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Angular distribution, asymmetry function, and polarization of the outgoing nucleons in deuteron
photodisintegration are investigated employing the relativistic one-body charge density and two-
body charge and current density effects with local and nonlocal contributions in pseudoscalar and
pseudovector pion-nucleon couplings, and comparison is made with available experimental data.
The angular distribution and polarization coefficients are reported for the super-soft core, Paris,
Yale, and Hamada-Johnston potentials. The relativistic one-body and two-body corrections to the
charge density increase the isotropic component of the angular distribution at lower energies but de-
crease it at higher energies. The changes in the polarization parameéters are nearly the same for all
the potentials, and all the potentials are found to reproduce the angular distribution, asymmetry
function, and polarization of outgoing nucleons quite well at low and medium gamma ray energies.

I. INTRODUCTION

A theoretical investigation of deuteron photodisintegra-
tion can reveal important information about the radiative
and nucleon-nucleon interaction in the deuteron. Within
the framework of the traditional theory, the electric and
magnetic multipoles contributions to the angular distribu-
tion, asymmetry function, and polarization of the outgo-
ing nucleons in deuteron photodisintegration have been re-
ported by a number of authors.!™* Because of the
discrepancy between experimental and theoretical results,
several workers’™!> have incorporated the two-body
current and charge densities in the above-mentioned
theory. All these calculations have been carried out
within the nonrelativistic limit and only the local contri-
butions of the two-body current and charge densities have
been included. The inclusion of two-body current and
charge densities improves'* the results but a noticeable
discrepancy between the experimental data and theoretical
values for polarization is still there even at very low ener-
gies.3

The contributions - of the relativistic. and retardation
corrections to the dipole sum rules for a relativistic bound
electron have been known for many years,'*~!® but until
recently they had not been included in nuclear photodisin-
tegration calculations. Cambi, Mosconi, and Ricci!® have
shown that the relativistic corrections to the one-body and
two-body charge densities can help explain the well-
known discrepency between the theoretical and experi-
mental values of the forward deuteron photodisintegration
cross section.

Our aim in this paper is to include the relativistic
corrections to one-body charge density and the two-body
current and charge densities with its local and nonlocal
contributions and study their effect on the angular distri-
bution, asymmetry function, and polarization of the out-
going nucleons in deuteron photodisintegration for the
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pseudoscalar (PS) and pseudovector (PV) pion-nucleon
(wN) coupling for various available nucleon-nucleon po-
tentials. A calculation parallel to that of Rustgi, Zernik,
Breit, and Andrews (referred to as RZBA henceforth) is
performed to incorporate the relativistic one-body and
two-body charge densities with their local and nonlocal
contributions. The same notation and conventions regard-
ing geometry as used in RZBA are adopted here. The fi-
nal state interaction between neutron and proton is taken
into account, and transitions induced by electromagnetic
multipoles E1, M1, and E2 are included. In Sec. IT we
will describe the interaction Hamiltonian for the relativis-
tic one-body charge density and the two-body current and
charge densities including both local and nonlocal contri-
butions and the changes in the radial integrals of RZBA
owing to these corrections. Section III is devoted to a dis-
cussion of our results and comparison with the available
theoretical and experimental results.

II. CALCULATIONS

All the calculations presented below are performed by
using the coordinate system shown in Fig. 1 of RZBA.
The direction of the incoming photon is the positive z axis
of a Cartesian coordinate system with its electric vector
along the x axis. The z’ axis of the second coordinate sys-
tem with colatitude and azimuthal angles 0 and ¢, respec-
tively, coincides with the direction of the outgoing proton.
The direction cosines of the x’ and y’ axis are (cosf cos¢,
cosOsing, —sinb) and (—sing, cose, 0), respectively.

The interaction Hamiltonian given by Eq. (4) of RZBA,
which includes the traditional E1, E2, and M1 elec-
tromagnetic multipoles on incorporating the relativistic
one-body charge density effect and the two-body charge
and current densities, can be written as

H=—e% o (1)

where,
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S'12 is usual tensor operator, M is the nucleon mass.
Hs=WHp+in Hy=Hp—Hn,
as(PS)=Fpu,, a(PV)=7,
ay(PS)=5(u, +1), a,(PV)=7,

ip and p, are the proton and neutron magnetic moments,
respectively. In (2)

T3 =(0,—0y) M —+(01—03) ,

r
|t

= ,
|
and ¢’s and ®’s are defined in Refs. 20 and 21. The func-
tions g1, g, A1, and Ay, are real scalar functions of
|r|=|r;—r,| and are given by Chemtob and Rho.?
The detailed forms of these for various meson exchange
processes are described in Ref. 14.

The inclusion of the two-body current terms results!>
the following changes in the radial integrals Mg and Mp
in Eqgs. (18.1)—(18.3) of RZBA:

No1—02)+(gu+h)T 1 1y,

I)No1403)+2(ps+1)01—0,)} XP,-1g

(2)

o _* ® o
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MS_‘_‘Y [.7 U kg +hudr
MD'“‘—V f W'F o(kr)(gu+hu)dr ,
Mé——r [ W knligr+ho) ++@gu+hu)ldr .

The third term in Eq. (1) also leads to a modification of
Egs. (18.2) and (18.3) in RZBA, as it causes transitions to
the 'P, state. This results in the addition of!*

2
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in Eq. (18.2), and
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in (18.3). Here
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The remaining charge density terms lead to the follow-
where ing modification of the E1 radial integrals:
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on the radial integrals.
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The cross section and polarization of the outgoing nu-
cleons can be calculated by substituting these modified ra-
dial integrals into Egs. (9.5)—(9.8) of RZBA, which have
been worked out for a combination of spin functions that
transform like the components of a vector, both for the
initial as well as final states and are written as

o(6,8)=C (k)3 |a;|*|S; |’ =€ (k)T , (12)
ij

Py5=23 |a;|’[Re{(S§)*ST;} +Im{(S5)*5%}1,

(13)

Py5=23 |a;|*[Re{(S§)*S5} +Im{(5§)*S%]],

(14)

P,5=23 |a; | [Re((S§)*S%} +Im{(S§)*s§}1,

where

€ (k)=2we?/ficv .

- (15)

(16)

The cross section and polarization of the outgoing nu-

TABLE I. Angular distribution parameters in ub/sr for the super soft core potential B employing
the two-body charge and current contributions to the conventional E1, E2, and M1 multipoles (I), and
the relativistic correction in pseudoscalar (II) and pseudovector (III) pion-nucleon coupling.
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cleon for an unpolarized photon beam can be calculated
by averaging the observables for the photon beam polar-

ized along the x axis and the y axis.

The differential cross section and polarization of the
outgoing nucleon with unpolarized gamma rays including
all E1, E2, and M1 transitions may be expanded in
powers of sinf and cos@ and following RZBA, may be

written as

0(0)=a +b sin®0+c cos@+d cos6 sin?0+ e sin%6 cos®0 ,

0(0)Py(0)=0(6)P,(0)=0,

0(0)P,(0)= A sin+ B sin cost
+ C sinf cos?0 + D sinf cos>0 .

an

(18)°

The plus sign (minus sign) refers to proton (neutron).
Knowing the cross section and polarization at various an-

gles, these coefficients can be easily calculated.

III. RESULTS AND DISCUSSION

The above formalism has been used to calculate the an-
gular distribution, asymmetry function, and polarization

E,
(MeV) Approximations a b c d e
I 10.51 291.1 0.0222 25.20 0.545
4.0 II 10.56 291.4 0.0222 25.20 0.545
III 10.55 291.3 0.0216 25.20 0.545
I 4.612 157.9 0.2414 29.62 1.392
10.0 II 4.694 159.2 0.2368 29.76 1.392
III 4.628 159.1 0.2325 29.74 1.392
I 4.889 85.58 0.4494 21.80 1.392
16.0 I 4.838 87.60 0.4311 22.06 1.392
III 4.702 87.42 0.4214 22.04 1.392
I 5.147 61.39 0.5554 17.98 1.322
20.0 II 4971 63.70 0.5258 18.33 1.322
III 4.792 63.51 0.5124 18.30 1.322
I
40.0 II 4.676 21.00 0.7134 8.796 0.9375
III 4.357 20.87 0.6852 8.747 0.9375
I 5.242 11.66 0.8125 5.994 0.7895
50.0 II 4.298 14.28 0.7183 6.585 0.7899
II1 3.942 14.19 0.6853 6.537 0.7899
I 3.883 2.810 0.7151 1.751 0.3762
100.0 II - 2.669 4.658 0.5860 2.273 0.3765
III 2.280 4.726 0.5422 2.260 0.3765
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TABLE II. Angular distribution parameters in ub/sr for the super soft core potential D.
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E,
(MeV) Approximations a b c d e
I 11.89 298.0 0.270 25.92 0.5641
4.0 II 11.93 298.3 0.0275 25.93 0.5641
I 11.92 298.2 0.0268 25.93 0.5641
I 5.295 156.2 0.2887 29.61 1.407
10.0 II 5.349 157.6 0.2827 29.76 1.407
III 5.273 157.5 0.2778 29.74 1.407
I 5.564 82.68 0.5328 21.26 1.372
16.0 II 5.460 84.69 0.5107 21.53 1.372
III 5.304 84.69 0.4997 21.53 1.372
I 5.829 58.69 0.6576 17.35 1.288
20.0 I 5.583 61.18 0.6225 17.72 1.288
11 5.378 61.00 0.6072 17.69 1.288
I 6.061 17.12 0.9530 7.707 0.8849
40.0 I 5.188 20.03 0.8583 8.326 0.8849
III 4.821 20.01 0.8242 8.279 0.8849
I 5.832 10.95 0.9924 5.578 0.7415
50.0 I 4.762 13.94 0.8766 6.249 0.7415
III 4.353 13.87 0.8355 6.204 0.7415
I 4.390 2.846 0.9529 1.598 0.3561
100.0 II 3.022 5.224 0.7510 1.959 0.3561
III 2.559 5.317 0.7148 2.269 0.3561
TABLE III. Angular distribution parameters in ub/sr for the Paris potential.
E,
(MeV) Approximations a b c d e
I 11.15 282.1 0.0256 24.42 0.5286
4.0 II 11.20 282.4 0.0249 24.42 0.5283
III 11.20 282.4 0.0243 24.42 0.5283
I 5.250 152.5 0.2822 28.60 1.345
10.0 II 5.381 154.1 0.2719 28.77 1.345
111 5.381 154.1 0.2719 28.77 1.345
I 5.920 82.23 0.5269 20.96 1.340
16.0 1I 5.663 84.63 0.5047 21.28 1.340
III 5.662 84.64 0.5046 21.28 1.340
I 5.920 58.83 0.6522 17.25 1.270
20.0 II . 5.699 61.37 0.6182 17.63 1.270
III 5.510 61.14 0.6042 17.59 1.270
I .
40.0 II 5.353 20.57 0.8549 8.482 0.8973
II1 5.014 20.39 0.8242 8.423 0.8973




32 RELATIVISTIC EFFECTS AND DEUTERON . .. 1847

TABLE III. (Continued).

Y
(MeV) Approximations, a b c d e
1 5.975 11.30 0.9756 5.733 0.7572
50.0 11 4.930 14.27 0.8708 6.398 0.7576
111 4.551 14.13 0.8346 6.339 0.7576
1 4.454 3.075 0.9005 1.735 0.3728
100.0 I 3.134 5.284 0.7561 2.356 0.3732
111 2.709 5.317 0.7036 2.331 0.3732
TABLE IV. Angular distribution parameters in pb/sr for the Yale potential.
E,
(MeV) Approximations a b c d e
1 11.30 281.5 0.0310 24.35 0.5270
4.0 1I 11.35 281.7 0.0219 24.36 0.5270
III 11.34 281.7 0.0213 24.36 0.5270
I 5.147 152.3 0.2680 28.66 1.352
10.0 11 5.229 153.6 0.2633 28.80 1.352
I 5.162 153.4 0.2590 28.78 1.352
I 5.512 82.16 0.5105 20.99 1.345
16.0 1II 5.446 84.23 0.4925 21.27 1.345
' 111 5.307 83.98 0.4828 21.23 1.345
I 5.822 58.89 0.6378 17.28 1.273
20.0 I .5.617 61.27 0.6089 17.63 1.273
I 5.435 61.00 0.5954 17.59 - 1.273
1
40.0 11 5.389 20.76 0.8808 8.494 0.8960
III 5.057 20.51 0.8505 8.421 0.8660
1 6.041 11.62 1.013 5.766 0.7551
50.0 I 5.004 14.48 0.9156 6.406 0.7550
I 4.630 14.27 0.8787 6331 0.7550
I 4.612 3.279 0.9981 1.711 0.3710
100.0 11 3.260 5.518 0.8504 2.345 0.3710
I 2.827 5.479 0.7914 2.296 0.3710
TABLE V. Angular distribution parameters in ub/sr for the Hamada-Johnston potential.
E, .
(MeV) Approximations a b c d e
1 12.60 286.8 0.0262 25.42 0.5638
4.0 11 12.64 287.4 0.0254 25.39 0.5612
I 12.63 287.4 0.0247 25.39 0.5612
1 5.688 166.0 0.2971 30.87 1.440
10.0 11 5.757 167.1 0.2919 30.96 1.437
1 5.692 166.9 0.2875 30.94 1.437
I 5.841 92.06 0.5576 22.97 1.440
16.0 II 5.774 94.30 0.5385 23.25 1.438
III 5.639 94.04 0.5287 23.21 1.438
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TABLE V. (Continued).
E,
(MeV) Approximations a b c d e
I 6.094 66.80 0.6944 19.05 1.368
20.0 1 5.900 69.37 0.6639 19.46 1.372
III 5.723 69.09 0.6503 19.42 1.372
I
40.0 I 5.649 24.07 0.9566 9.543 0.9743
III 5.322 23.81 0.9261 9.473 0.9743
I 6.307 13.63 1.099 6.570 0.8302
50.0 I 5.278 16.78 0.9934 7.280 0.8348
111 4.908 16.56 0.9564 7.206 0.8348
I 4.945 3.645 1.073 2.017 0.4200
100.0 I 3.540 6.101 0.9952 2.715 0.4235
11 3.108 6.054 0.8582 2.666 0.4235
TABLE VL. Polarizations parameters in ub/sr for protons and neutrons for the super soft core potential B.
E, A B D
(MeV) Approximations Proton Neutron Proton Neutron Proton Neutron Proton Neutron
1 —42.6 —43.0 —1.41 2.34 0.020 —0.020 0.000 0.000
4.0 I —42.2 —42.6 —1.39 2.35 0.021 —0.021 0.000 0.000
III —42.2 —42.6 —1.39 2.35 0.021 —0.021 0.000 0.000
I —14.8 —15.3 1.81 - 4.52 0.275 —0.275 0.000 0.000
10.0 I —14.5 —15.0 1.88 4.59 0.287 —0.287 0.000 0.000
111 —14.5 —15.0 1.85 4.56 0.285 —0.285 0.000 0.000
I —8.16 —8.52 3.60 5.40 0.499 —0499 . —0.002 —0.002
16.0 I —7.90 —8.27 3.70 5.50 0.520 —0.520 —0.002 —0.002
I —7.87 —8.24 3.65 5.44 0.512 —0.512 —0.002 —0.002
I —6.18 —6.49 4.11 5.52 0.596 —0.596 —0.004 —0.004
20.0 I —5.95 —6.26 4.23 5.63 0.620 —0.620 —0.004 —0.004
111 —591 —6.23 4.16 5.57 0.609 —0.609 —0.004 —0.004
I
40.0 I —2.70 —2.81 4.14 4.63 0.763 —0.763 —0.005 —0.005
I —2.64 —2.77 4.04 4.53 0.737 —0.737 —0.005 —0.005
I —2.28 —2.31 3.39 3.71 0.706 —0.706 0.000 0.000
50.0 I -2.19 —2.24 3.69 4.01 0.752 —0.752 0.001 0.001
III —2.14 —2.19 3.58 3.90 0.721 —0.721 0.001 0.001
I —1.32 —1.21 1.66 1.84 0.543 —0.543 0.043 0.034
100.0 I —1.32 —1.19 . 1.94 2.12 0.609 —0.609 0.035 0.035
I —1.24 —1.12 1.79 1.97 0.565 —0.565 0.035 0.035
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TABLE VII. Polarizations parameters in ub/sr for protons and neutrons for the super soft core potential D.
E, A B C D
(MeV) Approximations " Proton Neutron Proton Neutron Proton Neutron Proton Neutron
1 —43.9 —443 . —1.51 2.37 0.018 —0.018 0.000 0.000
4.0 II —43.5 —44.0 —1.49 2.38 0.019 —0.019 0.000 0.000
111 —43.5 —44.0 —1.49 2.38 0.019 —0.19 0.000 0.00
1 - =154 —16.1 1.50 4.35 0.256 —0.256 0.000 0.000
10.0 1I —15.1 —15.8 1.57 4.21 0.269 —0.269 0.000 0.000
111 —15.1 —15.7 1.54 4.39 0.265 —0.265 0.000 0.000
1 —8.51 —9.00 3.19 5.09 0.458 —0.458 —0.002 —0.002
16.0 1I —8.24 —8.74 3.28 5.19 0.480 —0.480 —0.002 —0.002
111 —8.20 —8.71 3.23 5.13 0.471 —0.471 —0.002 —0.002
1 —6.46 —6.88 3.66 5.16 0.543 —0.543 —0.004 —0.004
20.0 I —6.22 —6.64 3.78 5.28 0.568 —0.568 —0.004 —0.004
111 —6.18 —6.60 3.71 5.21 0.556 —0.556 —0.004 —0.004
1
40.0 I —2.83 —3.00 3.74 4.31 0.694 —0.694 —0.004 —0.004
III —2.78 —2.95 3.63 4.19 0.666 —0.666 —0.004 —0.004
1 —2.41 —2.48 3.07 3.46 0.647 —0.647 0.001 0.001
50.0 1I —2.31 —2.39 3.37 3.76 0.690 —0.690 0.001 0.001
111 —2.25 —2.34 3.25 3.64 0.656 —0.656 0.001 0.001
I —1.44 —1.34 1.61 1.83 0.541 —0.541 0.031 0.031
100.0 II —1.45 —1.33 1.97 2.19 0.608 —0.608 0.031 0.031
111 —1.36 —1.25 1.81 2.03 0.559 —0.559 0.031 0.031
TABLE VIII. Polarizations parameters in ub/sr for protons and neutrons for the Paris potential.
E, A B C D
(MeV) Approximations Proton Neutron Proton Neutron Proton Neutron Proton Neutron
1 ' —42.2 —42.7 —1.34 2.38 0.022 —0.022 0.000 0.000
4.0 I —41.87 —424 —1.33 2.39 0.023 —0.023 0.000 0.000
111 —41.86 —42.4 —1.33 2.39 0.023 —0.023 0.000 0.000
1 —15.3 —159 2.04 4.83 0.296 —0.296 0.000 0.000
10.0 I —15.0 —15.6 2.13 4.92 0.316 —0.316 0.000 0.000
I —15.0 —15.6 2.13 492 0.316 —0.316 0.000 0.000
I —8.62 —9.10 3.84 5.73 0.533 —0.533 —0.002 —0.002
16.0 11 —8.38 —8.86 3.99 5.88 0.562 —0.562 —0.002 —0.002
111 —8.38 —8.86 3.99 5.88 0.562 —0.562 —0.002 —0.002
1 —6.62 —7.02 431 5.81 0.628 —0.628 —0.002 —0.002
20.0 I —6.37 —6.78 4.46 5.93 0.657 —0.657 —0.004 —0.004
111 —6.33 —6.75 4.39 5.89 . 0.646 —0.646 —0.004 —0.004
I
40.0 I —3.02 —-3.17 4.29 4.85 0.788 —0.788 —0.004 —0.004
111 —2.96 —3.12 4.18 4.73 0.762 —0.762 —0.004 —0.004
 { —2.57 —2.62 3.48 3.85 0.715 —0.715 0.001 0.001
50.0 11 —2.48 —2.55 3.86 4.22 0.779 —0.779 0.001 0.001
111 —2.42 —2.49 3.73 4.10 0.747 —0.747 0.001 0.001
1 —1.51 —1.38 1.82 2.02 0.582 —0.582 0.038 0.038
100.0 I —1.54 —1.38 2.20 2.40 0.676 —0.676 0.038 0.038

111 —1.45 —1.30 2.02 2.22 0.627 —0.672 0.038 0.038
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TABLE IX. Polarizations parameters in ub/sr for protons and neutrons for the Yale potential.
E, A B C D
(MeV) Approximations Proton Neutron Proton Neutron Proton Neutron Proton Neutron
I —420 —43.0 —1.35 2.38 0.022 —0.022 0.000 0.000
4.0 II —42.0 —42.6 —1.33 2.39 0.023 —0.023 0.000 0.00
III —42.0 —42.6 —1.34 2.39 0.022 —0.022 0.000 0.000
I —15.2 —16.0 2.06 4.86 0.305 —0.305 0.000 0.000
10.0 I —14.9 - —15.7 2.14 4.94 0.317 —0.317 0.000 0.00
III —14.9 —15.7 2.11 491 0.314 —0.314 0.000 0.000
 { —8.60 —9.23 3.89 5.80 0.549 —0.549 —0.001 —0.001
16.0 I —8.33 —8.96 4.00 591 0.569 —0.569 —0.001 —0.001
I —8.30 —8.93 3.94 5.85 0.561 —0.561 —0.001 —0.001
1 —6.63 —17.16 4.36 5.88 0.650 —0.650 —0.002 —0.002
20.0 II —6.38 —6.92 4.50 6.02 0.672 —0.672 —0.002 —0.002
111 —6.34 —6.88 4.43 5.95 0.661 —0.661 —0.002 —0.002
I
40.0 II —3.06 —3.31 4.30 4.90 0.806 —0.806 —0.001 —0.001
I —3.00 —3.25 4.18 4.78 0.781 —0.781 —0.001 —0.001
I —2.63 —2.77 3.51 3.92 0.745 —0.745 0.005 0.005
50.0 II —2.52 —2.67 3.86 4.27 0.792 —0.792 0.005 0.005
I —2.45 —2.61 3.72 4.13 0.762 —0.762 0.005 0.005
I —1.56 —1.49 1.84 2.04 0.586 —0.586 0.034 0.034
100.0 II —1.55 —1.46 2.19 2.40 0.663 —0.663 0.034 0.034
I —1.45 —1.37 2.00 2.21 0.615 —0.615 0.034 0.034
TABLE X. Polarizations parameters in ub/sr for protons and neutrons for the Hamada-Johnston potential.
E, A B C D
(MeV) Approximations Proton Neutron Proton Neutron Proton Neutron Proton Neutron
I —43.7 —44.3 —1.56 2.36 0.017 —0.017 0.000 0.000
4.0 II —43.4 —44.0 —1.56 2.37 . 0.018 —0.018 0.000 0.000
111 —43.4 —44.0 —1.56 2.37 0.018 —0.018 0.000 0.00
I —16.8 —17.6 1.42 4.50 0.259 —0.259 0.000 0.000
10.0 I - —16.5 —17.3 1.48 4.57 0.269 —0.269 0.000 0.000
III —16.5 —17.3 1.46 4.54 0.267 —0.267 0.000 0.000
I —9.54 —10.2 3.28 5.41 0.479 —0.479 —0.002 —0.002
16.0 II —9.25 —9.90 3.38 5.51 0.497 —0.497 —0.002 —0.002
11 —9.21 —9.86 3.33 5.46 0.490 —0.490 —0.002 —0.002
I —17.29 —17.84 3.87 5.57 - 0.578 —0.578 —0.003 —0.003
20.0 I —17.03 —17.58 3.99 5.69 0.601 —0.601 —0.003 —0.003
III —6.99 —17.54 3.93 5.63 0.591 —0.591 —0.003 —0.003
I
40.0 II - =323 —3.47 4.26 4.94 0.793 —0.793 —0.002 —0.002
111 —3.18 —3.42 4.16 4.83 0.769 —0.769 —0.002 —0.002
I —2.75 —2.86 3.59 4.07 0.752 —0.752 0.004 0.004
50.0 II —2.63 —2.76 3.93 4.41 0.811 —0.811 0.004 0.004
III —2.57 —2.71 3.80 4.28 0.782 —0.782 0.004 0.004
I —1.62 —1.50 2.00 2.27 0.648 —0.648 0.042 0.042
100.0 II —1.63 —1.49 2.37 2.63 0.746 —0.746 0.042 0.042
III ’ —1.54 —1.41 2.18 2.45 0.696 —0.696 0.042 0.042
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FIG. 1. Differential cross section for deuteron photodisin-
tegration in approximation II (solid line) and approximation III

@ ° (dotted line) at E, =20 and 50 MeV for the Paris potential. The
= experimental results of the various investigators are as follows:
= £« 20iev solid circles and inverted triangles for those of Weissman (Ref.
< yr e 28), crosses for those of Galey (Ref. 29), and open circles for
® 60 -60 - those of Skopik et al. (Ref. 30).
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FIG. 2. Differential cross section for deuteron photodisintegration in approximation II (solid line) and approximation III (dotted
line) for the Hamada-Johnston potential at 6., =0°, 35°, 65°, 90°, 115°, and 145°. The experimental results for 6., =0 are those of
Hughes et al. (Ref. 31). The experimental data of various investigators at other angles are as follows: solid circles for those of
Dougan et al. (Ref. 32); solid inverted triangles for those of Allen (Ref. 33); open inverted triangles for those of Whalin et al. (Ref.
34); crosses for those of Kose et al. (Ref. 35); solid inverted triangles for those of Keck and Tollestrup (Ref. 36); open inverted trian-
gles for those of Dixon et al. (Ref. 37).
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FIG. 3. Comparison of the present work for polarization re-
sult with the data of Holt et al. (Ref. 41), Nath et al. (Ref. 42),
and Drook (Ref. 43). Curve 1 is the result of the investigation
of Ref. 14 for the potential SSC-B excluding the two-body
charge and current effects, curve 2 results when the two-body
charge and current effects are included, and curve 3 includes the
relativistic effect also.

of the outgoing nucleons in deuteron photodisintegration
for the Paris,® Yale,?* Hamad-Johnston?> (HJ), Hamada-
Johnston modified (HIM), and the various super soft
core?®?7 (SSC-A, SSC-B, SSC-C, SSC-D) nucleon-nucleon
potentials at various photon energies taking relativistic
corrections, two-body current, and charge densities with
their local and nonlocal contributions. The super soft
core potential of Ref. 27 is referred to as SSC-D here.
The calculations are performed in three steps. In approxi-
mation I, the results of Rustgi, Vyas, and Rustgi,14 which
include the local contribution of the two-body current and
charge densities without relativistic correction, are report-
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FIG. 4. The asymmetry function 2(8) for the SSC-B poten-
tial at 0., =45°. The experimental points are those of Liu (Ref.
45).
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FIG. 5. The asymmetry function =(68) for the SSC-B poten-
tial at 6., =90°. The experimental points are those of Liu (Ref.
45) and Bianco et al. (Refs. 46 and 47).

1
160 180

ed. The results on the inclusion of local and nonlocal con-
tributions of the two-body current and charge densities
with relativistic corrections is pseudoscalar (PS) and pseu-
dovector (PV) pion-nucleon (7N) coupling are listed in ap-
proximation II and III, respectively.

The cross section parameters—a, b, ¢, d, and e—for the
SSC-B, SSC-D, Paris, Yale, and Hamada-Johnston poten-
tials at photon energies E, =4, 10, 16, 20, 40, 50, and 100
MeV are given in Tables I—V. Owing to the similarity
amongst the angular distribution and polarization coeffi-
cients for the SSC-A, SSC-B, and SSC-C potentials and
those between the coefficients for the Yale and HIM po-
tentials, we have chosen to report the coefficients for the
SSC-B and Yale potentials only. It is clear from these
tables that the relativistic effect in PS #N coupling case
increases parameter a a little bit at lower photon energies
and decreases it by a substantial amount at higher ener-
gies, whereas parameter b is increased for all energies al-
though at lower energies the increase is not as significant

0.8 .

o4l .
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FIG. 6. The asymmetry function 2(8) for the SSC-B poten-
tial at 0., =135°. The experimental points are those of Liu
(Ref. 45).
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as at higher energies. The values of a and b parameters in
PV 7N coupling are found to be a little lower than the
values for the PS #N coupling except at 100 MeV where
for the case of PV 7N coupling the value of b is higher
than that for the PS 7N coupling case. The differences in
the parameters for PS and PV 7N coupling cases are
small at lower energies. Parameters ¢ and d are decreased
and increased, respectively, for both the 7N couplings due
to the relativistic correction. The values of parameters c
and d for the PV #N coupling are found to be smaller
than the value for the PS 7N coupling case. Parameter e
remains practically unchanged. The changes in parame-
ters a, b, ¢, and d will not only shift the angular dlstnbu-
tion curve but will also change its shape.

The polarization parameters A, B, C, and D of the out-
going proton and neutron for the SSC-B, SSC-D, Paris,
Yale, and Hamada-Johnston potential at photon energies
E,=4, 10, 16, 20, 40, and 100 MeV are listed in Tables
VI-X. Owing to the relativistic correction, for both pro-
ton and neutron, parameter A is decreased, parameters B
and C are increased but parameter D is unchanged. Al-
though there are some changes in the values of these coef-
ficients for different potentials, these changes are too
small to enable us to draw any conclusion from them.

A comparison with the experimental data for the angu-
lar distribution, asymmetry function, and the polarization
of the outgoing nucleons in deuteron photodisintegration
is made in Figs. 1 and 2, Fig. 3, and Figs. 4—6, respective-
ly. In Fig. 1, we have plotted the cross section versus an-
gles of outgoing proton at photon energies E, =20 and 50
MeV for the Paris potential and compared them with the
experimental data of Weissman and Schultz,?® Ga.ley,29
and Skopik et al.’® It is clear from Fig. 1 that it is not
possible to distinguish between the PS and PV #N cou-
pling results at 20 MeV. The PV values are smaller than
those for PS coupling at 50 MeV but both fit the experi-
mental data quite well at both energies. Figure 2 shows
the differential cross sections for protons in PS and PV
7N coupling for the Hamada-Johnston potential at angles

O..m. =0 35° 65°, 90°, 115° and 145° and the results with
the relativistic correction reproduce the experimental data
at all angles very well. We have also compared the dif-
ferential cross section data of Fuller,3® Bosch et al.,3 and
Halpern and Weinstock*® with our calculations and found
that with a suitable normalization factor which is smaller
than that of approximation I, the fit to the experimental
data is excellent.

In Fig. 3, the results for the potential SSC-B without
the two-body effect, with the two-body effects, and two-
body effects including relativistic corrections are labeled
as 1, 2, and 3, respectively. It is clear that the result when
two-body effects are excluded gives good agreement with
the data of Holt et al.*! and others,*>*? but in view of the
large uncertainties in the data, curves 2 and 3, which have
two-body effects and two-body effects including relativis-
tic correction, respectively, also fit equally well. However,
as has been pointed out in Ref. 13, the two-body contribu-
tions decrease the polarization but the relativistic correc-
tions lower the curve even further. There is no change
found in the comparison with the experimental data of
Jewell et al.** (not shown) at E y=2.75 MeV which is also
clear from Tables VI—X where no changes are found in
the polarization parameters at lower energies.

In Figs. 4—6, we have shown the variation of asym-
metry functions 2(6) with photon energies at 6, ,, =45°,
90°, and 135° and found that the relativistic effects make
the curve fit the experimental data quite well at higher en-
ergies without affecting the agreement at lower energies.

In conclusion, we find that the relativistic effects repro-
duce the experimental data quite well at all energies con-
sidered here. ‘Both the pseudoscalar and pseudovector 7N
couplings yield almost identical fits to the experimental
data.

This work was partially supported by the National
Aeronautics and Space Administration under Grant No.
NAG1442.
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