This is 4 preprint of a paper intended for publication in UCRL - 74076
a )ournal or pr di Since

Fes may be made PREPR'NT
before publication, this preprint is made available with .

the understanding that it will not be cited or reproduced
Corf- 740877~

without the permission of the author.

&
LLAWRENCE LIVERMORE ILABORATORY
University of California/Livermore, California

ASYMMETRIC NEUTRON-~PROTON BREMSSTRARLUNG AT 130 MeV

V. R, Brown and J, Franklin

August 11, 1972

— NOTICE -
-This. report wis prepared as an account of work
. |:sponspfed -by the United States Government, Neither
: #d;States nor. the United States Atomic Energy
;. .not 'any of their employees, nor any of
18, , of thelr employees,
martanty, express or impHed, or assumes any
or responsibility for the sccuracy, com-

iss of a0y ‘i i

prodesx disclosed, or represents that its uee
‘would:not infiinge privately owned rights,

o

This paper was prepared for submission to
International Cenference on Few Particle Problems
in the Nuclear Interactions

JISTREUTIOR OF THIS DOCUMENT 1§ m*“'g; gﬁ



AGYMMETRIC NEUTRON-PRQTOH BREMSSTRAHLUHG AT 130 MeV

V. R. Brown¥* and J, Franklin
Lawrence Livermore Laboratory, Livermore, California and
Temple University, Philadelphia, Pennsylvania
"Coplanar asymmetric neutron-proton bremmstrahlung (npy) is calcula~
lated at 130 Ms!/to compare to the experiment of Edgington et al.l). The
coupking of the electromaguetic field to the nucleon currents includes,
in addition to the usual terms Vem(l) arising from the kinetic-energy
part of the Hamiltonian, terms vem 2) induced by the nuclear potential,
These latter terms are required to preserve gauge invariance when the nu-
clear potential has momentum dependence or an exchange nature. The po-
tential vem(l) gives. rise to all of the external radiation and that part
of the internal rddiation previously called the rescattering term.2’3)
The T matrix for npy, treating the nuclear interaction exactly within the
framework of a poteniial model and the -electromagnetic interaction to
first order, can be written (omitting spin indices) as
T = @;f | vem(v.l) sv @ tb;i > a (1)
where w;' (w;f) is the exact scattering state of the np system correspon-
aing to :utgoing (incoming) spherical wave boundary conditions; ki (kf)
is the relative momentum in the initia" (final) two-body system. The
electromegnetic potential Vem(l) has been given previously.a’s)
The terms arising from the nuclear potential are introduced in the
momentur~space formulation'by the usual replacement 3 he ;—eK.h). To
lowest order in the photon momentum K this preseription is unambiguous,

and the contribution to the T matrix from V (2) can be written

Px -, > + .
<n,u; | vem(z) | w;.>= 1a/2 ’é-fa? Ty *[(v2+kf,)§’-r(v2+k§)]¢k_ » (2)
£ i f B i -

where a = e/nxV2ﬂ/K, and £ is the polarization of the photon., The left-

{rignt) hand arrow in eq. (2) indicates an operation on the final (ini-"-
tial) state wave function, and the initial and final state wave functions
must have different isospin. This result includes momentum-dependent and
spin-orbit effects as well as exchange contributions, all to lowest order

in K. In a previous calculations) only exchange effects were included.
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The additional momentum-dependent and spin-orbit terms contribute a few

perceqt in those cases tested.

- The coplanar asymmetric dlfferentlal _eross_section da/uﬂ ai_ for npy

—
has been calculated at 130 "MeV and various neutron (0 _) and proton (9 )
exit angles to compare to the experlment of Edgington et al. 1) The re—
sults for the Ha.mada-Johnston ‘ (HJ) and the Bryan-Scott III 6) {BS) po-

tentials as compared to experiment are shown in table 1.

Table 1

do/an @ in ub/(sx)2 at 130 MeV

(6_,8 ) ° BS HT Experirent
pa (set I of
ref.1))
(20,23) 38.5 Lo.1 135 + 50
(20,29) L2.8 hh b 98 z 37
(32,23) 23,3 23,5 81 x-38
(32,29) 30.6 30.6 83 + 26

The coplanar asymmetric cross section dU/dﬂnthdBY for 2 sets of nucleon
exit angles taken from table 1 has been calculated witn BS and is shown
in fig. 1. We adopt the convention that the photon angle 6, is measured
from zero degrees in the beam direction to +180°(~180°) on the side of
8, (6,).

It can be seen from fig. 1 that the.inclusion of the internal radi-~
etion considerably enhences the npy cross section; most of this enhance-
ment is due to the exchenge contribution, There is still a significant
difference between theory and experiment, however, as can be seen from
taple 1. 4 preliminary investigation indicates that the higher order
terms in Vemta) probably would not account for this large discrepancy.

7)

Agreement between theory3 and experiment in the coplanar symmetrie
geometry at 200 MeV (30°,30°) is much better, however. Our calculated
cross section using BS is 35 ub/(sr)2 as compared to the experimental

result of Brady et a1.7) of 35 + 14 ub/(sr)z.
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BRYAN-SCOTT POTENTIAL:
-~~~ EXTERNAL RADIATION ONLY

104— —— INCLUDING INTERNAL RADIATION .
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Fig. 1 Coplanar asymmetric npY cross sections dc/dﬂndﬂpdeY for

&

£ = 130 MeV with the Bryan-Scott III potential, where BY is negative on

+he neutron (Bn) side of the beam. The comparison of external radiation

scattering alone and that including internal radiation is made for two

sets of nucleon asymmetric angles.



