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1 Introduction 

At present, the models of MEC in electron - deuteron (e-d) scattering are of great 
importance for investigating the inner structure of nuclei. This is first of all because 
investigations of nuclear interactions with external fields at low energies naturally lead 
to the inclusion of meson exchanges that are responsible for the nuclear forces at long 
and intermediate distances. Moreover, the allowance for MEC in a nucleus is suitable 
for investigating the nuclear structure at short distances where the quark degrees of 
freedom, for instance, begin to appear (see [1]- [12]). 

Therefore, the models of MEC are very important for obtaining the natural relation 
between low energy and relativistic properties of a nucleus. 

One of the first investigations of the inelastic e-d scattering with allowance for 
MEC in a nucleus was related to the thermal np capture [13]. In this case, the 
calculations of the cross section with allowance for nucleon components in a nucleus, 
impulse approximation, led to the discrepancy with experimental data. In order to 
get the realistic desc•ription of a nucleus, the inclusion of meson exchange currents was 
necessary. 

The electrodisintegration of the deuteron with allowance for MEC has been dis­
cussed in refs. [14) - [22). There are two general approaches to that problem. One of 
them has been formulated by Lock, Fabian, Arenhovel, Summer (see refs. [14)-[16]). 
In these papers a multipole expansion of the I f > - final state in the d _.I f > -
transition (d denotes the deuteron) has been studied with allowance for MEC. It was 
shown for the differential cross section that the contribution of MEC allows one to 
avoid difficulties in the range of t = 11 - 12f m-2, where the calculations only with 
impulse approximation led to the minimum in contradiction with experimental data. 
The other approaches are considered in refs.[18]-[22). In this case, the transition be­
tween the deuteron and 1S0 - final state has been investigated. It was shown that the 
contribution of higher partial waves to the final states near the'threshold is a negligible 
correction. In this paper, we shall follow the latter conclusion. 

However, the investigations of the retardation effects have not been done yet. The 
reason is the lack of experimental results at large transfer momenta. In this case 
the traditional set of meson exchange currents ( see fig. 1) was quite enough to get 
the correct information on the differential cross section in a small region of transfer 
momenta. 

At present, the experimental results on the differential cross section, derived from 
ed _. e'np - reaction, are available at transfer momenta up to 1 GeV. This situation 
is very good for the investigation of structure of the deuteron at short distances with 
allowance for some exotic effects: relativistic corrections and quark degrees of freedom. 
In refs (26) - [28) the contribution of the quark admixture with meson exchange 
currents has been investigated. It was shown that the inclusion of quark currents is 
very important' for explanation of the experimental data. This conclusion strongly 
depends on the contribution of the meson exchange currents 
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Figure 1: Diagrams of_ seagull (a) and meson (b) currents 

The retardation of meson exchange currents is one of the significant relativistic 
effects whose investigation still has not been done. It was shown before (25) for the 
elastic e-d scattering that the inclusion of this current into the structure function 
B(q2

) has a considerable effect at large transfer momenta. Moreover, for the struc­
ture function A(q2) the contribution of retardation effects makes the agreement with 
experimental data noticeably worse enabling one to take account of other effects, for 
instance quark degrees of freedom. That situation provokes the investigation of the 
deuteron structure when all contributions of the meson ~xchange currents should be 
taken into account, including retardation effects. 

Our research is devoted to retardation effects in meson exchange currents in the 
electrodisintegration of the deuteron near threshold. 

The retardation current consists of the recoil (RC) and wave function renormal­
ization (WFR) currents (see fig. 2). In ref. (29), the retardation current has been 
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 0(1/M3 ) - limit 
the retardation effects do exist. 

In our paper, we have derived the expression for the isovector retardation current 
(]R) up to an order of 0(1/M4 ) and a general expression for the two - body matrix 
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Figure 2: Diagrams of recoil (a) and renormalization {b) currents 
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element with allowance for retardation effects. Theoretical calculations for two kinds 
of vertex form factors have been done. The calculations with the monopole vertex form 
factor (19] and with the form factor of (k2)-3 - decreasing at large transfer momenta (30) 
were investigated. For this case, the expressions for the two - body matrix clements 
have been derived. 

The contribution of p - meson exchange in MEC with allowance for retardation 
effects is studied. 

Moreover, the radial dependence of the matrix elements with allowance for retar­
dation effects has been investigated. It has been found before in ref. (20] that the 
meson exchange currents fig.I, dominate if the relative distance between two nucleons 
is between 1 - 1.4 fm for t .S 30J m-2

• In this case, the influence of retardation effects 
is studied which is necessary in order to get a realistic picture of the radial dependence 
at high momentum transfer. 

2 Model 

According to ref. (29], the investigation of the interaction between the external elec­
tromagnetic field and deuteron will be performed in the framework of the effective 
operator model. If the nucleus is the meson - nucleon system, the complete wave func­
tion iI! contains a nucleon as well as meson components. We shall eliminate meson 
degrees of freedom from the complete wave function iI!. This transformation leads to 
the new wave function, ¢ which is expressed in terms of positive nucleons, and defines 
the effective interaction operators through the meson and nucleon variables. It has 
been shown in ref. [29] that a transformation like that can be expressed in the following 
way 

\V = J(TJJ+ JTJtl/ZqJ. (1) 

Here, 
< iI! I w >=< </J I </J >= 1. (2) 

Thus, starting from the exact Schrodinger equation for the complete wave function iI! 

IJiI! = EiI!, (3) 

we reduced it to the effective Schrodinger equation given by 

(TN+ V.JJ)<P = E<jJ, (4) 

where TN is the nucleon kinetic energy, V.JJ is the effective nucleon potential: 

V.JJ = (TJJ+ JTJ)-1/2 J+ II J(TJJ+ JTJ)-1/2 - TJHoTJ• (5) 

Here, Ho is the free Hamiltonian, 1/ is the projection operator into the nucleon states, 
J has the following form: 

J=l+F, (6) 
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where 

with 

F= LF;+ LF;J+••· 
iJ 

F; =; E AR H1(i)r, + ... , 
o- 0 

F;,; = E AR H1(i) E AH, H1(j)r, + .... 
o- 0 o- 0 

(7) 

(8) 

Here, H1 is the meson nucleon interaction, A = 1 - 17, i and j are nucleon indices. E0 

denotes the free energy of the nucleon. The external electromagnetic operator J.m has 
reduced to the effective operator J'°':f,/ in the following way: , 

< w I 1.m I 111 >=< <I> 1 l;!1 I 4> >, 

where 

J°"';!f = (r,J+ Jr,)-1/2 J+ J.mJ(r,J+ Jr,)-1/2_ 

The electromagnetic operator J.m has the following form: , 

1.m = J'N + JrvM + J'M,M2_ 

(9) 

(10) 

(11) 

JN is the electromagnetic current of a nucleon, }NM is the meson - nucleon current, 
JM,M, is the meson electromagnetic current. 

The equation for J'°':!,/ can be derived from (10) as follows: 

J'°';!i=fI+JS+J~+J-n. (12) 

Here, JI is the impulse approximation (1), Js stands for the seagull current (S), fig. 1 
a), JM denotes the mesonic current (M), fig. 1 b ), Jn is the retardation current (R) 
fig. 2. The individual contributions of currents are expressed in the following way (see 
[21], [23], [24]): 

J-l - ·av (t)U1 X q 1 
- z M 4M T3, 

J-s _ ·Fv(t)L(- _) (a2(a1 · k1) _ a1(a2 • k2)) 
- z I Tt X T2 3 - - ' 

41rm; m; + k; m; + k? 

J,M _ ·Fv(t)Lc- _) (a1. ki)(a2. k2) (k- _ k-) 
- t 1 Tt X T2 3 - - I 2 • 

41rm; (m; + ki)(m; + kD 
For the retardation effects we derived: 

J-n=fA+JB 
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(13) 

(14) 

(15) 

(16) 

,, 

with 

JA = -iGX1(t)32 1\ 2 \(i(f1 X f2h + r;)(u1 • k2)(o'i X q)(q• k2)(u2. k2), (17) 
1rAf m,.w 

J-a = -Ft(t) 321r {;2m; ~4 (i( Ti X f2h + r;)k2(u1 . k2)(q · k2)(u2. k2)- (18) 

Here, J2 /41r = 0.08, Mis the nucleon mass, m,. denotes the pion mass, k1,2 = P~,2 -p1,2 

(fi1,2 , p' 1,2 are the initial and final momenta of two nucleons), w is the pion energy, 

V GX,(0) 
GM(t)= (l+t/m5)2' 

(19) 

· l I t 
Ft(t) = (I + t/m5)2 I+ t/4M2 (l + GX,(O) 4M2 ). 

(20) 

Here, GM(O) = 4.706, m5 = 18,23/ m-2 (see [19]). 
In order to get the realistic properties of the two - nucleon system the extension 

structure of nucleons at short distances has to be taken into account. In this case, the 
bare 1rNN vertex has to be parametrized by the vertex form factor J{,.(k). \Ve shall 
investigate two parametrization forms of the vertex form factor. The first one is the 
monopole vertex form factor. According to ref. [19], we have 

, A2 _ m; 
J{,.(k) = A";+ k2. (21) 

The second parametrization ensures the monopole behavior at small k2 that is usually 
used in the low - energy reactions and (k2)-3 decrease at large k2 that is assigned to 
quantum chromodynamics [30] 

l{,,(k) = (1 + k2/At,.)(l + f.:4/At,.)" 
(22) 

We shall investigate different values of the cut-off parameters related to the rms of the 
nucleon: 0.48 fm and 0.7 frn. Here, A,. = 1.25 GeV or 0.85 GeV, respectively. The 
detailed analysis of therms was done in ref. [19]. The cut-off parameters A1,rr = 0,99 
GeV, A2,,. = 2.58 GeV were determined in ref. [30], The calculations with vertex form 
factor (22) were made with the following renormalization of the coupling constant f: 

m; 
f = f(l - A;). 

s 

(23) 



3 Matrix elements 

Due to ref. [19], the differential cross section for the d-+ 1S0 - transition has the form 

<flu 16 2 kJKM. 21 ( )2 21 )I 1 II Magi 2 
d!ldw = 3 a if t2sm ·l (k; + k1 - 2k;k1cos 2o < S0 T1 Id >I , (24) 

k;(/) is the initial (final) momentum of the electron, ij is the vector of momentum 
transfer, t stands for the four momentum transfer. Momentum K is related to the 
relative energy Enp of the np system in the following way 

J<2 
Enp = Af. 

The relationship between kinematical quantities is given by 

I ii= 
((Mn+ Mp+ Enp)2 - MJ + t)2 

4M2 + t, 
d 

where Mn, Mp and Md are the neutron, proton and deuteron mass, respectively. 

-w + ✓w2 + t/sin2 ½0 k1 = __ ...,__2 ___ _ 

(25) 

(26) 

(27) 

Here, w = €; - €/ (€;(!) is the initial (final) energy of the electron). The magnetic 
multipole rt•g is expressed through the isovector current operator J":~J as follows: 

Tf09(q) = j j 1(qx)Yi'¥i(nx) - l;!1di. (28) 

In term of JI the one-body matrix element is 

00 

< 1So II Tti'.:body II d > = i2~GM(t) ~ /uo(~qr)u(r)uo(r) -
0 

M ~qr) {f w(r )uo(r) )dr. (29) 

Here u(r), w(r), u0 (r) are S, D waves of the deuteron and wave function of the 1S0 -

state, respectively. If the relative coordinate r-+ oo, then 

uo(r)-+ ;{sin(Kr + 80 ). (30) 
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The equations for the matrix elements related to the two-body currents have the 
following expressfons: for the seagull current 

< l So II r:,t;g II d > = l 12 Joo e-m•• 1 
iFt(t)2 --2 - 2-(1 + m,rr)ii(-

2
qr)(u(r) + 

4irm" r 
0 

+ {f w(r))u0(r)dr, 

mesonic current 

is II TMag II d .1 Fv( ) l? J2 < o 1 M >= i-q 1 t 2 ---2 X 
' 6 ir 4irm" 

1
00 

d2 2d d2 5d 3 
X (((-+ _ _:_)to + (- + -- + -)t2)u(r)uo(r) + 

dr2 r dr dr2 r dr r2 
0 

d2 Id d2 2d 6 ff + ((- - --)to+ (- + -- - -)t2) -w(r)uo(r))dr, 
dr2 r dr dr2 r dr r2 2 

f
l -or 1 

t, = ~j1(fw)d17, 
0 

where 

a= ✓m; + iq2(1 -172), 

retardation effects 

2 12 
< 1So II rt1;9 II d >= iGM(t)~ U2 2 X 

· 40ir2 m m,, 
00 

x J uo(r)(j1(iqr)(~u(r)19J1(r) + 
0 

+ w(r\
1
0

(-13J1(r) - 8J3(r))) + j3(~qr)(~u(r)ll/3(r) + 

1 + w(r\
0

(7I1(r) -28J3(r))))dr. 

The radial functions Ii(r) are given by 

J,(r) = J k
5
j,(kr) (k:?-~;)2 dk. 

0 
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(32) 

(33) 

(34) 

(35) 

(36) 



The inclusion of the vertex form factor arises an important problem, namely the current 
conservation law. It has been shown before that in the case of point-like nucleons with 
allowance for seagull and meson currents the gauge invariance is insured (24]. 

i(k1 + k2) · j + (f1 X f2h(V .. (k2) - V,.(ki)) = 0. (37) 

Here J = Js + JM and 

V,.(k) = _.f_ (if1 · k)(if2 · k) 
m; m;+k2 

(38) 

is the pion potential without factor ( f 1 • f 2 ). If the vertex form factor is used, the 
meson exchange currents have to be reduced to the form which insures the current 
conservation law. For the seagull current we have 

J""'s_ ·Fv(t)_L(- -) (l'2(k )if2(if1•k1) _1•2('- )ai(u2•k2)) 
- i I 2 T1 X T2 3 \ ,r I - \" K-2 - . 

4irm,, m; + kf m; + kJ 
(39) 

In the case of meson current, the available equation is given by 

J2 _ _ _ _ _ _ 1 K;(ki) _ J(;(k2) ). (
4

0) 
jM = -iF;(t)m2 (f1 xf2h(k1-k2)(a1 •ki)(a2·k2) k;- k/k; + m; k? + m; 

,r 

In the Breit system where q0 = 0, the continuity equation for the retardation current 
has the following form: 

q· J-n = q• JtJ. (41) 

However, we have obtained that the matrix element (35) is independent of ] 8 , which 
makes the calculations with allowance for retardation effects gauge independent when 
the d -+ 1S0 - transition is studied. According to ref.(19], meson exchange currents 
defined in (39), (40) lead to the following transformations of matrix elements; for 
monopole form (21) and seagull current: 

e-m,.-T e-.m,rr e-Awr A 2 _ m2 

~(l + m,.r)-> ~(l + m.-r) - ~(l + A,.r) - " 
2 

"e-~•r. (42) 

Meson current: 
e-or e-"r e-.\r A; - m; ..:.xr 1 + ,\r 
--->------ e ---°' Q ,\ 2 ,\3 , 

(43) 

where 

,\= ✓A;+ iq2(l -TJ2 ). (44) 

For the parametrization (22) we derived: In the case of the seagull current: 

e-m.r A4As 
~(l + m,..r)-> (Af - m;)~(l~ + m!)2 x 
e-m,r (A4 + m4)2 e-A 1r A2 _ m2 

X (--(1 + m r) - 2 " (--(1 + A r) + 1 "e-A,r + 
r2 

" (Af+A~)2 r2 1 
2 

A2 -m2 e-A,r (A2-m2)2(A4+m4) 1 1 d 
+ A1 + Ai 4A:~(l + A1r)) + I A~(A~ + ln2 " (r2 - r2 dr)Z), (45) 
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where 

z e-r7'(11(acos(r ~)- bsin(r ~)) + 

. A2 A2 + l2(asm(r ;;,) + bcos(r ;;,))), 
v2 v2 

r./2 A~ A~ 1 
11 = 8A2 + 2(A~ + m!) +(A~+ At)+ 2A~' 

In 2 A2 
I 

12 = _r _v_.:. _ ~ 
8A2 2(:\J + m!) (A~+ At)' 

a= A~(A~ - A: - 2m;A~), 

b = 2A~A: + m;A~ - m;A1. 
The transformation for the meson current has the following expression: 

(46) 

(47) 

e-or A4 A4 e-or e-.\r I+ ,\r 
-- -> _ _!_4 2U1-- -!2-.- - h~\3 e-,\r + (f4cos(0r) + fssi11(0r))c-/Jr) (48) 

Q Q A _, 

with 

!1 = ,1, h = 11 + 12 - 1'3, h = -,4, 

J = fi(-Y2 - 13) + 0(-ys + 16) + ,Pl'Y1 + ,P2ts 

4 132 + 02 ~(l - 172)2 + Af 

/: _ /3{-y6 + 1s) + 0(-y3 - -Y2) + ,Pl'Ys - 'P2t1 

s- /32+02 ~(l-1J2)2+A~ 
(49) 

Here 

4A~ 
'Yt = (Ai - rn;)2(At + 111,~)2' 

,2 2 4 4 l, 2 2 

( \
4 A4):J( \·' .. 1 ) 1 (A 2 (A 2 (A 1(3A 1 + 9m .. ) -

11+ 2 12+111. 
(3A~ + m!)) + A{(At(A~(2A{ + !i111;) + 3m!) + 

+ .5m~))+A~m~). 

/3 
2 

(A1 + A~)3 (Aj + 111 4) (A~(Ai(:lAi + 3m;) -

A4) 6 2 " 
2 - A1m,,), 
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17 = 

4A~ 
14 = (Af + A~)2(Af - m;)' 

'Ys = A~(At + A~:3(A~ + m!)2(A~(A~(Af(Af(3Af -

3m;) + (7 A~+ 3m!)) + 4A~m; + 2m:) -

A1(Af(m! + 3Afm;) + 3m:)) - A~m:), 

A2(A4(3A2 + m2 ) - A4(3m2 + A2 )) . _ 2 2 2 I ,r I ,r I 
16 

- (At+ A~)3(m! + A~) ' 

A~(m; + 2Ai) - Atm; A~(Af(2m; + Ai) - Ai) 

(At+ Aff(m! + A~) ' 
18 

= (At+ A~)2(m! + A~) 

a 1 1 4 2 1 l 
p= v'2((16q (1-1/) +A~)2+4q2(I-,/))½, 

l 1 0 = -((- •1(1 2)2 A4 ! I 2 I ,/2 16q - 7/ + 2)2 - 4q (1 - 7/2))2' 

_ f(l - 712 ),B- A~0 q2 
2 _ {(l - 71 2 )0 + A~/1 2.. 

0 
(()1 - ,82 + 02 + 4(1 - 71 )r, (()2 - ,82 + 02 + ll.11. (aO) 

4 Results and Discussion 

Calculations of the differential cross section have been done with the relative energy 
of the np system Enp = 1.5 MeV and angle of scattering O = 155° with the use of wave 
functions of the Paris potential [31]. 

First of all we present the calculations of the matrix elements for the individual 
contributions of MEC making use of the vertex form factor (21) and cut-off parameter 
Arr= 1.25 GeV. 

It is seen from fig.3 that the seagull rnrrent dominates in the region t < 30Jm-2 • 

Then, the retardation current, curve 4, begins to appear so that at 30 < t < 3.5Jm-2 

the situation is determined by the competition of the seagull current. and retardation 
effects. The contribution of the meson current is small in comparison with the seagull 
and retardation currents. 

Figure 4 shows the calculations of the matrix elements as a sum of individual 
contributions of MEC with allowance for the retardation current. Here, we consider 
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Figure 3: The dashed line 1 is the impulse approximation, 2 is the seagull current, 
3 is the meson current, 4 is the retardation effects. The calculations were made with 
the vertex form factor (21) and A,,= 1.25 GeV 
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the influence of the retardation effects. It is seen that the retardation effects, curve 3, 
that begin to appear at t > lOJm-2

, are very noticeable at large momentum transfer. 
Thus, the final result is determined by the retardation effects which increasing of the 

matrix element (curve 3) and eliminating the minimum dependence of the preceding 
calculations ( curves 1, 2). 

In figs.5 and 6 we show the calculations of the same matrix elenwnts but with 
A. = 0.85 GeV. In this case, the behavior of individual contributions at high transfer 
momenta is somewhat different. Here, the inclusion of retardation effects. in contrast 
with the previous result, decreases the final curve 3 in the range of t > 27 J m-2 which 
is below the result with allowance for the seagull and meson currents (see fig.6). 

Figures 7, 8 show the calculations of matrix elements with rapidly decreasing form 
factor (22). Here, the situation is close to the preceding results with certain differences 
at high transfer momenta that do not. need special comments. 

The results for the differential cross section are shown in fig. 9. 
First of all we have to note that the calculation of MEC with allowance for the 

retardation effects with the slowly decrca.sing vertex form factor and cut-_off parameter 
A. = 1.25 GeV (curve 5) destroys the agreement with experimental results in the 
region oft> I2Jm-2 • 

The inclusion of A, = 0.85 GeV, curve 2, leads to the more positive result which 
is not in contradiction with experimcnta.l data. 

Curves 3 and 4 ( see (23)) show the calculations of the same differential cross section 
but with the rapidly decreasing vertex form factor (22). In this case, in contrast 
with the monopole vertex form factor, one gives the negative results which are in 
contradiction with experimental data in the region of I> 14/m-2 • 

It is seen that the calculations arc very scnsiti vc to the choice of the parametrization 
form of the vertex form factor and mt-off parameters. 

Further, we shall f'stima.t.c the i11llu1•11cc of the pNN-rnrrents on the cross section 
of clcctrodisintegration. Following ref. [19] we determine the strong pNN-vertex and 
cut-off parameter l\p. Here, g;NNf-'l-rr =0.55, AP= J..5GeV. Figure 10 shows the role 
of p - meson in MEC with allowance for retardation effects. It is seen (curves 2, 3) that 
the p - meson contribution is essentia.l when the only seagull and meson currents are 
used. However the inclusion of retardation effects ( curves 4, 5) leads to the noticeable 
decrease of the p - meson contribution at high transfer momenta. 

It is to be noted that the selection of the strong pNN-vcrtex and cut-off parameter 
AP is a special problem the investigation of which will be undertaken in subsequent 
publications. 

Now let us consider the radial dependence of the matrix elements on the choice 
of momentum t. In accordance with ref. [20], redefi11e matrix elcme11t for the 1\-11-
transition in the following way: 

= 
< 1 So II Tftag II d >= i ~ J 11(r, t)dr. 

v2ir 
0 
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We shall devote the following discussion to the radial function 71(r,t). Figures 11, 12 
show the calculations of the radial function 77(r, t) for the vertex form factor (21) with 
A"= 1.25 GeV and A"= 0.85 GeV for momenta transfer t = 0Jm-2 and t = 30Jm-2 • 

First of all we have to emphasize that if t = Of m-2, the retardation effects are 
absent ( curves 2, 3). In this case, curves 2 and 3 are absolutely identical to the 
calculation without the retardation current. 

The total result dominates in the range of relative distances of about 1.4 fm for 
A"= 1.25 GeV and 1.5 fm for A,,= 0.85 GeV. 

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

Comparing the result obtained with allowance for the retardation effects fig. 12 
( curve 3, 5) with the analogous calculation with the use of the seagull and meson 
currents, curve 2 and 4, we see that the retardation effects give a considerable contri­
bution at t = 30f m-2

• Herc, tl!e co11sidered set of meson exchange currents dominates 
in the range of about 1 fm, which is 11ot in contradiction with the previous result of 
ref.[20]. 

5 Conclusion 

The investigation of the electrodisi11tegration of the deuteron near threshold with al­
lowance for the retardation effect.sin l\1 EC allows us to make the following conclusions: 

1. All the contributions of mesou exchange currents should be taken into account 
including the retardation effects. 

2. It is very important to take the retardation effects into account al large transfer 
momenta (t > 12Jm-2 ). 

3. The calculations are very sensitive to the choice of the value of the cut-off 
parameters and are strongly dependent on ~he vertex form factors. 

4. The influenc'e of the p - meson contribution in l\1EC is noticeably decreasing 
when the retardation effects arc taken into account. 

5. The meson exchange currc1Jts dominate when the relative distance between two 
nucleons is of about 1 - 1.5 fm (I < 30.fm-2 ). 

6. Generally speaking, the calculations of the differential cross section with al­
lowance for the retardation effects at large transfer momenta give the situation where 
other degrees of freedom are to be tak<•n into account. 

7. Moreover, for the analysis not only the i11clusion of different degrees of freedom, 
but also the structure of NN interact.ion is of great i111portance. For this case the calcu­
lations within the "exact" nonphenm11P110logical potentials modelling NN interaction 
as a result of the exchange by different mesons are of particular interest. The Bonn 
potential [34] can serve a.s an example of t.hesf' pot.f'ntials. Th<' theor<'t.ical calculations 
of the electrodisintegration with the use of the I3onn potential will be t.he subject of 
our future investigation. 

The authors are grateful to S.1\-1.Dorkin for useful discussions. 

17 



References 

[l] Y.Kizukuri, M.Namiki and K.Okano, Prog. Theor. Phys. 61 (1979) 559 

[2] M.Namiki, K.Okano and N.Oshimo, Phys. Rev. C25 (1982} 2157 

[3] V.V.Burov, S.M.Dorkin and V.N.Dostovalov, Z. Phys. A315 (1984} 205 

[4] V.V.Burov and V.N.Dostovalov, Z. Phys. A326 (1987} 245 

[5] V.V.Burov and V.K.Lukyanov, Nucl. Phys. A463 (1987) 263 

[6] B.Masconi and P.Ricci, Few Body Systems, 6 (1990} 159 

[7] V.V.Burov, V.N.Dostovalov, S.Eh.Sus'kov, A.De Pace, and P.Saracco, Proc. 
of the Xth Int. Seminar on high energy physics problems, Dubna, 1990, ed. 
A.M.Baldin, V.V.Burov and L.P.Kaptari (World Scientific, Singapore, 1991} 
p.266 

[8] A.P.Kobushkin, Sov. J. Nucl. Phys. 28 (1978) 495 

[9] 1.T.Obukhovsky and E.V.Tkalja, Sov. J. Nucl. Phys. 35 (1982} 288 

[10] G.Spitz and E.W.Schmid, Few Body Systems, 1 (1986) 37 

[11] S.Takeuchi and Y.Yazaki, Nucl. Phys. A438 (1985) 605 

[12] M.Beyer and H.J.Weber, Phys.Rev. C35 (1987) 14 

[13] D.O.Riska and G.E.Brown, Phys. Lett. 38B (1972} 994 

[14] J.A.Lock and L.L.Foldy, Ann. of Phys. 93 (1975) 276 

[15] W.Fabian and H.Arenhovel, Nucl. Phys. A258 (1976) 461 

[16] B.Sommer, Nucl. Phys. A308 (1978) 263 

[17] W.Leidemann, E.L.Tomusiak and H.Arenhovel, Phys.Rev. C43 (1991) 1022 

[18] J.Hockert, D.O.Riska, M.Gari and A.Huffman, Nucl.Phys. A217 (1973) 14 

[19] J.F.Mathiot, Nucl.Phys. A412 (1984} 201 

[20] J.F.Mathiot, Phys. Lett. 187 (1987) 235 

[21] J.F.Mathiot, Phys. Reports 173 (1989) 63 

[22] R.Schiavilla and D.O.Riska, Phys. Rev. C43 (1991) 437 

[23] J.Adam and E.Truhlik, Czech. J. Phys. B34 (1984} 1157 

18 

[2,1] D.O.Riska, University of Helsinki, Report Series in Physics HU-P-224 (1983) 
p.45 

[25] V.V.Burov, V.N.Dostovalov and S.Eh.Sus'kov, Czech. J. Phys. 41 (1991) 1139 

[26] L.S.Kisslinger, 2nd Workshop on Perspectives in nuclear physics at intermediate 
energies, Trieste, 1985, ed. S.Boffi, C.Ciofi degli Atti and M.M.Giannini (World 
Scientific, Singapore, 198,5) p.l 

[27] L.S.Kisslinger, Phys. Lett. 112B (1982) 307 

[28] T.S.Cheng and L.S.Kisslinger. Nucl. Phys. A457 (1986) 602 

[29) M.Gari and 11.llyuga, Z. Phys. A277 (1976) WI 

[30] M.Gari and U.Kaulfuss, Phys. Lett. 136B ( 198·1) 139 

[31] M.Lacombe, B.Loiseau, J.M.Rid1ard, R.Vinh l\lau, J.Cote, P.Pires and R. de 
Tourreil, Phys. Rev. C21 (1980) 861 

[32] M.Bernheim, E.Jans, J. Mougey, D.Iloyer, D.Tarnowski, S.Turck-Chieze, I.Sick, 
G.P. Capitani, E.De Sanctis and S.Frullani, Phys. Rev. Lett. 46 (1981) 402 

[33] S.Auffret, J.-M.Cavedon, J.-C.Climens, B.Frois, D.Goutte, M.Huet, F.P.Juster, 
P.Leconte, J.Martino, Y.Mizuno, X.H.Phan, S.Platchkov and I.Sick, Phys. Rev. 
Lett. 55 (1985} 1362 

[34] R.Machleidt, K.Holinde and Ch.Elster, Phys.Rep. 149(1987) 1 

Received by Publishing Department 
on October 20, 1992. 

19 


