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Stripping channel contribution to the nonlocality of the deuteron optical potential
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It is shown that the effect of coupling l =1 stripping channels to the incident deuteron chan-

nel is to produce a nonlocality in the d- Ca optical potential which gives the right type of

energy dependence for the equivalent local optical potential.

NUCLEAR REACTIONS Ca(d, d), E =4.0—16.0 MeV; calculated erg. 0), ob-
tained energy dependent d- Ca optical. potential.

In the case of deuteron elastic scattering the ef-
fect of transitions to stripping channels is impor-
tant when the stripping cross sections are large.
In such cases, a systematic optical potential can
be obtained by coupling the stripping channels" to
the elastic channel. It is well known that the coup-
ling of reaction channels introduces a nonlocal
character in the effective interaction in the
Schr5dinger equation describing the elastic chan-
nel. The nonlocality arising from the coupling of
E = 1 stripping channels to the elastic channel for
"Ca is reported in the present work. The coupled-
channels (CC) treatment of the (d, P) reaction by
Rawitscher and Mukherjee' was used to investigate
the energy dependence of the 4-"Ca optical poten-
tial.

Rawitscher' studied the energy dependence of the
deuteron optical potential for "Ca by analyzing the
elastic scattering cross section obtained from a
CC calculation neglecting spin in all the channels.
However, only l =1 stripping channels were cou-
pled in his calculation, neglecting the l =3 transi-
tion which is also quite strong for ~'Ca. Hence, we

have chosen "Ca for our analysis since l =3 strip-
ping is not present and the coupling of / = 1 levels
only, is more justified. Calculations were per-
formed at eight incident deuteron energies between
4 to 16 MeV including spin in all the channels.

The coupled equations were solved numerically
and the elastic scattering cross section along with

the 2P, /, and 2Py/2 stripping cross sections were
obtained. This CC predicted deuteron elastic scat-

tering angular distribution at each incident deute-
ron energy was then fitted by a simple deuteron
optical potential. Any energy dependence in this
optical potential obtained by fitting the CC pre-
dicted scattering cross sections can be attributed
solely as due to coupling effects.

The energy independent deuteron optical poten-
tial used in the CC calculation was taken to be the
one found' suitable for analyzing "Ca(d, P) strip-
ping at low energy. The proton optical potential in
the stripping channels was taken from the litera-
ture ' ' for appropriate outgoing proton energies.
The bound neutron wave function was calculated
using a central potential of a Woods-Saxon form
plus a spin-orbit potential of a Thomas form. The
radius and diffuseness parameters for the central
and spin-orbit potentials were r, =r =1.15 fm,
a, =a„=0.65 fm as used by Roy and Boggards. '
The spin-orbit potential depth was kept fixed at 8
MeV. The real central potential depth was ad-
justed to reproduce the correct binding energy and
number of nodes in the radial wave function. The
depths obtained for the 2Py /2 and 2p, /, neutrons
were 54.814 and 54.776 MeV, respectively.

The CC computer code DPDJ4used previously"
to study the "'"Ca(d,P) reactions was used in the
present work. The fitting of the CC calculated
elastic scattering cross section with a simple op-
tical model was performed with the help of the
automatic search code OPSY. ' The deuteron opti-
cal potential, whose parameters were searched
upon, has the standard form

U(r) = V[exp(x) + l] ' —4i W~(d/dx')[exp(x') + l] ' —(5/m, C)' V s(o"L)r '(d/dr)[exp(x") + l] ' + Vc,„, ,
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FIG. 3. Radial variation of the imaginary part of the
optical potential obtained by fitting coupled-ch~nnels
predicted elastic scattering cross sections at different
deuteron energies.

channel is responsible for approximately 30% of
the observed energy dependence of the real well
depth in the case of "Ca. The remaining energy
dependence can be attributed to the exchange of
nucleons between target and projectile, other non-
elastic channels, and intrinsic energy dependence
of the two-body effective interaction. Of these,
the last contribution for the proton optical poten-
tial has been theoretically estimated by Sinha,
Srivastava, and Ganguly" which gives a linear en-
ergy dependence of gradient -0.05. If we take the
same value for the neutron optical potential also,
then the intrinsic energy dependence for the deute-
ron optical potential is expected to be approxi-
mately -0.1. This leaves an energy dependence of
approximate slope -0.24 which perhaps can be ac-
counted for by exchange contribution and coupling
of breakup channels.
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