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RELATIVISTIC CONTRIBUTION OF THE FINAL-STATE
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b Far Eastern National University, Vladivostok, Russia

The contribution of the final-state interaction to the differential cross section of deuteron photodis-
integration at laboratory photon energies below 50 MeV is analyzed in the framework of Bethe—Salpeter
formalism with a phenomenological rank-one separable interaction. The approximations made are the
neglect of two-body exchange currents, negative-energy components of the bound-state vertex function
and the scattering 7' matrix. It has been found that the gross effect of the final-state interaction with
J < 1 comes from the net contributions of the spin-triplet final states and spin-singlet 'S state. The
relativistic results are compared with the nonrelativistic ones in every partial-wave channel. It is found
that the relativistic effects change the magnitude of the final-state interaction from several percent to
several tens of percent.

B p Gore H nM3Mpyercs BKJI JI B3 UMOICHCTBUS B KOHEYHOM COCTOSHMH B judepeHin JbHoe ce-
yeHne (pOTOp CIUEIUIeHHs AEHTpoH mpu dHeprusx ¢oron Menee 50 MsB B 1 6op TopHO# cucteMe.
AH nu3 npoBoguTes B p MK X ¢hopm nu3m  Bere—Connutep ¢ peHOMEHONOTHYECKUM Cell P OelbHBIM
SIIPOM B3 UMOJIEUCTBUS MepBoro p Hr . Cziesl Hbl CIELYIOLIUE MPEANIONIOKEHHUS: He YUUTBIB I0TCS BKJT JIbI
PENSTUBUCTCKUX ABYXY CTHYHBIX TOKOB M KOMITOHEHTHI BEPIIMHHON (DYHKIMH JEUTPOH U T-M TpPUIEI C
OTpHIL TeNbHOU dHeprueil. OCHOBHOM 3(peKT B3 UMOIEHCTBHS B KOHEYHOM COCTOSHMH C IOJHBIM YITIO-
BLIM MoMeHTOM J < 1 IIPOMCXOIHT OT TPHUILIETHBIX M CHHIVIETHOTO 'S KoHeuHmIX cocrosnuit. PensTu-
BHCTCKHE PE3yJbT Thl CP BHHB I0TCS C HEPENTHBHCTCKMMU B K XJIOM I PLM JIbHOM K H sie. H iineno,
YTO PEATHBHUCTCKUE 9(I(heKThl H3MEHSIOT BKJI [ B3 MMOJEUCTBHSI B KOHEYHOM COCTOSTHUHM OT HECKOJIBKHX
HPOLIEHTOB 10 HECKOJIBKHX IECATKOB IIPOLIEHTOB.

INTRODUCTION

The investigation of deuteron photodisintegration is a direct way of probing the structure
of light nuclei. High-precision experimental data on polarization observables of the reaction
can give information about the nucleon—nucleon (INN) interaction. On the one hand, the
important issue related to the nuclear force is the relativistic effects, which may play an
important role in the nuclear two-body problem (the deuteron-bound state and the final-state
interaction (FSI) of the final neutron—proton (np) state). On the other hand, in deuteron
photodisintegration, the electromagnetic (EM) form factors of nucleons are probed as well.
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Knowledge of the deuteron-bound state, the final-state interaction in two-nucleon scattering
states and two-body currents can help to estimate the half on-mass-shell behavior of the
nucleon EM form factors.

The present work is devoted to a comprehensive study of contributions to the differential
cross section caused by the relativistic structure of np scattering states. These are analyzed
in terms of the field-theoretical nonperturbative theory, based on the Bethe-Salpeter (BS)
equation. The development of previous works [1, 2] is necessary to test the sensitivity of
observables to the FSI due to the relativistic nuclear force and relativistic effects of kinematical
origin. To this end, we employ a separable interaction kernel of the NV interaction to solve
the BS equation for two Dirac particles in Minkowski space. As a result, we obtain the
relativistic deuteron vertex function in the coupled 3S;— 3D; channel and the scattering T
matrix of the elastic NN scattering for the positive-energy partial-wave channels with the
total angular momentum J = 0, 1 at laboratory energies Tj,, < 100 MeV [3,4].

This paper is organized as follows: in Sec. 1, we present the basic information on the
kinematics of the reaction, the invariant transition amplitude and the differential cross section.
The relativistic approach to the NN interaction is briefly described in Sec.2. The rank-one
separable interaction kernel is introduced in Sec.3. In Sec.4, we go into several points
of calculating the invariant transition amplitudes within the BS formalism. Discussions of
principle results and final remarks are in Sec.5.

1. KINEMATICS OF THE REACTION

If we denote by |F'(Py, ps, (¢)) any particular neutron—proton final state, the invariant
transition amplitude M ; for deuteron photodisintegration in the c.m. frame being the rest
frame of the np pair

is given by the matrix element of the hadronic EM four-current operator JA“(a:) between the
initial deuteron state and final np-pair state:

Mys = e"OF(Pr, py, Cp)|Tu(0)] (K, & (ma))), 2

where Py = (1/s,0) and p; = (0,p) are total and asymptotic relative four-momenta of the
pair; K; and ¢ = Py — K; are the deuteron and photon four-momenta, respectively. Four
polarization four-vectors e(\), & (mgq) and (¢ (with A = £1 and mg = 0,=£1) describe the
internal degrees of freedom of the photon, deuteron and final np system, related to the angular
momentum. All states in Eq. (2) are understood to be normalized in the covariant manner.
It should be also noted that the definition of the outgoing mp pair is such that, whether
the final-state interaction is switched off, it is given by an antisymmetrized product of two
positive-energy Dirac spinors.

The coordinate system is defined by the incoming three-momentum of the photon, q =
(0,0,w) with |q| = w, which is along the z axis, and transverse polarizations ey—y; =
(¥1,-1,0)/ V2. The asymptotic relative three-momentum P is characterized by the spherical
angles 6 and ¢p in the chosen coordinate system. The z axis is also the quantization axis
for the total spin S = 0,1 of the final np system, as well as for the polarization four-vector
&i(mg) of the deuteron.
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The c.m. energy squared s of the final np pair is related to the relative three-momentum
P, s = 4(p? + m?), and to the photon energy E., in the laboratory system, being the rest
frame of the deuteron, s = M 3 + 2E, Mg, where m and My are the nucleon and deuteron
masses, respectively. The nucleon laboratory energy Tis, = (2/m)p? is connected to the
laboratory photon energy as E 2 (1/2)Tip.
The differential cross section, in the case of the unpolarized initial configuration, can be
written in the c.m. frame as follows:
do o Pl
dQp  167s w | My % 3)

where o = e%/4r is the fine structure constant and the line over | My; | denotes the
incoherent summation over A\, myq and mg, being the spin projection of the final np system
in spin-triplet channels, on the quantization axis.

We assume in this work that the dynamical model of the EM current operator in Eq. (2) is
the relativistic impulse approximation not constrained by gauge invariance. For simplicity, we
do not modify this approximation by applying Siegert’s theorem. This is a major drawback
of the present development, preventing us from comparing theoretical predictions of the
relativistic theory and experimental results for deuteron photodisintegration at low energies.

All details concerning the structure of the EM current operator and the initial deuteron
state could be found in Ref. [1,2], where numerical calculations of the angular distribution in
the plane wave approximation (PWA) have been done. Thus, in determining the differential
cross section (3), we are focused on the relativistic structure of the final two-nucleon system.

2. THE TWO-BODY PROBLEM IN MOMENTUM SPACE

Within the relativistic field theory, the elastic NIV scattering can be described by the
scattering T matrix, which satisfies the inhomogeneous BS equation. In momentum space,
the BS equation for the 7" matrix reads (in terms of the relative four-momenta p’ and p and
the total four-momentum FPy)

i
T ,p; Pr) =V (', p; Pr) + y /d4k V(p', k; Py) Sa(k; Py) T(k, p; Py), )

where V (p', p; Py) is the interaction kernel and S (k; Py) is free two-particle Green’s function:

) ) M /4 @)
SE(k;Pf)—<§Pf'7+k'7—m> <5Pf'7—k'7—m> :

To perform the partial-wave decomposition of the BS equation (4), we introduce relativistic
two-nucleon basis states [aM) = |r, 25T1LA M), where S denotes the total spin, L is the
orbital angular moment and .J is the total angular momentum with the projection M; relativistic
quantum numbers p and 7 refer to the total energy-spin and relative-energy parity with respect
to the change of sign of the relative energy, respectively. Then the partial-wave decomposition
of the T" matrix in the c.m. frame has the following form:

Top o0 0 Pro)) = D Yart(=P)UC)ap ® (UcVip (P))sy tav(ph: [P']: po, [Pl 5),  (5)
JMab
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where Uc = i724° is the charge conjugation matrix. Greek letters («,3) and (7,d) in
Eq. (5) refer to spinor indices and label particles in the initial and final states, respectively.
It is convenient to represent the two-particle states in terms of matrices. To this end, the
Dirac spinors of the second nucleon are transposed. At this stage, 7" is 16 X 16 matrix in
spinor space which, sandwiched between Dirac spinors and traced, yields the corresponding
transition matrix elements between SL.J states.

The spin-angular momentum functions YV, s (p) are expressed in terms of the positive- and
negative-energy Dirac splnors uhT 2
coefficients C? "

, the spherical harmonics Y7, and Clebsch—Gordan

j1M1]27712
Vim:rsp(P)Uc =
L Sop S 1 2
=i ST OO s O Vi, )t D p)uz, @ (-p). ©)
mrmsmimszpip2

The superscripts in Eq. (6) refer to particles (1) and (2). In deriving the matrix elements
between a states, the ortonormalization condition for the functions Y,/ (p’) should be used:

/dapp d(cos 6p) Tr {ij(p)yanf (P)} =
= /d<pp d(cos 0p) (V11 (P)) pa (Varss (P))ap = baaOnrnrr, (7)

where partial states a and a’ belong to the same partial channel.
The partial-wave decomposition for the interaction kernel V' of the BS equation (4) can
be written analogously to Eq. (5):

Va,@,vé(p,aﬁ Pf(O)) = Z (yaM(_p/)UC)aﬁ & (UCng(p))M Uab(P(), |P/|;P07 Ipl;s).  (8)
abM
Applying the condition (7), we can obtain a system of linear integral equations of the off-shell
partial-wave amplitudes

tab (o, [P]; Po, Pl5 8) = vab (pg, [P]; Po, Pl 8)+

—+oo oo
i
+ RZ /dko/k2d|k| Vac(Ph, [P'[; Ko, [kl; ) Sca(ko, |kl; 5) tav(ko, [|; po, [Pl5 s), (9)
cd 0

where the two-particle propagator S,; depends only on p-spin indices.
The PWA and FSI contributions can be combined by introducing the relativistic scattering
amplitude for two nucleons x s, (p; pyPy), which satisfies the following equation:

i
Xsm. (3 pf Pr) = X5 (005, Py) + 1302 Pf)/d4k V(p, k; Pr)Xsm. (k;ps, Pr), (10)

with py - Py = 0 and pfc = —s/4 +m? putting the outgoing particles onto the mass shell.
The first term X( ) (p; ps, Pr) in Eq. (10) is the PWA amplitude, which describes the free
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motion of two nucleons. Due to Pauli’s principle, it is the antisymmetric combination of
positive-energy Dirac spinors and isovector, isocalar factors. Omitting isospin we can write
in the c.m. frame

0 0
Xgr)rz (s ps, Proy) = 0@ (p— Pf)X(Sr)ns (ps, Proy) =

=W (p—pp) Y CVms, wl) (p)ul) (=p). (11)

2mi13mz
mima

It is easy to rewrite the FSI contribution to the BS amplitude, the second term in Eq. (10),
from the T matrix, once the following relation is used:

/d4k V(p, k; Pr)xsm. (k;pf, Pr) = /d4k T(p, k; Pr)xsm, (ki Dy, Py). (12)

The result is

i
xfc;t,)n (p;spy, Pr) = msz(p; PH)T(p.ps; Pr)X s, (0, Pr). (13)

The ultimate expression for the BS scattering amplitude of the np pair is solely defined by
the 7" matrix half on the mass-shell:

i
Xsm. (p; vy, Pr) = [5(4)(1? —ps) + 5520 P)T(pops; ) X (ps. Py). (14)

The partial-wave decomposition of ng)ns (p;ps, Pr) can be written in the form

X 01 Pro) = Y CiMe, Yi (05, 95) Yart (P) Gasi.8p—+1(po, [Pl 0, [Bl; ), (15)
ILmJMa

where the radial function ¢ is determined by the product of the transition matrix elements ¢
and the two-particle propagator:

ba,7:L5p=+1 (D0, [P|; 0, |P|; 8) = S+ta(po, [P|; 8) ta,s:L50=+1(D0, [P|; 0, |D; 5). (16)

The inclusion of intermediate partial-wave channels with the negative-energy Dirac spinors
leads to large sets of two-dimensional equations in the system (9). Its solution determines
the relativistic wave function, as well as the phase shifts from the 7" matrix. For simplicity,
we switch off all partial-wave channels with negative-energy states and focus only on the
physical channels with the total angular moment J < 1. Splitting the channels with J = 0
and J = 1, the partial-wave decomposition for the conjugate BS amplitude has the form

X(stzn (p;py, Proy) =

= Z Cg?nSMS Yim(0p, ¥p) Yoo:1+s'(P) ¢3:LS,0:L/S' (0, 1Bl; po, Ipl; 8)+
LmL'S’

+ Z C}J%SMS Yim(0p, ¥p) Virm.rrs (p) ¢T:LS,1:L/S' (0, [Pl po, IPl;s),  (17)
MLmL'S'’
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Table 1. Spin-angular momentum matrices G, for J < 1. p1 = (Ep,p), p2 = (Ep, —p) are
on-mass-shell four-momenta

'S+ Vs
1
3P+ = _ .
0 2|p| (pl p2) Y
35t —&§5(M)
e V3 e (M)
= 0 [p| )
‘P 37 [5(;01—pz)w&?(M)-v—pf}?(M)]m
1 [ 3 . 1
Dt | =25 [g00 7+ 21— )1 p- 00

where the spin-angular momentum functions Y,a7(p) for the positive-energy states can be
written in the matrix form

- 1 1
Yout(P) = I By v
where Ep, = y/m?+ p? and explicit expressions for the matrices G,/ (p) are given in
Table 1.

Further, we explicitly factor in contributions of the spin-singlet states !S; and 'P;t,
uncoupled spin-triplet states 2P, and 3 P;, and the coupled spin-triplet states 2S;— 2D in
Eq. (17). The result is presented in a lengthy form

) (m —p2 ) Ganr (1 +70) (M + pa - ), (18)

_( {
xé,’n (pspy, Py) = Py Si+(po, |pl; s) x

5500 L 5 * bl: :

X S0 mSOE\yng—(p) tlSJ,lsg(O’ |p|,po,|p|,8) +

+ 050 0ms0 D Yine (0, 05) Vi pr g () £ pi o (0, 1B o, [J: ) +
M

—me 1 = " R
+  dg1 (=)' 7 Yi-ms(0p, ¢p) Vs pt (p) Lspt sp (0, [Bl; o, [pl; 8) +

+ Bst Y Ol Vim0, 98) Vit g (P) oo (0, B b0, [B1: 5) +
Mm

1 - .
+ 551Eyssl+ms(13) :Sff,3sj'(0’|p|;p0’|p|;s)+

051 Y OB ot Yortms (05 05) Prgiar(B) gt ooy (0 B: 7o, [p1: ) +
M

1 - .
+ 051 —==Vspims (P) i ps sg (0, D3 o, [Pl55) +

Var

b5 D OB gime Yo s (0, 08) P s (P) £ 0yt (0 Bl pos 191 ) | (19)
M
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where ST} (ko, |k|;s) = [(v/s/2 — Ex +140)? — k2] is the projection of the two-particle prop-
agator onto positive-energy states.

At this stage, the contribution of the FSI to the BS amplitude of the np pair is expressed
in terms of the spin-angular momentum functions and radial parts of the half off-mass-shell
T matrix in SLJ representation. To perform further calculations, we need to solve the BS
equation (9).

3. A SEPARABLE KERNEL OF THE NN INTERACTION

First, we assume that the interaction kernel V' conserves parity, total spin .S, total angular
momentum J and its projection, and isotopic spin. Because of the tensor nuclear force, the
orbital angular momentum L is not conserved. Moreover, the negative-energy two-nucleon
states are switched off. The partial-wave-decomposed BS equation is therefore decomposed
to the following form:

trr (o, [P po, IPl; ) = v (), [P po, [P; 8)+

—+oo oo
7
b S [ b [1Au (Ko i)' (o i)t o o [ )
L7 “oo 0

(20)

where L = L' = J is for spin-singlet and uncoupled spin-triplet states and L, L' = J £+ 1 is
for coupled spin-triplet states.
Next, we make a rank-one separable ansatz for the NIV interaction kernel of the form

v (ph, [P’ pos [Pl ) = A g (6, 1P']) 92 (po, [p)), (21)

where \ is the coupling strength and g(™)(po, |p|) are the covariant form factors, which depend
only upon the zero components pg, p;, and magnitudes |p’|, |p| of the spatial components of
the relative four-momenta. In Eq. (21) the partial-wave channels for a given J are labeled
only by the angular momenta L, L'.

Thus, the two-fold integrals in Eq. (20) can be solved in a closed form, yielding the final
expression for the 7" matrix elements

trL(Ph, '] po, [Pl 8) = 7(5) 9 (Bl [D'1) 9" (po. ), (22)

where function 7(s) has the form
(23)

with

+oo o]
i (L) (L)
1 g (kOa |k|)g (kOa |k|)
= - k2 dk . 24
M) = g XL: /dko ik (v/5/2 — Ex +1i0)? — k3 @9
—o00 0
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The nuclear phase shifts 0(s) are related to the fully on-mass-shell 7' matrix through the
condition of the two-body elastic unitarity. For the spin-singlet and uncoupled spin-triplet
states, the parameterizations of the on-mass-shell 7" matrix have the form

167

i(sL(S) :
———c¢ sin dz,(s), 25
VsV's — 4m? £(®) @)

tr(s) =tro(0,[pl;0,[pl; s) = —
where d1,(s) = 0r—s(s).
For the coupled spin-triplet states, we use the parameterization
B 8mi cos2ey e20< — 1  jsin2ey ei(0<+d>)
CV/sVs —Am?2 \ isin2e; et0<H+0>)  cog2¢y 20> —1 )7
in terms of the phase shifts d< = d;—;31 and the mixing parameters €;(s).

In numerical calculations of the phase shifts, we consider the covariant relativistic gener-
alizations of the Yamaguchi-type form factors

tL/L(S) (26)

1
(L=0) k) = 2
_ — kg + k2|
=D (o, [k]) = L~k 28
g ( 07| |) (k(g)_kg_ﬁ%_'_io)gv ( )
_ C (k2 —k?
9= (ko, |k|) = ky — X&) (29)

(k2 —1C — 3 +i0)%

The nuclear phase shifts J, mixing parameters ¢, as well as the low-energy NN parameters
(the scattering length and the effective range) and the deuteron static properties (the binding
energy, a D-state probability and the quadrupole moment) can be computed in terms of
internal parameters A\, C' and 3y 1,2 through a specially designed procedure. Technical details
can be found in Ref. [4]. Values of the parameters are given in Table 2.

Table 2. Kernel parameters for partial-wave channels with J < 1

153- BST—?’DT 3P0+ 1P1+ 3P1+

A, GeVZ | —0.28554 | -0.50269 | —0.016123 | 0.091535 | 0.084724
Bo, GeV | 0.221858 0.25124

B1, GeV 0.21861 0.27673 0.28398
B2, GeV 0.29399
C 1.6471

4. CALCULATION OF THE TRANSITION AMPLITUDES

In the framework of the BS formalism, the invariant transition amplitude, given by Eq. (2),
can be written as

Mfi(QaKi) = /d4p d4k XSms(p;pfan) e(A)j(pvk;vaKi) SQ(kai)Pmd,(kaKi)a (30)
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where subscripts f and ¢ imply the polarization quantum numbers of the final (Sm,) and
initial (A mq) states, respectively; the BS amplitude Xgm, (p;ps, Pr) of the np pair is given
by Eq. (17); 'y, (k, K;) is the deuteron vertex function, which is the solution of the ho-
mogeneous BS equation with the same interaction kernel V; J (p, k; Py, K;) is Mandelstam’s
EM vertex operator, describing the interaction of the photon with the hadronic system. The
structure of the EM current operator is specified by the microscopic model such as the impulse
approximation (IA).
The invariant transition amplitude of Eq. (30) can be cast into the form

My = MG + M1 + My s, (1)

where MI;X‘I]Q is the transition amplitude in the plane-wave impulse approximation; M5 i N
determines contributions of FSI to the impulse approximation, and M ¢; T accounts for two-
body exchange currents. In the present work we consider only the first two terms in Eq. (31),
and their explicit expressions are expressed by

MR = =) Sp{xé%s(pf, Py) [TD(g) + (15T (g)| A(£)x

<5 (6 (5= 000 ) ) o (€71 (7 = 30 )s8iw) ) Ac) } @

MShy = =) [a'p Sp{xg‘?ns (5. Py) [PV(@) + (~)STTC) ()] AL x

x S (ﬁ‘l (%(Ki —q) +p)> | (ﬁ—l (p - %q);Ki(o)) A(ﬁ)—l}, (33)

where I'(1:2) refers to the NN vertex operator of particle (1) or (2); the Dirac operator A(L)
corresponds to the Lorentz boost transformation Ky = L1 K;, which places the deuteron
at rest. The np amplitudes Xg),)ns and )Zg,)ns and the deuteron vertex function I';,, are 4 x 4
matrices in spinor space.

Next, the partial-wave decompositions of Egs. (32) and (33) have to be carried out. Since
in Refs. [1,2] that has been done in great detail for the invariant transition amplitude in PWA,

here we present only the final result for the invariant transition amplitude with FSI included:

FSI Jm—+u
Miiia = § E E E CLmSu Ym(0p,0)x
J=0,15=0,1 L”"=0,2 LL' mp
—+oo +oo

71,0, |Dl; po, |P; 5)
d dp| [ dcos O —EE2 2T 0
/po/p Ipl/ P (/s/2 = Ep 1+ i0) — 2
0

o (L7 (po — w/2),|L7(p — q/2 o
- ((Pf/(go— qojr/p))Q‘—m(zpﬂg/ ) Yo (B:pig), (34)
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where ¢r(po,|p|) is the radial part of the deuteron vertex function; Y%, ,(p,p;q) are
the matrix elements of the Dirac operators A(£) and the YN N vertex T(12)(q) between
the spin-angular momentum functions Yy, and YVr». We calculate Y7, .. (D,p;q) using the
algebra manipulation package REDUCE. What then remains to be done is a three-dimensional
integration over py, |p| and cos 6. The integration over po is performed analytically with
the help of Cauchy’s theorem, giving special attention to the complicated singularity structure
of the integrand in Eq. (34). The remaining two-dimensional integration is done numerically,
using the programming language FORTRAN.

5. RESULTS AND DISCUSSIONS

We should mention that we can demonstrate the importance of final-state interaction from
the threshold of deuteron breakup to the laboratory photon energy E. = 50 MeV. This is
because the rank-one separable potential does not provide satisfactory fits to the VIV scattering
experimental data for the spin-triplet 3P0Jf 1 channels above Tj,, > 100 MeV. Fortunately, it is
sufficient to take into account final states only with J < 1 within this energy range.

In Figs. 1, 2 we show the results of our investigation. The curves labeled by PWA and NR
PWA depict the results of calculations in the plane-wave approximation with one-body current
within the relativistic and nonrelativistic models. Notations FSI and NR FSI correspond to
calculations in impulse approximation with final-state interaction included within the same
models.

In Fig. 1, the differential cross section do/dQp, v.s. Eq. (3), at three different laboratory
energies of 3, 20 and 50 MeV, in units of microbarns, is shown as a function of the c.m.
proton angle. The sensitivity of the angular distributions to the various final-state interaction
is illustrated by a computation of contributions from separate partial-wave channels of the
final np system with J < 1. The solid curve in Fig. 1 represents the result of the plane-wave
impulse approximation. Immediately, we can see that the relative value and sign of final-state
contributions change with increasing photon energy FE,. The tensor force in the initial bound
and final-scattering 3S; — 3D states is made Py = 4%. On the other hand, transitions to the
isovector final states 1.S; and 3P;" play a predictably significant role even at small E,, and
their contributions become relatively large as the photon energy increases. The contribution
of the isoscalar spin-singlet final state ! P;" is negligible for the considered range of the
photon energies, because this partial-wave amplitude is proportional to small factor (wpus/2m)
with s = —0.12 and relativistic effects are very small. The isoscalar spin-triplet final state
35— 3D} becomes pronounced at about E., = 50 MeV. It is confirmed by numerical results,
obtained in Ref. [5], in the framework of the nonrelativistic theory. Moreover, in view of
the interference between isovector and isoscalar spin-triplet final states, the contribution from
the transition into 3S;"— 3D final state does not vanish as £, increases. On the other hand,
the ' P;" contribution is indeed small for photon energies of up to 300 MeV. An interesting
question here is the role played by the relativistic corrections.

Figure 2 helps to gain some insight into the relative importance of the relativistic effects
in the considered final np scattering states. We make additional calculations of the differential
cross section in the nonrelativistic phenomenological treatment of deuteron photodisintegra-
tion: (1) using the radial wave function of the deuteron for the nonrelativistic Graz-II separable
kernel with the deuteron D-state probability Py = 4% [6]; and (2) computing the relativistic
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Fig. 1. Contribution of the separate partial-wave channels of the final np pair into the angular distribution
of c.m. differential cross section at different laboratory photon energies: a) £, = 3 MeV; b) E, =

20 MeV; ¢) E-, = 50 MeV

matrix elements ¢1,7/(0, |P|; pj, |P’|; s) at py = 0. This provides us an opportunity to make
term-by-term comparisons of various final-state contributions.
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Fig. 2. C.m. differential cross section at different laboratory photon energies: a) E, = 3 MeV;
b) £, =20 MeV; ¢) E, = 50 MeV

Our analysis shows that contribution of final-state interaction is changed by several percent
at £/, = 5 MeV and up to twenty percent at £, = 50 MeV, when computed in the framework
of the relativistic model. We conclude that the relativistic effects stemming from the final-
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state contributions should be incorporated in the development of a rigorous theory of deuteron
photodisintegration at higher energies. Unfortunately, our results cannot be compared to the
experimental data. The differential cross section is much too low because we neglect the two-
body exchange currents and negative-energy components of the bound-state vertex function
and the scattering 7" matrix.
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