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'~pt(d, 'He)'"Ir reaction: Spectroscopic factors and supersymmetry predictions
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(Received 10 November 1980)

Differential cross sections have been measured for transitions to low-lying states in '"Ir in the '"Pt(d, 'He)'"Ir
reaction at Ed = 50 MeV. Transferred orbital angular momenta l and spectroscopic factors have been deduced by
comparison with zero-range distorted-wave Born-approximation calculations. The deduced spectroscopic factors
give further evidence for the presence of the supersymmetric structure in nuclei in the platinum region, which has
been recently pointed out by Iachello. The spin-parity of a state at E„=0.964 MeV has been assigned to be 1/2+.

NUCLEAR REACTIONS Pt(d, He) 9 Ir, E=50 MeV, measured 0{8), resolution
30 keV. DWBA analysis, deduced L and S.

I. INTRODUCTION II. EXPERIMENTAL PROCEDURE AND RESULTS

Low-lying states in odd-A nuclei in the platinum
region are interesting in the light of various mod-
els, ' ' in particular the recently proposed super-
symmetry model. ' It has been pointed out as evi-
dence of the presence of the supersymmetric
structure in the Pt region that the observed states
can indeed be grouped into bands as predicted by
the supersymmetry model, and that a closed su-
persymmetry energy- level formula reproduces
the experimental energy levels of both ',',Pt»4 and

'~Ir»4 at the same time. ' Additional evidence for
the presence of the supersymmetry is given by
the agreement between predicted E2 transition
rates~ and measured ones. ' A further possible
test of the presence of the supersymmetry in the
Pt region is provided by a comparison of pre-
dicted transfer-reaction intensities with experi-
mental values.

Proton-hole components of low-lying states in
'9'Ir were previously studied by the '~Pt(f, n)"'Ir
reaction at E, =15 MeV. ' The (t, a) reaction at
incident energies of about 15 MeV, however, can
give no information on the transferred orbital
angular momenta l, because the angular distribu-
tion shapes are uncharacteristic of l, these being
rather similar for /=0-5. ' Therefore, it is im-
possible to conclude from the angular distribution
shape that the mechanism of a (f, n) transition is
a direct single-step pickup with a single l value.
Spectroscopic factors were obtained, ' assuming
J' values that had been proposed earlier. Because
of these difficulties with the (I, n) reaction and
the current interest in the supersymmetry model,
we felt it important to study the proton pickup on
'~Pt independently via a different reaction that is
free from these shortcomings. Therefore we
undertook an experimental study of the '"Pt(d, 'He)
'~Ir reaction.
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A self-supporting '"Pt target with a thickness
of about 300 pg/cm' was bombarded by an energy-
analyzed beam of 50 MeV deuterons from the
Kernfysisch Versneller Instituut (KVI) isochronous
cyclotron. The QMG/2 magnetic spectrograph6
and the associated particle-detection system' were
used to detect and identify the 'He particles. An

overall energy resolution of -30 keV was obtained
with a solid angle of 8.5 msr, which was defined
by an entrance aperture of the spectrograph with
a horizontal opening angle of -6 .

Figure 1 shows a 'He momentum spectrum taken
at 8 i ab 15'. The positions of peaks 1—12 as num-
bered in Fig. 1 are consistent with the excitation
energies given in a recent compilation' as well as
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with those obtained by the previous '~Pt(f, a)'"Ir
experiment. ' Because of the high level density
at excitation energies above 1 MeV, there it was
impossible to resolve peaks reliably and to ob-
tain angular distributions with charactex istic L

values. In particular, the peak around channel
218 in Fig. 1 is remarkably large, but the angular
distribution obtained for it was flat, indicative of
contributions of a number of / values. Therefore,
the data analysis was limited to the twelve peaks
below 1 MeV. A summary of the observed states
is given j.n Table I.

Figure 2 shows the experimental differential
cross sections obtained for the twelve peaks num-
bered as in Fig. 1. The absolute cross section
scale has been determined by normalizing to the
differential cross sections for deuteron elastic
scattering. It is seen that each of the twelve angu-
lRl dlstx'lbutlons has R shape chRx'Rctex"lstlc of R

transferx'ed orbital angular momentum E, in con-
trast with the (f, a) angular distributions.

with the zero-x'ange DWBA code DWUCK 4.' The
employed potential parameters are given in Table

IO

III. DISTORTED-%(AVE BORN APPROXIMATION
ANALYSIS

A distorted-wave Born approximation (DWBA)
analysis of the present data has been performed

TABLE I. Summary of observed states.
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0,080
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~Reference 8.
b Present work. See text.
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FIG. 2. Differential cross sections for transitions to
low-lying states in Ir in the Pt(d, He) Ir reaction
at E~

——50 Mev. (See Tablef for the numbering of states
in Ir and for the assigned E values. ) The solid curves
represent results of DWBA calculations (see text).



TABLE II. Set of potential para. meters used in the D%BA calculation.

&so
(MeV)

+Oso
(fm)

91.0
168.0

varied~

14.25
0.0
0.0

0.0
17.0
0.0

6.0
0.0

X =25

1.16
1.24
1.225

1.25
1.52

1.225

0.83
0,723
0.70

0.90
0.88

0.83

0.70

The proton single-particle wave function is calculated by the well-depth method.

II. The calculated angular distributions are shown
by solid lines in Fig. 2. No finite-range and non-
locality corrections were applied. The deuteron
optical parameters were taken from the litera-
ture. '0 The combination of these deuteron param-
eters with the 'He optical parameters of Ref. 10,
which had given good fits for the "'Pb(d, 'He)'"Tl
reaction, "failed to reproduce the experimental
angular distributions of Fig. 2, especially the
peak-height ratio of the first peak to the second
one of the I =2 angular distributions (for example,
No. 1 of Fig. 2). Therefore, an extensive study
was performed of the dependences of the calculated
angulax distributions on the parameters of the
potentials including the proton-binding potential.
The 'He optical parameters of Table II came out
of this study, which confirmed at the same time
the stability of the calculated angular distx'ibu-
tions and consequently the x'eliability of the l as-
signment based on the angular distribution shape.
On the other hand, the absolute value of the cal-
culated cross section is quite unstable as depend-
ent on the potential parameters. For example, it
was found that a small change in the radius param-
eter of the proton-binding potential (a few percent;
for example, from 1.225 to 1.250 fm) could change
the absolute value of the eal.culated cross section
by a large amount (several tens of percent} without
a substantial change in the angular distribution
shape. This instability of the calculated absolute
cross section implies a large inherent uncertainty
in the absolute spectroscopic factor deduced by a
DWBA analysis, since it is by no means possible
to determine the radius parameter of the proton-
binding potential with a high accuracy (a few per-
cent or better}.

A summary of I assignments by the present
DWBA analysis is included in Table I. Although
each of the peaks 2, 6, and 8 corresponds to two
unresolved states, the angular distribution shape
indicates that one of the two states is populated
far more strongly than the other. The / values
determined by the present DWBA analysis are
consistent with the previous spin-parity assign-
ments' (Table I). Furthermore, the spin-parity
of the 0.964 MeV state (Table I} is uniquely deter-
mined to be ~ by the l =0 assignment to the transi-

tion to this state. This spin-parity assignment
contradicts the suggestion of Yamazaki et gl. ~ that
there exists a strongly populated & state at E„
=0.970 MeV as the bandhead of the Nilsson con-
figuration [402]. The above I =0 assignment is
based on the following observations: (1) the fea-
tures of the experimental angular distribution
(No. 12 of Fig. 2}, including the sharp fall of the
differential cross section at 6', are consistent
only with an / =0 DWBA curve, and (2) the experi-
mental RngulRx' dlstx'lbutlon ls very slxnllRr to that
for the known / =0 transition to the 0.073 MeV
state (No. 2 of Fig. 2).

Spectroscopic factors have been derived using
the relation

exp

2.95v „/(2j+ 1) '

where j is the total. angular momentum of the pro-
ton single-particle orbital, Rnd C'=1. The abso-
lute spectroscopic factors, which are reported in
the third column of Table III, are subject to large
uncertainties arising from ambiguities in the po-
tential parameters. However, the uncertainties
in the ~elgtive spectroscopic factors for states
corresponding to the sgme proton single-particle
orbital are within +5 jo. Relative spectroscopic
factors, normalized so that the spectroscopic
factor for the ground state transition is unity, are
shown in Table HI for the reactions '~Pt(d, 'He}
'"Ir (column 4) and '94Pt(f, o.')'"Ir (column 6).
There is good agreement between the rel.ative
spectroscopic factors derived from both reactions.
Thus, the present experimental study of the
(d, 'He) reaction confirms the earlier results from
the (f, o) reaction, and therefore gives evidence
that the mechanism of the (i, u) reaction around

E, =15 MeV is a direct single-step pickup.

IV. COMPARISON WITH SUPERSYMMETRY
PREDICTIONS

The presence of the supersymmetry leads to
simple expressions that predict relative spectro-
scopic factors for single-nucleon-transfer transi-
tions connecting an even target nucleus with some
final states in the residual nucleus. In the classi-
fication scheme of the supersymmetry model the



1480 Y. IWASAKI et al. 23

TABLE III. Spectroscopic factors for low-lying states
in '"Ir.

Ex
Orbital (MeV)

(d, 3He) (~,~)
s ~ sf ~ sg n)' s'(t e)o

abs. rel. ahs. rel.

2d g/2

2d 5/2

2ft/2
+Z/2

0.000
0.180
0.460
0.712 d

0.849 "
0.874
0.139
0.362
0.559
O.695 '

0 849
0.874
0.073
0.964
0.299
0.621

1.17 1.00
0.09 0.08
0.87 0.74
0.30 0.26
O73' O62

0.74 0.63

0.09 0.08
0.25 0.21
1.15 0.98
o.31' o.26
0.52 g 0.44

0.56 0.48

0.43' 0.37
0.41 0.35
0.03 0.02
0.24 0.21

0.64
0.03
0.46
0.15

0.05
0.15
0.69

0.37}

0.24

0.15

1.00
0.05
0.72
0.23

0.08
0.23
1.08

0.58
0.05
0.38

0.23

three lowest & states in '"Ir at E„=O.OOO, 0.180,
and 0.460 MeV have the Spin(6) and Spin(5) quan-
tum numbers [o„r,] of [~, —,], [~,—,'], and [~, —,'],

Present work. See text.
b Reference 2.

Derived from the preceding column by normalizing so
that the spectroscopic factor for the ground state transi. -
tion is unity.

The 0.695 and 0.712 MeV states were not resolved in

the present (d, 3He) experiment, being observed as peak
No. 10.

This spectroscopic factor is obtained if the cross sec-
tion for peak No. 10 (Table I, Fig. 2) is divided into the
cross sections for the 0.695 and 0.712 MeV states ac-
cording to the ratio observed in the (t, n) reaction (Ref.2).

This is obtained if the whole cross section for peak
No. 10 is assumed to belong to the 0.712 MeV state.

g This is obtained if the whole cross section for peak
No. 10 is assumed to belong to the 0.695 MeV state.

"Spins of these states are not established. The present
work assigns l =2 to the summed angular distribution
for the states (Table I).

t Possible I =8 excitation of the 0.080 MeV t&2 ) state
is neglected in the derivation of the spectroscopic factor
for the 0.073 MeV state, since it is unfeasible to deduce
a small / =5 admixture from an analysis of the shape of
angular distribution No. 2 (see text, Table I, and Fig. 2).
This neglect could lead to an uncertainty of less than 10%%up

in the spectroscopic factor for the 0.073 MeV state. For
example, if a substantial spectroscopic factor of S' =2.39
were assumed for the 0.080 MeV (tP ) state according to
an estimate of Ref. 8, the 0.080 MeV (P ) state would
contribute 8% of summed differential cross sections at 9'
to 10' c.m. where the first peak of summed angular dis-
tribution No. 2 (Fig. 2) is located.

respectively. ' The corresponding quantum num-

bers of the ground state of '~Pt are [7,0]. The
transition to the 0.160 MeV state in the '9'Pt(d, 'He)
'~Ir reaction should be forbidden by the selection
rules bo, =+ ~ and Av, =+ ~ for single-nucleon-
transfer reactions, ~ and this transition is indeed
observed to be weak. More precisely, the super-
symmetry model predicts4 the ratios between the
spectroscopic factors for the ground (—,

'
), 0.180

MeV (—,
' ), and 0.460 MeV (—, ) states in '"Ir (Tables

I and III) to be 1:0:N/(N+ 4) —= 1.00:0.00:0.64,
where N = 7 is the number of bosons in the target
nucleus "4Pt. The predicted ratios are in quali-
tative agreement with the corresponding experi-
mental ratios 1.00:0.06:0.74 (Table III). On the
other hand, according to the calculations of Ref.
2, the rotation-vibration model and the Nilsson
model predict the ratios to be, respectively,
1.00:0.09:1.09 and 1.00:0.22: 0.31. While com-
plicated models such as the above ones contain-
ing a large number of adjustable parameters may
be able to reproduce the experimental relative
spectroscopic factors, it is interesting that the
supersymmetry predictions which depend on no
adjustable parameters at all are in at least as
good a qualitative agreement with the experimen-
tal relative spectroscopic factors. The present
results thus provide further evidence for the
presence of the supersymmetry in nuclei of the
Pt region.

The supersymmetry model of Iachello deals
with the coupling of a j= s particle (or hole) with
an even-even core that has the O(6) symmetry.
It does not include single-particle excitations
other than j=2. Other states arising from a 2d„,
particle (or hole) or a 3s„,particle (or hole)
coupled with the O(6) core, which are beyond the
scope of the supersymmetry model, may be ad-
mixed into the observed low-lying states that can
be classified according to the supersymmetry
scheme. Our experimental data indicate the
presence of such admixtures. For example, the
0.362 MeV (-,' ) and 0.073 MeV (-,' ) states are ex-
cited with considerable strengths in single-proton
pickup, whereas the excitation of these states is
forbidden in the supersymmetry model by the
selection rule nr, =+-,' because [o„v,] = [~, s] and

[+', —,'], respectively, for the 0.362 MeV (—,
'

) and
0.073 MeV (s ) states. '4 The experimental re-
sults indicate the presence of considerable 2d, ~,
and 3sy/2 hole strengths in these states. It re-
mains to be seen whether a fully quantitative re-
production of the experimental spectroscopic fac-
tors can be achieved by a calculation that takes
account of admixtures of the 2d„, and 3s„, single-
particle excitations in the framework of the inter-
acting boson- fermion model. '
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