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RETARDATION EFFECTS IN ed - ¢’np REACTION
V.V.Burov, A.A.Goy*, S.Eh.Sus’kov*

- Electrodisintegration of the deuteron near pion threshold with allowance for
retardation effects in meson exchange currents is studied. 1t is shown that retar-
dation cffects should be taken into account at large transfer momenta
(> lOfm_z). The radial dependence of the matrix elements for d - ! So-
transition has been investigated. Itis found that the inclusion of meson exchange
currents with allowance for retardation effects is important at r = 1—1.5 fm,
when 1 < 30 fm ™2,

The investigation has been performed at the Laboratory of Theoretical
Physics, JINR.

AddekTh 3anasaviBanus B ed > e’ np-peakumn
B.B.bypos, A.A.T'oit, C.3.Cycbkos

Hccnenosan anextpopaasan acitrpona Ha nopore nMoHoo6pa3oBaHms ¢ yue-
TOM 2¢xPEKTOB 3aNAIALIBAHUS B ME3OHHBIX 06MeHHbIX Tokax. [Tokazana neof-
XOIMMOCTb YHeTa :)dxgexmn 3anaaaibiBaHKs 8 00NacTy 6ONbIIMX MMNYLCOB
nepepaum (1> 10 dm~ %), Pacemotpena paamanabHas 3aBHCMMOCTb MATPHUUHDBIX
DNEMEHTOB [Uist d — 'So-nepcxona. YCTaHOBAEHO, UTO BKJIAJ MEIOHHBIX OOMEH-
HbIX TOKOB € yueToMm bhekToB 3anasabiBanmns Hanbonee CyuiecTseHeH npu
r=1—1.5bMmpatr < 30¢M_2.

Pa6ora spmomiena s Jlabopatopum teopetuucckoil puankun OUSIH.

1. Introduction

Magnetic M1-transition in the ed - ¢’np reaction with inclusion of
meson exchange currents has been studied earlier in refs. [1—7 . Detailed
calculations have been made with allowance for seagull and meson currents
(fig.1(a), (b)). However, the investigations of the retardation effects have
not been done yet. The reason is the lack of experimental results at large
momentum transfer. In this case the traditional set of meson exchange
currents (see fig. 1) was quite enough 1o get the correct information on the
differential cross section in a small region of transfer momenta.
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NA NN N A Fig.l. Diagrams of seagull (a) and me-
son (b) currents

Y Fig.2. Diagrams of recoil (a) renorma-
lization (b) currents
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At present the available experimental data on the differential cross
section are known up to about 1 GeV that allow one to investigate the
electrodisintegration near threshold at short distances where the relativistic
contributions have to be important.

The retardation of meson exchange currents is one of significant rela-
tivistic effects, whosc investigation has been done. In ref. |8 ] the retardation
current was studied for the elastic e-d scattering. It was shown that the in-
clusion of retardation meson exchange current into the structure function
B(qz) has a considerable effect at large transfer momenta. Moreover, for the
structure function A(qz) the contribution of retardation effects worsens the
agreement with experimental data thus compelling one to take account of
other cffects, for instance, quark degrees of frecdom. That situation pro-
vokes the investigation of the deuteron structure when all the contributions
of meson exchange currents arc taken into account including retardation
effects.

In the prescnt paper, the electrodisintegration of the deuteron with
allowance for retardation effect has been investigated.

Morcover, the radial dependence of the matrix clements for o - ‘Su"

transition with allowance for retardation effect has been studied. It was fo-
unded earlier in ref. |7 ] that the meson exchange currents (fig.1) dominate
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if the relative distance between two nucleons is between 1 and 1.4 fm for
¢ < 30 fm 2. In our work the influence of retardation effects is studied,
which is necessary to get a realistic picture of the radial dependence at high
momentum transfers.

2. Model

According to ref. [6] the differential cross section for the d - 1SO-

transition has the form

d’o _ 16 kj M 21 2
dQdw =3 % @ p S0k Tk -
21 1 M 2
= 2k cos” 5 0) ISy IIT, B 1d)ie, H
ki(j) is the initial (final) momentum of the electron, q is the vecior of

momentum transfer, ¢ stands for the four momentum transfer. The magnetic
multipole TlMag is expressed through the isovector current operator J as

follows
TM(g) = [ j,(ax)Y}] (@) Jdx. @

The expression for the isovector retardation current is derived in the
framework of the S-matrix method for M1 - transition due to = exchange.
We have the following equation:

IR =4 4+ )8 3
with
JA = —iGA‘;(t) 3;5—2;"—3[# (i('l’l X T,), + Tg) X
o) (1) (1) o)

1 /. 2

~FX(t ——fi———————— (z(r XT,),+ 7 )k o.-k,) (9°k,) (o,°k,). (D

1 )3MM2miw4 172737 "3 2(1 2)( 2)(2 2)

Here fz/ 47 = 0.08, M is the nucleon mass, m_ denotes the pion mass,

1(2) =p’ 12" P2 (pm, p’l’2 are the initial and final momenta of two
nucleons), w is the pion energy,
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4.706

G0 = - - , (6)
18.23 fm 2
F() = ’ s ——— [1+4706 L %)
1+ ! L+ M
( 18.23 fm 2 M

(see [6]. The matrix elements for seagull and meson currents have been
derived in ref.[6 ]. In this paper we have determined the matrix element for
the retardation current. The retardation matrix element for d -» lSO—

transition has the following form

('So11T 2811 4) = i3 [ (e vy, 8)
0

Here

v S 1
n(r, ) = GM(I)M/;T%%“O(’) U, 3 9 Gy u(N191,(r) +

+ w(r) Tlﬁ(‘ 131,(r) - 81,(N)) + ja(% qr) (717 u(r)li,(r) +
+ W) 1501,() ~ L)), ®

where u(r), w(n), uo(r) are wave functions of S, D states of the deuteron and
lSo-final state, respectively. The radial functions 7 [r) are given by

© K 2(k)
1) = [ Ko (kr) —Z—— dk . (10)
I( o I( (k2 + m]2[)2

Kinematical quantities are related in the following way

2 2 2

(M, + Mp + Enp) -M;+1)
2
M

qg= + 1, (1)

where Mn, Mp, M , are the neutron, proton and deuteron mass, respecti-
vely. For r » o, we have 1
uy(r) » X Sin (Kr +4,). (12)

The momentum X is related to the relative energy of np system Enp as

follows
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K2
Enp = e 13
Note that the result (8) is independent of J B
To determine the realistic properties of a two-nucleon system, the inner
structure of nuclei at short distances has to be taken into account. In this
case the bare ZNN vertex has to be parametrized by the yertex form factor
K_(k). We shall investigate two parametrization forms of the vertex form

factor. The first one is of a monopole form. According to ref. [6 ] we have

A2 —-m2
K (k) = ——. (14)
= AL + i

The second parametrization ensures the monopole behavior at small k2 that
is usually used in the low-cnergy reactions, and the (kz)'3 decrease at large
k2 assigned by quantum chromodynamics [10 ] is given by
I
K (k) = 2 e (15
(1+ 2 ) (I +——)

l.n 2,

We shall investigate different values of the cut-off parameters related to the
rms of the nucleon: 0.48 fm and 0.7 fm. Here An = 1.25 GeV or 0.85 GeV,

respectively. A detailed analysis of rms was done in ref. [6 ]. The cut-
off paramecters A,  =0.99 GeV, A, = 2.58 GeV were determined in

ref. [10]. The calculations with the vertex form factor (15) were made with

the following renormalization of the coupling constant f;
2

m]!
/=/l—7\7 . 16
T

3. Results and Discussion

Calculations of the differential cross section have been done with the
relative energy of np system E"p = 1.5 MeV and scattering angle 8 = 1§5°

with the usc of wave functions of the Paris potential. The results for the dif-
ferential cross scction with allowance for meson exchange currents
(figs.1,2) are shown in fig.3.
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Fig.3. Differential cross section. The dashed linc 1 is the impulse approximation,
2 is the calculation with the vertex form factor (14),and A = 0.85 GeV, 3.4 are

the calculations with the vertex form factor (15), A" =0.85 GeV and
A, = 1.25 GeV, respectively, § is the calculation with the vertex form factor (14)
and An = 1.25 GeV. The experimental data from [11], [12]

It is seen that the results are very sensitive to the parametrization form
of the vertex form factor and cut-off parameters. First of all we note that the
calculation with monopole parametrization form (14) and cut-off parameter
A, = 1.25 GeV (curve 5) destroys the agrecment with experimental results

in the region of 1> 10 fm2.
The inclusion of An = 0.85 GeV, curve 2, leads to a more positive result

which is not in contradiction with the experimental data.

Curves 3,4 (see (16)) show the calculations of the same differential
cross section but with the rapid-decrcasing vertex form factor (18). Here, in
contrast with the monopole vertex form factor, we get results in contradic-
tion with the experimental data in the region of 1> 13 fm 2.
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Fig.4. The dashed line | is the calculation for point particles. 2 is the inclusion of
MEC with allowance for retardation effects (§+M+R) and A, =125GeV.3is

the inclusion of MEC with allowance for retardation effects (S+M+R), with
An = 0.85 GeV. The calculations were made with the vertex form factor (14)

and t = 0 fm™?

Now let us consider the radial dependence of the matrix elements on the
momentum (. Figures 4,5 show the calculations of the radial functions
n(r,t) for the vertex form factor (14) with A, =125 GeV and

An = 0.85 GeV for momenta transfer = 0 fm 2 and ¢ = 30 fm 2.

Itisseen thatifr =0 fm_z, the retardation effects are absent (fig.4 cur-
ve 2,3). In this case curves 2 and 3 are absolutely identical with the calcu-
lation without retardation current. The total result dominates in the range of
relative distances of about 1.4 fm for A, =125 GeV and 1.5 fm for

A, =0.85GeV.

However, the retardation effects are more manifest in the calculations at
large transfer momenta.

Comparing the result obtained with allowance for retardation effects,
fig.5 (curves 3,5),with the analogous calculation with the use of the seagull
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Fig.5. The dashed line 1 is the calculation for point particles. 2 is the inclusion of
MEC (S+M), 3 is the inclusion of MEC with allowance for retardation effects
(S+tM+R) and A" = 1.25 GeV. Calculations 4,5 are the same as 2, 3, but for

An = 0.85 GeV. The calculations were made with the vertex form factor (14)
and t = 30 fm™2

and meson currents, curves 2 and 4, we see, that retardation effects give a
very considerable contribution at ¢ = 30 fm ™2, Here, the considered sct of
meson exchange currents dominates in the range of about 1 fm, which is not
in contradiction with the previous result of ref.[7 ].

4. Conclusion

The investigation of the electrodisintegration of the deuteron near
threshold with allowance for retardation effects in MEC allows us to make
the following conclusions.
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1. The inclusion of retardation effects leads to noticeable discrepancies

with experimental data at large transfer momenta (1 > 10 fm ).

2. The calculations are very sensitive to the value of cut-off parameters

and strongly depend on the vertex form factors.

3. The meson exchange currents dominate when the relative distance

between two nucleons is of about 1 —1.5 fm, when ¢ < 30 fm~

4. Generally speaking, the calculations of the differential cross section

with allowance for rctardation effects at large transfer momenta force us to
take account of other degrees of freedom,

P
.

[ B = R S - SV 6}
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