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ASYMMETRIC NEUTRON-PROTOH BREMSSTRAHLUIIG AT 130 KeV 

V. R. Brown* and J . F rank l in 
Lawrence Livermore L a b o r a t o r y , Livermore, C a l i f o r n i a and 

Temple U n i v e r s i t y , P h i l a d e l p h i a , Pennsy lvan i a 

j"Coplanar asymmetric n e u t r o n - p r o t o n bremmstrahlung (npy) i s c a l c u l a -

l a t e d a t 130 KeVj t o compare t o t h e experiment of Edgington e t a l . . The 

coupl ing of t h e e l ec t romagne t i c f i e l d t o t he nucleon c u r r e n t s i n c l u d e s , 

in a d d i t i o n t o t h e u sua l te rms V e m a r i s i n g from t h e k i n e t i c - e n e r g y 
(2 ) xiart of t h e Hami l ton ian , te rms V induced by t h e n u c l e a r p o t e n t i a l . era 

These latter terms are required to preserve gauge invariance when the nu­
clear potential has momentum dependence or an exchange nature. The po­
tential V gives'rise to all of the external radiation and that part 

em *. 
of the internal radiation previously called the rescattering term. ' 
The T matrix for npy, treating the nuclear interaction exactly within the 
framework of a potential model and the electromagnetic interaction to 
first order, can be written (omitting spin indices) as 

T = A' | V {'P * V. ( 2 ) | £ N , (1) \jk. ' e m em ' rk. / * 

where iji, (i|C ) is the exact scattering state of the np system correspon-
k i *f 

ding to outgoing (incoming) spherical wave boundary conditions; k. (k ) 
is the relative momentum in the initia'' (final) two-body system. The 
electromagnetic potential V has been given previously. ' 

The terms arising from the nuclear potential are introduced in the 
momentum-space formulation by the usual replacement p •*• p-eA. . To 
lowest order in the photon momentum K this prescription is unambiguous, 

(2) and the contribution to the T matrix from V can be wri t ten em 

<*k f I V e m ( 2 ) I « V > = W 2 *'J * <'[&«&**<>[\ \ ( 2 ) 

where a = e/m"V2'ir/K, and e is the polarization of the photon. The left-
(right-) 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 calculation only exchange effects were included. 

This work performed under the auspices of the U. S. Atomic Energy 
Commission. 
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The addit ional momentum-dependent and spin-orbit terras contribute a few 

percent in those cases tes ted . 

f The coplanar asymmetric d i f fe ren t i a l cross section da/dJJ dfi for nr>y 
| . - - - * _ - - • • • - - " • • • • . . ' n p . _ .. - ' 

has been calculated at 130 MeV'and various neutron (9 ) and proton (8 ) • 
" n 1) p 

exit angles to compare to the experiment of Edgington et al. The re­
sults for the Hamada-Johnston (HJ) and the Bryan-Scott III (BS) po­
tentials as compared to experiment are shown in table 1. 

Table 1 

da/dfl d« n p in tfb/(s: - ) 2 at 130 MeV 

( V» } ' BS KJ Experiment 
(Set I of 
ref.D) 

(20,23) 38.5 1»0.1 135 ± 50 
(20,29) U2.8 uu.u 98 ± 37 
(32,23) 23.3 23.5 81 ±•38 
(32,29) 30.6 30.6 83 ± 26 

The coulanar asymmetric cross section da/dfi dft d9.. for 2 sets of nucleon 
n p Y 

exit angles taken from table 1 has been calculated with 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 

p n 
It can be seen from fig. 1 that the.inclusion of the internal radi­

ation considerably enhances the npy cross section; most of this enhance­
ment is due to the exchange contribution. There is still a significant 
difference between theory and experiment, however, as can be seen from 
table 1. A preliminary investigation indicates that the higher order 

(2) 
terms in V probably would not account for this large discrepancy. .3) 7) Agreement between theory and experiment in the coplanar symmetric 
geometry at 200 MeV (30°,30°) is much better, however. Our calculated 
cross section using BS is 35 ub/(sr) as compared to the experimental 
result of Brady et al. 7 ) of 35 ± H ub/(sr)2. 
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h. This prescription can be ambiguous beyond lowest order in K because 
equivalent momentum representations of the nuclear potential can lead 

(2) 
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BRYAN-SCOTT POTENTIAL: 
EXTERNAL RADIATION ONLY 
INCLUDING INTERNAL RADIATION 
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Fig. 1 Coplanar asymmetric npY cross sections da/d^dflpde^ for 
2 = 130 MeV with the Bryan-Scott I I I po ten t ia l , where 8^ i s negative on 
the neutron (6 ) side of the beam. The comparison of external radiation 
scat ter ing alone and that including internal radiat ion i s made for two 
se ts of nucleon asymmetric angles. 


