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By means of a finite-range distorted-wave Born-approximation program which exactly
includes recoiL, & spectroscopic factors are extracted from the ( Li, d) and (' 0, C) re-
actions on Ca, The production of ' C*(2 } is correctly predicted to be suppressed. The
results are consistent with the assumption of an G.-particle transfer as dominant in the
two reactions.

The nature of the ("0,"C) reaction is not well
understood'; in particular, the internal state of
the transferred four nucleons is not known al-
though the reaction is usually referred to as an
"a"-transfer reaction. In this paper the ('0, ' C)
and the direct component of the ('Li, d) reactions
are assumed to proceed via the one-step transfer
of an e particle, an assumption which seems fair-
ly well established for the Li-induced reactions. '
Two questions are answered: (a) Is the ("0,"C)
reaction quantitatively consistent with the ('Li, d)
reactions (b) Why is the ("0,"C*) reaction not
observed on medium-mass targets'&

Recent measurements of the ('Li, d) reaction on
"Ca' and "Ni' allow comparison with the spectra
seen in the (' 0, '2C) '6 reaction on the same tar-
gets. There appears to be an overall correlation
betw'een the strong levels produced in the two

reactions. In this paper, finite-range distorted-
wave Born-approximation (DWBA) calculations
for the ('Li, d) and ("0,"C) reactions on "Ca are
compared~ this target being chosen because an-
gular distributions exist for both reactions. It
should be noted that zero-range D%BA calcula-
tions were made for the (6Li, d) reactions, which
reproduced the shapes of the angular distr ibu-
tions, but no absolute spectroscopic factors co~ld
be obtained. The ("0,"C) reaction is not ex-
pected to be meaningfully treated with the zero-
range or more sophisticated approximations un-
less they include recoil effects. v In this paper a
D%'BA formalism is used which exactly includes
recoil effects.

For a stripping reaction A (a, b)B, where a = b

+x and B=8+x, a transition amplitude may be
written8

T s."8,"'J d't. d'r, )(.„"(~=.)&4, (~.„„)l&„,(~„,)l+.(~„,))y„' '(~, )-

In this expression y is a distorted wave and the
bracketed term is a form factor containing a fi-
nal bound state 4 ~ and the potential V,„used to
generate the bound state 4~.
The equationg

2N+ I.=Q (2n;+ l;)
4=1

(2)

determines the number of nodes N and the I. val-

1 ue from the shell model n,. and l,. of each partic1e.
The four nucleons are assumed to be in an in-
ternal Os state with the known n binding energy.
Table I lists the assumed shell-model configura-
tions and resulting N and I. values. Multi-par-
ticle-hole configurations in the "0(g.s. ) are ig-
nored, a procedure which is justified from analy-
sis of the reactions C( Ll, d) 0 and 0(d,
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sLi)'2C. All the bound states were calculated in
Woods-Saxon potentials with 8 = 1.25(A"'+ 4"s)
and diffuseness a, = 0.65. Small changes in these
parameters affected the predicted shapes very
little. As would be expected, the predicted mag-
nitudes in both reactions increased with larger
bound-state radii. Thus the relative cross sec-
tions and, therefore, relative spectroscopic fac-
tors are fairly independent of these bound-state
parameter s.

The optical potentials used for the ('Li, d) reac-
tion were the same as those used in Ref. 3. The
use of other values from the literature changed
the predicted cross section little; in particular,
"breakup" potentials for the 'Li channel calculat-
ed by Watson'3 from a superposition of deuteron
and n optical potentials produced very similar re-
sults. The optical potential used for the "9 and
' C channels was taken from an analysis of the re-
action "Ca("0 "C)~Ti" [V=100, 8=1.22(A"'
+a'~s), a, =a&= 0.7, W„„=40jexcept for a change
of ao' from 0.7 to 0.8 which increased the pre-
dicted peak width slightly. These parameters
were found from fitting the 48-MeV ' 0+~ Ca
elastic scattering' except that a = 0.5 in that study.

The 4I. -cluster spectroscopic factors for "0 and
'Li were taken from the literature. They are
listed in Table I.

Calculations were made for all states cleanly
resolved in the ("0, '3C) reaction. Although com-
plete angular distributions were not available for
the ("0, '2C) reaction, at this incident energy the
angular distributions are sufficiently well defined
by their peak values. Compound nucleus contri-
butions to the ( Li, d) reaction are ignored, as is
probably justified at such high incident energy'.

The finite-range DWBA cross sections were
calculated with the program described earlier"
and are compared with the experimental data in

Fig. 1. Comparison of the DWBA and the experi-
mental cross section yields spectroscopic factors
for the 44Ti states which are quite similar in ab-
solute value for the ('Li, d) and ("0,"C) reac-
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tions. This suggests that the mechanisms of the
two reactions are similar and consistent with
the assumption of a simple e-particle transfer,

As shown in Table I, the spectroscopic factor
for "0(g.s. )= "C*(2')+o. is about 5 times big-
ger than for "C in its ground state. It has been
noted, ' therefore, that experimentally the ~ C*
state should be strongly seen in ('sO, "C) reac-
tions if they proceed via n transfer. This argu-
ment neglects the DWBA dynamics; and, in fact,
as shown in Fig. 1, the predicted DWBA cross
section for the production of "C*, using the same
44Ti spectroscopic factors, is small at the exper-
imentally measured angles. The experimental
spectrum of Ref. 1 shows no evidence of C*-
44Ti(g. s. ) excitation, and "C*-44Ti* states would
be hidden in (or may compose) the background in
this excitation region.

It has been suggested that the "C* states might
be suppressed because the higher binding energy
and loss of one node (2S —1D) would give a small-
er tail on the "0 bound state. " As shown in Fig.
2, the difference is not sufficient to give the pre-
dicted reduction in cross section.

Perhaps the strong reduction of the "C*(2')
state may be understood with a simple semiclas-
sical argument in the approximation that, at the
time of transfer, the incident projectile has a
small velocity, which is ignored. It is also as-

TABLE I. Bound-state configuration.
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FIG. 1. Comparison of the theoretical and experi-
mental angular distributions as discussed in the text.
The 2C* curves refer to predictions for the reactions

Ca(' O, ' C*(2+)) Ti using the same S4& as was ob-
tained from fitting the reactions 4OCa('60, '2C(g. s.))44Ti.
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ceeds via the transfer of an o. particle.
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this paper.
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sumed that the transfer takes place in the plane
defined by the motion of the two cores, and there-
fore angular momentum PR must be conserved in
this plane. In this picture an e particle in an
l = 2 state around a "C*(2')will find it difficult to
settle into an l = 0 orbit around Ca, particularly
since the 'Ca radius is bigger than the ' C radius.
However we would expect that the likelihood of
higher l-value orbits around 4'Ca world be re-
duced less, in agreement with the DNBA predic-
tion for the "C*(2')-"Ti*(2')final state shown
in Fig. 1. Calculations for the "C*(2+)-44Ti*(4')
final state were prohibited by program space lim-
itations. If this argument is valid, "C*(2') peaks
should appear in ("0,"C) spectra on lighter
(smaller radii) targets and, in fact, are seen in

reactions on ' Mg" and "C." Thus it is sug-
gested that the nonobservation of 'sC*(2') peaks
in ("0,"C) reactions on medium and heavy tar-
gets is due to a combination of angular-momen-
tum mismatch and size effects.

In conclusion, it appears that the ('i,i, d) and
(' 0, '2C) reactions on ~'Ca quantitatively proceed
via the same reaction mechanism. The DWBA
correctly predicts the suppression of "C*(2')
formation; these results, therefore, are consis-
tent with the idea, that the ("0,"C) reaction pro-
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FIG. 2. Comparison of the bound-state wave functions
for 60(g.s.)= C(g.s.)+o.'and ~ 60(g. s)=~ C2*(2 +) +o
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