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1, INTRODUCTION

The available experimental data on the deuteron structure
function B(qﬂ allow a detailed analysis of elastic eD - scattering
within approaches that take account of nonnucleon degrees of freedom in
the nucleus. An approach of that sort is the model of meson exchange
currents (MEC) that takes account of meson degrees of freedom. The
model has been developed by Chemtob and Rho in Ref.[1] where a general
classification has been given for the two-particle exchange current. In
Ref.[2], the contributions of isoscalar exchange currents to the
structure functions A(qz) and B(qz) have thoroughly been studied and it

has been shown that the contributions of w -~ and p - mesons may be
neglected as compared with the contribution of a more light m - meson.
Interaction of a ¥ - quantum with a meson by which nucleons exchange
determines the contribution of pny - process (Fig.1l). The pair current

contribution is shown in Fig.2.

Fig.l. Diagram of the pny process.
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Fig.2. Diagram of pair current.

In Ref.[3], the influence of MEC on the deuteron magnetic form factor
has been studied as a function of meson-nucleon form factors. A
significant decrease of the deuteron magnetic form factor is predicted
when MEC are taken into account in the region ¢°>50 fm -. Precision
experiments [4] on the study of the structure function B(qz) have
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doubled the range of measured transfer momenta, which requires a more
correct consideration of MEC with retardation effects included.

The retardation effects have been determined in Refs.[5,6]. In
Ref.[5], within the FST method, a general expression has been obtained
for the retardation current consisting of the recoil current (RC) and
renormalization current (WFR). In Refs.[7,8], expressions for the
charge densities of the retardation current (pr“’a ®=n,p,w) have been
found and it has been shown that the RC and WFR currents fully
compensate for each other in the order 0(1/m2) (m is the nucleon mass).
In Ref.[9), expressions have been derived for the spatial component of
the retardation current (j'“'") in the order O(l/m‘) for the pion

exchange and magnetic form factor F;"’"

It is an task important to use the MEC model for computations of
the MEC contributions consistent with a particular choice of the
deuteron wave functions and meson-nucleon form factors., In this paper,
we calculated the structure function with the use of the
phenomenological Paris [10] and Bonn [11] potentials, with allowance
made for the impulse approximation F; , pair current FT:"", pny ~process
Fpmr' and for the retardation current F°“". The structure function
B(q’) was defined in the form B(q2)=4'n(1+-n)(F:( +F’:""+F‘:"7+F;“"")2/3,
where n=q2/4M2 (M is the deuteron mass). The following choice of meson

- nucleon form factors were investigated:

1. The Paris potential

K, (k%) = 1 — (a=rtNN , pNN) , (1)
RIS 2 S BN S TR 2 S

where A = 0.99GeV, A = 2.58GevV, A = 0.77GeV, A =
1, TINN 2, TINN 1, PNN 2, pNN
2.58GeV were extracted from the analysis of nucleon form factors. This
choice ensures a monopole behaviour at small qz, which is usually
employed in low-energy reactions, and the (qz)_a—dependence at large
q2, which follows from QCD [12]. The coupling constants are as follows:
Ipa13-5, 9p2-56.

2. The Born potential (full model, relativistic model)

a) Parameterization is taken from Ref.[11]:
AZ
K, (k) = (—— 2, (2)
Ad

m, 1s the meson mass, Amm=1.3GeV,

Apuu= 1.4GevV, n"“=np“=1 (full
model) ; A l-36eV, Apn=2cev, nl. n

pun=2 (relativistic model).

b) Parameterization (1) is used. The coupling constants of the Bonn model
are redefined so that the resulting form factor Ka(ka) be normalized to
unity:
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o
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a

We . (3)

g, 9, (1 -

The coupling constants are:
= — 13.45, gp‘m=3.25 (full model);

I 13.55, g__=3.19 (relativistic model).

PNN

2. THE MODEL

The retardation current for pion exchange was computed within the
FST method on the basis of the time-ordered perturbation theory (13].
Expression for the retardation current was derived from the S-matrix of
the process (Fig.3):
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Fig.3. Diagram of retardation current:a) RC - current b) WFR -current.

. 1 ! ret
S,= ~2mis(E + E, - E - E, - q)(xIH7x,), (4)
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where x 1is the wave function of a nucleon state, H** is the
interaction operator defining the retardation effects in meson exchange
currents. The matrix element of interaction is connected with the
retardation current as follows:

s(p; + P, -P, - P, - Q)

ret sret {1
(x 1H "1y )= 3 3,V (5)
(2m)
(qoand q are, resp., the energy and momentum of a y-guantum).

Introducing the initial- and final-state vectors, ¢ld;(P1)b‘U5)¢o and
¢r:b'(p;)b‘(p;)¢o, where b'(p) is the operator of creation of a nucleon
with momentum p, ¢0 is the nucleon wvacuum, we obtain for the matrix
element (5) the following expression:

1 1

ret
(x IH 12,)=(¢ H Er—H(; AH, E -H, AH ¢~

(6)
; ((¢r'Hn (E -H )](-E —H_)A HnHA¢1)+(¢r'HAHn (E -H )%E -H AH ¢1))'
£ o e £ o (TH) mm
Here [5)} A"I and An are the projection operators on meson-nucleon states

m and n. The Hamiltonians of strong, Hn’ and electromagnetic, H
interaction are of the form

A’

H - q[ ax F(x)7 ¥ (x) (TH(x)),

(7)
H, - eJ dx i(x)wu'l’(x)A“(X),

where g, and e are strong and electromagnetic coupling constants,
resp.; ¥(x) and n(x) are nucleon and meson field operators. Choosing
the Breit system where q,=0, we take the electromagnetic field to be a
plane monochromatic wave
igx
aH(x)-v!(q) e (8)

In view of the strong and electromagnetic interactions being nonlocal
we should make the following changes: for the electromagnetic field,

1 s i s v
7;1 EY FML—Z Flwu + T anuvq (9)
and for the strong interaction,
2
g - g,,,,,,x,,,,:fk )- (10)

Here Ff and F: are isoscalar electromagnetic form factors of a nucleon;
Knu(kz) is a pion-nucleon interaction form factor. We insert (7)-(10)
¥ .
into (6) and pass to the nonrelativistic limit for current matrix

elements (see also Ref.[14])

w(p’)rw(p} > - 1—32(?,;—'9—)
(11)
_ . ic; (Fxa)
S0P » 5 (5= (P'*P) + —5—),

where w(p) is the Dirac spinor (@(p)w(p)=1), G:=Ff + Fz, q=p'—p7 Then,
using definitions (4), (5) we obtain the following expression for the
retardation current (Fig.3):

.ret, Tt srey, T .ret , T

h]

= 3 + 3, + (le2), (12)

where separate contributions are given by

ret, T . G: gmm 2 ? :L! 3 KTZHIN (kz) (12 )
a =-1 am? (T) (T, T,) (kxq) (q'kz)( 2K (kzﬂnn)z -2
g
ret, 1 . . . -
3, o sm’ ( Z:’l" )2(?1'?2)(Gi(kz(q k) (31 Q) (32 k)
K2 (k%)
2 S. TINN 2
3, (ak,) % (@, k,)) -Fik,(a-k)) (3, k) (32.k2))———(kz+mfl) : (12.b)

k_-p’

2 PP,

2 T2

It is to be noted that the current was obtained through expanding in
the inverse mass of a nucleon 1/m. Therefore it is natural to assume
that the region of influence of MEC is restricted to the transfer
momenta g<lGeV. However, as will bhe seen later, the main contribution
to the magnétic form factor comes from MEC in the range of q/2. As we
think, this allows us to extend the range of applicability of the
approach up to g<2Gev.

3. FORM FACTORS

The magnetic form factor of the deuteron is of the form

F,(a%)- -<p| 10 j dk [dn e (ar/2KE) (g5 (k. q)) ID>, (13)
2ng” ) (2m)? 4 5



where |D> is the deuteron wave function, j(k,q) is the current of a
given process; r-r -r, (rland r, are spatial coordinates of nucleons).

.ret, "(k

Inserting j ,q) into (13) and performing some algebra, we get

for the retardatlon form factor

©

gnNN 2

) c" Jdr {j,(@r/2)A (r) + j_(qr/2)A (r)),

)

Fret," (_)

A (r)- 2/3 U(r) I (r) + 1/5 (/2 U(x)W(r) (1/3 I (r) - 3 I(x)) -
W(r) (4/3 I(r) + 3 I,(0))), (14)
A (r)- -2/3 v’ () I(r) + 1/5 (VZ U(D)W(r) (2 I (r) - 4/3 I (r)) +

W(r) (2 I (r) + 1/3 I1(r)));

5 (k%)
I,(r)= [ ak k° i, (kr) —”:" — (14.a)
(k+m_)
]
J 5L mm(k )
I (r)- | dk k' j (kr) —/——— - (14.Db)
T : (k*n?)°

O

Here j1m)(kr) is the spherical Bessel function. It is interesting that
the contribution of current j;“’" into F:i'" is zero. The form

factors for impulse approximation, nNN- and pny—- processes have been
determined in Refs.[2,3] and are of the form

i KRR o 2 3
Fo= — G (I, (a/2) + I_(q/2)) + 2 G, (I OO(q/2) -
(15)
, w
g .
0
(16)
(O (35 = 3D+ g ka @Y - I W2 I 00 ¢ 1500
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Fig.4. Deuteron structure function B(q ). The dashed line 1 is the
impulse approximatiop with the Paris wave functions, the solid 1line 2
with inclusion of MEC (nNN + pm?) and the solid line 3 with inclusion
of MEC (mNN + pny + retardation effects). The experimental data are
taken from [4].

The contribution of pmwy-process can be found from {16) with the change

2 S
ngNNGN N gmmgpuugpnw K , Jn 5 gPmY
am’ n oYy 1 1. (17)
P
1 2 N 1 2 .
I, (k)= I dr U°(r) j (kr), I, (k)= I dr W (r) j (kr),
0 o
(18)
0
1;0(k)= J dr U(r) W(r) j (kr).
0

U(r) and W(r) are wave functions of deuteron S- and D- waves.
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Fig.5. Deuteron structure function B(g ). The calcu . 2
with gBonn wave functions (full model) and parameterization

Notation is the same as Fig.4.

t 2 2 2
K (X + g°74 + gkx)
I [ Pl(x) TINN

dx ,
1 2

m + X+ /4 + gkx
-1

1
Py _
J1 _[Pl(x)

-1

2 2 _ k2 + g2/4 + gqkx
Koo O + 0/4 = @k Ko, (67 + a7/4 + d )ﬁ"‘-
(6 +a’/a - agkx + mo) (K @774 + ghx + o)

G: is the isoscalar magnetic form factor, and [2]
s

G 2
S X 9y = - 0.12;
G = = (1 + ) . ’
- 14k 0.71GeV" s
g%
H{1 +
Kpn1 (1 mz ) ¢
W
[= RN PR | .
Cong " _&Z"—“—m (1+Kk,) , k,3.71 Gpp,=0.52 [15].
p an’m,
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Fig.6. Deuteron structure function B(gq ).
with Bonn wave functions (relativistic model)
Notation is the same as Fig.4.

The calculations are made
and parameterization (2).

In numerical calculations, the p-meson width (Fp 154MeV) has been taken
into account by the rule (16, 17]:

2 2
m m- + 8I' m _/u
P . [ [ "/ . (24)
2 E 2 !
mp + t m_. + t + (4m_ + t) Fpa(t)/mn
2 2,172 172
2 t +4mn " (t + 4mn) + t
a(t) - 4 (— In( = —), (25)

4. RESULTS AND DISCUSSTION

Calculation of the structure function B(q2) with the use of wave

functions of the Bonn potential and inclusion of pair nNN-

and pny- processes was given in Ref. [9]. Here we consider the

From Fig.4 it is seen that in case of
the Paris potential in the region of g'<42fm™”

retardation effects influence,

the retardation effects

are negligible. In the range of large d, the retardation effects

produce a rise and a shift of the minimum of the structure function

9
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Fig.7., Deuteron structure function B(q ). The calculatigns are made
with Bonn wave functions (full model) and parameterization (3).
Notation is the same as Fig.4.

towards smaller transfer momenta but does not improve the agreement
with experiment.

In Fig.5 we present the calculations made with the Bonn wave
functions (full model) and with parameterization (2). As it is seen the
retardation effects are negligible in the range of q2<46fm4. Also,a
Aecrease of the structure function B(qz) is observed in the minimum and
its shift towards smaller qz. In the region of large transfer momenta,
q2>50fmq, the retardation effects influence on the structure function
is insignificant. In case of the Bonn relativistic model, the
retardation effects produce a slight influence on the structure
function (Fig.6). The retardation effects are more manifest in the
calculations with variant (3). From Fig.7 it is seen that the
retardation effects are significant even at q2>30fm'2 (full model). In
the range -‘12<c_(2<49fm'2 a significant shift occurs in the minimum of the
structure function B(qz) towards smaller transfer momenta. In the range
q2>46fm4, B(qz) undergoes a considerable rise, crossing experimental
points. In case of the relativistic model, the retardation effects
being taken into account worsen the agreement with experiment,
especially in the region 50<q°<66fm> (Fig.8).
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Fig,8. Deuteron structure function B(q ). The calculations are made
with Bonn wave functions (relativistic model) and parameterization (3}).
Notation is the same as Fig.4.

Thus, we may conclude as follows:

The retardation effects in meson exchange current play a very
important role. For instance, in the cases plotted in Figs. 7 and 8 the
contribution of retardation effects almost completely compensates the
contributions of nNN~ and pny-currents thus much diminishing the total
contribution of MEC to B(q%.

The retardation effects are very sensitive to the choice of
meson-nucleon form factors being the most significant at large transfer
momenta.

The considered choice of the phenomenoclogical and exact
nucleon-nucleon potentials does not much affect the magnitude of the
contribution of retardation effects to MEC.

Generally speaking, the calculation of the structure function
B(q®) with retardation effects included into consideration does not
allow us to improve the agreement with experiment at large transfer

momenta where probably other degrees of freedom are to be taken into
account.
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Bypos B.B., [ocroBanoe B.H., Cycbkos C.3. E2-89-542
MaruvTHbIH dopMbakToOp HeHTpOoHa
C y4eTOM Me30HHeIX OOMeHHBIX TOKOB

HeccnnemoBaHO BiHsaHHe 20deKTOB 3allasfblBaHHMA Ha MArHuT-—
Hel ¢opMbakTOp AEeHTpoHa B 3aBHCHMOCTH OT Bbl6bOpa Me30H-
HYKJSIOHHBIX $OopMPaKTOPOB H HEeHTPOHHbIX BOJIHOBbIX GyHKnui,., [Ipo-
AeMOHCTpHpOBaHa Heo6xOoOHMOCTb ydeTa 3bdeKTOB 3anasfabiBaHHA
B MOT. Iloka3aHo, UYTO BKJIa[J 3¢dpeKToB 3anasAbiBAHHS CHIIBLHO
3aBHCHT OT Me3OH—HYKJIOHHbIX ¢OpMPAKTOpPOB B 06nacTH 60NbUHX
nepenadHHpXx HMMIYILCOB. PaccMaTpuBaeMbl BbiOOp BOJIHOBBIX QYHK-—
uui Ilapuwkckoro H BOHHCKOI'O NMOTEHIIHAJIOB He oOKAa3biBaeT 3aMeT—
HOr'O BIMsHMA Ha XapaxkTep nposaBneHus 3d¢dextoB. [Ins CTpyk-—
TYPHOH ¢QYHKLHH B(qz) nosnydeHo, vuyrto ydet MOT, BKwouas 35¢-
¢eKTh 3anmasubBaHMUA, He MO3BOJIsIeT YJIYUWHTb COIJlaCHE C SKC—
NepHMeHTOM npH OONbHX MepedaHHbIX HMIYNbCax.

Pa6ora BbnoJiHeHa B JlabopaTOpPHH TeopeTHUeCKOH PpH3UKH
OrdHu.

Mpenpunr Q6beAMHEHHOTO HHCTUTYTa AAePHBIX HecnenoBanmi. Jlybua 1989

Burov V.V., Dostovalov V.N., Sus’kov S.Eh.
Magnetic Form Factor of the Deuteron
with Allowance for Meson Exchange Currents

The retardation effects on the deuteron magnetic form
factor have been studied on the choice of meson—nucleon
form factors and deuteron wave functions. It is shown that
the retardation effects should be taken into account in
MEC. The contribution of retardation effects is proved to
be strongly dependent on meson-nucleon form factors at
large transfer momenta. The considered set of wave func-
tions of the Paris and Bonn potential does not much influ-
ence the way, these effects manifest themselves. It is
found for the structure function B(qz) that inclusion of
MEC and the retardation effects does not improve the ag-
reement with experiment at large transfer momenta.

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