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SPIN DEPENDENCE OF (d, t) l~ ——1 ANGULAR DISTRIBUTIONS IN Ni AND Fe
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It has recently been reported that, for 10-MeV
incident deuterons, the (d, p) reaction on medium

weight nuclei can be used to distinguish between
and p3, ~ states of the "stripped" neutron. '

The distinction between p», and p 3]2 transfers is
made possible by a pronounced difference, for
the two cases, in the angular distributions at
large scattering angles (8&90'). The same ef-
fect has subsequently been noticed for an inci-
dent deuteron energy of 12.0 MeV. '

The present paper investigates, in medium-

weight nuclei, the extent of the above effect for
the (d, t) reaction, in which a neutron is "picked
up" by the incident deuteron rather than
"stripped" from it. Several /„=1 reactions
proceeding to known spin states are studied,
and the shapes of the corresponding angular dis-
tributions are determined.

Foil targets of Fe, ~Ni, and Ni of thickness
about one mg/cm' were bombarded with 14. 7-
MeV deuterons from the University of Pittsburgh
cyclotron. The outgoing particles were detected

by a system described in detail elsewhere. '
Briefly, it consisted of two telescopically mounted

solid state detectors of the silicon surface bar-
rier type. The detectors formed an E, dExE

200—

IOO

system which distinguished particles according
to the value of their mass m multiplied by the
square of their charge ~. The energy and the
particle analyzer pulses were fed into a two-
dimensional, 4096-channel pulse height analyzer
whose data display was a three-dimensional ma-
trix with axes energy -mz', and intensity. Val-
ues of amplifier gains and biases were such that
data from (d, d') and (d, t) reactions were re-
corded simultaneously. The energy resolution
of the detected tritons varied from 80 keV to 200
keV depending on the scattering angle and the
thickness of the target.

In an alternative detecting system, ' used to
collect one set of data, tritons from the (d, f)
reaction were passed through a momentum-an-
alyzing magnetic spectrograph and detected by
nuclear emulsion plates located in the focal
plane of the spectrograph.

Angular distributions of (d, f) cross sections in
the angular range 70' to 150, which were re-
corded for a total of three P,~, levels and three

p3/2 levels in "Ni and 'Ni, are shown in Figs . 1

and 2. As the figures indicate, the angular dis-
tributions leading to p, ~, and p3j, levels show pro-
nounced differences at large scattering angles.
Figure 3 illustrates these differences, for two
levels observed in the reactions 84Ni(d, t)8'Ni, in
the form of a ratio of P,&,-to-P», cross sections,
where the ratio has been set equal to unity at a
scattering angle of 70'. Below this angle Pi/2
and P», angular distributions seem to have the
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FEG. l. Angular distributions for ps&2 and p&~2 levels
in the reaction 8~Ni(d, t}~9Ni. Spins and excitation ener-
gies in the key refer to levels formed in ~~Ni.

FIG. 2. Angular distributions for p3&2 and p&~2 levels
in the reaction 4Ni(d, t}~3¹i. Spins and excitation ener-
gies in the key refer to levels formed in 63Ni.
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Table I. Ratio of cross sections between laboratory scattering angles of 70' and 90'.

Reaction S parity

Final state
Excitation

{MeV) 0(70') /0{90')
Spin

reference

"Fe{d,t)"Fe

60Ni (d, t)5~Ni

64Ni {d,t)63Ni

0. 0
0.42

0.0
0.47
0.89
1.31

0.0
0. 16
0.53
1.01

i
3-
3-

1.75+ 0. 19
4. 13+ 0.91

1.32 ~0. 06
3.76 ~0.56
1.30+ 0.20
3. 12 ~0. 60

2. 26 + 0. 18a
1.25 + 0. 05
1.72 + 0.22
3.67 ~ 0.48

e, f
elf
elf
e, f

Ratio of cross sections between 74' and 88'.
K. Way et al. , Nuclear Data Sheets (National Research Council, Oak Ridge, Tennessee).
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same shape, ' although from Fig. 3 we recognize
a strong j dependence at large angles (which is
possibly due to the spin-orbit part of the nuclear
force).

From Figs. 1, 2, and 3, one test of the spin of

a transferred P neutron is afforded by comparing
the relative differential cross section at 70' with
that at 90'. The ratio of cross sections should
be

(T(70')/o(90') = l. 5 (spin &')

= 3. 5 (spin ~)

34-—

2.6—

2.2—

l,a.—
b

l.4—
b

I.O

Ni (d, t)Ni

( +,.53 MeV )

~ (y, lOI MeV)

Numerical values of this ratio are listed in
Table I for the six cases shown in Figs. 1 and 2
and for four additional cases where the spin trans-
fer is known. In all ten cases the value of the
cross section ratio agrees, via Eq. (1), with the
known spin transfer.

The authors are indebted to J. K. Dickens of
Oak Ridge National Laboratory for providing the' Ni target on loan. They also wish to thank
R. K. Jolly for assistance in the accumulation of
data.
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FIG. 3. Ratio of cross sections for the 0.53-MeV
and 1.01-MeV levels in 83Ni. The ratio has been ad-
justed to be unity at a scattering angle of 70'.
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