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We have reanalyzed previous data on the °Li(p,pd) quasifree scattering at 590 MeV incident energy, from
which the authors deduce a momentum distribution of the clusters a and d in °Li with a full width at half
maximum around 120 MeV/c. We find instead that the experimental results are compatible with a
momentum distribution whose full width at half maximum is about 70 MeV/c, which is in agreement with
other experimental findings and with the prediction of the cluster model.

[NUCLEAR REACTIONS GLi(;b,j)d), E =590 MeV; the FWHM of the momenturril
distribution deduced.

In the cluster model’ the °Li nucleus is well de-
scribed by an a-d structure. To study the wave
function of the intercluster motion, quasifree
scattering (QFS) has been largely used.?™™

It has been shown that'*~!" a proper treatment of
a QFS should be performed through a distorted-
wave impulse approximation (DWIA) analysis,
since theplane-wave impulse approximation (PWIA)
does not take into account the wave absorption and
distortion, so that no spectroscopic information
can be obtained. The calculated cross sections
have different absolute values and different be-
haviors for high values of the momentum p; of the
spectator cluster in the two approaches.

However, the two predictions are almost indis-
tinguishable for not too high p, values (5100 MeV/
c), apart from a different normalization factor.
This is the case, for instance, of the ’Li(p,pa)
reaction at 100 MeV.'®

From the radial part R(r) of the s-wave inter-
cluster wave function the momentum distribution
G?*(ps) can be obtained in the PWIA through

G(ps) OCfR ()jo(psr)ridr .

The full width at half maximum (FWHM) of the
momentum distribution, which is peaked at p,=0,
is of about 71 MeV/c for the wave function of Ref.
16. About the same value of the FWHM is ob-
tained for other phenomenological wave functions
such as the one used in Ref. 13 to fit *Li(e, e'a)
and (e, e'd) data. For low incident energies, evi-
dence has been found for a pronounced narrowing
of the experimental momentum distribution, which
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has been often interpreted as a consequence of the
absorption for small intercluster distances. Since
the impulse approximation is expected to be better
justified at high momentum transfers, we plot in
Fig. 1 the measured FWHM’s of the G*(p,) re-
ported in the literature as a function of the mo-
mentum of each of the two detected particles.
When the momenta are different, the FWHM is
reported for the average value.

From Fig. 1 it is evident that the experimental
width of the momentum distribution increases
smoothly toward higher transferred momenta,
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FIG. 1. Experimental widths of the momentum distri-
bution extracted from QF measurements on SLi, as a’
function of the momentum transfer. The data are taken
from: a) Ref. 11, b) Ref. 25, c) Ref. 8, d) Ref. 13, e)
Ref. 14. The value of about 70 MeV/c, indicated by the
continuous line, is predicted by both the PWIA and the
DWIA (Ref. 16).
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reaching a constant value of about 70 MeV/c,
which is in agreement with the mentioned theore-
tical prediction.

In this framework it is rather puzzling that the
SLi(p,pd) reaction measured at 590 MeV (Refs.

18 and 19) with momentum transfers around 900
MeV/c has a reported FWHM of (121.5+2.6)
MeV/c. Moreover, the widths of other impulse
distributions measured with the same appara-
tus®°~2? showed comparably large increases. For
instance, the He(p, 2p) reaction gives, at 590
MeV, a proton momentum distribution which is
132 MeV/c wide,** while the value obtained by
other workers® with 156 MeV protons is about 97
MeV/c.

It seemed then worthwhile to reconsider critical-
ly the experiment described in Ref. 19. The coin-
cidence detection of the two particles and the tra-
jectory reconstruction gives the components ¢q
and ¢ , of the spectator momentum ¢ (which we
have called p;) in the plane of the reaction. Since
no information is known on the out-of-plane com-
ponents q,.:, except its average value, the authors
of Ref. 19 attribute each event to a momentum ¢
given by (g.°+q,%+ (@ou))*’?. This procedure is
intended to account for a broadening of the im-
pulse distribution, introduced by the indetermina-
tion in q,,, under the assumption that the broaden-
ing itself as well as the impulse distribution can
be described by Gaussian shapes.

Now it is obvious that each component ¢,,¢9,
and q,,; has the same distribution G*(@,), so that
performing various measurements always over
the same finite range of one of them (e.g., Gour)
does not introduce any broadening to the measured
distribution of the other two of them. On the other
hand the probability distribution of the in-plane
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FIG. 2. Experimental data taken from Ref. 19 as a
function of ¢;;,. The distribution p(q;,) is reported as a
continuous curve, after averaging over a bin 20 MeV/c
wide and after folding in the instrumental indetermina-

tion of £15 MeV/c.

component ¢, = (.%+¢ ,%)"/? is not given by G*@,)
but rather by the probability of obtaining ¢ from
two quantities, ¢, and ¢, each of them having
G*(@,) as distribution. The probability distribution
of g;, is easily shown to be 279 ;,G*(¢ ).

In Fig. 2 are reported the experimental results
of Ref. 19 as a function of the in-plane component
q;,. Since the authors report only g = (@i,°
+{qo2))?, a value (gou?)'/?=22.6 MeV/c was
subtracted quadratically from ¢ to obtain¢,. The
above value of (¢o.2) /2 is not reported in Ref. 19,
but we deduced it from the remark that all the data
appear to be reported in ¢;, bins 20 MeV/c wide,
so that a sequence ¢, =30,50,70,... MeV/c can
be deduced from the reported sequence
q=38,55,72,... MeV/c. The momentum distri-
bution G*(g;,) was calculated for the radial wave
function reported in Ref. 16. In Fig. 2 the contin-
uous curve is the quantity p(@;,) = constq;, G*@,)
after averaging over a bin 20 MeV/c wide and
after folding in the reported instrumental indeter-
mination of +15 MeV/c.

It is evident that the data are in reasonable
agreement with the theoretical curve at least for
not too large momenta. Actually for momenta
larger than about 80 MeV/c the validity of the
PWIA is questionable,'® and for the wave function
we used a zero appears in G at 150 MeV/c, which
is filled in by the DWIA treatment.'® Moreover,
from the instrumental point of view, other effects
are also possible. First, points at very high mo-
menta (around 180 MeV/c) have been measured
with a different arrangement of the experimental
setup, and second it is possible that limitations
are introduced by the detection setup on the mea-
surable range of ¢, for large values of ¢;,.

In Ref. 18 is also reported for comparison the
value of the experimental FWHM of the impulse
distribution obtained from the °Li(r~, 2n) reac-
tion.** Actually the reported value (122 MeV/c)
takes into account a large experimental broaden-
ing. In fact the authors of Ref. 24 give an analyti-
cal form for the impulse distribution, which has
a FWHM of (86 +11) MeV/c, and which is re-
ported to fit their data once the experimental ef-
fects are folded in.

The reanalysis of the experiment reported in
Ref. 19 shows then that all QFS experiments car-
ried on to our knowledge to investigate the a-d
cluster structure of °Li can be interpreted with the
same impulse distribution, except for the narrow-
ing shown by measurements at low transferred
momentum.

It should be interesting to perform such reanaly-
sis also on the data reported by the same authors
in other references,'® 2°=?2 where similar broad-
enings of the extracted momentum distributions
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are observed. Unfortunately in these papers the
description of the experimental setup and/or of
the data is not sufficiently complete to allow a
critical review.
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