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ABSTRACT 

Angular correlation techniques are a sensitive probe for 
determining distortions from simple stripping reactions. 
Fifteen angular correlations were measured for 
11 12 
3(d,py) B*(0.95 MeV), and fitted by a two-parameter angular 

correlation function W(9 ) = 1 + A-P- [ cos (9 - * ) ] . If 
distortions fron» the predictions of plane wave theory occur, 
the deviation A* = •„ - 4 of the recoil axis of the residual 

fi O 

nucleus from the measured symmetry axis * will possibly differ 
from zero, while the anisotropy A 2 on the other hand is 
expected to be attenuated relative to its maximum possible 
PWBA value. The measurements show A- to rise sharply at 
backward angles, and A* to be rather small and constant throughout, 
^oth of which conflict with expectations based on previously 
published measurements. A discussion of the results in the 
light of different possible processes and existing theories is 
carried out. 
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To use angular correlation techniques properly for the 
deduction of nuclear parameters in stripping reactions, it is 
essential to know the exact form and amount of deviation of the 
angular correlation function from that well-predicted by ?W3A. 
Cr. the other hand, if the parameters of the final excited state 
and its y-decay are well known, the measurement of such 
distortions' via angular correlation techniques forms a sensitive 
probe for the study of stripping reaction mechanisms^ . The 
discissions presented in this paper, although dealing mainly 
with tne results of the specific reaction 1 13(d,py) B* (0.95 KeV) 
are relevant to the general aspects of (d,py) correlations in 
light nuclei. 

(2) In a paper recently submittedv , experimental results of 
1 1 1 ' 
B(d,py) "B*(0.95 KeV) angular correlations in the reaction plane 

were described. These were for a deuteron energy of 1 MeV and 
proton detection angles e, between 22° and 160° in 10° steps. 
Prom angular correlation theory^ ' the correlation in the 
reaction plane can generally be described by 

W (eY) = 1 + A 2 P 2 [cos (6 Y- * o O . 
Higher order Legendre polynomials are absent, since for this 
specific reaction 1 = 1 . The correlation is often described 
by the equivalent form 

W (ey) - 1 - c cos [2 (ey - • 0 ) ] 
where 0 is the angle between the incident beam direction and 
the detected y-ray, « 0 is the symmetry axis, and c the anisotropy 
of the correlation. The values of the two Darameters * and e 

o 
were extracted from the data by computer fitting. Thr results 
are shown in figs. 1 and 2. 



In fig. I, a shows a srr»oothly decreasing value with increasing o 
:•. . The calculated recoil angle («_) of the residual nucleus up »t 
sr.cv.-j the same trend. The difference A* between these (*->-*) 
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io expected from ?'.-'BA predictions to be zero. As seen from 
fig.l, i* is small and almost constant throughout the v/hole G, 
range and never larger than 13 • On the other hand in fig. 2 
the anisotropy parameter e shows a slight decrease with increasing 
forward angle, but rises sharply at backward angles to what may 
be a saturation value. Satchler and Tobocnan showed that 
e attains a maximum possible value c in the case of PWBA theory. 
They expressed the anisocrcpy e in DWBA theory by e = *e 0, where 
0<A<1, with X thus providing a measure of the distortions from 
PW3A theory. 

One could interpret small A* values as indicating small 
distortions throughout the range, and thus in close agreement 
with PWBA predictions. However it has been pointed out^ that 
the two distortions from plane waves, namely of the incoming 
deuterons in the entrance channel and of the protons in the exit 
channel, may counteract each other in such a fashion as to result 
in a small A*. Thus when A* is large one can deduce the presence 
of large distortions, whereas when A* is small distortions may 
still be significant and cannot be excluded. Thus from the 
overall behaviour of A* in the present case one cannot deduce the 
presence or absence of large distortions. The situation for c 
however is different. It was stressed w / that for e one would 
not expect cancellation effects similar to those for A*. The 
small c in the forward angles indicates the presence of large 



distortions (i.e. small >. values). In the backward angles, 
however, c rises to a level of approximately 2\ tir.es the 
value for the forward angles. These high values are obviously 
little attenuated, if at all. One is thus tempted to ask 
whether the PlvBA limit is indeed attained at backward angles. 
Interpreting A4=0 as showing small distortions would inevitably 
lead to such a conclusion. The possible saturation of e at 
backward angles also favours it. But such a conclusion is 
clearly in contrast with conventional pictures of stripping 
reactions. It is not expected that PWBA theory should nold 
well at backward angles, and that it should hold at backward 
angles only would be most surprising. On the other hand it 
is hard to see how A* can be exactly balanced to a small and 
rather constant value over such a wide range of angles. 

The phenomena described here are probably not restricted 
to the 1 MeV deuteron energy used. A measurement at 
Ed = 700 KeV and o. = 110° showed a similarly large e and small 
A*. This agrees with Williamsonv ' who demonstrated that in 
general the phenomena do not change rapidly with energy. 

As the data seem (by the behaviour of e ) to be split into 
two sections, the forward angles with lov; and the backward with 
much higher e, one cannot overlook the possibility of having 
two different processes present, one dominant at forward and 
the other at backward angles. At the forward angles the 
behaviour roughly agrees with what one expects from stripping 
theory. Around the stripping peak one expects PWBA to hold 

http://tir.es


- 3 

rr.ore closely, and thus Li is expected to be snail, ar.a e little 
attenuated. This would indeed be so if the rear angles are 
dominated by sor.e other independent process, so that e for the 
forward arrles can be visualized as roughly flat and constant. 
This constant value is somewhat smaller than the value adopted 
by Borden and Hitter as a PW3A liir.it. This could mean 
some attenuation in e, i.e.the presence of distortions, in 
line with the somewhat poor stripping pattern revealed at 1 XeV 
by angular distribution measurements . The declining trend 
of c with increasing forward angles is not explained by this 
and will be commented on later in connection with polology 
theory. 

We would like in the following to discuss the experimental 
data in the light of different models and approaches, 
occasionally testing them separately in the forward and backward 
angles. 

17) 
Wilkinson's w' discussion of low energy low-Q reactions 

might be expected to provide an explanation for these results, 
as the present reaction has a low-Q value. One expects PV/BA 
to be valid at high deuteron energies (as the basic assumptions 

(7) of the Born approximation hold). But Wilkinson w / argued that 
for low enough E. the stripping feature should become clean and 
pronounced, i.e. relatively free from distortions. He also 
demonstrated that for a fixed Ej, higher Q-values (say by 
comparing different levels) lead to bigger distortions. This 
may seem a little contradictory, but ties in nicely if one resorts 

http://liir.it


to tr.u qualitative description presented in fig. 3. It 
should be noted that Wilkinson judges the stripping pattern 
for the whole rcnge of angles, and thus each strirpinr; curve is 
considered as a whole. It is implicit in this description 
that distortions are described by a single distortion parameter. 
Such a parameter can at best provide a crude measure of the 
overall deviation of a measured distribution from PWBA 
predictions. In fig. 3 we see that at constant E d the lower 
the Q the closer we are to the PWBA limit, and for each single 
curve if we get low enough in energy distortions gradually 
come in. The knee at which this occurs was studied by 
Williamson . In our case with small-Q and low deuteron 
energy, if a single process is responsible for all angles, 
Wilkinson's theory would have predicted PWBA to hold, i.e. 
for e to be constant throughout, which is not fulfilled in the 
present case. However, viewing the data as being possibly due 
to two separate processes in the forward and the backward angles, 
PWBA seems to hold approximately in each region separately 
(because of the roughly constant e and small A*), and 
Wilkinson's prediction to be verified independently in each. 

Polology was introduced by Amadc^ ' and Shapiro^' who argued 
that the zero that occurs in the denominator for the stripping 
cross-section is of physical significance. A divergence 
arising from a zero in the denominator (pole) does not appear 
in the physical region of the stripping reaction. Still it is 
claimed that the distance to the pole is of importance : the 
closer to the pole the more pronounced the stripping mechanism. 



alcr.j v:i-;h 3. ir. figs. 1 aná 2 The advantage of chis 

presentation ic that i; tries tG compare reactions with 

different parameters, namely different Q, E, and 6,„, on a 

co:;.r.or. abscissa, i.e. in terms of a single parameter 5, instead 

(5) 

of three parameters. Borden and Hitter presented -heir 

results for e and X as a function of D. Their measurements 

extended over a wide range of energies, but are for forward 

angles only. While c in their case did not reveal any clear 

behaviour, A* was small up to 0=5 KeV and then rose rapidly 

towards large negative A* values. ?ig. 1 shows that our £«• 

values are small for D larger than 5 KeV and thus clearly in 

conflict with the results of ref. (5) in the framework of the 

polology representation. It would be tempting to couple this 

approach to Wilkinson's picture as well. This would possibly 

look like fig. li. The full line would be for the different 

previous curves combined into one. The dashed curve is what 
C D is expected according to Sellschop and p4ingay as based on 

Amadov , namely that PWBA should hold exactly at the pole. 

It is not clear how polology behaves when approaching the PWBA 

limit and whether it overlaps with Wilkinson's prediction in a 

certain range, or actually differs from it. It would thus seem 

from such an approach that at high D values (which were obtained 

in our case for backward angles) PWBA is expected to hold and 

would thus provide an explanation as to why it is possible to 

attain the PW3A limit in the case of B(d,py) 5* (0.95 --'eV) 

at backward angles. It is clear however that this formal 
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;re elaboration ir. order to oolve 
íhicr. are inherent in its orc-cc--." 

.̂ — ̂  _- * 

:iolo~y hcv:ever provides an explanation for the ieclin: 
?c. angles, as seen from fig. h, because thí 

to -he pole, the less distortions one expects. 

9. 

Compound-nucleus process must be excluded as the dominant 
c.-.e at rear angles, since the correlation is very pronounced 
in the rear angles, namely large anisotropy c, and is almost 
symmetrical around the recoil axis. For a compound-nucleus 
process one would generally expect either isotropy or possibly 
another axis of symmetry in a few special casts. Furthermore, 
total yield experimentsv in this energy region, show a smooth 
curve indicating the absence of strong compound-nucleus 
resonances. 

Heavy particle stripping is another possible process to be 
considered. In principle one can distinguish between heavy 
particle stripping and simple stripping, by the different angular 
correlation function, and by a symmetry axis different from the 

Í12> 

recoil axis. On the basis of such arguments, Garg et ai. ' 

in U 3 (d,nv) 1 2 C and Kuehr.er et al. ( 1 3 ) in 2 8Si(d,pv) 2 9Si, shoved 
that although heavy particle stripping was expected for these tv;o 
cases as a result of the interpretation of the particle 
distributions, heavy particle stripping hid to be ruled out as a 
dominant process according to their angular correlation 
ir.terpretations.cn similar grounds this makes such a process 
also quite unlikely in our case. 

http://ir.terpretations.cn
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^j are planning to sake D".-:3A fits to these data, but fro~ 
what has appeared in the literature there seems little hope t::at 
DV'L-A could succeed in providing 3" explanation. D'.-fBA is r.ot 
expected to hold well for light nuclei, for low deuteron 
energies, ar.d also because of other approximations in the theory, 
although it had some success in fitting distributions at rear 
ancieo. Satchler and To'ooccian in their DWBA treatment 
neglected the spin-orbit term in the optical potential, 
estimating its effect to be very small. However, they remark 
that x nay be bigger than 1 due to spin-orbit effects. Der 
et all ' carried out extensive calculations with DW2A for 

,py) X B incorporating the spin-orbit tern. They 
demonstrated that one may get x values close to 2. Whither or 
not such an approach will explain the present data remains to 
be seen by our detailed calculations. 
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Fig. 1 (a) Calculated recoil axis * R(lab); (b) Measured correlation symmetry axis • (lab) and (c) Deviation 
A#=#R7» , versus efl (lab) and D (MeV). 
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Fig. 2 Measured correlation anisotrophy c (!) versus 
e d (lab) and D (MeV). 
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Pig. 3.Qualitative representation of Wilkinson's criteria 
for the onset of distortions as a function of E. for different 
Q values. a 
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Fig. 4. Qualitative representation of distortions as a 

funtion of the distance to the pole D (MeV). 
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