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1. Introduction

The investigation of reactions with participation of the deuteron at high and
intermediate energies helps in solving many fundamental problems which are at the
focus of interest of modern physics. On the one hand, the deuteron is the only known
bound state of two nucleons and therefore it is a convenient object to test nuclear
models in frame of which nuclear interactions are explained as baryons interacting
through the exchange of mesons. On the other hand, the reactions initiated by the
fastly moving deuterons are particularly attractive for testing approaches which are
used to describe relativistic bound states.

During the 1990s there have been an essential progress in the experimental knowl-
edge of deuteron electromagnetic structure. The start of experiments at the Th. Jef-
ferson National Accelerator Facility (JLab) has made available high energy electron
beams with high currents and large polarizations. Several experiments have signifi-
cantly extended the energy and momentum transfer range of deuteron electromag-
netic studies, including A and Ty for elastic ed scattering and photodisintegration
cross sections and polarizations. An exhaustive review of the current experimental
and theoretical status of this area has been given in [1]

As to hadron probes, until recently measurements of cross sections of the deuteron
fragmentation on nuclei [2, 3] were the main source of information about the deuteron
structure. Those data could be satisfactorily explained in the framework of relativis-
tic momentum approximation using standard deuteron wave functions. The acceler-
ation of the beam of polarized deuterons [4] at the Dubna Synchrophasotron allowed
polarization investigations to be made. Over the past ten years new experimental
results on the polarization observables in deuteron inclusive breakup on nuclei [5]-
[11] and dp backward elastic scattering [12]-[14] have been obtained at Dubna and
Saclay. These results have demonstrated that the traditional picture of the deuteron



as a bound state of a neutron and a proton fails for short distances between them.

A review and comparison of results of investigations of the short-range structure
of deuteron obtained with electron and hadron probes seems to be instructive.

2. Static properties of the deuteron

Static properties of deuteron are known with a high precision; some are recalled
here [15]:

binding energy Ep = 2.224575(9) MeV,
radius R=1/a = 4.318946 fm,
mean-square radius <r? >,1,/ %= 1.971(6) fm,
electric quadrupole moment' Qg = 0.2859(3) fm?,
magnetic moment My = 0.857406(1) n.m.

The radius (the scale parameter) R = 1/a = 1/(myE3p)"/? is more representative

than < r? >,1,/ 2 of the deuteron size. The fact that the deuteron has a positive electric

quadrupole moment implies that it is not spherical but it has a cigar like shape in
configuration space, its long axis being parallel to its spin projection M = +1. This
feature is dynamically expressed by the D-component of the deuteron wave function
PM(r):
u(r) o, w(r) .
PM(r) = =Y (E) + — VM), 1)
where u(r) and w(r) are the radial wave functions of S and D-states and Y/ are
spherical harmonics. The availability of the D-component is also responsible for the
fact that the deuteron magnetic moment is not equal the sum of the proton and
neutron momenta.

Static properties of the deuteron are related to the components of the deuteron
wave function through the relations

2y _ 1 20,2 ) .2 — 2, (0 :
<r®>4= 4/0 ré(v’ + w)dr, Qu \/5_0/0 r*w(u \/gw)dr

From the deuteron wave function one can obtain body form factors:

monopole electric Fg = [(u® + w?)jo(gr/2)dr,
quadrupole electric Fo =2 [w(u—82w)j,(qr/2)dr,
longitudinal magnetic  Fp = 2 [ w?(jo(gr/2) + j2(qr/2))dr,
transverse magnetic ~ Fs = f(u? — 2w?)jo(qr/2)dr

+27 124 (u + 271 2w) jo(qr /2)dr.
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3. Deuteron wave functions

In momentum space the nonrelativistic NN wave function of the deuteron can
be written in the form [16]:

Yo, (k), (2)

1 1 ur(k
’(l)u(k,ul,pq): E <§M1§M2|1M5><LML1M511M> L,E)
L=0,2

where p;, pp are the nucleon spin projections on the quantization axis in the rest
frame of every nucleon, < ....|.. > are the Clebsh-Gordan coeflicients, Yy, (k) are
spherical harmonics, and k = k/k.

The normalization condition is
1= [Tr0) +u)ldr = [T 10¥(0) + )] ds. 3)
0 0
The D-state probability
Pp= /0 * wldr = (5+2)%, @)

is the measure of the strength of the tensor component of the NNV force. It has
large uncertainty because w(r) is known badly at short distances (or large internal
momenta).

The parameters of the deuteron
wave function are defined from
the Schrddinger equation using
potentials adjusted to fit the NNV
scattering data at energies be-
low the pion production thresh-
old. The modern potential mod-
els give good descriptions of the
NN data below 350 MeV, in-
cluding the deuteron static pa-
rameters. At large distances be-
tween nucleons in the deuteron,
corresponding to small momenta
] of their relative motion, these
1074 53 57 o' 08 1 models give almost identical re-

k, GeV/c sults; they differ in their short-
range structure predicting differ-
ent high-momentum components
of the deuteron wave function.
The S and D-state wave functions for the Paris [17] and Bonn B [18] potentials
are shown in Fig. 1. This figure also shows f, and fo-components of the relativistic
wave function of Karmanov et al. [19] to be discussed later.

Deuteron wave functions, (GeV/c)™?

Fig. 1: Momentum space deuteron wave
functions.
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4. Electron-deuteron scattering

In the simplest picture of the elastic ed scattering this interaction is described
by assuming that the electron exchanges a single virtual photon when scattering
from the deuteron. In this approximation the scattering cross-section of unpolarized
electrons by unpolarized deuterons [1],

fm (@) pommm @) o

is expressed through the cross section for scattering from a particle without internal
structure (do/dQ2)ns (Mott scattering cross section) and structure functions A(Q?)
and B(Q?). Here Q? is the square of the 4-momentum transferred by the electron,
with ¢ = & — d and Q% = —¢? The structure functions depend on the three
electromagnetic form factors, ;

AQ*)
B(@) .

GH(Q) + GPGH(@) + 31Gh(@),

3701+ MGR(@) ©)

where 77 = Q?/4m3. The charge G¢, magnetic Gir and quadrupole G form fac-
tors describe distributions of the electric charge and magnetic momentum in the
deuteron, and in impulse approximation they are related to the body form factors
Fg, Fp, Fi, and Fg through

Ge = 2GgsFp,

GQ = QGES FQ,
m,

Gu = —2(2GusFs+Ggs Fr), M
mn

where Ggs and G5 are isoscalar nucleon form factors

Ges = (Ggp+ GEn)/2,
Gem = (Gmp+Gumn)/2. (8)

From forward-angle cross section measurements one can determine A, because B
and tan?©/2 are small here. The magnetic form factor Gy is determined from large
angle measurements, since the A contribution vanishes as © -+ 180°. Separating
the charge G¢ and quadrupole G¢ form factors requires polarization measurements.
The polarization of the outgoing deuteron can be measured in a second, analyzing
scattering. Of the polarization quantities, 75 has been most often measured, be-
cause it does not require a polarized beam or a measurement in different scattering
planes. At forward electron scattering angles one may approximate T2 by [20]

2
Ty & —V2——— (9)



where z = 27G¢/3G¢. The minimum of T20 a2 —+/2 is reached for z = 1.

The comparison of the simple nonrelativistic theory with the data on A, B and
Ty obtained at high Q7 (say, Q* > 2 GeV?) shows [1] that these data cannot be
explained in the frame of nonrelativistic calculations and present strong evidence for
the presence of meson exchange currents, relativistic effects, or possibly new (quark)
physics.

The study of deuteron form factors is complicated by the fact that they are
a product of the body form factors and the nucleon isoscalar form factors. Until
recently it was assumed that the nucleon form factors are well studied. But the
recent JLab measurements of the ratio of the electric and magnetic form factors of
proton [21] show that new Ggs values differ significantly from the dipole behaviour
and may have an impact on the theoretical interpretation of the data.

There are a few ways of taking into account relativity in nuclei and the past
several works have been devoted to study the relativistic effects in the deuteron. A
number of relativistic deuteron wave functions of quasipotential type was given in
[22]. The relativistic one boson exchange model was used to describe NN scattering
and the deuteron bound state on the basis of the spectator equation [23, 24]. The
Bethe-Salpeter equation [25] was solved and used to calculate the deuteron form
factors in [26, 27]. Another approach for the description of relativistic bound systems
is the light front dynamics [19, 28, 29]. An extended review of different theoretical
approaches to account relativistic effects in studies of the electromagnetic structure
of the deuteron can be found in [1].

It should be noted that the difference between different deuteron models is
smaller than the discrepancy between the results of different approaches. Further-
more, the deuteron wave function appears in the expressions for form factors being
weighted by spherical Bessel functions. It is reasonably safe to suggest that the
information about the short-range deuteron structure can be derived from elastic ed
scattering data only on a complicated mechanism grounds.

5. Description of relativistic composite hadron systems:
light front dynamics

Along with the measurements of the deuteron electromagnetic structure, a con-
siderable amount of data concerning the short-range deuteron structure has been
accumulated during last years using high energy hadronic probes. Whereas the data
on differential cross section of deuteron inclusive breakup on nuclei have been satis-
factorily described in framework of the relativistic impulse approximation using the
standard deuteron wave functions (see, for example, (2, 3, 30]), polarization observ-
ables in the reactions with the polarized deuterons are not reproduced within this
approach. Two examples of discrepancies between the predicted and experimental
values are shown in Figs. 2 [14] and 3 [31].



| Tx for backward elastic d—p scattering

* V.Punjabi et al.
T @ this experiment

Fig. 2: Parameter Ty, in backward elastic
scattering versus k. Solid and broken curves
are one-nucleon exchange predictions using
the Paris [17] and Bonn B [18] deuteron
wave functions, respectively.

namics coined by Dirac some time ago [35]

In nuclear reactions at high ener-
gies the information about deuteron
structure is obtained in experiments
with fastly moving deuterons. The
main difficulty of this study lies in
the necessity of a relativistic treat-
ment. The advantage is that the
high-momentum components of the
internal motion of constituents are
more open to inspection. A conve-
nient model for this type of reaction,
based on a generalization of the rela-
tivistic hard-collisions models of com-
posite hadrons [32], was developed by
Blankenbecler et al. [33, 34]. A key
element here is the notion of infinite
momentum frame that is intimately
related to the term of light front dy-

. Qualitatively the idea is that when

a composite system is viewed from a fastly moving frame then interactions among
constituents are slowed down because of time dilation so that the internal dynamics
becomes essentially that of almost free constituents.

The type of quantum mechan-
ics depends on the form of a fixed
spice-like surface in four-dimensional
space-time where a Hilbert space of
states is defined. The various options
for choosing this spice-like surface
were classified by Dirac [35]. This
choice defines the way in which the
10 generators P* = (P° P), M*
(J,K) of Poincaré group are split into
kinematical and dynamical genera-
tors, or hamiltonians.

The most familiar instant-form

'

L L
'

p, GeV/c

mechanics corresponds to choosing to
construct states at a fixed time ¢, =
0. Here the kinematical generators
are the momentum operator P and
the angular momentum operator J,
hamiltonians are the energy operator
P and the Lorentz boost operator

Fig. 3: Ay in reaction 2C(d,p)X at an
initial deuteron momentum of 9 GeV/c
and a proton emission angle of 85 mr as
compared with the predictions of relativistic
impulse approximation with Bonn B [18]
and Paris [17] deuteron wave functions.



'K. A special feature of the instant-form dynamics is the inseparability of the vari-

ables that characterize the motion of a nucleus globally from the inner variables that
describe the motion of constituents. In consequence of this the transformation of
the wave function when going over from one reference frame to another, e.g., from
the nucleus rest frame to IMF, is nontrivial.

Alternatively, front-form quantum mechanics constructs states on a fixed light
front, customarily defined to be t*¥ =t + z = 0. Here the kinematical generators of
the Poincaré group are operators (or their combinations) Py = Po+P;, Py, Py, E, =
L(K: + €sJs), K3, J3, and hamiltonians are P~ = P, — B3, E, = K, — €,,J..
Here 7,8 = 1,2, ¢, is the antisimmetric tensor: €j2 = —ep; = 1. The kinematical
operators form the subgroup of the Poincaré group and leave the hyperplane t—2 = 0
invariant. A remarkable feature of this dynamics for the composite system with
a finite number of constituents is that the variables describing the inner motion
uncoupled from the variables describing the motion of the system as a whole. For
a system that consists of two constituents a and b, one forms the momentum of the
center-of-mass

P, =P+ P, Pr=Pi+P}, (10)

and the internal variables
£=P}/P,, kr=(1-¢£P;—EP. (11)

that are invariant under the action of the kinematical operators. The point in favour
of light front dynamics is that here because of the absence of Z-diagrams the effects
of the structure of a relativistic system are naturally described by means of a wave
function having a probabilistic meaning [36].

y 4l
d

Fig. 4: The simplest
diagram to describe reac-
tions initiated by relativistic
deuterons with proton emis-

X ion in a f 4 directi
p sion in a forward direction.

The basic diagram of the hard collisions model [33, 34] for the ! H(d, p) X reaction
is shown in Fig. 4. Here p; is spectator nucleon, b is virtual (off-shell) nucleon, p,
is the proton from ’hard’ scattering, and X are everything else. In accordance with
the Feynman rules the invariant amplitude M for this diagram is of the form:

_ M(d = bpy) M(bp — p2X)
M= 12 — m2 ’

(12)
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where M(d — bp;) and M(bp — p,X) are the invariant amplitudes of the deuteron
breakup into the particles b, p; and of the reaction bp — p2X, respectively, and 2is
a four-momentum squared of the off-shell particle b.

In IMF (33, 34]

M(d—bpy) _ ¥(y, 1)
12 —m2 - y ’ (13)

where y indicates the fraction of the total longitudinal momentum of d transferred

to b:
_ by + b3

N dy + d3’
and I is the transverse momentum of b relative to the interaction axis, and ¥(y, Ir)
is the wave function depending generally on two variables.

(14)

If X is the fixed state f, for differential cross section of detecting particle p, one
can obtain

Ep2 do 2mp /leaz /aman 1 -1 l ]
T min

— lpdlyda, (15
dp;  mads yilyr — v (bp = paf)ir dir dav, (15)

do
———"—G/a(y1, 1) T

where do(bp — p2f)/dt' is the cross section of the exclusive reaction bp — p; f with
the invariant variables s' = (b+p)?, t' = (b—p;)? in the lower vertex of the diagram,
a = d?+ (do + ds)[my — (P2)o + (P2)3], e is an angle between lr and pz7, and y;, ¥2
can be found from the four-momenta conservation in the interaction vertex. The
structure function

1 |9y )P

G Ir) = ———7 - : 1
b/d(ya T) 2(27‘_)3 y(l _y) ) ( 6)
signifies the probability of finding a constituent of type b in the nucleus d with a
fractional momentum y and a transverse momentum lg.

If the particle p; is detected, the invariant differential cross section for the direct
fragmentation of deuterons by protons *H(d, p)X can be written as

E, do
1

= or(s") ¢ Gpya(z, P17) F(P1), (17)

where z = [(p1)o + (p1)s)/(do + d3), or(s’) is the total cross section for the np
interaction, and function F(p,) ensures vanishing of the differential cross section at
the kinematical boundary of the ! H(d, p)np reaction.

The structure function can be expressed in terms of the usual nonrelativistic
wave function by the relation

[ Goraty 1) dydiz = [ ()P di = 1. (18)

However, as it has been noted above, attempts to describe the polarization ob-
servables in reactions initiated by polarized deuterons have not met with success.
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Moreover, it was observed that the deuteron structure function at short distances,
where relativistic effects are significant, may depend on more than one variable
(14, 37).

The relativistic deuteron wave function in the light front dynamics has been
obtained by Karmanov et al. [19]. This function depends on two vector variables:
on the momentum k of nucleons in deuteron in their rest frame and on extra variable
n — the unit normal to the light front surface. Due to this fact it is determined by
six invariant functions instead of two ones in the nonrelativistic case, each of them
depending on two scalar variables k and z = cos(kn) The deuteron wave functions
depends now on the orientation of the quantization plane and has the form:

‘I’%Ul = w:z ‘Iw(k’ n)a.ywtn) (19)

where M = 0, £1 are the projections of spin J = 1 on the quantization axis, and

w(k, n) = 3 (ko) - ]f2+ Ba(n- o) — o] fi + k[3k(n-a)+

\/—O'f 1
3i 3
3nk:-o)—20(k-n)]fs+ \/;%[k xn]fs + Eé[[k x n] x 0] f5.(20)
Here ¢ are the Pauli matrices, w,,(s,) are the spin functions of nonrelativistic nu-
cleons, and fy,..., f¢ are the invariant about rotations functions of the kinematical

variables, that define the deuteron state. Here

mi+p}
4z(1 — 1)

m? + p}

i (1)

m, (m)=(5-a)-

6. Backward elastic deuteron-proton scattering

Extensive measurements of the tensor analyzing power Ty in backward elastic
dp scattering have been performed at Dubna and Saclay [12]-[14]. The most simple
and natural mechanism of the backward elastic dp scattering is a pole mechanism in
the u—channel with a transfer of a nucleon from the deuteron to the proton. How-
ever, as it is seen from Fig. 2, this approach fails to describe the experimental data
using standard wave functions of the deuteron. A covariant treatment of the pole
diagram based on the Bethe-Salpeter equation [27] leads to results that do not differ
very strongly from those obtained in standard approaches based on a direct use of
the deuteron wave function. It also appeared that the required behaviour could be
obtained by by assuming a P-wave admixture in the ground state [22]. However,
the excessively large quantity of the admixture is required to explain the observed
momentum dependence of Tyy. In this connection the idea has been conceived to re-
vive the u—channel pole diagram taking account of the baryon resonance admixture
to the deuteron [38].



The problem of isobar states
in the deuteron is discussed over
more than twenty years (see, for
example, {39, 40]). Originally the
idea arose through investigation
of the differential cross—section of
the backward elastic dp scatter-
ing. Now the determination of
the resonance admixture has been
made possible by use of new po-
larization data on parameter Tyg.

do /9 0m. ub/sr

In the general case the use
of the pole diagram assumes a 75
knowledge of the vertex of the
deuteron breakup on two nucle-
ons, a parameterization of which
is rather complicated. The use

L
25

é 7.5 é 7.5
pe GeV/c Pa GeV/c

Fig. 5: Differential cross section (do/d2)ems,
Ty and kg of the backward elastic dp scatter-
‘ . ing versus the initial deuteron momentum py
of the 11g}.1t front dynamics makes c;)cylated in the one-baryon exchange approx-
the relation betw_een the verteX jmation taking into account 1% admixture of
and a wave func'tlon more trans- the odd parity resonances N(1520), N(1535),
parent [38].  Since calculations n(1650) and N(1675) to the deuteron at
of the resonance admixture t0 . — .4 fm with the deuteron wave functions
the deuteron by means of me- for paris potential [17] (curve 1), Reid soft
son exchar.lge between nucleons ¢ore potential [42] (2), Bonn A (3) and B (4)
[40], or using the decay of s'p? potentials 18], and Moscow potential [43] (5).
six quar.k configuration formed.at Experimental data on Ty from [13] (full circles)
small distances [41] do not give ang [3] (empty circles), on ko from [11], and

guantitatively acceptable refsults, references to the differential cross section data
in [38] the resonance admixture may be found in [38].

was treated at a phenomenologi-

cal level. The diagram considered

was similar to that shown in fig. 2, with the difference that there also the exchange
of baryon resonances could take place and the deuteron was formed in the lower
vertex instead of (p, + X)-state. Within the light front dynamics, the invariant am-
plitude corresponding those diagram can be approximately represented as the sum
over poles associated with the exchanges of a nucleon and of its excited states.

The following questions should be answered in solving this problem: (a) what
baryon resonances need to be taken into account? (b) what is a localization of these
resonances? (c) what is the magnitude of the admixture of baryon resonances to the
deuteron wave function?

The results of calculations are shown in the Fig. 5. It turned out that resonances
treated should be localized at distances less than ~ 0.4 fm, and for qualitative agree-

10



ment the calculation results with the experimental data it is sufficient to take into
account ~ 1% of the total admixture of the lightest negative-parity baryon reso-
nances N(1520), N(1535), N(1650), and N(1675) to the deuteron wave function. It
has been found also that taking into account the baryon exchange brings the re-
sults of calculations made with different deuteron wave functions are in much better
agreement in between than in the case of ONE approximation.

7. Tensor analyzing power of the breakup of relativistic

deuterons

Already upon the first measurements
of the tensor analyzing power Ty of the
deuteron breakup at 9 GeV/c with the emis-
sion of protons at 0° [5]-[8] a significant dis-
crepancy between the values calculated in
the relativistic impulse approximation and
experimental ones has come to light. More
recently, on the measurement of the ten-
sor analyzing power A, of the reaction
2C(d,p)X at 9 GeV/c with the emission
of protons with large transverse momenta
{31], this discrepancy has been compounded
(see Fig. 3). The discrepancy between the
theory and experiment in principle can be
overcome by the addition of a P-wave into

08 T
< x = 0.61
06 E e
04
0.2 - <
0 T
< x =072
06 - g
o4t A + + 4
oz + R
ot . L .
o 0.5 ° 0.5
P, GeV/ce py, GeV/c

Fig. 6: Parameter Ay, versus pr for
four values of = shown in figure.

the deuteron wave function (DWF).

<R o.8

k = 0.58
ol —t+

0.2 -

& o
k = 0.78
0.4
0.2
° —0.8
(nk)/ Ikl
Fig. 7 Parameter A, versus

(n - k)/|k| for two values of k¥ shown
in figure.

True enough, the P-wave is conditioned
by the different mechanisms in a number of
approaches. In the paper [44] the data on
T at 0° have been successfully described
taking account of the P-wave arising be-
cause of the production of six-quark con-
figuration that gives odd parity resonances
at their fragmentation to the baryon chan-
nel. At the same time the calculations on
the basis of the Bethe-Salpeter equation give
the P-wave admixture that is inadequate to
eliminate the discrepancy with experiment
[27].

The measurements of polarization ob-
servables initiated by 4.5 GeV/c deuterons
on Be with secondaries emitted at 80 mr in
the (d, p) reaction [37] have been performed
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at the JINR Synchrophasotron. A comparison of the new data on A, of the (d,p)
reaction with the results of previous measurements at 9 GeV/c and angles of 0° [14]
and 85 mr [31], made at different values of pr and = enabled new interesting regu-
larities to be found: the dependence of A,, on the pr, (Fig. 6) and the dependence
of Ay, on the variable (n - k)/|k| (Fig. 7) defined above.

The accumulated A,, data in the A(d, p)X reaction reinforce the statement that
a deuteron structure function at short distances depends on more than one variable.
Previously such a possibility was pointed out by Blankenbecler et al. {33, 34]. Later
Karmanov et al. [19, 28, 29] have developed a quantitative approach to represent
this situation.

In [45] an analysis of the existing dath on Ty at 0° have been made using the
relativistic deuteron wave function of Karmanov et al. (20).

A general expression for the parameter Ty has the form

_ Zum Sp{¥utati}

(22)
(1/3)Sp{¥mv}e}
where the operator g is defined by expression
<m |ty [m>=(-1)"" <1ml —m'|20>, (23)

the deuteron wave function 15 with spin J = 1 and its projections on the quantiza-
tion axis M = 0, %1 is given above by (19), ¢! is the Hermitian conjugate function,
and < 1lm1 —m'|20 > is a Clebsh-Gordan coefficient.

The expression (22) may be written in the form:
3(-3Sp(:u}) + Sp(uwy')]
=4/= z 24
=y S 4
where we went from spherical notations to the vector ones. For the traces we have:
Sp(yyt) = 3[fI+f3+ B - Vfafs+ fi +4zfa(fo+ f2) +

AR +3)+ (1 =)+ (- 22)f),
F2+ V2[3(k2)? — 1)fifa + 2V21ifs + 4V2kz fifa +

L18(k=)? + 1112 + 28(k=)? — 1)fads + kel (k2)? + Slfafi +
212 + 8kzfsfs + 3sqrt3kz([l — (k2)?]fafs + 3sqrt3[1 — (kz)’|fafe +
{10627 +1) = (k2)?}72 + 501 (k112 (25)

Sp(w})

where z = cos0.
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Fig. 8: Tensor analyzing power _» T T . .
Ay, of the deuteron breakup with the 1+
emission of protons at 0° vs internal I
momentum k. Experimental data:
triangles - [5], squares - [6], diamonds
- [7], empty circles (H target) and
full circles (C target) - [8] . Calcula-
tions are made with Paris [17] (bro-
ken curve), Bonn [18] {dotted curve)
and Karmanov’s [19) DWFs.

The results of calculations of | : : K 2Gev/c

Ay, (0°) with the wave function (20)

are shown in Fig. 8 by the solid curve.

It is seen that as opposed to the calculations with the standard nonrelativistic
deuteron wave functions [17, 18] the solid curve does not cross the horizontal axes
and is in reasonable good agreement with experimental data in the region of & from
0.4 to 0.8 GeV/c. This result in our opinion is due to the fact that Karmanov’s
model establishes a new link between k; and k7 that is different from those of the
S and D-wave superposition in nonrelativistic DWF. Similar effect was discussed in
[28] on the example of Wick-Cutcosky model, where it was shown in the clear form
that a S-wave two-particle system becomes dependent on the angle in the light front
dynamics. In other words it is a manifestation of the intimate connection between
the internal motion and the motion of the system as a whole.

Karmanov -

8. Conclusion

To summarize, one can say that in studies of the deuteron structure by electrons
and hadrons different aspects of the deuteron wave function are explored. In elec-
tron scattering at not too high momentum transfers say, @2 less than ~ 1 GeV?,
the description of the experimental data may well be nonrelativistic. But at larger
@Q? when meson degrees of freedom come into play, the mechanism of interaction
becomes more complicated and the account of relativistic effects is required. In-
vestigations of the short-range structure of the accelerated deuterons call for the
relativistic treatment basically. One of the ways to take into account relativity in
bound systems is the light front form of dynamics. This approach makes it possi-
ble, on the basis of a rather simple mechanism, to explain some experimental data
obtained recently in nuclear interactions of relativistic polarized deuterons.

The author is indebted to N.P. Yudin for helpful remarks and useful discus-
sions. This work was supported in part by the Russian Foundation for Fundamental
Research (grant No. 03-02-16224).
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Axrupeii J1. C. E1-2003-122
C1pyKTypa AeTpOHA Ha MAIBIX PaCCTOSHHAX

IpencrtasneH 0630p pe3yIbTaTOB MCCIENOBaHHA CTPYKTYphl IEHTPOHA Ha Ma-
JIBIX PACCTOSHHSAX C IIOMOLLBIO SMEKTPOHHBIX H allpOHHbIX MPo6HKKOB. PaccMaTp-
BAIOTCA pE3y/bTaThl HENABHHX IJKCIIEPHMEHTOB 10 YNPYIroMy ed-pacCesHHIo,
no ynpyroMy dp-paccesHHIO Ha3al M IO pa3Baly IO/SPH3OBAaHHBIX NEHTPOHOB
Ha sApax MpH BHICOKMX SHEPTHSX.

PaGora BeimonHeHa B JlaGopatopun snepHbix npoGiem uM. B. I1. Ixenenosa
0)50°078

INpenpunt Oﬁ'benuneﬁnom HHCTHTYTa sSAepHBIX uccnefoBanuii. Jy6ua, 2003

Azhgirey L. S. E1-2003-122
Short-Range Structure on the Deuteron

A review of results of investigations of the short-range structure deuteron
by means of electron and hadron probes is given. The results of recent experiments
on the elastic ed scattering, on the backward elastic dp scattering and breakup
of polarized deuterons on nuclei at high energies are described.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear
Problems, JINR.
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