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Abstract : 
The 1 9 7Au(d»Tfe) Pt reaction has been studied at E d - 108 MeV. 

An important breakdown of the selection rules of the supersytnnetry scheffle 

is observed for the 2- level. The generally strong excitation of the 
2. level by transfar reactions in the Pt region leads to question the 
validity of the supersymmetry scheme at least for this level. 
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In the Interacting Bosons Model (IBA) describing [ 1] the 
collective degrees of freedom of even-even nuclei,3 dynamical symmetries, 
each corresponding to a chain of subgroups of SU(6), have been recognized. 
The pt nuclei, particularly Ft, appear to be well described [2] by the 
0(6) limit. The Interacting Boaons-Fermion Model (UFA), where a fermion 
is coupled to an even-even boson core, appears to reproduce reasosnably 
many experimental results for odd-A nuclei [3,4]. 

Going one step further towards a unified picture, F. Iachello 
has recently suggested [5] that dynamical supersymmetries might be present 
in the apectra of complex nuclei. The supersymmetry is defined as a situa
tion in which the bosonic (even-even nuclei) and fermionic (odd-A 
nuclei) spectra can be simultaneously classified by a complete set of 
group theoretical labels, the energies being given, as a function of 
these labels, by a common expression. 

Of course, the supersymmetry (as well as the ordinary symmetries 
of IBA) is not claimed to be a general property of nuclei, but on the 
contrary can only occur in very special cases, when certain terms of the 
hamiltonian dominate the others. In the first case proposed [5], the 
even-even nucleus is supposed to be correctly described by the 0(6) limit, 
the odd particle in the odd-A nucleus being allowed to occupy only the 
j * 3/2 orbital. This supersymetry model has been applied to several 
nuclei in the Pt region and has been generally found [4,5,6] quite 
sucessful in reproducing the energies and B(E2) values. The selection 
rules for single particle transfer reactions f6] 
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iff 11 

A T - ±-j 

194 193 have been found to be obeyed [7] in the reactions Pt •+• Ir and 
192 193 193 

Oa * Ir. However, an important breaking was shown [8] in the Ir 
-*• pt reaction, where the transition to the J • 2. level -forbidden 
by the supersymnetry selection rules- was observed to be very strong. 

was an exception or not, it was decided to try another couple of nuclei. 
196 Because Pt is considered [2] to be the best 0(6) nucleus, the reaction 

W . - M 3„ .196, 'Au(d ,Tta) pt was selected for this test. This choice was strengthened 

by the recent conclusion [9] that, on the basis of energies and b(E2), the 
196 197 couple Pt- Au appears 

a supersyometry in nuclei. 

196 197 couple Pt- Au appears as one of the best: cases for the existence of 

The experiment was performed at 108 MeV, using the analyzed 
deuteron bean of the Orsay synchrocyclotron, with several gold targets 
of known thicknesses (between 1. and 5.6 mg/cm ). The emitted He were 
analyzed by the "Montpellier" spectrometer and detected by a system [10] 
of 2 positions sensitive gas chambers followed by 2 plastic scintilla
tors. The solid angle of the spectrometer was 0.2] max, with an opening 
in the reaction plane of 0.5*. The resolution of 130 keV (full width at 
half maximum), mainly due to the beam, permitted to separate correctly 
the first peaks in the spectrum (see fig. 1) corresponding to the ground 
state, 2, and 2. levels of and to give reliable limits for the 
cross sections of the higher lying 0*, 3* and 4? levels. Levels above 



1.2 MeV could not he separated and shall not he discussed. 

Absolute cross sections were determined directly, knowing the 

solid angle of the spectrometer and the thicknesses of the targets* The 

resulting.angular distributions are compared in fig. 2a to DWBA calcula

tions performed using standard optical potentials [ H ] * I f c can be seen 

that the 3 angular distributions have similar shapes, veil fitted by 

JL B 2 DHBA calculations. The g.s •* g.s transition is necessarily a pure 

2 
2.-2, i .. transfer and the extracted spectroscopic factor, Ç S - 0*24, 

2 
is in good agreement with the one, C s • 0.263, previously determined 

112] in the l 9 6Pt( 3He,d) 1 9 7Au reaction. For the 2^ and 2* levels, the 

angular momentum selection rules would also permit I - 0 and & - 4 trans

fers. The PWBA calculations for pure I - 0 , £ - 2 and 2,-4 transfers 

are shown in fig. 2b. From these curves it is possible to derive calcu

lated angular distributions for mixed t - 2 * SL - 0 transitions, the 

2 2 
shape being a function of the ratio R(0/2) - C S(l • 0)/C S<£-2). Similar 

curves can be derived for mixed t » 2 + t • 4 transitions, the shape 

being a function of the ratio R(4/2). A careful comparison of these curves 

with the angular distributions of fig. 2a permits to conclude, for 

the 2* and 2* levels, that ' i) both R(0/2) and R(4/2) are smaller than 30 %. 

ii) the Jt • 2 transfer is largely dominant in cross section and the t • 2 spectros

copic factors can he safely determined (error smaller than 12 35) assuming 

as for the ground state a pure % • 2, d«.„ transfer. These conclusions 

are confirmed by an indépendant analysis using, instead of DWBA calcula

tions, the experimental angular distributions determined [13} in the 

2 0 8Pb(d, 3He) 2 0 7Tl reaction at 108 MeV, for the J* - 1/2* (g.s), 3/2 + 

(350 keV) and 7/2* (3480 keV) levels of 2 0 7 T 1 . 
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The relative 4 - 2 spectroscopic factors are compared in 

Table I to the predictions resulting from the supersymmetry selection 

rules (only 9, - 2, d-*- transitions are possible in this model). 

It is clear from Table 1 that, even in the carefully chosen 

case of the Au •*• Ft reaction (where, as pointed out before, the 

supersymmetry scheme is raasonnably founded [2] and appears to acceptably 

describe the energies and B(E2) values [93)" the selection rules for single 

particle transfer reactions are broken for the 2^ level of Pt. 

Inded, this appears to be rather a rule than an exception and in all the 

cases studied-so far the 2, level of the final even-even nucleus is 
+ 196 

strongly populated as compared to the 2, level : 117 Z in Ft (rSf. 

[8]), 68 % in 3 DPt (present work), 32 % in '"os (réf. M ) ; the ratio 

fcr^aars also large in Hg (raf. [15]) although no precise figure has 

been given. The unability of the model to account for the large popula-

s impie operator in deriving the single particle transfer selection rules 
(the super symmetry scheme itself being correct) or from the fact Chat the 
2„ level is not correctly described in the super symmetry scheme (and 
perhaps, therefore, in the 0(6) limit of the IBA). Calculations of the 
transfer strengths in a more classical scheme, where the even-even and 
odd nuclei would be described respectively by the IBA and XBFA models, 
with different types of single particle transfer operators including, 
the one used to derive the supersymmetry selection rules, are clearly 
needed in order to precise the origin of the observed breaking. 



~1 
To summarize, the general breakdown of the selection rules 

observed for the 2, levels of the even-even nuclei in the ft region 
appears at this stage as an important difficulty for the supersymmetry 
model. He feel that is should be clearly understood and explained 
before one can really conclude that the supersymmetry scheme applies 
reasonnably to this region of nuclei. 
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Table 1 : Comparîàon of relative experimental spectroscopic factors fnr 

the Au{d, He) F 

supersymmetry model. 

197 3 196 
the Au(d, He) Pt reaction to the previsions of the 

J ¥ 

îf E *> 
Eth. 
(fceV) 

«"««,.» - » " D ) c 2s c ) 

supersym* 
Class. c ) 

"... 0 0 100d> 100 d ) Allowed 

*T 356 286 88 167 Allowed 

S 689 562 60 0 Forbidden, 

A T - 3/2 

*ï 877 80(1 « 15 0 Forbidden, 

A T - 3/2 e > 

3* 1015 1032 « 15 a Forbidden, 

AT - 5/2 

•; 1135 828 « 10 0 Forbidden, 

A T - 5/2 

a) Energies calculated using eq.(7) of ref.[5] and the parameters 

A - 243 SeV, B - 276 keV, C - 17 keV given by v ervier in ref. [9]. 

1) All the transitions, except the one corresponding to the 4J level, 

are assumed to be I • l,i , . For a d , transition the spectroscopic 

factor would be : C 2 S ( d J / 2 ) - 0.75.C
2s(d 3 / 2). c) From ref. [6]. 



1 
d) Normalized, e) This transition is forbidden, not only because it 
breaks the selection rule A T - 1/2, but also because the only possible 
type of transfer in the model : % • 2, d,._, is forbidden in this case 
by the angular momentum selection rules. 
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Figure captions 

Fig. 1 : Spectrum of the ^ e emitted at Ô U b - 4" in the I WAu(d, He) Pt 

reaction at 108 MeV. 

Fig, ?.£) ; Experimental angular distributions for the 0 , 2, and 2» 

levels of Ft. These distributions have very similar shapes 

and are well fitted by £ - 2, d-., D W B A calculations (continuous 

curves) using the optical potentials of ref. []1], 

b) Comparison of the cross sections and shapes of the DHBA angular 

distributions calculated for it. - 0, & • 2 and ft - 4, with an 
2 

identical spectroscopic factor C S * I. 
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DWBA cross section for S=l (jib/sr) cross section (^ib/sr) 
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