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DWBA cannot reproduce data? at 200 MeV on 13¢(p,d)12C we have
extended the study of pickup reactions to 160 and “0Ca targets. Cross
sections and analyzing powers were measured for transitions to the
ground states and excited states in 150 and 39Ca.
II. EXPERIMENTAL PROCEDURE

A 200 MeV achromatic, polarized proton beam from the TRIUMF
cyclotron was incident on targets of 151.1 mg/cm? thick H,0 or 50.3
mg/cm? thick natural Ca. The water was contained in a planar cell
with thin windows of Kapton*. The reaction products were momentum
analyzed in the 1.6 GeV/c medium resolution magnetic spectrometer
(MRS). Time-of-flight and energy loss measurements allowed a clean
separation of the deuterons from protons and tritons. The energy
resolution of about 1.2 MeV (FWHM) was sufficient to resolve the
ground states from the dominant excited states. 1In 39Ca the 2.47 MeV
level is unresolved from the 2.80 MeV (7/27) state which could
contribute to the yield. 1In order to extract the yield the ground
state line shape was used in a peak fitting procedure. The oxygen
data were taken with a water target, using an empty target for
background measurements. The beam current and polarization were
continuously monitored using a previously calibrated in-beam
polarimeter."*

III. EXPERIMENTAL RESULTS

The angular distributions of the cross section for the (p,d)
reactions on !0 and “%Ca to the ground states and excited states in
150 (Fig. 1) and 3%Ca (Fig. 2) are again rather featureless and
decrease exponentially with increasing scattering angle. Confirming

earlier measurements, the angular distributions of the analyzing

powers exhibit strong oscillations. The statistical errors are shown
only when they are bigger than the dot size. The systematic errors
are estimated to be less than 10% with the exception of the transition
to the 2.47 Mev level in 3°Ca where they could be as high as 20%.

IV. ANALYSIS AND DISCUSSION

Optical potential parameters for the proton channel of the
~moﬁc.av_mo and :onmﬁv.avwwnm reaction for zero range (ZR) and exact
finite range (EFR) DWBA calculations were obtained by extrapolating
the values from Ref. 5 from 135 MeV to 200 MeV using their equations.
The deuteron potential was calculated by first extrapolating the
proton parameters to half the deuteron energy and then utilizing the
adiabatic folding approach of Wales and Johnson® (set a, Table 1).

The ZR and EFR DWBA calculations were carried out using DWUCK4 and
DWUCK 5 (Ref. 7), respectively. The Reid soft-core potential was used
to generate the deuteron internal wave function and S and D waves were
added coherently. The neutron form factors were calculated such that
the binding energies were correct. We have also compared these
calculations to predictions using recent deuteron channel parameters
for *®Ni(d,d)>®Ni (Ref. 8) and !60(3,d)!60 (Ref. 9) at 200 MeV

as summarized in set b) of Table 1.

For 10 all predictions of the angular distributions of the cross
sections are similar in shape and result only in different extracted
spectroscopic factors (summarized in Table II). Comparison of the
predicted and observed cross sections reveals: (1) the oscillations in
predicted angular distributions are more pronounced than those of the

data, and (2) such oscillations as do exist in the data appear shifted
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for Hwnv (Ref. 2) extends to 160 at 200 MeV, but becomes less
significant for larger nuclei, like “0Ca. The failure of the
conventional DWBA at intermediate energies for the lighter nuclei
could have various causes. The recent success of Dirac approaches at
higher energies!" may suggest that the non-relativistic treatment of
the distorted waves and bound-state wave functions is at fault.
However, lacking a consistent relativistic theory of (p,d)-reactions
it is difficult to varify this conjecture. For example, there is
little virtue in modifying the proton optical potentials as suggested
by the Dirac approach (like the wine-bottle shape), when one does not
at the same time include the consequences of relativistic formulations
for the deuteron optical potential. Since in the present study even
variations in the deuteron optical potential do not change the results
dramatically, the observed discrepency between theoretical and
experimental results, could well hint at a breakdown of the DWBA
itself, rather than at a problem in imput. Modifications of the DWBA
at intermediate energies have recently been considered in the context
of a microcopic distorted wave series.l5 Significant deviations from
the standard DWBA were observed, however, no uniform agreement with
intermediate energy data was (yet) accomplished. We conclude that
further theoretical studies are necessary to establish the causes of
the failure of the conventional DWBA theory to reproduce the present
and previous (p,d) data.
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Table I Optical potential parameters. The complex potential has
Woods-Saxon form and is parametrized as in Ref. 10.
The Coulomb potential results from a uniformly charged sphere

of radius re=1.3 Al/3fm.

Reaction Channel V r a Wg r; ay Vso Tgo ago Weo Tgo Ago Tc
(MeV) (fm) (fm) (MeV) (fm) (£fm) (MeV) (fm) (MeV) (fm) (fm) (fm) (£fm)

1
160(p,d)!50 P 9.44 1.41 0.60 18.72 1.03 0.68 3.77 0.88 0.63 -2.66 0.94 0.49 1.2 -
a)d, 34.61 1.32 0.68 13.60 1.49 0.57 3.97 1.00 0.42 1.3 !
b)d, 45.92 1.13 0.89 23.72 1.37 0.74 5.62 0.88 0.65 1.3
40ca(p,d)3%ca p 14.7 1.33 0.74 16.56 1.17 0.82 2.29 1.02 0.60 -2.35 1.00 0.62 1.2
a)dl 50.63 1.22 0.73 13.16 1.42 0.59 4.64 1.02 0.60 -0.97 1.00 0.62 1.3
58Ni(d,d) b)d2 41.60 1.24 0.82 13.3 1.45 0.69 3.90 1.08 0.77 ) 1.3
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