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In actual calculations the N-d phase shifts of van
Oers and Brockmann® were used. The interfer-
ence terms between the graphs shown in Fig. 2
were also taken into account. The result of the
calculations normalized by N =0.093 for E, =10.0
MeV are shown in Fig. 1. The model describes
the general behavior of the coincidence spectra
rather well, although the calculated spectral shape
is broader than the measured one. The quasifree
scattering model for the reaction p+d—p+p+n al-
so predicted slightly broader spectral shapes than
were measured.?

Figure 3 shows the dependence with bombarding
energy of the normalization constant necessary for
the calculated cross section to reproduce the mea-
sured d-p peak cross sections. As the bombarding
energy decreases the disagreement between the ab-
solute values of the calculated and measured cross
section increases.

In conclusion it might be said that nucleon-deu-
teron quasifree scattering in the reaction d+d-d

+p+n dominates the measured d-n and d-p coinci-
dence spectra. This is a surprising result, since
at these low bombarding energies the de Broglie
wavelength of a deuteron is rather large, which
makes it difficult for a deuteron to interact with
only one nucleon in the other deuteron. The equal-
ity of the d-n and d-p peak cross section indicates
that the FSI modifications of the observed QFS
peaks are not significant. However, the construc-
ted model for deuteron-nucleon quasifree scatter-
ing in the reaction d+d-d+ p+n at low bombard-
ing energies predicts a cross section an order of
magnitude too high. Furthermore, the limitations
of the simple quasifree scattering model are re-
vealed by the fact that the calculated curves are
broader than the measured spectra and that the
normalization constant to the measured peak
cross section is energy dependent. Further exper-
iments” are being performed to investigate the an-
gular distributions of the QFS peaks and compare
them with the simple model.

*On leave from Institute “Ruder Boskovic,” Zagreb,
Yugoslavia.
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J Dependence for L=2 (o, p) Transitions in s-d Shell Nuclei
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Naval Research Laboratory, Washington, D. C. 20390
(Received 23 August 1971)

The J dependence for L =2 transfer has been studied at E, =28.8 MeV for the (a,p) reactions
on %3 and #Mg. The results are compared with previous 28Si(e,p) P data where no J depen-

dence is observed for L =2 transfer,

Previous J-dependence studies on even-even tar-
get nuclei leading to states of presumably well-
established spins and parities for both (a, p) and
(p, @) reactions have shown a large and persistent
difference in shape of the angular distributions for
L =1 transfer to 3~ and 3~ states. Earlier work by
Lee ef al.,* who interpreted the data of Yamazaki,

Kondo, and Yamabe? for L =2 transfer reactions in
283i(a, p)*'P and *2S(q, p)*°Cl at E,=22.2 MeV, also
indicated a fairly large J dependence in these
cases as well. However, recent experiments*? at
the Naval Research Laboratory (NRL) at 28.8 and
39.5 MeV showed that the 2%Si(a, p)*'P reaction ex-
hibited essentially no J dependence for the same
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TABLE I. Optical-model parameters for DWBA calculations.
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FIG. 1. Proton angular distributions for L =2 transfer
obtained at E ,=28.8 MeV for the reactions: (a) *S(a,p)-
35C1; (b) 24Mg(a,p)?"Al; and (c) 28i(a,p)®P. In those
cases where error bars are not shown they are equal to
or smaller than the data points,

L =2 transitions discussed by Lee ef al. It was,
therefore, a matter of considerable interest to
study (a, p) J dependence for L =2 transfer on tar-
get nuclei “similar” to 2%8i, i.e., even-even, N=Z,
and not very different A. In this note we report on
the results for L =2 transfer in the (a, p) reactions
on %28 and ?*Mg at 28.8 MeV, and compare these
data and distorted-wave Born-approximation
(DWBA) calculations with the earlier work on the
288i(a, p)*'P reaction.

The 28.8-MeV «a beam was obtained from the
NRL isochronous cyclotron, and the beam currents
utilized ranged from 0.1 to 0.5 wA. Two counter
telescopes were employed in this work, and par-
ticle identification was done digitally. The sulfur
target was made by evaporating natural PbS onto
a 30-ug/cm? carbon foil, and the effective 32S
thickness was 163 ug/cm?. The over-all resolu-
tion for the 328(a, p) work was approximately 250-
keV full width at half maximum (FWHM). The 2*Mg
target was a 418-ug/cm? self-supporting foil of
isotopically enriched 2*Mg of greater than 99% pu-
rity that was obtained from the Isotopes Division
of the Oak Ridge National Laboratory. The over-
all resolution was about 100-keV FWHM for the
2*Mg(a, p) experiment.

In Figs. 1(a) and 1(b) we see evidence for J de-
pendence in the reactions 32S(q, p)**Cl1 and **Mg-
(a, p)*"Al at E,=28.8 MeV for L =2 transfer. The
proton angular distributions for the 32S(q, p) re-
action are for the 3% ground state and the 3 sec-
ond excited state at 1.763 MeV in 3°C1l. The J de-
pendence manifests itself primarily by the two an-
gular distributions being out of phase. The 3" dis-
tribution appears to be less oscillatory than that
for the &* state, but because of possible compound-
nucleus effects and the indicated errors, extreme-
ly close comparison cannot be made. The solid
curves that have been arbitrarily normalized to the
appropriate 32S(q, p) distributions are local zero-
range DWBA calculations that have been made us-
ing the code DWUCK.® The form factor utilized in
the calculations is that for a triton cluster bound
in a Woods-Saxon well. The optical-model param-
eters for the a+3%S channel were obtained by
searching with the code SEEK® on elastic scatter-
ing data found in the literature,” and for the p +35Cl
channel the average parameters suggested by
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Perey® were employed. The parameters are given
in Table I, and the nomenclature is consistent with
that used by Perey.

The J dependence for the 2*Mg(a, p) reaction
shown in Fig. 1(b) for L 2 transfer to the $
ground state and the § * second excited swte at
1.013 MeV in ?’Al again manifests itself primarily
by the two distributions being out of phase. The
dashed distributions that have been arbitrarily
normalized to the experimental data were obtained
by drawing smooth curves through the data for the
corresponding states in 3°Cl. As far as where the
maxima and minima occur, the comparisons show
that the results for states of the*same spin and
parity in 35Cl and 27Al are indeed similar. Again
we emphasize the importance that should be at-
tached to possible compound-nucleus effects and
error assignments in making such comparisons.

In Fig. 1(c) a representation of some previous
NRL data® also obtained at E,=28.8 MeV is shown
for convenience of comparison. The proton angu-
lar distributions are for L =2 transfer for the 3 2 ,
1.27-MeV first excited and the 3 2 , 2.23-MeV sec-
ond excited states of 3!P that are populated by the
reaction 2%Si(a, p)*'P. In marked contrast to the
other data in the figure, the 2%8i(a, p) reaction ex-
hibits essentially no J dependence, as manifested
by the two distributions being in phase and the am-
plitude of the oscillations being the same. There
also appears to be a s1gn1f1cant compound-nucleus
contribution to the £* distribution. Data®® taken
at incident energies of 35.5 and 39.5 MeV for these
same transitions yield distributions that are more
forward-peaked, and, consequently, they exhibit
even greater similarity than is seen in Fig. 1(c).

To summarize, we see that the (q, p) J depen-
dence for L =2 transfer in the reactions 328(aq, p)-

35C1 and 2*Mg(q, p)*"Al are, at least qualitatively,
similar and about what would be expected on the
basis of the simple DWBA calculations shown in
Fig. 1(a). The failure to observe a J dependence
in the reaction 2%Si(q, p)*'P for L =2 transfer re-
mains a problem. It might be suspected that the
J ™ assignment for the second excited state of 3'P
is 3", but recent experiments,'®!! as well as pre-
vious ones,'? are consistent with a 3* assignment
for this state.

On the basis of these observations, either of two
conclusions could be reached. In one view, it can
be argued that (o, p) J dependence for L =2 trans-
fer is an unreliable spectroscopic technique and
should be rejected completely. Alternatively, it
is possible to postulate that the failure to observe
J dependence in the reaction 28Si(q, p)*'P is pecu-
liar to the mass region A~ 28, perhaps owing to
structure effects of some sort, and that the J de-
pendence for L =2 transfer can be reliably em-
ployed as a spectroscopic tool elsewhere. Con-
sidering the very small amount of data that have
been obtained by systematically studying well-
understood states, both possible conclusions are
premature. It is hoped that this work will stimu-
late further study of the questions raised. It would
be especially worthwhile to investigate well-sub-
stantiated 3" and §* states in heavier nuclei,
where the problems associated with direct-reac-
tion studies on light nuclei are absent.
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