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MAGNETIC FORM FACTOR OF THE DEUTERON

IN THE ELASTIC eD-SCATTERING WITH ALLOWANCE
FOR RETARDATION EFFECTS

IN EXCHANGE MESON CURRENTS

V.V.Burov, V.N.Dostovalov*, S.Eh.Sus’kov

Retardation effects on the deuteron magnetic form factor are studied.
The contribution of these effects is negligible when q2< 30 fm =2,
At a larger g2 the retardation effects are shown to be important.

The investigation has been performed at the Laboratory of Theore-
tical Physics, JINR.

Maruursbnii dopmdakTop neATpoHa B ynpyroM
eD-paccesnun ¢ yuetom 3¢¢deKTOB 3aMa3abIBaHBA
B 0OMEHHBIX ME3OHHBIX TOKAX

B.B.Bypos, B.HJlocrosanos, C.3.CycpkoB

HccnemoBano BimsHHe 3(dexToB 3ama3nbBaHMA Ha MarHMTHBIH
dopmdbakTop meiirpona. Ilokasano, uro Biiaf 3THX 3¢$¢eKTOB mpe-
HeGpexxumMo Manl B OONMacTH MMIYJIbCOB MEpenad q? <30 ®v~2, B 06-
JacTH OOJBLUMX IepeNaHHbIX HMIYNbcoB 3cddeKTpl 3amasubIBaHMA
HrpaloT CYIIeCTBEHHYIO POJib.

PaGora Beinonxena B JlaGopatopuu reoperudeckoit puanku OUAN.

1. The magnetic form factor of the deuteron in the elastic eD-scat-
tering with inclusion of exchange meson currents has been discussed
in refs/}**/ . The most detailed calculations have been made for the
pair isoscalar exchange currents due to 7, p, w and pry processes. It was
shown that the structure function B(q 2) allowing for the meson ex-
change currents can be satisfactorily described up to q%< 30 fm=2 .
However, these calculations have not been completed. So, the investiga-
tion of retardation effects was not examined. Experiments available at
present on the structure function B(q2) provoke the most detailed
analysis of the deuteron structure in a broad range of measured mo-

mentum transfers.

*The Far-East State University, Viadivostok
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Fig 1. Diagrams of recoil (a} and wave function reorthonormalization (b).

Our research is devoted to retardation effects in exchange meson
currents,

The retardation currents consisting of the recoil (RC) and wave
function reorthonormalization (WFR) currents (fig.1) were discussed
. in refs./3-8/

In ref.3 the retardation currents were defined. It was shown that
the RC and WFR currents cancel out completely in the nonrelativistic
limit (up to an order of 0(1/M2)). However in the O(1/M 3)-limit (rela-
tivistic currents) the retardation effects do exist. In paper/4’ the
expressions for the charge densities (p™%'%, a= 7,p,w) of order
(O(l/Ma) were calculated. In the present .paper we derived an expres-
sion for the retardation isoscalar current (§ Y up to an order of
O(1/M4) and a general expression for the magnetic form factor of the
deuteron (F ;:t’ 7 ). Note that these expressions have not been derived
before. The numerical calculations were carried out with the use of the
»Bonn’’ wave functions. The experimental data are taken from refs.” 7-2”
The structure function B(q?) is defined by the expression B(q 2) =
= 477(1w;77)F‘}f/ 3 1Q‘Nwhere 7 =q2/4M? (M is the deuteron mass) and
Fy = FMmp + F'h" + Fﬁ”” + F';;"” is given by the impulse approxi-
mation, pair current, pry -process and retardation effects respectively.
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2. The retardation exchange current has been extracted from
the S-matrix of the process from fig.1:

-2, .4 , ’ t
S, =-@m7T 18 (] +py ~p;-Py-p) i, V. (1)

Applying the time-order perturbation theory and an expansion of
the energy denominators of the RC and WFR-currents we have obtained
the expression for retardation isoscalar current due to m-exchange:

Zret,m “ret,mw Jret, w

i o T Ja ’ + b (1 L> 2) . (2)
where,
- Gs g -»> g - g (kg)
Cret,m . __M( ”NN)z(, ,)(k xq)(a k) (o -k ) ﬂ___,(Za)
. sm® 2m 2’2 2’ 2 T2 (k2 +m,,)2
- 1 g 2 -+ = 2 - 2 ing ng g g
j;et,n _ — ( 27::N) (,1.,-2) {G;(kg(q-kz)(ol.Q)(az .k2) -
: (2b)
. (6 E )2 (_’ E )) FSY{ (_, - (_. - (—» - l ﬂNN(kQ)
-0 . Oy * - . . ) e oo
1 2 2 %e 1 2q‘ k) (0 -k ) (0 -k p) (k2 m2)2
Ky =B% -Bo

Here, q,yy is the coupling constant: 2M the isoscalar magnetic form
factor (G§,=(1+k,) (1+q?/0.71 GeV®) 2, k, =—0.12); m, the nu-
cleon mass; ”NN(kz), the meson-nucleon form factor; F1 , the form
factor of the nucleon

The magnetic form factor is defined by

R @®) = -<p 38 1 & _ rag e @D @ .0, D>, (3)
2mq®  (27)3

where | D> is the deuteron wave function; r= r1 r2 (r1 and r are
the spatial coordinates of the nucleus); j(k, q),the spatial current. Takmg
into accout expression (2) we give the final general expression for

et,m .
Fuo™:
g
F;f"”= i;_q(%n.)s ( ”NN) Gy, fdr iy (ar/2)A, @ + § (@/A,01,



Ay = 2/30%0 1,0) + 1/6 (V2 U@ WO (1/3 () - 314() -
-Wem 43 1@ + 31, 1,

A, =-23U%) 1,0) + V6 (V2U@WE 1,0 -4/3L,0) + "
+ WA QL) + 1/31,() 4,

where U(r) and W(r) are S and D-waves, respectively. The functions
I, (r), I (r) depend on the meson-nucleon form factor.

o Koy &) |
L@ = [k kr) — (42)
0 (k? +m?)?
2 2
0o K &)
I = &k jgte) N (4b)
0 k24 m;q',)2

Note that result (4) is independent of f;“ o

3. The results of numerical calculations are shown in figs.2,3. Here,
we give the results obtained with the following parametenzatton of the
meson-nucleon form factor:

1
K_(k®) = (a = oNN, pNN). 5
¢ A+k¥AF )(1+kt/AS ) ®

The parameter values are: A; ,yy=0.99 GeV and A, 7NN 2.58 GeV
This, choice of the meson-nucleon form factor assures that K”NN(k )~

(k’2 >3 will apply at a large momentum transfer, which is prescribed by -
quantum chromodynamics.

Applying parameterization (5) we have to make the following
substitution for the coupling constant of the Bonn meson-exchange
model for the correct normalization of its meson-nucleon form factor
at zero momentum:

2
m .
By~ B (1~ A‘; ), (6)
a

where the coupling constant is: in the case of the Bonn meson-exchange
full model q NN~ 13.45 and in the case of the Bonn energy-independent
one-boson-exchange potential (OBEP) Qyy = 1855, A, = 1.3 GeV.
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Now we discuss the calculated results.

As we can see from fig.2, the retardation effects -are negligible for
q2<30 fm=-2  whereas for a larger momentum transfer the retardation
current shifts the minimum towards smaller q? and essentially increases
B(q?) for q®>45 fm™2 breaking the agreement with experimental data.
Figure 3 shows that the structure function B(q®) is described well when
q®> 50 fm~? if the retardation current is taken into account. In this
case, for g% <30fm=2 the retardation effects are very small too. For
a larger q2 we can see a considerable shift of the minimum of B(q ?
towards a smaller momentum transfer and the rapid increase towards
experimental data,

Thus, we have shown that the inclusion of the retardation meson
current into the structure function B(q®) has a considerable effect
at a large momentum transfer.

We wish to thank Dorkin S.M., Lukyanov V.K., Nikolaev V.A.
for helpful discussions.

We also thank Prof. Dr.M.Gari for interest in our work.
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