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Distortions in angular correlations for the reaction "B(d,py) B*(0.95 MeV) at low energy
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For the reaction "B{d,py) 8*{0.95 MeV) at Ez ——1 MeV, 15 angular correlation measure-
ments covering the range 8&& = 22' to 160' give values of the anisotropy {~) and the deviation
of the measured symmetry axis from the recoil axis {b4). The values of h4 remain small
and constant throughout, whereas the values of e increase sharply at backward angles to a
high, possibly constant value. These results are surprising in the simplicity of their be-
havior and are contrary to some features and anticipations of previously reported measure-
ments.

NUCLE~ REACTIONS B{d,py) B*(0.95), E& = 1.0 MeV, measured, p-y
coin. , ~& = 20-160', b ~= 10 . Calculated anisotropies, phase shifts; deduced

distortions.

Simple stripping theories based on the plane wave

Born approximation (PWBA) are not expected to
provide an adequate description of low-energy deu-
teron stripping reactions, owing to severe devia-
tions from the basic assumptions underlying these
theories. Qualitative arguments by Vhlkinson'

suggested that for stripping reactions of low-Q
value, however, the distortions would remain in-
significant at low energies so that a plane wave de-
scription (PWBA) would fit the data. These ideas
have been given some experimental investigation by
Sellschop and Mingay. ' Both Amado' and Shapiro4
have considered the effect of poles in the complex
reaction plane on the stripping mechanism and pre-
dict also increasingly improved description by
PWBA with decreasing deuteron energy in certain
particular circumstances.

Angular distributions of the protons are simple
in form at low energies and may not provide a
sensitive test for these ideas. It has long been
appreciated, however, that particle-y angular cor-
relations are a sensitive and powerful probe in the

studies of stripping reaction mechanisms. Such
measurements are technically difficult and have

not been extensively studied at low energies. Such
data as exist are generally too sketchy to reveal
any systematic behavior. An early survey by
%'illiamson' suggested support for %'ilkinson's pro-
posals. Borden and Ritter' were the first to initi-
ate an extended series of measurements to investi-
gate this feature of stripping reactions. Their
choice was the reaction "8g, py)"B*(0.95 MeV}
chosen for its low-Q value of 0.19 MeV. They
measured ten angular correlations in the reaction
plane for deuteron energies from 1.0 to 5.5 NeV
and emergent protons at forward angles (8~~} only,
from 1V'to VO' (lab). These measurements are

widely spread so that it is difficult to ascertain
unambiguously any systematics or trends. Not

surprisingly many questions r emained unsettled.
In the work reported here, the same reaction

was chosen. Self-supporting, isotopically sepa-
rated "Btargets were bombarded with a stabilized
beam of 1 MeV deuterons. Considerable care was
taken with alignment and chamber geometry to
eliminate all sources of aberrations in the angular
correlations. Fifteen angular correlations were
measured in the reaction plane at 10' intervals of

8~~, for 8„~ values from 22'to 160'. These were all
made for the fixed energy of 1 MeV where two pre-
vious measurements at values of e~~ of 50'and 70
exist. The range of forward angles was therefore
extended, and the backward angles where correla-
tions were not attempted before were covered.

Since the captured neutron has /„=1 in this case,
the angular correlation function W(8„) is limited to
second-order Legendre polynomials, and is there-
fore described by two parameters only, "viz.

W (8„)-1+AH, [cos (8 -4,)]

where 8 is the angle between the incident beam
direction and the y ray, and 4, is the symmetry
axis of the correlation. This is equivalent to

W(8„}-1-e cos[2(8„-40}],

where & is the anisotropy of the correlation.
Values of the two parameters 40 and e are ex-

tracted from these data by computer fitting. The
results for 4, and e are presented as a function of
the emergent proton angle 8~~ and the relative dis-
tance from the pole D OVieV}. The latter parameter
is given analytically by Warburton and Chase. '
At small values of D, the simple stripping mecha-
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FIG. 1. (a) Calcul. ated recoil axis 4+ Jab), Q) mea-
sured correlation a~retry axis Co gab), and (c) devia-
tion m =ez-4o versus &+ g.ab) and B gNeV).
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FIG. 2. Measured correlation anisotropy a (Q) versus
~o, g.ab) and D {MeV).

nism may be expected to dominate. In Fig. I, 4,
shows a smoothly decreasing value with increasing
8~. The calculated recoil angle (4„) for the resid-
ual nucleus shows exactly this trend. The differ-
ence between these two (dC =4„-4,) is found to
be remarkably constant at a small positive value
throughout the range. The value ~4 is expected to
be zero for the plane wave case, and indeed may
provide a sensitive indication to distortions. This
over-all result differs from that of Borden and
Ritter' who found the general behavior of A4 to be
constant and small at low-D values in accord with
this work, but rising rapidly to very large nega-
tive L4 values for values of D greater than -5
MeV. It shouM be observed that their larger D
values were obtained for higher deuteron energies
(and forward angles) so that different reaction
mechanisms may have entered.

The anisotropy e is similarly plotted against e~~
(and D) in Ftg. 2. Here also systematic trends
are apparent. At forward angles (corresponding to
low-D values) e is small and almost constant at or
close to the constant PWBA value af 11.+ tenta-
tively adopted by Borden and Ritter; there seems
in fact to be a definite trend (not, seen in Ref. 8) of
a gradual decrease in E with angle in this forward
region. In the backward angles, however, e in-
creases rapidly to what may be a limiting value of
approximately 2t@: This behavior is certainly in
disagreement with Borden and Bitter and with
PWBA theory which predicts a constant value of e
for all energies and angles.

It was stressed by Satchler and Tobocman' from

their distorted wave Born approximation calcula-
tions for If, py), that opposing effects of deuteron
and proton distortions could result in small values
of ~4 even for cases of significant distortions as
shown by values of c attenuated as compared with
the maximum limiting value predicted by PWBA
calculations. Such cancellation effects may play
a role resulting in small h4 values over the full
range covered in this work, and in this event, do
not appear to influence the values of ~ in the ex-
pected way. The substantial increase in ~ for
backward angles (and large D values) if considered
to exceed the PWBA limit must therefore be as-
cribed to different reaction mechanisms rather
than deuteron and proton distortion ef'fects.

In the light of the considerable experimental dif-
ficulties involved in such measurements, it is
gratifying to find such clear and simple systemat-
ic trends in the behavior of both ~4 and e. The
main features of h4 being constant and small, and
e being small and then increasing rapidly to a pos-
sibly limiting value, are suggestive of a reaction
mechanism which may be relatively simple over
at least the range of lower-D values. These data
clearly justify extensive theoretical analysis and
further experimental work.
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