
VOLUME 42, +UMBER 1 PHYSICAL REVIEW LETTERS 1 JANUARr 1979

tions, it will be important to investigate whether
more sophisticated treatment of the decay of an
excited projectile can explain the present data.
The abrasion-ablation model however is able
to give an excellent account of the present ex-
perimental data. Considering the importance
of the ablation stage and the uncertainties of
primary-fragment excitation energies, further
investigations with projectiles of different A/Z
ratios will be required to test the various mod-
els. Experiments of this type, measuring energy
and isotope distribution at several energies, may
eventually determine the importance of ground-
state correlations in nuclei and the excitation
energy deposited in the spectator nuclei during
the reaction.
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The He giant dipole resonance is calculated with a continuum shell model which treats
the center of mass correctly and includes possible noncentral components of the nucleon-
nucleon interaction. The (y,p) and (y, n) cross sections and asymmetry coefficients agree
well with the experiment. The b& asymmetry coefficient is shown to depend on the spin-
orbit odd component of the effective nuclear force. The 1 level positions and channel
mixing are in best agreement with "solution II" of the 8-matrix fit of Werntz and Meyer-
hof.

Because of its apparent simplicity as compared
to other nuclei, the & particle should be the one
system where investigation of the giant dipole
resonance (GDB) is most complete. However,

both experimental and theoretical ambiguities
still remain. ' ' Recent measurements' of the
'H(P, y)'He asymmetry provide important new
information which is necessary to further the
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TABLE I. Total spin, parity, and energy with re-
spect to proton thereshold, isospin probability, and
nucleon spin probability for selected resonances.
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FIG. 2. Differential cross section and asymmetry
coefficients. Solid curves are theoretical (p, y) . Solid
circles are experimental (p, y) of Ref. 6.

The agreement between the calculated and ex-
perimental shape of the capture cross sections
indicates that the positions of the calculated 1
resonances are about right. The locations E~
and widths I'R of the 1 resonances below E~(c.m. )
=10 MeV are given in Table I. Because the Cou-
lomb potential has been included where appropri-
ate, the resonance states do not have pure iso-
spin, but they are at least 96%%uo pure at the sur-
face and in the interior. The third highest 1
state, which is mostly 1' =0, contributes to little
to the E1 cross sections. Also shown is the posi-
tion of the first 2' resonance. Its location and
width indicate where E, strength may become im-
portant, and this appears to be the case experi-
mentally'" as the E2 cross section becomes
significantly nonzero at about E~(lab) =8 MeV.
The lower 1, T =1 state is 95%%uo 'P, . Thus, the
present calculation agrees more closely with
"solution 0" of Werntz and Meyerhof'" which
prescribes 92%%uo of 'P, for the lowest 1, T =1
state than with "solution I" which prescribes 8%%uo.

If ground-state correlations and the spin-depen-
dent part of the E1 operator, Q»', are ignored,
it is possible to demonstrate that the &, coeffi-
cient vanishes unless there is an LS 0 compo-
nent in the effective interaction. If ground-state
correlations and Q»' are included, the condition
stil, l holds to a good approximation. To begin, it
should be pointed out that the capture amplitude

designated by (1 1L ~) is actually calculated from
a solution to the nuclear scattering and reaction
problem (including both P +'H and n +'He chan-
nels) which has unit incident flux in the proton
channel I ~. The amplitude therefore contains
contributions from all channels which can couple
via the nuclear interaction to the designated in-
cident channel. Since only the spin-independent
E1 operator is considered here and the uncor-
related 'He ground state has S =0, the 'P, cap-
ture amplitude necessarily vanishes unless the
nuclear interaction contains spin-dependent terms
capable of coupling the 'P, and 'Py channels. Un-
der the assumption that the 'H and 'He ground
states contain no nonzero orbital angular mo-
menta, the entire coupling must arise from an
interaction component which is rank 1 in spin
space and is, in fact, the I.SO component. If
the ('P,) capture amplitude vanishes, then Eg. (2)
shows that the &, coefficient is zero since it is
proportional to &,. The remaining term in Eg. (2),
2, sin(p, -p, ), is relatively constant for varia-
tions in the ISO strength since the solution in the
elastic channel is primarily determined by the
stronger central components of the effective in-
teraction. Therefore the &, coefficient is almost
directly proportional to the LSO strength. Figure
3 shows this dependence at E~(lab) = 6.0 MeV.
The datum point is plotted at the strength pre-
scribed by Bertsch et al. and demonstrates that
the prescribed strength is about correct. The
same strength is also consistent with the ob-
served P,y, -P,g, splitting in 'He. The calculated
OP,y2-0P, g, splitting is 4.5 MeV. Experimentally,
the splitting is masked by the large widths of the

p,y, and p,y, resonances, but the centroids are
separated by about 4.3 MeV."

The present calculation clearly demonstrates
the necessity for both a proper treatment of the
center-of-mass coordinate and inclusion of non-
central effective interactions. Specifically,
there would be no asymmetry in (P,y) without
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the I.SO potential. When center-of-mass correc-
tion and realistic forces are employed then good
agreement with the data is obtained. These fac-
tors must be included in continuum calculations
before the underlying resonances of the GDH can
be characterized with confidence.
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