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ratio w prevents the formation of a nonequilibri-
um state.

This model is an inverse of the fission process.
7 is the most critical parameter for reaching su-
perheavy elements by an inverse fission process.

Qbviously, for the Q"-Q" case our model is
only a rough approximation. For heavier ele-
ments and higher bombarding energies the model
should become better. The following general
conclusions of this model hold for all heavy ion
reactions: (i) The attractive part of the real po-
tential is shallow. At higher bombarding ener-
gies its depth should increase somewhat because
of larger penetration. (ii) The depth of the imag-
inary potential is also shallow, and (iii) the

strength of the repulsive core is of the order of
100 MeV.
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The proton polarization and the vector analyzing power for the reaction 5 Cr(d,
p)"Cr(g.s.) were measured. From an analysis of the Cr(d, d) Cr and Cr(p, p)'3Cr
elastic scattering cross sections and polarizations, potentials were obtained which,
when used in a distorted-wave Born-approximation calculation, provided a good fit to
the proton polarization and the deuteron analyzing power.

Stripping and pickup reactions have for some
time been important tools in nuclear spectrosco-
py. In deuteron stripping reactions, A(d, p)B, a
neutron is transferred from the incoming deuter-
on to the target nucleus A to form the final nucle-
us 8 in the ground state or in one of its excited
states. The angular distribution of the outgoing

protons depends primarily upon the orbital angu-
lar momentum / of the captured neutron. ' The
value of l is generally determined by a compari-
son between the angular distribution of the outgo-
ing protons and cross sections ca,lculated from
distorted-wave Born approximation (DWBA). The
DWBA has been very successful in reproducing
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the cross-section angular distributions at for-
ward angles.

Polarization measurements in stripping reac-
tions have long been of interest, not only as afur-
ther test of the DWBA theory, but also because
such measurements may allow one to determine
the total angular momentum of the captured neu-
tron, j„=I + —,'. The polarization Pp~ of the outgo-
ing protons from stripping reactions has been
measured in several eases. ' A problem of long
standing in stripping theory is that DWBA calcu-
lations have not been able to reproduce these
measurements. Recently, measurements have al-
so been made of the vector analyzing power' P&~
for stripping reactions, i.e., of the asymmetry
of outgoing protons when the reaction A(d, p)B is
initiated with vector-polarized deuterons. Sur-
prisingly, it was found that these measurements
are well reproduced by DWBA calculations. '

There are several possible explanations for
the failure of the proton polarization calculations.
First, extensive measurements of the proton po-
larization in stripping reactions have been made
primarily for light target nuclei so that the dis-
crepancies might be caused by the presence of
compound-nuclear resonances. Measurements
for heavier elements are generally of much poor-
er accuracy and often observations extend only
over a fem forward angles' because double-scat-
tering experiments are very difficult to perform.
Second, the proton polarization may be particu-
larly sensitive to the optical-model parameters
used in the DWBA calculations and the parame-
ters may not be mell knomn enough to obtain cor-
rect predictions. Finally, it is possible that the
distorted-wave method is intrinsically inade-
quate to describe the reaction mechanism'~' or
that one or more of the approximations common-
ly made to facilitate calculations"~ (such as ne-
glect of the deuteron D state, deuteron-tensor in-
teraction, and coupling to other channels) is re-
sponsible for the disagreement.

The present experiment was undertaken to mea-

sure the proton polarization over a wide range of
angles. A double-scattering experiment can be
avoided by initiating the inverse reaction with po-
larized protons from an accelerator and by mea-
suring the asymmetry of the outgoing deuterons.
This asymmetry is equal to the proton polariza-
tion following the (d, p) reaction. " Also, the ex-
periment was intended to obtain information on
the optical-model parameters by measuring the
elastic scattering cross section and polarization
for the deuterons in the entrance channel and the
protons in the exit channel. The reaction studied
was "Cr(d, p)"Cr (/„= 1, j„=—;),leading to the
ground state of "Cr.

The polarized deuteron beam from the Wiscon-
sin tandem accelerator was used to measure the
analyzing power P s for 11-MeV deuteron elas-d
tic scattering from "Cr and to measure the ana-
lyzing power Pd~ for the (d, p) reaction to the
ground state of "Cr. These results and the elas-
tic scattering cross section of Andrews et al."
a.re shown in panels (a), (c), and (e) of Fig. 1.
The polarized proton beam from the Saclay vari-
able-energy cyclotron was used to measure the
cross section and analyzing power Py for 16.6-
MeV proton elastic scattering from "Cr and to
measure the analyzing power Pp for the (p, d)
reaction to the ground state of ' Cr. The proton
energy was chosen so that the center-of-mass
energy is the same for the (p, d) and (d, p) experi-
ments. These results are shown in panels (b),
(d), and (f) of Fig. 1. Panel (g) of Fig. 1 shows
the cross section of Alty et al. for the reaction
52C r (d p }53Cr 12

Optical-model parameters for the DWBA calcu-
lations were obtained by analyzing the elastic
scattering data. " As is mell known, the optical-
model parameters describing the elastic process-
es are not unique. For this reason several para-
meter sets for both the entrance and exit chan-
nels were tried in the DWBA calculations. "

One combination of parameters (see Table 1)
was found which gave a considerably better fit to

Table I. Optical-model parameters used in the calculations. (The notation is the same as in Hef. 4. )

Particle {MeV)

r
(fm) (fm)

s
(MeV)

W

(Mev)

r '
0

(fm)

a'

(fm)

Vs
(MeV)

It

0
(fm) (fm)

y'
C

(fm)

79.2
58.1
48.2a

1.3
1.1
1.3

0.674
0.75
0.7

11.22
8.51

1.642
1.35

0.62
0.55

5.37
6.2

0.9
0.96

0.6
0.55

1.25
1.25

aAdjusted by program to give the correct neutron binding energy. The neutron potential contains a spin-orbit
coupling ~ = 25.

956



VOLUME 22, NUMBER 18 PHYSICAL REVIEW LETTERS 5 Mwv 1969

Ed II MeY E&= l6.7 MeV

I.P (a) —I.p

O/OR 0/OR

Ql— —O. I

0.3—

0.2—

0 I-

pS
d

-OI-

-0 2-

(c) (d)
0.8

0.6

Q.4

0.2

-0 pS
P

—-0,2

—Q4—

—-0.6

--08

Q 4-

0.2

pr p

-0.2

-04-

(e)
0 4

0.2

P'
—0.2

—0.4

(g)

40 80 I20 I60

e,~

v
(mb/sr)

IP—

0 I—

40 80 120 160

ecm

I IG. 1. Cross section and analyzing powers for ' Cr(d, d) Cr, '3Cr(p, p)~ Cr, ' Cr(d, p)' Cr, and 3Cr(p,
d) Cr. On all panels of the figure, the solid lines are theoretical curves described in test. (a) Differential cross
sections for Cr(d, d)5 Cr at 11 MeV. The data are from Ref. 11. (b) Differential cross section for 3Cr(p, p) "Cr
at 16.6 MeV. (c) Vector analyzing poorer for 5 Cr(d, d)' Cr at ll MeV. (d) Analyzing power for '3Cr(p, p) "Cr at
16.6 MeV. (e) Vector analyzing power of Cr(d, P)5 Cr at 11 MeV. (f) Analyzing power of 53Cr(P, d)5 Cr at 16.6
MeV. {g) Differential cross section of Cr(d, P)' Cr. The data are from Ref. 12.

P&& than has been obtained in previous attempts
to fit (d, p) polarization data. Curves calculated
with these potentials are shown in Fig. 1. The
most important feature of the potentials with re-
spect to fitting Pt, ~ is the use of volume absorp-
tion in the deuteron channel. Calculations with
surface absorption in the deuteron channel showed

the correct number of oscillations for P but
ptheir magnitude was greatly reduced.

Although the present calculations give an ac-
ceptable fit to the "Cr(d, p)"Cr(ground-state)
cross section [panel (g), Fig. 1], the oscillation
near 80' is not well reproduced. Using the same
potentials, the fit to the cross section for strip-
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ping to the first excited state of "Cr (l = 1, j = —,)
is well reproduced, including the strong dip at
130'. Potentials using surface absorption in the
deuteron channel improve the cross-section fit
for the ground-state transition, but then the fit
to P&+ is quite poor.

This investigation has shown that it is possible
to obtain potentials which describe at the same
time the elastic scattering cross section and po-
larization as well as the reaction vector analyz-
ing power and proton polarization. The reasons
for the success of these particular optical-mod-
el potentials is not well understood. More work
needs to be done to determine the relationship be-
tween the optical-model parameters and proton-
polarization predictions.
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J. Escudie and J. Faivre in the "Cr(P, d)"Cr ex-
periment. We would also like to thank Dr.
P. Kunz for supplying the computer program for
the D%BA calculations.
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The decay of the doubly magic nucleus ~6Ni to the lowest 1+ state of MCo proceeds
about a hundred times slower than the shell model predicts. The explanation is that the
lowest 1+ state of Co is mostly a two-particle, two-hole state. The giant spin-isospin
resonance lies at a higher energy.

The ground state of the doubly magic nucleus "Ni decays by E capture to the lowest l+ state of Mco,
which has an excitation energy of 1.72 MeV. The transition rate is characterized by a log»ft which is
about 5 —not a usual value for an allowed Gamow-Teller transition.

We first point out that a shell-model calculation of this decay gives a unique answer provided the fol-
lowing assumptions are made: (a) '8Ni is a doubly closed shell. (b) The lowest 1+ state of MCo is a
one-particle, one-hole (lp-1h) state.

The only lp-1h state with spin 1 is [f„, (~)f„,(t)]. This state can be called the giant spin-isospin
state, since precisely this state results when one operates with the Gamow-Teller operator, Q;&r;f+;,
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