64 eV to 375 eV in U with respect to the diagram line. In the case of Ta they cover a
region of 36 eV to 200 eV. The corresponding shape of the spectrum agrees



considerably better with the experimental data as can be scen from a comparison of
Fig. 2a and Fig. 2b.

In the Ka;, Ta spectrum, there is a clear discrepancy in the vicinity of the diagram
line in the region of M spectator holes. We have to emphasize that in the present
calculation, we did not include M subshell coupling, electron capture from the M shell
of the target to the shells of the projectile and the M multiplet coupling, partly
because the relevant theories do not exist or the calculations are expected to be
extremly complicated. From the structure of the discrepancy, we assume some
redistribution of the M vacancies, that might be accounted for by the M multiplet
splitting analogous to the L multiplet splitting.
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Fig.3:  The second order of the Key line in U produced in collisions with 500 MeV
Ne8+ projectiles. Due to the larger natural line width and the enhanced
capture effect the agreement between experiment and theory is very good.

[V

To check the validity of these calculations we use the corresponding predic-
tions to construct the KB; ; spectrum. As the relevant energy shifts of the satellites
are larger, the structure is more sensitive to the presence of M spectator holes. In Fig.
4 we compare the K83 spectrum of Ta with the theoretical one. The general
agreement i¢ rather good. Small deviations may be due to the fact, that we have not
included the above mentioned effecis concerning the treatment of the M shell, and
also the L spectator hole angular momentum coupling.
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the theoretical prediction. The diagram lines and some intense satellites are
also shown indicating the overlap of the satellite structure of Kff; and Kf;.

CONCLUSION

We have investigated the K X-ray satellite specira produced in the
energetic collisions of 350 MeV N-*8+Ta and 500 MeV Ne*8-U. The experimental data
have been compared with the results of vacancy production in semiclassical theory.
For the occurance of L shell vacancies, corrections to the SCA theory from L subshell
coupling, electron capture and muliiplet splitting of the LI’ LII and LIII satellites
have been included.

The production of L shell vacancies can be quite well explained if the
capture cross—sections from L shell of the target into the K shell of the projectile,
which are calculated in non-relativistic approximation, are scaled up by a factor of 3
for the case of Ta and by a factor of 5 for the case of U. This indicates that the
theoretical non-relativistic capture cross—sections underestimate the experimential
results, which has also been found for the systems 3He-Au and 3He-Sn at 72 MeV
[20]. In some cases we see a small deviation between theory and experiment in the
region of multiple M shell vacancies. Possible explanations are being investigated,
but, we like to point out, that better theoretical predictions for other but the L shells
and relativistic calculations for the capture process are highly desirable.
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ABSTRACT

The K x-ray spectra of Mo. Pd and La bombarded by 28 MeV *He ians
were measured with a transmission curved crystal spectrometer. M-shell
ionization probabilities in central collisions were deduced from the M
satellite lines of the KB. transitions. A comparison of the values obtained
for Mo. Pd, and La .-ith theoretical {S8CA) predictions demonstrates the

importance of the recoil term.

INTRODUCTION

Single and multiply ionized atoms can be produced by bambarding tarpet atoms
with fast ions. These inner-shell ionization processes have been a subject of intensive
research during the last two decades. They can be investigated by observing the x-ray
or Auger electron spectra. Most of the studies deal with K- and L-shell ionization.
For the M-shell ionization by light ions. only few experimental data exist {l1. 2, and
refs. therein), giving total M-shell or subshell ionization cross sections for heavy
atoms. Discrepancies up to a factor of 2 are observed between the experimental
data reported by different authors [t]. The main difficulties originate from the
low x-ray energies, target contaminations and the complexity of the M-shell
spectrum. In addition. to cai :ulate the ionization cross sections from the observed
x-ray yields, the fluorescence ratios. which have large uncertainties. are needed.

Further, total cross sections are not always the best quantities to test the
theory, since due to the integration over the whole impact parameter range, oscilia-
tion effects are smeared cut. A measurement of the differential M-shell ionization
cross section has not yet been attempted in view of large experimental difficulties.
In the following, we present a new method for determining the M-shell ionization

probability in central collisions.
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We report on the measurement of the M-shell iomzation probabilities of mid-2Z
tarcet olements, hombarded by 28 MeV oy propctites. tne K and K3 X rav spectra
ot (Moo, Pdloand 5-La were recorded with a lueh resolurion aryseal spectrometer,
Bestiies the diagram Ko ox-ray dines, Loand Mosarellite rransitions were obserued.
Satellite lines are due to the presence of spectator “acancies an the atom when the
X ray transition takes place These holes modity the electron sereeming, resuiting in
net energy shifts of the x-rayvs. usually towards higher eneregies. In peneral. the ener-
gy shifts for satellite x-ray transitions due to an inner shell spectator vacanay in-
crease with the principal quantum number characterizing the electron undergoimne
the transition. Therefore, the M satellites of the K:. rtransitions of Mo and Pd
appear as resolved singulets. whereas for the Ko trasaitions only a line broadening
is chserved. The notation KaM™ desivhates a K2 o-rav with m additional vacancies
in the M-shell. In the rollowing, we will concsnrrate Hn the Kio spectra.

Since tor a K transition an initial K-shell hole must be oresent. the collisions
can be considered as central in the M-saeil scale, From the intensity visids of the
K3 sateilites the M-shell ionization probabilities in central collisions are deduced.
The present results are compared with predictions of the semiclassical appraximation
(31 It is shown that inciusion of the contnbution of the recoil of the tareet

nucleus in treating the M-shell onization probatility 1 central eollisions is needed,

EXPERIMENT

The 28 MeV *He' in beam was abtained from che PSI variable energy cvelo-
tron in Villigen, Switzeriand, The experimental setup has been described in detail
eisewhere. LL]. The y-ray spectra were recorded with an im-beam bent crystal spec-
trameter in a modified DuMond slit-geometry, The (110) reflecting planes of a 2.3
mm thick quartz crystal plate were used tor the diffraction ot the x-rays. he
crystal bending radius was 3.15 m. The peak reflectivity of the crystal was enhanced
by a factor of 3-1 by applving a high-frequency alternating electric field across the
lamina {31. The instruinental resolution. which depends mainly on the slit width
and the AC voltage applied to the crystal. was chosen to match the naturai line
width of the K2 diagram lines. Self supported metallic targets of natural molybdenum.
palladium and lanthanum about 2§ mg/c‘m: thirk were used. Before imeinging cn
the target. the ‘He  ions were fully stripped by the entrance window of the
target chamber (3 5 mu/cm© thick Havar feil). Beam intensities between 0.3 and 3
uA were used. Taking into account self-absorption and stopping power of the
target and the energy dependence of the K-shell ionization cross sections. the
effective beam energy for producing the observed x-rays was 6.7 MeV/nucleon. The

KP spectra were mesured in first order of reflection.

RESULTS

The measursd K3 spectra are shown in fig. I. The K. sateilite regions, measured

e . . cn gl g 1
with longer coliecting times, are illustrated in fig. 1. too. KBz, K8, Kg;M". K3 sl
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Fig. 1: Crystal spectrometer spectra of Mo. Pd. and La K@ x-rays inducea oy
MeV/u *He icns. The right parts of the figures show the K3. satel.ite regions.

KB8s, KR-. KB:M‘. KS:M:. KB:Ll and KS:LI.\VII transitions were observed. In the La spec-
trum the O-K line (KB,O) was resolved. The energies of the observed transitions are
compared for Pd and La with the results of relativistic Dirac-Fock calculations [6] in
table {. The latter gives also Bearden standard energies of the diagram lines (7]1. For

Mo. the corresponding values are listed in {81,

Pd ! La ] l'

Transition| Egxp (keV) ‘[El\iCDF Egearden| Eexp (keV) | EpcpF L Egearden ’
KS: | 23.7928(t6) | 23.7936 (23.7911 | 37.721506) | 37.7371 | 37.7202 |
K3, | 23.8196(16) | 23.8216 | 73.8187 | 37.8026(3) | 37.8181 | 37.8010 |
M| 23.8359(16) | 23.8371 | - | 37.8282013) | 37.8426 | - |
Ka,,L' | 23.9485(22) | 23.9468 | - | 37.9797(50) f 37.9709 | -
KBs 20.0169(26) | 24.0192 | 20.995  30.0924(12) | 381055 | 38.086 |
K8, 24.2985(17) | 24.2998 1 242991 | 38.7258(4) | 38.7351 | 38.7299
Kg,M' | 24.333109) | 243307 - | 38.7964(29" | 38.7824 ] - !
Ko,L' | 24363704 | 224502 | - L 138.9532 | - B

Tab. I: Measured, caiculated and standard Pd and La K3 X-ray energies.
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The distesbution of the xoray satelfite victds retiocrs the hale distribution at
the x ray emission time, The originalfs induced hole distribution can be deduced
by a statistical sealing procedure 1900 rtaking into acrount the campetition of
uther possible processes {(the Auger. the Caster-heosip and radiative transitions
for the L and higher shells). The M satellite intensities are mainly moditied by
M oand L Auger transitions. whase otfects parthy cancei each other: the L Auger
transitions produce double M shel] vacancies, while the M Auper effect transfers
the M vacancies to the N shell. These corrections on the measured intensity
vields are small so that the uncertainties on the primary distribution vields are only
weal by increased by the uncertainties of the involved radiative and Auper values.
The intensity vields of the KiooM™ transitions and the corresponding hole distribution

are shown in table [l

Contiguration Mo ird ' La
\n '"i;i' o '{n‘z P ' *"f{ﬁ" .
K' At Tl I TOE 0) T T e 019 (1)) 917 (10)!
K' At R0 () U TY DAL 0F AL (25F A% (6]

R SEO S

Tab : Observed X' and primary vacancy 1" disrributions deduced from K. tran-
sitions. The sum of the intensities is normalized to 000, The correction
for increased seif-absorption for energies higher than the k-edge is

included.

Assuming a binomial distribution ot the pritmary relative vacancy yields we can
obtain trom the measured data the averape M-shell jonization probability for
eoltisions involving the K-shell jonization. They are for Mo: pfl)\P = 0.018 £ 0.001

EXP

181, for Pd: pE™F = 0.017 + 0,002, and for La pEST = 0.0050 £ 0.0015 respectively.

DISCUSSION

The M-shell ionization probabilities for central collisions were calculated in the
frame of the semiclassical approximation {SCA). The calculations were performed
with relativistic hydrogenic wave functions of the united atom. Screening effects
were taken into account hy introducing an effective charge which reproduces the
experimental binding energy. The results of the calculations performed without
and with the inclusion of the recoil term are shown in Fig. 2.

The importance of the recoil term is obvious. Not only the interaction of the
projectile with the target, but also the recoil of the target nucleus induced by
the collision can give rise to ionization. The contribution of the nucleus recoil to
the ionization cf a specific shell depends on different physical quantities, like
bombarding energy, mass and charge numbers of projectile and target and impact
parameter. Depending on the values of these qrantities, the inclusion of the
recoil term can result in an increase or decrease of the iomization probability. In



-79-

Pm
(%)
1.51
1.0-
0.5]
42 46 ' 57 7

Fig. 2: Measured and calculated M-shell ionization probabilities in central collis-

ions for mid-Z target elements. bombarded by 28 MeV « particles. SCA

calculation with recoil term, — — — without recoil term.

central collisions with o particles. the M-shell ionization probability of Mo, Pd, and
La targets is increased for bombarding energies higher than 4 MeV. 5 MeV, and 7.5

MeV respectively.

Since the screening of the nuclear charge by the other electrons is for M-shell
electrons an important fact. the proper choice of the effective charge, when
using hydrogenic wave functions, is of great importance. If the Slater rule Is ap-
plied the ionization probabilities including the recoil term are up to 50% smaller, but
using the single atom model they are about 10% higher. The best way to handle this
problem is to use a Hartree-Fock calculation. This. will be done in the near future.
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THE CLUSTER COUNTER AS A PART OF THE 4 -FACILITY AT SIS/ESR

R. TEZKRATT, C. CERRUTI, }.P. COFFIN, P. FINTZ, G. GUILLAUME,
F. JUNDT, C.F. MAGUIRE", F. RAMI and P. WAGNER
Centre de Recherches Nucléaires, IN2P3-CNRS/Université Louis Pasteur
B.P. 20, 67037 STRASBOURG CEDEX, France

ABSTRACT

A cluster detector composed of ionisation chambers and thin plastic
scintillators has been developed as part of the large 4r-detector at
SIS/ESR.

Multifragmentation of the nuclear system is a dominant process in violent
nuclear collisions [1]. As a consequence several fragments are observed In the
final state of these reactions. It turns out that the entropy (S) can be reliably
extracted from fragment yields. Therefore, S carries interesting information
about tﬁe early hot and dense stage of the collision arnd it should help in_the

derivation of the nuclear equation of state.
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Fig.1. Set up of Detector modules. |. Gas cluster detector ("Parabola®);
P. Extemnal plastic wall ; Z. Intemal plastic wall ; R. Scintillator cluster
detector {"Rosace”). The distance between the "Rosace” and the target T
is=4.5m.

* Present address : Dept of Physics, Vanderbilt University, Nashville, TN 37235 (U.S.A)
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We describe bere a project for determining the entropy and temperature
reached in heavy-fon collisions at 100 MeV/nucleon and highe4r from the study
of complex fragments. The nuclear matter concept is now reexamined on the
light of recent works in the perspective of a first experiment at SIS/ESR at
Darmstadt (Germany) [2).

Fig. 1 shows a schematic layout of the detector modules which we shall
briefly describe here. The system is composed of two main parts : The plastic
wall and the ionisation chamber shell.

The plastic wall is composed of an external part (7° to 30°) and an

internal part (1° to 7°), which are respectively constructed and assembled by

GSI of Darmstadt and the LPC of Clermont Ferrand (France) groups.
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Fig. 2. Gas cluster detector "Parabola’. The

Fig.3. The Rosace ; the sixty NE102A
total size of the detectoris A 3.5 m.

scintillator detectors subtent an
angular domain of 1° to 6° from the
largel.

The ionisation chamber part (The "Parabola") which is ‘assembled by us

stands in front of the plastic wall and measures the energy loss of the heavy
fragments Z 2 3 in the angular range 6° to 30°, the shell is filled with an Ar
(90 %) + CF, (10 %) mixture at atmospheric pressure, and js formed of 8

sectors divided into an inner and outer part (Fig. 2). Each module is subdivided
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into 8 radial submodules consisting of a double ionisation chamber. The
resulting granularity of 128 elements Is expected to be adequate in view of the
multiplicity measurements of heavier fragmcnt’s. At smaller angles (1.3 to 6°)
the cluster detector will be supplemented by 60 NEI02A scintillators 2 mm
thick arranged as the petals of a flower (The "Rosace" Fig. 3), each petal
subtending 6° in azimuth.

The fragments will be identified by their atomic number Z by measuring

the energy loss AE in the cluster detector and their time-of-flight T between

the target and the plastic wall, on a bidimensional plot (AE, 1).
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Fig. 4. Two-dimensional Z-identification Fig. 5. Two-dimensional Z-identification plot
spectrum obtained with an ionisation (4E, E ) obtained with one of the
chamber module and a plastic Aosace modules and silicon jonction
scintiflator strip (5 mm  thick) (38 mm? section and 38 m thick).
disposed behind and giving the time- The beam was a Ne
of-flight signal. The experiment was (38 MeV/nucleon) empinging on a
done at SIS/ESR. Carbon target at SARA.

The figures 4 and 5 displays the preliminary results of beam tests at

SARA (France) and SIS at Darmstadt (Germany) of modules oi each part of the

cluster detector.

The expected response of the cluster detector/scintillator wall has been

investigated with the use of the "Geant" detector program and the "Freesco"

event generator code [3].



As a part of the drn-detector at SIS/ESR, the Cluster Counter offers the

following performances.

- Complete transparence for particles (the shadow effect is
limited at 3 % only).

- A complete Z-identification of the clusters upto about 18

- An angular domain from 1° to 30°

- The possibility to measure the velocity vector by means of

the position given by the plastic wall detector.
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TAPS - A TWO ARM PHOTON SPECTROMETER FOR THE
DETECTION OF NEUTRAL MESONS AND SINGLE PHOTONS

M. Pfeiffer, II. Phys. Inst., Univ. of Giessen
and the TAPS-collaboration
( 1I. Phys. Inst., Univ. of Giessen, Germany; IXVI, Groningen, Netherlands; Univ. of

Miinster, Germany; GS1, Darmstadt, Germany; GANIL, Caen, France )

ABSTRACT

A photon-spectrometer for the detection of neutral mesons and single photons has
been built. It will be used at several facilities to study heavy ion ( GSI and GANIL )
and photon induced ( MAMI B ) reactions. The spectrometer consists at present of
4 blocks with 64 BaF,-scintillation detectors each. The blocks are arranged in two
movable towers to provide a flexible geometry. The spectrometer has been recently
used for a first experiment ( 350 MeV/u *Ne on ?*Al ) at GSI. Preliminary results

from this run will be presented.
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PIIYSICS MOTIVATION

Heavy jon reactions in the energy regime from roughly 100 MeV /u to the order of
1 GeV/u offer the possibility to obtain information about the nuclear equation of state
by producing hot, compressed nuclear matter. Besides the study of outgoing nucleons
and fragments from the two colliding nuclei ( transverse flow ) a second possibility is
to obtain information from particles produced in the reaction ( photons and mesons ).
Due to their low absorption in nuclear matter, photons or dileptons are favourable
candidates. Since the particles should be produced from a thermalized reaction zone,
the production probability in the first nucleon-nucleon collisions should be small. For
this reason, photons are only sensitive probes below energies of roughly 100 MeV/u.
To reach a reasonable compression { p = 2-3 pg ), energies of several 100 MeV /u up to
the order of 1 GeV/u are needed. At these energies mesons become suitable probes.
Neutral pions ( mype=135 MeV,EXY =280 MeV ) can be used for the energies between
200 and 500 MeV/u while n- and K*-mesons ( m, g+ = 549,494 MeV, ENY =1.3,1.6
GeV ) are the favoured probes in the most interesting energy regime around 1 GeV/u
where significant compression is reached. All mesons show final state interaction which
increases the absorption probability. - and K*-mesons have a lower absorption than
pions due t;) their strange quark content. n—meons, however, are absorbed more than
K*-mesons due to the coupling to nucleonic resonances like N*(1535). The excitation of
these subnucleonic degrees of freedom can be studied with photoproduction reactions
of neutral mesons. For a detailed discussion of the theoretical aspects see also reference
{1].
PHYSICS PROGRAMME

Heavy ion experiments with beam energies up to 100 MeV /u ( hard photons, sub-
threshold pion and dilepton production ) will be carried out at GANIL. First runs were
performed in February and March 1990 using an initial configuration of TAPS. Heavy
ion experiments at beam-energies up to 2 GeV/u ( neutral meson production, pion
correlations and relativistic Coulomb excitation ) will be done at GSI. Some of these
experiments will be performed together with the 4r-Detector-System [2] to achieve a
full event characterisation. A first run on neutral pion production was performed in

May 1990 ( see below and (3] ). In addition, the photoproduction of neutral mesons in
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colil nuclear matter at normal density ( excitation of subnucleonic degrees of freedom,
mean free path of neutral mesons } will be studied at MAMI B ( Mainz, Germany )
with incident photon energies up to 800 MoV,
DETECTOR SYSTEM

The TAPS-spectrometer is built to detect single photons and to measure coinci-
dences of two phiotons from the decay of neatral mesons, Therefore, the detector-system
has to meet the following requirements. The detector modules must provide a large
dynamic range ( 5-1000 MeV ). They should have a good intrinsic energy resolution
and a sufficient size to register the electromagnetic shower at higher photon energies.
Since TAPS will operate in an environment with high hadron-nmltiplicities, the granu-
larity should he sufficient to allow for a high nlti-hit capability. Purthermore, the
detector-system has to provide a clean separation of hadrons ( charged and neutral )
from photons. The BaF,-scintillators of the TAPS-spectrometer meet all these require-
ments. The energy resolution is quite good ( e.g. (AE/E)rwrar = 8 % for 185 MeV
electrons and better than 12.5 % for a 662 keV Cs-source ). The detector modules have
a suflicient size ( length : 250 mm = 12 radiation lengths X,, inscribed diameter : 59
mm = 0.7 Ragoriere ) to register high energy photons. On the other hand, the diameter
is small enough to allow the shower to spread over more than one imodule which permits
an increase in the spatial resolution. Using the two different scintillation components of
the Bal'y-crystals, charged particles can be discriminated by the pulse-shape method.
In addition, a plastic veio-detector ( 5§ mm NE102A, 0.05 X, ) mounted in front of each
module can be used to identify charged particles. Using the fast component for the
timing ( (AT/T) pwam < 200 ps for 45 MeV electrons ) neutrons can be separated
from photons by the TOF-method. In the standard TAPS-configuration, the detector
modules are arranged in blocks of 8 by 8 detectors. At present 4 of these blocks are
mounted in two movable towers to provide a flexible geometry { see fig. 1 ) needed for
measuring the complete angular and energy distribution of the produced particles and
to optimize the set-up for various neutral meson detection. Typical efficiencies, which
are strongly dependent on the geometrical set-up, are €, ~ 8 % and e,, = 1 %. The

detector-system and the performauce of the individual BaF;-modules is described in

[4]-(6]-
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Fig. 1 : Schematic view of the TAPS-spectrometer showing the present status with
4 blocks of 64 BaF,-detectors each arranged in 2 movable towers ( left : side view of
one tower, right : top view of the system )
FIRST EXPERIMENT AT GSI

For the first experiment [3] a beam of 350 MeV/u Ne from the SIS-accelerator
( 10%-10° particles per spill, one 300 ms spill each 3 s ) was used in conjunction with
a 4 mm *"Al-target. The TAPS-spectrometer with two fully equipped blocks in the
horizontal plane was positioned at & 65 degrees with respect to the beani. In addition,
a time-zero detector consisﬁng of 5 small plastic-detectors close to the target was used.
A run of 6 houres was analysed. In the first step charged particles were discriminated
by using the veto-detector information. Neutrons were separated by the TOF-method.
The BaF,-detectors were calibrated with cosmic rays. The total energy of a photon
was calculated by including the sum of the energies in the next neighbouring detectors
( max. 6 ). Calculating the invariant mass, (150 :x 30) neutral pions were found
( see fig. 2 ). Using the number of charged hits and coincidences which determined
the number of reactions, a production probability for neutral pions per reaction of
(7 £ 2) - 107® was found to be in good agrecment with the systematics describing

known data at lower ( < 100 MeV/u ) [7] and higher ( 1-2 GeV/u ) [8],[9] beam

energies ( see fig. 2 ).
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Fig. 2 : Invariant mass spectrum ( 1m,, = \/Zl/,, L,, - —(‘o:‘i);:) ) (left ). Production
probability per nucleon-nucleon collision for neutral pions as a function of the incident
energy [7}-[9) ( Vo = Coulomb barrier , P, = o, / (<Nyy >y - 0r), <Nyny >p = number
of first nucleon-nucleon collisions [10] ) The B-points refer to data for negative pions

[L1]. In addition, the data point from the first TAPS-experiment is shown. ( right ).
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IN-BEAM ELECTRON SPECTROSCOPY WITH COLLINEAR GECMETRY

J. 8. Dionlsio, Z. M2liani, C. Schilck and Ch. Vlieu
C.5 NS .M., INZ2P3-CHNRES, QOrsay, FRANCE

ABSTRACT

The basic relations for the Deppler shift and the Doppler broadening of
an electron llne glven by an electron spectrometer oriented in the collinear
geomelry are discussed in detail. The main fcatures of the Iin-beam e-7
spectrometer recently operated with direct collinear geometry (i.e. with 20
z o« =z 10°) at Orsay’s MP Tandem accelerator are briefly described. The
interesting performances of that instrument for the investigation of prompt
and short delayed low energy transitions (Ee < 200 keV) deexciting nuclear

high spin states are 1illustrated with a few typical examples. Further
developments with reverse collinear geometry (i.e. with 170° =z o« = 160°)
are also shortly discussed in the present context of nuclear structurc
studies involving in-beam nuclear spectroscopic measurements.

1. INTRODUCTION

The Doppler broadening is a serious drawback for the lnvestigation of
nuclear high spin states of compound nuclei deexciting in flight shortly
after their production by fast heavy ion bombardement of thin targets. This
energy spread is particularly unfavourable for the accurate study of high
spin states of odd A and odd-odd A nucleil which generally have very complex
level spectra. However, the Doppler broadening can be minimized by orienting
a radiation detector in the same direction- or the reverse one- of an
accelerated charged particle beam (i.e. the so-called collinear geometry).
For that reason, we start this contribution with a brief discussion of the
Doppler broadening basic relations for an electron spectrometer oriented in
the collinear geometry (section 2)}. This led us to consider similar kind of
measurements performed with different types of in-beam electron
spectrometers (section 3) having wide angular openings either in the direct
(i.e forward) orientation (with 90° > « = 25) or in reverse (l.e.backward}
orientation ( with 125° 2z x > 90°). After this broad comparison of the
avallable instrumental capabilities operating with that geometry we
illustrate the main possibilities of the Siegbahn-Kleinheinz magnetic lens
oriented in the same direction (section 4) by a few results of recent
studies performed in such conditions and a broad description of an extensive
project using the reverse orientation. Finally, we conclude (section S) by a
brief discusslion of the present status of the relationship between these
devices and multi-gamma ray spectrometers.

2 - DOPPLER BROADENING OF AN AXIAL ELECTRON SPECTROMETER

The Doppler shift of an electron line emitted in flight by a recoll
nucleus and the same nucleus deexciting at rest in given by the relativistic
transformation law of its linear momentum :

. N (5.0)0 - VE/c
p =p - (p.VI[V) + ————————— (1)

V1 - (v
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vhere Vois the unit vector in the direction of V [1]. This relatlon can be
tather complicated In the general case due to the p'-p dependence on the
angles between the recoil lon direction and the symmetry axis (of the
electron spectrometer) as well as the electron emission dlrectlon. However
there are two speclal cases corresponding to simple solutions which will be

\

censidered In the following subsections (2.1 and 2,23

2.1 - Recoll lon emission collinoar with the eymmetry axis

The Doppler shift of an electron line correspending to a recoll {on with
teduced speed, Br, (collinear with the electron spectrometer axis), and a

1educed electron speed, Bp, (making an angle 08, neazured I{n the LAR syster,

with the same axis) is given by the following formulae :

2

”] H*Bf) sin’e +} (2)

-
fuy]

i fr 1
pl8lc ~-pc=pci— + [ - ] cos 8 - —
‘ ¢ © Lz B 2 \p

e e

(restricted to the second order in Br' like in ref. [2]).
The correspending Doppler width, (Ap/p) (0), Is related to the solid
angle (T = AQ/4dn = sln 0d6/2) of the spectrometer by the similar formulae :

P B B
Ap - o] r r 2
[_5 ]6(9) =~ 2 [B:TE)J [_5: + [_E:] (1 + BE) cos 8 ] T (3)

where p and p (8) are the electron momentum in the CM and LAB-systems

o [
iespectlively. Replacing in thls formulae po/pe(e) by its value deduced from
the relation (2) one gets the following Doppler width expression :

B By ,
_B_+[_§£] (1 +pB7) cos 8 | sin e ds
(-3 (-3 — (4)

2 2
. (-] B, (-89 + B, s - L ?3 (148 12cos 62
2| B e g~ ccs 218 o ©
e e e
valid under the same assumptions and approximations as (2) and (3). The
reduced recoll ion speed, B, is deduced from the linear momentum conservatlon
r

in the collislon between the accelerated particle p, and the bombarded nucleus
according to the classical relation :

Ap J/EEP 1 V/[EP(MEV)AP
Br = (Ap/Ar) Bp = A —_-2: A 470 (5)
r M g r

where A and A are the accelerated particle and compound nucleus recoll
P r

mass numbers, E 1Is the kinetic energy of the accelerated ion. Similarly, the

reduced electron speed, Be' is related to the electron energy, €, and

momentum, n (= po/uoc) by the relativistic formulae :
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h L Bplgauss xcm)
= {1+ 1°9°) "7, with 5 = —————— (6)
1704.4
The squared term (3 7 ) in the relatlons (2-4) can be neglected in the
™ <

-2
usual range of In-beam electron spectroscopy measuremenls (B = 23.10 7 for E
¢ «

= 13,88 keV and 8 = 80.10°° for E = J37.2 keV leading to (1/23) =z B /B =
L4 < T e
{1.20)] cerresponding to very small recoill lon velocitles (B = 107%). For
T
h' ter recell velocitles (such as B 2z 5.10°°) the contribution of the second
r

term Increases (up to 4.10°°) but remains negligeable (l.e. at least five
times smaller than the first term). Consequently the Doppler shift gliven by
(27 depends essentially on the Initlal electren momentum, p,, as well as on

the ratio between the recoil lon speed and the eleciron speed and the angle
between them

(8l S SOV > = ) i < g > (2")
-1y ~ —— S = — h
pe }’0 pO ﬁ CcOoSs r . ‘I]HOC B CcCOoS

e <

Similarly, relations (3) and (4} corresponding to the Doppler width
bhecome

p B 3
orl ~ 0 — S ' !
(_.5 ]cke) 2 (pe(m] [BJ T B! sin 6de (3'; 4')

The relatlions (3) and (3') show that the Doppler width varies linearly
with the overall transmission of the electron spectrometer. In particular,
the mean value of the Doppler broadening for measurements performed with the
Siegbahn-Kleinheinz magnetic lens (<8> = 15°, T = 2.5 10-2) is roughly ten
times smaller than the corresponding broadening for an iron free toroidal
spectrometer (<> = 50°, T = 2.5 107°). Instead,the mean value of the
Doppler shift given by that lens (deduced from 2 or 2') is roughly fifty
percent larger than in the latter spectrometer (i.e. (cos 15°)/(cos 50°) =
1.503).

The same relatlons (2, 2', 3, 3', 4, 4 ) correspond to definite values of
the recoil ion speed and electron speed. However, in all practlcal cases these
values are not unique and spread out within a certain interval. Indeed, the
energy losses of the accelerated lons and the compound nuclel within the
target contribute to a recoil ion velocity spread, ABr/Br, which must be

Introduced in such relations. For instance, the mean value of the electron
line broadening due to the relative recoll 1ion velocity spread, Aﬁr/BH

resulting from the lon collisions within the target 1s given by the following

relatlion :
(3] (]

Ap ] AB 2 2
~ _BE = (ap/p) (8} sinGdG/ sin6de
J r ) 0
t 1
o [ Fiax oy [ ex ] [ 2
Ap s, X, X . X B

p B - {cos 6, - cos 02)
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9l 92 being the lower and upper limits of the angular aperture of the electron

spectrometer. In the practical cases ax® << bx and ¢ = 1. In such condltion
the previous relation (5) becomes :

B B
r - _r —
Ap ABr log [1 + B: cos 61} log [1 + Be cos 62] ABr
P B_ h cos 6 - cos 6, [—E:
B B 2
r ] r 2
E: [cos 6l - cos 62] ) [B:] [cos 91 - cos 92] Kﬁr
cos 91 - cos 82 [ Br
B (BB
_B_[B] (6')
e r
48

B

The mean value of the recoil veloclity spread, [——5], can be evaluated
) T

from the formulae :

<08 /B > = 1/4 (AE + AE )/E (7)
ror P r r

where AEp and AEr are the total energy losses of the accelerated ion and

compound nucleus inside the target. This contribution to the electron line
broadening depends mostly on the target thickness which contributes both to
the accelerated ions and recoll nucleil energy loss. Indead the influence of
the electron spectrometer angular opening on that broadening is ruther small.

The clectron line broadening due to the reduced electron veloclty spread,
ABG/BO, resulting from the electron collisions within a thin target placed
perpendicularly to the electron spectrometer axis is given by the approximate
relation :

[Ap] [ABC} 3 d (sec 8, - sec 61) [dE]
6.6

— =2 = (8)
P B8 u dx
° 2 [1 + ETE] E ]

e

assuming an 1sotropic electron emission from the middle of a thin,
homogeneous, target (having a uniform thickness, d, and a stopping power for

electrons g%) within the angular aperture (O1 62) of the electron beam.

Finally, the relativistic factor in the denominator arises from the general
electron energy-momentum relation :



AE AB
_ L A(Bp) % e
[}] = ( b ;] Ve o ( L a‘r] "B (9)

This contribution to the mean electron line broadening given by the

relation (8) depends essentially en the electlron spectrometer angular aperiur.-
as well as on the electron kinetlec enecrgy, E, and stopplng power, dE/dx
Censequently Its relatlve importance increases for lower electron enesrgy and
spectrometers with large transmission.

The mean veloclty spread of the electrons due to electron straggling
within the target Is given by 2 quite similar relation to (8)

A 0,61pd (secc ﬂ + sec 0_) 2
. S — (10)

&
SR S b

1

where pd is the areal density of the ‘arget characterized by the atomic number
Z and mass number A. 8 and E are the reduced electron speed and kinetic
[~

energy respectlvely. Finally this relation is deduced from the formulae (9)
rcombined to the mean value of the electron energy distribution given by landau
theory [3]

I'(aE) = 0.61 {—%~] (px)//}e (T : keV ; px : mg/cmz)

where x is the mean value of the effective target thickness x = d sec 6

and 6 = (61 + 92)/2 is the mean value of the electron emission angle.

This contribution to the electron line broadening depends essentially on
the target properties and increases factor for lower electron kinetic

energles.

2.2 - Recoll ion emission around the symmetry axis

The recoil ion collinear assumption Is a rather convenient one but does
not take Into acount several physical effets occurring during (or after) the
interaction between the accelerated jons and the target atoms. Among such
effects the following are quoted : angular spread of the incoming particle
beam, kinematic effects related to the nuclear reaction (including neutron
evaporation from the compound nuclel and recoil ion angular distribution) as
well as those effects arising In recoil 1ion angular spread due to the
interaction between the recoil Ions and the target atoms. The assumpticn of a
recoil ion emission within a cone around the symmetry axis of the spectrometer
is a better approximation than the collinear one.

The Doppler broadening of an electron line corresponding to a recoll
lon motion within a small cone of mean angular aperture a (relatively to the
electron spectrometer axis) and the axlal recoll motion is given by the

expression (taken from [2])

(Ap/p)c(ﬂ.¢.a) (p_(8,¢.0) - p (8.9,001/ p (9,4,0)

1t

p (cos 9 + ¢ sin 9 cos ¢) - p (cos 9}/ p (cos ¥9) (11)
L] e -]
under the assumptlion sin « = a and cos o = V1-a® = 1.
The relative contribution ta the electron line broadening due to this

non-collinear recoll motion can be obtalned by integrating the relation (11)
wlithin the electron spectrometer u:ngular apperture (al, 62) and the azimuthal
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angular interval (¢1' ¢2) = (- n/2, n/2) :

[ép] « = II (ég)o(ﬂ.¢,a) sinodedé¢
P [ sinodode

+n/2

cos ¢1 n(xi—xz)
-n/2

2
- 2 dx 1 2 x dx
ﬂ’ Jaa [ r X—— - z J)( *——x ]/ﬁ(xi-xz)
X X
2 2
b“-2ac 2 X dx
+ {1 - z ] Jx % ]//n(xl—xz) (12)

1 1
X

1

2 2za v 1-x% dx
X

where the varlable x = cos ¢, the functlon X = axz + bx + ¢ and the x power
coefficlents a, b, ¢, have a similar meaning as in the relation (5). The
relation (12) can be furtheﬁzsimplified according to the relatlve values of
b~, 2ac and 4ac. Indeed, if b~ = 2ac = 2a << 1, one has :

A r 1 1+bx2 1 _12ax2+b . 2ax1+b
—P asZal(x -x_)+=log|+—=|+ — [tan - tan” n(x ~x_)
pl - 172" b 1+bx1 1 2
° v2ac v2ac v2ac
(13)
Instead when b2 = Jac ~ 4a << 1.
sp _ 1 1+bx2 c 2 2
["b} aa2a[(x1~x2)+slog Tobx | [1 " 2a ] {2ax1+b " 2ax+b ]]//"(xs'xz
-]
2a 1 blx,-x ) - bz(xz-xf)/z 20 1 b
“x 1t _—‘;:_:_;;_ i B N R AR
o 1 Br
« - 1 += = (cos® + cos o) (14)
n 2 Be 1 2

Consequently, the mean value of the Doppler broadening due to the non
collinear motion of the recoll 1ions is rather small for electron
spectrometers with small angular aperture around the symmetry axis [llke the
Siegbahn-Klelnheinz magnetic lens where (61 62) = (10", 20°)]. This

correction is more Important for the intermediate 1image electron
spectrometers with the same angular aperture than in the previous lens but
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Fig. 2 - Schematlc representation of the in-beam e-y spectrometer operating
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rematns small on account of the (3 /78 ) ratio. The same is also true for the
r e

tereddal electiron spectrometers In spite of  their much larger angular
apriture

The recoll fon anpular spread energlng from an irradiated target is the
overall =uperposition of  =everal angular deflections due to three main
dif{esont phyvsloal cffects o (1) finfte anguelar spread of the accelerated
ftorc team hitting the target and its kinematicnl influence on the recoil ion
ampmlar deflection 3 {11) neutron evaporation influence on the compound
nucleus receil don angular (and velecity) spread 5 (13i) multiple ion
scattering of the accelerated ions and recoil iens within the target. For
carh such effects there 1s a mean recoil ions angle, «, which must be
Introdueed tn the relation (14 in arder to evaluate 1ts effect on the
electron Doppler breadening of  an electreon line requires an accurate
evaluation of the electiren lTine width given by the aralvzing specliometer as
well b s theds edec tron optioal proy-tic th oaling epherical and chromatic
aberrationsd. An cxanple of suchra dotaa el sttty is given inoref. [2)

3 - IN-BFAM ELECTRON SPECTROMETERS WITH COLLINFAR GEOMETRY AND THEIR USES

Al inbemm electren spectoenaetern anioe a aymmetry  axis  either
poemettical (Tike o poiti o pap toroide! wp t5osders) or magnetical (like
tn  avial ey raenetic  spectrooobord can be eperated with  the
collinecar geometry The fig. 1 illustrates oo hematically the geometrical
attangement  of  geveral  in-beam electron srectrometers operated in the

collinnar geomctry (and a few other orientaticons),

The Iren core mapnotic lenses and the ron fiee toroidal spectrometers
are the most currently used clectron srecticneters in the collincar geometry
In beth cazes the eloectron beam anpular opening is rather large and the
tranemission quite hiph [t.e. (01‘03) - (40°,507), (01,62) = (30°,70°), T =

9 10_% T = 26 1077 respectivelv). The first type of instrument has been
mostly applied to in-beam mensurenente with accelerated protlons and light
fons [4-6]. Instead, the second ivpe Liss been used with a wide variety of
in-beam cxper inents invelving heavy iens [2,8-11]. The Doppler broadening in
the former type of experiments is net very important but the collinear
geometry is required for angular distributicn considerations of electron-
positron spectral measurements. The situation is quite different for nuclear
reactions induced by heavy 1ions where the Doppler broadening is very
impertant wunless the transmission is considerably reduced or a wide
transmlssion combined with a klnematic compensation [2,8]. On the other hand
both types of clectron spectrometers have rather large target- detector
distances (i.e. d = 40-50 cm) allowing an efficient shielding for the
radiations emitted by the Faraday cup stopping the accelerated ion-beam plus
the recoil ions far away from the electron detector. Finally, the exclusion
of small electron angular openings in both cases {i.e. 8 > 30°) restricts
the amount of &-clectrons accepted in the collincar measurements performed
with such instruments. In this respect fhe situation is unfavourable for the
Siegbahn-Kleinheinz magnetic lens [whrre (01'0“) = (10°,20°) ; see fig. 1]

due to the strong 6-rays focused forward Ly the magnetic field on the large
Si(Li) detecteor. Fer that reasen, it i essential to operate this combined
magnetic-Si(L1) spectrometer with aever .1 background suppression devices (as
brlefly reported {n the section 4).

A similar sltuation occurs for ralenoidal spectrometers operated 1in
this geomelry [12-13]. A possible way te ave:d such a drawback 1s to place
the Si(Li) detectors off-axis in order to avoid the concentratlon on their
surface of &-electicns propagating aicng that direction. This method was
already uscd in non-cellinecar measuiements performed with the double

solenoidal spectremeters operating with reccil lon shadow method [13].
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Ancther  procedure to reduce the 8-ray background In solenoidal electron
spertrometers 1s to measure the electrons in the backward collinear geometry
{cee ref. {14]). The main features of a similar set-up designed for the
Sieghihn-Kleinhelinz magnetic lens is briefly discussed In the section S.

4 - THE SIEGBAHN-KLEINHEINZ MAGNETIC LENS

This magnetlic lens, combined to a S1(Li} deiector, has been used
previocusly for a wide variety of In-beam measurements clither oriented at 90°
or at 125° of the accelerated fon-beam [15-18]. A few results obtained with
the same e-y spectrometer orliented in the forward colllinear geometry are
described In subsectlon 4.1 and the maln features of a similar set up
aligned in the backward directlon are briefly reported in section 4.2.

4.1 - Forvard cellinear geometry

The figure 2 jllustrates a schematic representation of the in-beam e~y
spectrometer operated In the forward collinear geometry at the experimental
area of Orsay’s M Tandem accelerator.This geometry allows iInternal
conversion measurements of prompt (and short delayed) transitions emitted by
fast compound nuclel (Br= 3 107°) produced by heavy lon bombardment of thin

foils., Moreover, this electron spectrometer has several devices [15-18] for
reduclng a continuous background -or spurious discrete lines- overlapped
with Internal conversion lines. The most important devices are the following
ones :

1) an electron-positron discriminator made of a twisted baffle;

i1) an electronic time filter selecting prompt and delayed time
intervals between two consecutive bursts of the accelerated particle beam ;

111) a simultaneous electron energy-mementum analyzer operating for each
electron detected by the Si(Li) crystal. Such detection occurs within the
electron momentum interval focused at any instant by the magnetic lens on
the effective area of the detector surface. Moreover, according to the
required experimental purpose (like, for instance, to search very weak IC
lines lying on a narrow momentum interval or Instead to explore a wide
momentum interval looking for medium intensity IC lines) that momentum
window (Ap/p = 0.2) is fixed around a given momentum value, p, or swept
within a momentum interval (pi, pz);

iv) a detection device for the instant of production of the compound
nucleus including an array of very fast y-ray detectors (i.e. a set of elght
BaF2 (2"x2") coupled to fast P.M, like XP2020Q), giving a time resolution of
250 ps at high counting rate (10" Hz).

v) a multiplicity selection of y-rays deexciting high-spin states uslng
the same array of fast scintillators.

Fig. 3 illustrates the electron background reductlon in thg low energy
part (E = 200 keV) of the internal conversion spectrum of Tb obtained
e

with simultaneous electron energy and momentum selection plus special time
filtering using a pulsed beam (~ 33 ns width prompt time window) and multi-
plicity filtering (at least one BaF2 firing). This operating mode reduceds
considerably the contribution of the scattered electrons (and photo-
electrons) originated in the baffles and the magnetic lens wall to the
detector counting rate. Furthermore the continuous background due to back-
scattered electrons In the Si{Li) detector is drastically reduced. Finally
all these features are well illustrated by the IC electron spectra of
tantalum-182 (fligs. 4a and 4b) obtained without (fig. 4a) and with (fig. 4b)
simultaneous electron energy-momentum selection.
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Fig. 6 - Longitudinal cross section of the Siegbahn-Xleinheinz magnetlc lens
oriented In the backward collinear geometry. The annular Si(Li)
detector {without its holder and cryostat not shown 1ln the flgure)
and the tubular heavy metal shielding (surrounded by the twisted

baffle) are schematlcally rwpresented.
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Another lInterestling feature of the ccllinear geometry is the possibi-
Itty of analysing lInternal conversion lines of EM transitlions deexcliting
very high spin states. Indeed such states are usually populated by heavy fon
induced reactlons creating a considerable Doppler broadening. Therefore,
the complementary study of y-rays and internal conversion electrons corres-
ponding to EM transitlons deexciting very high spin states requires the use
of In-beam electron spectrometers oriented in the collinear geometry.

A typlcal example of such studles is given by the half-life measurement
of the 184 keV transition ia ' Tb performed with the electron-gamma
spectrometer (represented in fig. 1) operating at Orsay. Fig. S shows the
bidimensional spectrum (EE Te ) of the prompt transitions in that nucleus.

The time projections of the prompt (E=204 keV ; E1) and delayed (E=184 KeV ;
£2) transitlons are represented In fig. Sb and flig. 5c respectively).

This experiment confirmed the ewxistence of the high spin isomer at
Q. 915 MeV, 1 = 172" state in H(')Tb. Indeed, tne existence of that isomer
was previcusly suggested by the 7y-7 experimental data obtained with the
(hateau de cristal and the correspording IC data collected in the e -7
spectrometer operated with a receoil catcher foil close to the target [20].
However, these preliminary {nvestigaticns did not allowed an accurate
determination cof the cerresponding half-1life which was performed with the

latter measurement (Tim =4 * 0.5 ns).

Finally, the tlarget qualities ~like the performances of the accelerated
jon-beam optics- are particularly important for in-beam measurements of
low-energy (E = 100 keV) internal cenversion electrons [21-23]).

4.2 - Packward collinear gecmetry

Figure 6 gives a schematlc representation of this in-beam e~y
spectrometer designed for backward collinear measurements. Four major diffe-
rences (i-iv) discriminate this experimental set up from the previous one
{shown In fig. 2}

1) The circular Si(Li) detector shown in fig. 2 is replaced by an
annular Si(Li) detector {or two half-annular Si(Li) detectors) in fig. 6 ;

i{) The cylindrical (X+y)-ray central absorber (made of a tungsten rod)
and its Faraday cup are replaced by a tubular heavy metal absorber. Its
inner diameter (@ = 10mm) allows a free passage for the (nearly parallel)
accelerated lon-beam and the corresponding outer dliameter protects the
Si(Li) detector from the (X+y) rays emitted directiy from the target towards

that detector ;

111) The Si(lL.i) cryostat allows not only axial displacements (under
vacuum) of that detector (like in all other geometrical configurations), but
also lateral displacements of the same detector in its position outside the
magnetic lens. The latter possibility is intended to protect that detector
during adjustements of the accelerated lon-beam optics .

iv) A miniaturised target vacuum lock allowing easy (and fast) target
changes with a maximum amount of free space around the target needed for
increasing the efficiency of the (X+y)-ray detection.

This experimental set up is mainly intended for the study of low-energy
prompt transitions (i.e. both (X+y) rays as well as linternal conversion
electrons). For that purpose it is important that all electronic and other
devices described earller (section 4.1) will be operated also In the
particular case. In perticular, the d&-electrons background should be
considerably reduced by its strongly anisotroplc emission.
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S. CONCLUSION AKRD PROSPECTS

The experimental resuyl! s obtalned at Orsay with a Slegbahn-Klelinheinz

magnetic lens oriented In the forward colllnear geometry are extremely
encouraging for the planned measurements with a simllar set up oriented in
the reverse direction of the accelerated lon-beam. Consequently, in order to
create noew possibilities for simultaneous in-beam (X+7) ray and electron

measutements required by accurate  (and extensive) nuclear spectroscopy
mearsurements it weems necessary to Investigate thoroughly how to combline
electron  spectrometers of different types to multi-gamma-ray detector
arrangements.

The general requirements for =such a combi{nation as well as the maln
features of an electron gonjometer associating a miniaturized axial magnetlic
lens (with triangular + unifoem f{ieldshape) to a Si(lLi) detecter were
aliecady discussed earlier {17]. Iren-core and iron-free mini-orange electron
spectrometers were also speclally deslgned for in-beam measurements coupled
to g-arrays [24-25]) or other types of detectors [26]. These examples are
good illustation of a wide rescarch field of instrumental developments for
nuclear (and atomic) structure investigations.
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HICROPHYSICS EVOLUTION AND METHODOLOGY

A few remembrances and reflections on F. Jollot's

conceptions on Nuclear Research
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A few general features of Microphysics evolution and thelr relationship
with Microphysics methodology are briefly surveyed. Several pluri-
disciplinary and interdisciplinary aspects of Microphysics research are also
discussed in the present scientific context. The need for an equllibrium
between individual tendencies and collective constraints required by team
work, already formulated thirty vyears ago by Frédéric Joliot, is
particularly stressed in the present conjuncture of Nuclear Research
favouring very large team projects and discouraging individual initiatives.
The increasing importance of the Science of Science (due to their multiple
soclal, economical, political, ecological aspects) and the stronger
competition between national and interrnational tendencies of scientific {and
technical) cooperation are also discussed.

1. Introduction

More than twenty five years after the publication of "The Science of
Science" [1], following the same trend of the well-known book of J.D. Bernal
dealing with "The Social function of Science" [2] published half a century
ago, it seems interesting to review a few important problems of Microphysics
Research (including Nuclear Physics) which strongly influence its present
development and probably its future as well.

Many eplistemologlcal problems of that kind -like, for instance, the
nature of the physical theories [3], thelir relationship with physical
experiments [4] or the characters of the physical laws [S]- were extensively
investigated in the past [see, for instance, the ref. 3-5 and many others
quoted therein] and are still important topics of reflection and discussion.
The same occurs with a few more specific topics of very wide interest, like
"Simultaneity and Relativity" [6,7] "Continuum and discontinuum" (8]
"Particle and wave " [9,11] “"Determinism and Indeterminism" [12-17]
"symmetry and asymmetry” [18,19] "order and chaos" [20-21], which are
essential for the development of all Natural Sciences. [see, for instance,
ref. 6-21 for a broad view on the extensive literature concerning these

topics).

There are also other general problems dealing with the relatlonship
between Physics, Philosophy (Epistemology, Metaphysics, Ethics, Religion) as
well as Economical, Soclial and Political Sciences. These problems were also
thoroughly investigated In the past and are still analyzed nowadays on
account of their importance in our everyday life and its evolution [see,
references 1-2 and 12-21].

At first sight the methodological problems of Microphysics Research
look less fundamental than the previous problems for the development of
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Science. Nevertheless, thelr practical importance for the development of
Microphysics Research is rather cruclal. Consequently, the main purpose of
this work 1s to evoke a few remembrances and reflections on Trédérie
Joliot’s concepticns on Nuclear Reseurch collected al Orsay more than thirty
years ago [22-24]. Such reflecticons were progressively developed on other
oceasions [25-26] and recently extended te similar discussions held earlier
in other Furopean countries {(27-29)

We start this contribution with a broad alscussicn of the general
features of Microphysics Resecarch (section 7). Aftlerwards we consider a few
pluridisciplinary and Interdisciplinary aspects of Microphysics Research
(section 3] befcre discussing the important questions of  individual
tendencies and team work constraints (sectien 4) as well as planned and
unplanned scientific work (scction 5). Before concluiing, we make a brief
discussion concerning the need for a deep -and close- national and
international scientific cooperation (section 6) within this  important
research fietd.  Iondeed, such o cevqeralinn te parvicularly urgent on a
European Scale Aue to the scientific. cocial and political context
prevailing in this continent ot present o5 well as ils world impact.
Hovever, the increasipg mumbor of very Jarge ond expensive projects plus the
international character of the scicentific deveiepnent {(far beyond national
and politllcal btuarricrs 1) pakes World wide o lear Science Conperation also
indispensasble. Firally, we conclude strescing the actual importance of
Microphysics Rescarch and showing the supec 00 jal nature of many {requent
criticisms made apnipst Nuclear Phvoioe {aectyon 7))

2. Ueneral features of Microphysicos Reociareh

The large amount and wide variety of wcicentific knowledge accumulated
in Micrephysics during this century haz led to the development of many
different concepts within three main ccientific branches : Atcmic and
Melecular Physies, Nuclear Physics ond Flementary Particle Physics.

The present status of developrnent of these different branches is
characterised by a good theorctical o osci fpticon of mest atomic and molecular
phenomecna  and  less  accurate  theoretica piredictions of nuclear and
elementary particle effects.

In the earlier phases of develrpment of these different branches of
Microphysics their experimental methoeds were often quite similar and had
generally comparable complexity. However, the proiiferation of specific
problems dealing with atomic and nuclear sfructure led to the requirement of
very different experimental methods and teols for thelr Investigation. In
[ ~ticular, very complex and expensive experivcental facllities {like
particle accelerators, nuclear reactors and large powerful radlation
analysers) were decsigned, built and used for a wide variety of nuclear
investigatlions. Morcover, the cxpansion of e¢lementary particle physlcs
resecarch led to the development of still larger experlimental faclilitles
(including gigantic particle accelciators ') which differentiated quite
sharply the methods wused 1in  the investigation of such branches of

Microphysics.

The present status of development of these experimental methods is
characterised by a genecral tendency prevalling nowadays in the orlentation
of their evolution : The experimental projects (and experimental tools)
motivated (or suggested) by the theoretical description of the different
branches of Microphysics are usually very different and employed exclusively
within a single branch. Sometimes their use is still more restricted to a
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parti.adar research topto o g orpeatal branch of Mlorophysics 1esearch. Only
veryo rarelyoene o (ind expertaental onethods  used  alternately  (and

1

ot imes apcorrels ted o by aeveral Micrephveles branches

ihis pencrai festure of Miciophysice Pesearch has the following meior

Arovtoal o Whepever tho o nd 1 0 tepic chenen for that fnvestigatieon b
P e i bcad by e tant G attractive)  or  pew  technolenical
ievelepnernts make that tonl abaolete for that particular purpone {without

cther potentictly Interesting applications for other purpones not
in the 2rigiond paryose -or appllcation- of that fnstruorent)
suaily o teribenoy te step the operation of lhat facilitty. later

o often Jewmanted il somelimes destroved-  Invoking  cithor

rescons or the pecd Yo recover vagluable fice space within the
well au to Jelrace =cientific and technical manpower peededd
“tas Of course, to the extent where  wgcl
Vil rematr i ~or oscientificaltly useful- thelr extinction
(o destyaction) is boieadly wnti-sclentific and anti-ecenomical (in the
sense of reducing the actunl] scientifle capabililies and possibilitios of
dovelopment ). However, considering the  1imited  budget and manpower
capabilities for scinntiflic development there is a unique solution to avoid
(or reduced the importance of ) such drawbacks @ Any new large project should
be fully investigated considering the main features of its primary aim as
werll as olher important feistuwes of related topics. Indeed, the potential
expoerimental  possibilities of any new instrument -or facility- for a
different purpose of its original aim, may contribute to very Iinportant
unpredicled experimental diccoveries of  other  scientific  branches.
Censequently, it mighl be advisable [(whenever possible !') to investigate the
potential possibilities of alternative use (either correlated or
uncorreiated) of large ewperimental facilities. In other words a scientific
instrument for general purpose should never be considered "in competition”
with a single purpose Iinstrument even when this is considered very important
for the scientific progress. ln such a case, it should be taken as an extra
development not a replacement ¢f an indispensable tool !

drerinental

i
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3. Pluridisciplinary and interdisciplinary aspects of Microphysics Research

There are many different aspects to be considered in each branch of
Microphysics research. Such pluridisciplinary aspects may be very important
for the solution of a particular problem of a given branch and less
important for the solution of similar problems of another branch.
Consequently there is no hope In the present status of our knowledge to
unify the experimental and theoretical description as well as the research
methodology of all Microphysics branches. Instead, there is hope of finding
a better correlation between their descriptions and exploration methods for
all interdisciplinary aspects of such branches.

In our opinion, the interdisciplinary problems of Microphysics are very
important provided they are considered in detall and without making too
rough approximations. Indeed, the interdisciplinary investigations, apart
from their inherent complexity due to the overlap of multiple physical
effects and interactions, are polentially very rich exploration fields of
sclentific knowledge. Furthersere, they often stimulate new sclientific
developrments in different intaracting fields. Last but not least they
require -and stimulate- a bread view of the scientists working on
interdisciplinary topics. HNew:itheless, this requirement must be fulfllled
at a high level of scientiiic knoewledge and needs technical gqualifications
within a wide -and complex- ruosrarch domaln. Consequenuly, this limitation
s a major drawback {or the develrpment of this type of investigatlons.
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Spectroscopy, for iInstance, is one of the most typical Inter-
disciplinary toplcs covering all branches of Microphyslcs through a wide
varlety of speclal spectroscoplc methods and techniques [30}. Among these
methods the followlng should be quoted : Nuclear magnetic and quadrupole
resonance spectroscopy, electron spln resonance and Mossbauer spectroscepy,
microwave, infra-red and Raman spectroscepy, electronic spectroscopy of
atoms and molecules, fhotoluminescence spectroscopy, optical rotatory
dispersion, maser and laser spectroscopy, photoelectron spectroscopy, etc..
All these spectroscoplic branches deal essentlally with atomic and molecular
structure (apart from the influence of nuclear moments 1in the {irst
menticned spectroscopic branches). More generally, the nuclear spectroscopic
methods cover a wlde portlon of the nuclear structure research field.
Furthermore, the low energy y-ray spectroscopy as well as the low energy
electron spectroscopy (l.e. internal conversicn electrons and B-rays) are
partially overlapped with discrete atomlc transitions (like X-rays and Auger
electrons respectively). Consequently, there is a considerable overlap of
atomlic and nuclear effects for all avatlable nuclides (i.e. 2 = 110) in the
low energy photon and electron spectroscopy domnin (i.e. E?, Ee s 120 keV).

Moreover, there is a similar overlap of atomic and molecular effects for
very high resolution low energy electron spectroscopy (i.e. Ee < 2-5 keV)

studies. These spectroscopic methods led to a wide field of analytical
studles and practical applications. More recently several new mechanisms of
atenic de-excitatlon were also discovered 1in these very low energy
investigations. In such conditions, it would not be surprising to find new
Important facts concerning atomic and nuclear de-excitation mechanisms when
the instrumental features (as well as the radiatlion source and detection
techniques) increase considerably the overall resolving power of the low
energy radlations (E?, Ee = 120 keV). In other words, one can expect

Important unpredictable discoveries 1in atomic physics by 1improving the
present avallable spectroscoplc tools or by creating new ones grounded on
new materials and (or) technical developments [31]. Similar previsions
concerning the nuclear structure progress seem more uncertain due to the
present inaccuracy of theoretical nuclear predictions. However, from an
empirical point of view one can expect the discovery of interesting spectral
regularities by improving the analysis of low energy nuclear transitions.

These general arguments are in favour of small sized -but highly
sophisticated- instrumental developments in order to improve the exploration
of the Microphysics world. Indeed, the multiparametric features of a glven
experiment must be kept in mind. The energy of an accelerated particle beam
(or its beam intensity) is not a priori the unique feature -or even the most
jmportant one for a given in-beam experiment. For instance, the beam time
structure and its spatlial distributions are also essential features for the
application of Iimportant spectroscopic methods (like those using recoll

jons).

4. Individual tendencies and team work constraints

The working conditions within a nuclear reseach laboratory before the
last World War were quite different from those of post-war scientific
laboratories. The main differences occurring in French laboratories of that
scientific research branch were well described earlier by Frédéric Jollot
(quoted in ref. [24]): "The (classical) research workers -who, in my
opinion, should sometimes have an artistic temperament- felt very close to
the phenomenon under investigation. Furthermore, the observation of such a
phenomenon looked stralightforward and the experimenter felt quite free to
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follow his creative imagination dolng quite different, unpredicled, trial
experirents.,  0Often he reached an unevpecled result leading to a new

scientific discovery ({llke a poel writing a poem by following his
Inspliation) without very expensive sclentiflic equipment or creating too
many risks for his own working mates”. In other words, "fundamental research

In the earlier phase of develepment of Nuclear Physics had an artisanal
character 1ather faveurable to the development of the nuclear scientist’'s
persenality” [loe. cit. 24]).

Instead, "a nedern centre of nuclear research has apparently an
Jndustrial character”. Conscquently, "there is a risk of crashing the
scientlst's mind with quite impressive, large, complex and very expensive
Inutruments (like reacters and particle accelerators) which are rather
coutly and difficult to operate”. In such conditions -set by the experimen-
tal requirements and our technoleglical development- “the research worker no
longer feels free to experiment by multiple trials hut instead he forces
himeelt teo reduce as rmuch as possible the number of exploratory attempts
before starting a new research werk"”. Consequently, "it is rather difficult
newadays o a make an experiment involving an esxpensive instrument -or
materlal- with a small chance of success supported essentially by the simple
motivation of scientific curiosity. However, isn’'t it a fact that scientific
discr reries are sometlmes unpredictable and quite surprising ?" {see ref.24]

According to this broad description of such quite different
experimental conditions, Frédéric Joliot gave the important advice : "In
thls transitien from scientific work on an artisanal scale to lhe same work
on an industrial scale it seems to me that it is indispensable to evaluate
all drawbacks of such transition and to find the best experimental uses of
modern experimental equipment which do not attenuate -or even suppress- the
personality of the scientist. In any case,there is no hope of making an
original masterpiece with chain work '" [see loc. cit. 24].

The Increasing complexity of theoretical and experimental scientific
problems as well as the fast expansion of so many scientific branches
induced several important consequences 1in those research fields -like
Microphysics- where such evolution was very fast and deep. In particular,
the individual research work become progressively less frequent and is
gradually replaced by team work of research groups specially devoted to a
particular project or an experiment dealing with very complex, bulky and
expensive instruments.

The same point of view was stressed by P.M.S. Blackett [28] and C.F.
Powell {29] in their E. Rutherford's and H. Bhabha's memorial lectures.For
instance, talking about the great success of the CERN,Powell claims that
"such institutions serve to demonstrate the immense power ln human resources
on which international science can call in well-directed and well-managed
institutions”. However, like F. Joliot, Powell sees also several drawbacks
of such research institutions : "But this great increase in our powers of
investigation has also a negative aspect. The change is reminlscent of the
transformation from handicraft to machine and industrial production, but it
has been much more rapid. In place of individual investigation there is now
research by large teams of people in institutions where good management and
an eff{ective bureaucracy are indispensable and where an individual has to
find satisfaction in this work in a new way". Nevertheless, Powells looks
confident in the solution of this problem : "It seems, however, that we can
indeed so organise the work in such institutions that the young people
continue to find deep satisfaction in it. It is important to be alive to the
problems and to make sure that all members know the significance of their
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contribution and feel that good efforts are [espected. We are here meeting
whit Is becoming a very general problem @ how to ensure the creative
prticipation of prople in the affulrs of large enterpiises at a time when
an elaborate Wlerarchy  seems to be an esscntial element in effective
oreanisation”. {of. ref. 29},

5. Planned_and unplanned scientific work

The team work r1equires for 1ts success a detalled planning and an
effective coordination of all efforts of dificrent participants. This looks
easy in theory but it is nol always in pracltice. Furthermore, in order to
tabe the maximum benefit of the creative possibilities of the ditferent
members of such teams, it is indispensable that the planning should not be
too rigld. In cother words, 1t Is advisable to adopt a relative adaptability
in the application of such planning making a compromise between the old
tradition of unpredicted (or unplanned) work and the modern tendency towards
planned srientific constructions (or experiments). This point of view is
strongly emphasised by H.S.W. Massey In a presidential address to the
(Rritish) Physical Society [27]) : "It 1is also most important that the
recearch programme of a team should not be over planned. The surcest way to
miszs  the unexpected is to plan the preogramme so that only what is
predictable is obscrved. This is, of course, obvious but, in practice, it is
only too easy to make this mistake".

"Original scientific work" arises either as the result of an unpre-
dicted new scientific resull or from a new synthesis condensing previous
experimental results and new theoretical interpretations. This type of
scientific work is the main characteristic feature of pure research work.

"Routine scientific work" is the daily activity of most scientists in
their analytical, gradual investigation of different theor~tical and
technical problems involved in their investigations. "In spite of the fact
that this kind of <=cientific activity has a lower merit than the original
scientific investigations one should not neglect such an activity for that
reason. Instead, one should support it as a valuable and indispensable
activity for scientific progress. In any case orliginal and routine
scientific works should be conslidered as complementary research activities"
[24). Indeed, the division of research work between "original" attempts and
"routine” activities is usually made according to the personal tendencies
and aptitudes of the scientists as well as their surrounding media (i.e.,
material and instrumental means for the experimentalists ; sclentific
background and computational means for the theorists). However, "any excess
of one kind of such activities is dangerous for the scientist and may have
bad consequences for his sclentific career" {[24].

More generally, according to Frédéric Joliot, "it is advisable not to
make a clear sweep of the scientific heritage in the organisation of
scientific teaching and research work. On the contrary, in the organisation
of pedagogical and research plans suitable to the modern tools required by
such activities, the past knowledge and experlience should be taken into
account and an attempt should be made to fit these plans with the best
features of the classical mind" [24).

F. Joliot completed this advice with a personal judgment of the
limitations of large scale Microphysics research work in the late fifties :
“If large nuclear rescarch teams obtained spectacular results in the U.S.A.
and U.S5.S.R. using more or less strict planning, the average efficlency of
their scientists looks inferior to the French ones. Furthermore, France has
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not the <ame matertal and human means to compete with those super-powers”
[eon el 23}

6. HN:tirnal and International Scientific Cooperation

[he wame reasons  that Jed to the Increasing development of team

rese v h work (amdd reduced Instead  the  scientific  contributions of
fndividual research virkers) enhanced also the national (and international)
soientifie collaborations extending (or replacing) local -or regional-
seientific projects. Indecd, the very large increase in the material and the
pailified sclentific (and technical) manpower required by the construction
(ant eperation) of  Iarge experimental faclilitles wused in Microphysics
Research muke  such cooperatlon  advisable for large countries and
indicpensable for smaller ones. llowever, what looks reasonably advisable in
general is not necessarily adopted due to the fear of unknown situations,
prefudices against fereigners, or simply preference for the routine instead
of novelly. Consequently, one can imagine that international collaboration
s necessurtly more difiicult to promote (and to develop) than a national
cellatoration while a local ~or regional- collaboration should be much
easier to bandle due to closer contact, common background and surroundings.

This rule is certainly true in many cases but not vwhen scientists from very
different origins sympathise and enjoy their work together.

In gencral, one should try toc organise first the local and regional
collaborations before extending them to the national and International
frames. Indeed, "like the human organism, every country ls in a very speclal
sense unique, and its problems can only be resolved by its own people who
alone knows its strenglhs and weaknesses intimately, and its problems at
first hand" ([29]. Nevertheless, a country -like an individual- is. not free
from interferences from other countries =-or individuals- and consequently
the solution of their problems is not completely uncorrelated and in a few
cases may be closely related. In other words, international cooperations
cannot solve completely all national problems {(including the sclentific
ones) but may help to find their solutions.

The scienlific cooperation in High Energy Nuclear Physics -and Elemen-
tary Particle Physics- on a European Scale has been considerably developed
since the Last World War at the CERN laboratories installed at Geneva. Other
collaborations concerning Nuclear Spectroscopy of Nuclel far from Stability
were also developed in the same laboratories using an on-line Isotope
Separator (ISOLDE) coupled to a medium energy particle accelerator.

Similar research activities were performed at the JINR operated at
Dubna by nuclear sclentists from several Eastern European Countries. Apart
from these Fundamental Research Institutions there are a few European
laboratories for Nuclear Applications like those of EURATOM and NUCLEAR
FUSION Projects (such as the JOINT EUROPEAN TORUS (JET) (see ref. [32]).

The large amount and w'de variety of Nuclear Research facllities now
existing -or actually 1in project- within European Countries are not
coordinated by any of the previously quoted institutions. A first step for
that purpose has been the recent creation of NUPECC (Nuclear Physics
European Collaboration Committee) which plans to make a complete inventory
of the main sclentific experimental facilities -and corresponding scientific
responsibles- existing now within Europe (see Ref. [33]).

Finally, considering the great importance of such a coordination not
only for strictly scientiflic purposes but also as a valuable guide for other
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kinds of International Cooperation let us to hope that such initiative and
the already existing international Institutions will develop first on an
Eurepean scale and later be extended to a World Wide frame {(like IAEA). For
that purpose, 1t is indispensable that the will of sclentiflic cooperation
rrevatls over the tendency towards the natlional competitions as illustrated
in the recent analyslis of the international position of U.S. Physics [34]
"For 40 years, the Unlted States has been the world leader in physics
reseairch, but the sltuation 1s changing rapidly. During the past decade,
both the Western European natlons and Japan have fully recovered from World
War 11 and have reassumed an aggressive role in sclence. In many areas where
pr: jously we were clearly ahead, these nations are now fully compet!tive.
Thelr re-emergence In the field of physlics benefits science as a whole, but
the United States can and must retaln a competitive edge. Without it an
essential factor In maintaining our economic well-being will be lost".
Indeed, two Interesting remarks can be made about this analysis : First the
so-called aggressive role of Western European nations and Japan ; second the
pilority of economical well-belng as a major Justification for Fundamental
Research. 1t 1s doubtful that these remarks correspond to our scientific
aims and certalnly not to our traditions.

7. Contlusion

The evelution of Microphysics is permanently changing with the
Introeduction of new scientific and technical developments. Consequently,
Microphysics research is potentially full of unpredictable discoveries
within its very wide research field. Mcreover, the relationshlp between
Microphysics and Macrophysics (in our scale) research becomes closer and
more familiar everyday through multiple Microphysics concepts (and devices
guiding or helping us. Finally the increasing development of Inner (and
Outer) Space exploration and research as well as the renewed interest in
fundamental cosmological problems make the relationship between Astrophysics
and Microphysics more and more important. In such conditions, it is hard to
believe -and even less to understand- a "requiem"” for Nuclear Physics or any
other branch of Microphysics. On the centrary fascinating discoveries may be
expected provided the physicists remain enthusiastic and "enjoy" their hard
research work looking for a better and decper understanding of the Physlcal
World instead of their own social ~or scientific- promotion. This prospect
seems to us the main answer to the question : Quo Vadis Nuclear Physlcs ?
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