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Introduction

The process of Ieptoproduction on nuclei in deep inelastic

region, from the point of view of the physics of strong inter-

actions contains an interesting information on the process of

leading hadron formation from constituents (quarks and gluons)

as well as on propagation of quarks and quark-gluon systems in

nuclear matter [1-9].

Many works are devoted to the investigation of the mecha-

nism of hadron formation from quarks and gluons in the region

of fragmentation of different quark-gluon systems (QGS hadroni-

zation) in the frameworks of different phenomenological models

[10-14]. All these works can be divided into several main

groups. To the first group can be related the works where on

the basis of integral equations for fragmentation functions the

iterational (cascade) model is developed [15-18], the mechanism

of hadronization being, in general, out of the frameworks of

this approach. To the next group can be related the works

[19,20] in which the parameters of fragmentation functions of

"dressed" quarks are connected with the characteristics of the

corresponding Regge trajectories. In particular, in [20] in the

frameworks of the quark-gluon string model the expressions for

the fragmentation functions for "dressed" quarks and diquarks

were obtained in the regions x~0 and x~l, and a method was pro-

posed for reconstruction of these functions by their utmost

behaviour.

The process of fragmentation of quarks and gluons on the



basis o.f QCD cascade is considered in [21,22] where the hadron-

izat ion process is reduced to the production of colourless

massive formations by their successive decay into observable

hadrons. To the forth group one can relate the LUND string

fragmentation model [23]. in which the hadronization mechanism

has a kinematical nature (the quark and antiquark produce a

meson, if the mass of the quark-antiquark pair is less than

some characteristic mass). And, at last, there is the fifth

group of models [24-30], where assumptions on the recombination

nature of the hadron formation in the fragmentation region [31-

34] (which corresponds to short-range interaction in the space

of rapidities [33] ) are made.

The present work is devoted to consideration of the quark

(quark-gluon system) propagation in nuclear matter, though it

seems probable that the processes of the fast hadron formation

and propagation of quarks in nuclear matter can occur simultan-

eously and influence on each other and be caused by each other.

However, in the present work, as in [1-8], it is supposed that

the nucleus plays a passive role in the process of fast hadron

formation or,, in other words, the presence of nucleus just

allows to register the changes in the character of the quark

(quark-gluon system) and nucleon interactions or the time evo-

lution of quark-gluon system, but it has no influence on the

hadron formation. It should be noted, that the role of the nuc-

leus in the hadronization process in the frameworks of the LUND

model is considered in Ref.[9] from another point of view.

At present there is no clear understanding of the mecha-

nism of the leading hadron formation from quarks and gluons as

well as of propagation of quarks in nuclear matter. The main

difficulty here is the presence of truly strong interactions

(non-perturbative QCD effects) in the final stage of hadron



formation from quarks and gluons. However, in the presence of a
2 2

hard subprocess with Q »m , where m is some characteristic
С С

mass, the value of which will be obtained later, the time that
2

characterizes the hard subprocess т ao>/Q is less than the time
P

of transformation of the quark (quark-gluon system) produced in
2

this subprocess, into normal hadron at T_a*>/m - This fact,
P с

apparently, will allow one to consider the hadron formation

process on the level of quasiclassical description in the

frameworks of probabilistic representations, because the inter-

ference between the regions t~T and t~T,_ will be suppressed at

P I-

vv
Let us consider in details the mechanism of interaction of

virtual photcn having four momentum q =(p,O,O,f ) and q q =-Q <0

with a nucleus in rest. The lifetime of such a ohoton, in cont-
2

rast to the real photons, is limited by т a2v/Q [35-38] . In
Y

W

the rest system of nucleus the photon is transformed into a

quark-antiquark pair, and this pair in order to interact with

the nucleons of nucleus during a time less than or of the order

of т , has to be asymmetric by momentum, because in a symmet-

ric pair both quark and antiquark have a large momentum of

~IV2, and during a time of the order of т they will not

manage to regenerate their long wave gluonic field, or in the

language of the parton model, during the time т the parton

stair of quark and antiquark do not manage to develop up to the

wee-parton [35,36] and quark-antiquarк (hadroniс or quark-

gluonic) fluctuation of photon collapses, having no time to be

potent for a strong interaction.

In case of an asymmetric pair the slow antiquarк (quark)

manages to regenerate the long-wave component of its gluonic
2

field during the time interval т a*>/Q and annihilates with the
P



quark (antiquark) of nucleons in nucleus. The degree of asymmet-

ry is determined by the condition that the slow antiquark

(quark) of the pair during the lifetime of virtual photon т

has to have time enough for regeneration of the long-wave com-

ponent of its gluonic field (quark-gluon sea) and it is equal

to p*/pjam /Q , where p" and pj are the longitudinal momenta
s f с s f

(with respect to the direction of virtual photon momentum) of

the slow and fast components of the quark-antiquark pair, res-
2

pectively. So, during the time interval т stu/Q the slow anti-
P

quark (quark) of the pair gets time to develop its parton stair

up to wee-partons, i.e. it is transformed into an additive or

constituent antiquark (quark) or a valor., and annihilates with

the quark (antiquark) of the nucleons in nucleus. Such a pic-

ture, obviously, is not a Lorentz-invariant one, and the anni-

hilation mechanism cannot an arbitrary one, but it has to have

such a structure, that during transition to other frames, say,

to the Breit frame, it has to provide the standard picture of

the quark "knock out" from the nucleon of nucleus. For that,

the participation of the spectator quarks of the nucleon in the

process of annihilation of the antiquark from the pair seems

necessary (see Fig. 1).

After annihilation of the slow antiquark (quark), the fast

quark (antiquark) of the pair continues its movement, but the

cross section of its interaction with nucleons in nucleus is
2 2

remarkably less ( in proportion with 0 /m [4,5]) than that of
с

the normal hadron due to the fact, that in the gluon field

(quark-gluon field) of such a "semidressed" quark the long-wave

component is absent, which has no time to regenerate in the

time interval T , and which appears only in a time interval of
P

the order of т .

There exist different conceptions of the colour and compo-



sit ion of the quark-gluon system or the par ton jet that

produces the fast quark of the pair in the process of evolu-

tion. In Refs.[39,40] a jnechanism is offered, which makes the

quark-gluon jet colourless at the time interval of «г , i.e. to

P

the moment of annihilation of the slow antiquark of the pair.

In the frameworks of such a picture the quark-gluon sys-

tem looks like a white quark-antiquark string having a fast

quark and a slow antiquark on its ends. Such a string starts

its hadronization in time intervals of the order of т , when

P

the end slow antiquark hadronizes and the wave of hadronization

reaches the fast quark at the moment т , when a leading hadron

containing a fast quark is formed [39,40].

Another scenario of fast hadron formation is developed in

[4], where it is supposed that the leading hadron, which cont-

ains a fast quark, is formed during a time interval of the or-
2 2

der of т , but his transverse dimensions are m /0 times
P о

smaller than the hadron size. Such a compressed colour dipole

transforms into a normal hadron in a time interval of ~r_ and

only then its cross section of interaction with the nucleons in

nucleus becomes equal to the hadroniс cross section a..

n

Thus, in the described pictures of the fast hadron forma-

tion the general point is the fact, that during a time interval

of т a quark-gluon system (quark or quark-ant 1quark string or

colour dipole) is formed in/from which in т time a fast hadron

is formed that contains a leading (valence) quark of this

system. The cross section of interaction of such a system
2 2

starts increasing from the value a a<m /Q Уа. at the moment т
q с h p

up to the value a at the moment of the leading hadron

formation.

This law of the cross section change from о to a, cannot

q n

be predicted in the frameworks of perturbative QCD, at least in



the re.gion t«T_, where t is time or space variable. At suffici-
2 2

ently high values of 0 >Xn for the region t£T in the frame-
c p

works of perturbative QCD one can get predictions for o<t)~t

[1,2,5.8] the so-called model of quantum diffusion at which the

transverse dimension of quark-gluon system increases as VF, be-

cause the points of the appearance of quark-antiquark pairs of

gluons in the transverse plane are situated on the trajectory

of Brounian particle [5,36.37]. On the other hand, in the
2

frameworks of the colour dipole model one can expect ©(t)«t

£4.5].
.5?

The predictions for the value R=e< yvA+hX )/AeK yvN-»hX)

depending on the type of the function o<t) will be discussed in

the next section of the present work.

The picture of hadron formation discussed above supposes,

apparently, the necessity of the condition o<yVA)a*o<yVN) for

the total cross section of absorption of the virtual photon by

the nucleus and nucleon, respectively, i.e. the absence of the

effects connected with the screening of Just the photon inter-

action with the nuclear matter. The experimental data on deep

inelastic interactions of leptons with nuclei [41-43] show that

the effects connected with the screening of у A interaction are
2

characterized by the variable x =0 /2m у and in the region

0.05<x_50.3 we have o(у
V
A)aAo<у

V
N). In the present work a re-

2
gion of Q and v variables is considered, where the effects

connected with the y
V
A-interaction screening are absent, i.e.

the region of O.OSSx £0.3.

At present, very few experiments on studying the inclusive

production of hadrons in the interactions of leptons with

atonic nuclei are carried out. In Ref.[44] for the first time

the increase of the transparency (decrease of absorptive power)

to the yield of fast charged products of the virtual photon

8



hadronization from nucleus was observed. However, these data

fail to provide getting a sufficiently detailed information on

the parameters that characterize the space-time picture of the

process of hadron formation. This is on the one hand due to the

low statistical accuracy, on the other hand, due to averaging

of the data in remarkably wide intervals of v (from 3Gev to

176ev at y=106eV) and Q
2
 (from 0

2
=0.35GeV

2
 to lSeV

2
, and from

Q
2
=lGeV

2
 to SGeV

2
).

In another experiment, [45], conducted by EMC at CERN on

muon beams with E =200Gev, there were also detected charged

hadrons in the virtual photon fragmentation region. At

and higher, a nearly full transparency of nuclear matter to the

leptoproduction of hadrone was observed. The analysis of these

experiments as well as the antineutrino experiment at energies

of antfneytrino E OOGev does not allow one to get more or

less definite information about the characteristic scales of

the quark hadronization process. Thus, e.g. the estimates of

the parameter m
2
 obtained in [46] and [45] are (0.08+0.04 )GeV

2

2

 c

and ~2Gev , respectively. Let us however mention, that the data

obtained in [45] at large values of z~0.7 have a low

statistical accuracy.

In section 2 of this work, on the basis of the analysis of

the experimental data available now, it is shown that it is

possible to give a self-consistent description of the experim-

ental data of SLAC [44] and EMC CERN [45], if the value of m
2

2 2 2
 C

is within the range 0.2Gev 2m <0.36ev in case of the model

o(t)~t and 0.36eV
2
<m

2
S0.5GeV

2
 in case of the model o{t)-t

?
. So,

с

to get information definite enough on the parameters which cha-

racterize the space-time structure of the hadron formation me-

chanism, both experimental and theoretical investigations in

this direction are important from the viewpoint of the dynamics



of strong interactions.

It is necessary to note, that within the next few /ears

such experimental investigations mill be carried out at the

Yerevan electron synchrotron [47] as well as in SLAC in the

frameworks of the PEGASYS/MARK II collaboration [48].

1. Nuclear Matter Transparency and its Dependence

on Hadronization Characteristics

As a characteristic of the space-time structure of hadron

leptoproduction, it is convenient to use the transparency of

nuclear matter, which is defined as the ratio of the differen-

tial cross section of hadron leptoproduction on nucleus normal-

ized to atomic weight to that on nucleon:

R=a(.Y A-»hX )/Ac< yVN-»hX). Nuclear transparency is minimal when

the hadron is produced directly at the interaction point of an

incident particle with nucleus and the produced hadron h is

able then to interact lnelastically with intranuclear nucleons

with the crose section a. coinciding with the usual cross sec-
n

tion of hN-interact ion [38], the hadron propagation in nuclei

being possible to be described in the conventional Glauber

model [49]. The value of transparency is equal to the probabil-

ity for the hadron to leave the nucleus without any inelastic

interactions within it, i.e. without losing some notable por-

tion of its primary energy. It is worth while to add in this

connection, that in further calculations and comparison of nuc-

lear transparency in leptoproduction process with experimental

data available, one should restrict himself to considering the

high-energy.part of the inclusive spectrum of hadron (i.e. to

large values of the variable z=E./v, where E. is the energy of
h h

10



detected hadron), as the contribution of secondary inelastic

processes in nuclear matter to this range of the spectrum is

insignificant.

Within relatively higher values of the variable

z£<0.5-0.7) the dominant contribution of inclusive hadron spec-

tra is their direct production, that is, of the hadrons pro-

duced in the interaction process or in the formation process in

the stage of leading quark evolution, but not of the hadrons

produced from higher hadronic resonance decays. As it is shown

in Refs.[30,50], in the fragmentation region of different

quark-gluon systems, the contributions from decays of mesonic

resonances in the inclusive spectrum of ir-mesons are less than

or equal to (10-20)35 in the range of z>(0.5-0.7). This is the

reason why the region of relatively higher value of z is pre-

ferable, as the information on the mechanism of photon-nuc1eon

interaction as well as on the propagation of quarks and/or

hadrons through nuclear matter carry the direct hadrons.

If the leptoproduction process occupies a finite space-

time interval, then the transparency is higher than the minimum

value which is the limit of the Slauber scheme [49]. The maxi-

mum value equal to unity is achieved when the hadron is formed

outside the nucleus and its constituents may interact in the

nucleus with negligible cross section. If the mean absorption

path of virtual photon in nuclear matter much exceeds the size

of nucleus (which is the case for not so small values of the

Bjorken variable x >0.05 [38]). then the probability that the
и

fast quark produced at the instant т and the fast hadron

P

induced by it in т time will not undergo inelastic interac-

tions in the nucleus, is determined by the expression [1-5,49]:

oo
R = l/A J p(b,x )exp( - J p(b,t M t )dt )dxd Й ( l )

11



where p(b,x )=p(r )=p /(l+exp(( r-r )/a)) is the nuclear distribu-

tion density normalized to the condition Jp(r)d r=A, b=|b|,

r=Vb +x ; a=0.54 and r =(0.978+0.0206A) A [2]. 0<t) is the

A

cross section of interaction of the quark into which the virtu-

al photon is transformed on the point г=(й.х), with the intra-

nuclear nucleons. This cross section changes from о in the

q
point t=x to o. at t>Xx+r), where т is the characteristic time

n
of the quark transition to hadron <т*г ).

The dependence of the value of nuclear transparency R on
А, т, and a , is given at different values of the two others in

q
Figs.2-5, respectively, assuming that a=20mb, which is the

n

characteristic value of the meson-nucleon cross section.

The results of calculations for two models are shown. The

first is based on perturbative QCD (the so-called quantum dif-

fusion model), in the frameworks of which o<t)ac +(c -o- )t/r

q n q

for t/T«l, and the second one is based on a model, in the

frameworks of which the quark-antiquark pair produced in the

initial stage of interaction, i.e. the time т is presented in

p
the form of a coloured dipole that interacts with cross section
of, t Ужг +(a. -a Kt/т) at t/T«l. The behaviour of dt) near

q n q

t/T*l refers to the non-perturbative QCD and cannot be given in

the frameworks of perturbative QCD. Note, however, that the

form of this function in the range t/?3il does not essentially

influence the value R, which is mainly determined by the

behaviour of e(t) function in the range t/T«l.

The expressions for o(t) functions used to obtain numeri-

cal results in the frameworks of different models, are given in

the Appendix.
It follows fro» the results presented in Figs.2-5, that

the difference between the-behaviour of o(t)-t and o<t)~t is

expected to be email and poorly observable both for small T<3F

12



and large T>30F. The ranges optimal for studying the dependence

of the behaviour of the cross section o< t ) on the time scale t

are 3F<T<30F, and a <10mb.

q

2. Dependence of Nuclear Transparency on the Variables of

Virtual Photon and Fast Hadron

The dependence of т and о on the kinematical variables of
2

virtual photon, Q and v, and of the fast hadron registered,

z=E. /v, has been discussed by different authors [1-9] . In
h

accordance with the modern concepts based on perturbative QCD,

for these dependence one can expect [2,4,5]:

2
т = zv/m (2)

С

where m is some characteristic mass, the value of which can be

defined from the experimental data available.

As noted, the experimental data available now are not

self-consistent and not able to define the value of the para-

2

meter m with sufficiently high accuracy. The results of out
С

analysis carried out on the basis of the expressions (l)-O) in

the frameworks of the quantum diffusion model o<t)~t, are pre-

sented in Figs.6-7. The SLAC data [44] are described satisfac-

torily when m
2
~(0.22-0.48 )SeV

2
, while to describe the EMC CERN

с

data [45], it is necessary to have the value of

m
2
=( 0.1-0.31 )GeV

2
 (see Fig.8). Hence, it follows from the expe-

c
 • 2

rimental data available, that the value of m is within

2 2 2
 C

0.2GeV £m £0.36eV .
c
 2

In the frameworks of the colour dipole model c<t)~t , the
agreement of the SLAC and EMC CERN data is better, but the

13



2
"range of consistency" over the variable m is shifted towards

higher values of m
2
, 0.3GeV

2
Sm

2
<0.5GeV

2
 (see Fig.8).

с с
So, estimation of the value of m allows us to find the

,
 c

kinematical region of Q and v favourable for investigation of

the behaviour of the cross section e<t) vs. the time variable

t. Fig.9 shows the nuclear transparency for Cu nuclei to
2 2 2rr-meson 1 ept opr oduct ion as a function of m and m /Q . As
с с

follows from Fig.9a, high sensitivity of R to the value of
2 2 2 2
m /Q occurs when m /0 £0.5, and the difference between the mo-
c с

dels oi t )»t and e<t)~t is maximal within 0.05<x <0.3 and
2 2

0.05<m /Q <0.5. With account of the estimate of the variable

2 2 2 2
m , 0.2GeV <m <O.5GeV , one can find the favourable range for
C C

 2 2 2

the virtual photon variables, lGeV <Q <4GeV and 6GeV<v<lOGeV,

to determine the behaviour of the cross section o<t) vs. the

time variable t.
2 2

As it follows from Fig.10, for О /m £(10-20) the value of
с

nuclear transparency R is practically independent of the value

2 2 2 2

of 0 /m , while for Q /m <10 the expected dependence of R on

2 2°
 C

Q /m is experimentally observable. On the other hand, the
C
 2 2

range of Q /m <1O is also interesting for the fact, that in
- с

this range there takes place a transition from the Glauber

value for the nuclear transparency to the characteristic maxi-

mum value for R at the given photon energy v. However, within
2 2

the range 0 /m <10 the non-perturbative OCD effects may be of
с

importance (power corrections, such as higher twist and such
2 2

things [51,52], which at Q /m =10, may reach ~10* and increase
2
 c

with decreasing 0 ), and about which it is hard to do any theo-

retical predictions, that is why the experimental investigation
2

of the dependence of R on О in this range is of particular
interest.

14



Conclusion

The main results obtained in this work are formulated as

follows:

- The possibility of experimental investigation of the law

of a quark's (a quark-gluon system's) evolution into a hadron

depending on the time/space variable is shown;

- The favourable range for investigation of the behaviour

of the cross section o{ t) vs. t, i.e. 3F^T<30F and a £lOmb in
q

case of fragmentation to meson, is determined;
2 2

- It is shown, that when Q /m >( 10-20), the nuclear trans-

parency R is practically independent of the value of т - the

quark hadronization time;

- For the "range of consistency" of the SLAC [44] and EMC
2 2 2

CERN data [45] it is obtained 0.2Gev" <m <0.3Gev" for the model
o<t)~t, and 0.3QeV

2
<m

2
S0.56eV

2
 for the model o<t)~t

2
;

c
 2

- It is shown that by the virtual photon variables Q and
2 2 2

v in the ranges lGeV <Q <4GeV and 6GeV<v<lOGeV the difference
2

between the models o( t )~t and ai t )~t is maximal.

Thus, it follows from the results presented in this work,

that the hypothesis about a passive role of the nucleus in the

fast hadron formation process is not to be ignored yet.

In conclusion the author would like to express his grati-

tude to A.Ts.Amatuni, H.H.Vartapetyan and S.H.Matinyan for sup-

port and collaboration, to K.A. van Bibber for interest and

helpful discussions, and to A.O.Gasparyan, H.R.Gulkanyan and

H.G.Mkrtchyan for discussions of the results obtained in this

work.
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APPENDIX

Let us consider a spherically symmetric nucleus with isot-

ropic and homogeneous distribution of nuclear matter

pi r )=pJK r -r), having radius г, ((4п/3)г
ж
р =A). For this model

О А А А О

of nucleus in the Glauber approximation [49], i.e. in the case

when in the interaction point the virtual photon produces a

fast hadron h (in this case т=0), the cross section of interac-

tion of which with the nucleons in nucleus is equal to a., for

n

V V

the value of nuclear transparency R=o(y A->hX)/Ao<y N-»hX) we

have:
R = R<?) = %f (I" % [l-(l+?)exp(-?)]} (A.I)

•""' 2 1/3
where Z="2r OAT. =(3/2)( Aa. /mv )~A a. . The limit values of the

А О h h A h

function R(() plotted in Fig.11 are obvious: R(O)=1 and
v 1/3

R(?)«3/2?=Jzr*/Aa
h
~l/A cr

h
, if ?-мо. The expression (A.I) shows

that the only parameter characterizing the yield of hadrons h

1/3
from nucleus A is the value of £~A a.. Hence, the experiments

with registration of the same hadron h on different nuclei A

and A , or with registration of different hadrons h and h on

the same nucleus A are completely identical from the point of
•s' ' 1 /3 1 /3

view of the analysis of the model considered at o\_A. =or. A
h i h

Let us pass to considering the case when т>0 and a <a..

q h

For this we shall start considering the case when the law of

changing of the cross section from a to or. on the time/dis-

q h

tance variable t looks like a stair -

a
l

( t )
 " - ^ q *

0 + (or
h"

Of
q

)
 **"

т
> •

 ( A
-

2 )

The starting point for the time is considered the moment of

interaction of у with nuclear matter, though, actually, this

16



is not a point, as mentioned in the Introduction, but some

space-time region having dimensions of the order of т , but at
2
 p

high values of Q its dimensions are much less than т%г_»г .
F p

In the frameworks of such

nuclear transparency R we have:

model, for the value of

R = R.C?:

a

( А . З )

[ 1 - -«0?

С«/3?Г

where, as in (A.I), *
d
A

= 2 r
A
 i s

 diameter of the

nucleus), <x=o /o and /9=T/d . The limit values for R (?;a,ft)

are the following:

(A.4a)

R^^^.O) = R(?)

R j ( ? J O . l ) = 1

= R(?) - does not depend on ft

R (f ;a,0) = R(?) - does not depend on a

(A.4b)

(A.4c)

(A.4d)

(A.4e)

(A.4f)

The dependence of R for the Cu nucleus on т at different

values of ? and a (a=0 and a=0.2) is shown in Fig.12, where the

results of Monte-Carlo simulation are also given on the basis

of the expression (1) and for the Wood-Saxon nuclear density

17



distribution ff, r )=p_/( l+exp( ( r-r )/a )), where a=0.54 and

r=(0.978+0.0206A )A [2]. For example, for the Cu nuc-

-3 eff

leus (r =4.24F and p =0.17F ) at ?
 fr
=2.3 (when r =5.15F and

p =0.11F ) the results of calculation by (A.3) practically for

all values of с do not sufficiently differ from the results of
q

the Monte-Carlo simulation by the Wood-Saxon nuclear density

distribution obtained on the basis of the expression (1).

In numerical calculations carried out in the frameworks of

2

the models «K t )~t and o< t )~t , there were correspondingly used

the following expressions:

° 2
( t ) =

 <V(°'
n
-

O
q

)exp(
'"

t/
~

)
' (A.5a)

°3
( t ) =

 °V
(
 %'%

)exp(
 ~

t2
 '* ' (A.5b)

The following expressions were considered in Ref.[5]:

(A.6a)

(A.6b)

which correspond to a (t ) and a_(t), respectively, at t/T«l and

t»r.

The option a It) and also oA t ) at t«r correspond to the

4 2

predictions of perturbative QCD and they have ~t-like behaviour
2

at t«x. The option о (t ) and also с (t) at t«r have ~t -like

behaviour in correspondence with the predictions of the colour

dipole model. The dependences a (t) and a (t) differ from a (t)

2 3 4

and a (t ) in the region t~T only, where in contrast with ai t )

and a (t), they provide a smooth transition of the cross sec-

tion from the t«r region (perturbative QCD range) to t^T region

(non-perturbc i QCO range).

18



The case analogous to ? (t) is also considered in the

literature, but with an exponentially distributed quark-to-

hadron transition point P . (t )=exp(-t/т )/т [53]. It is not

q->h

difficult to notice that such a model is completely equivalent

to the one with the following a At) dependence:

о

V < у q X l+Tpoaq )exp( P ( )t< oh-aT ))
V° «%*)) '

where a =a +1/тр. The peculiarity and distinction of such a

dependence is that it contains nuclear characteristics, namely,

nucleus density р
л
. The dependence of о At) on the time
о 6

variable t has the following unexpected behaviour in the limit

t-»oo, that is:

0"
6
(t) -> <7

h
 if 0< т < т

с
 , (A.8a)

a At) •* a = a + l/p
n
r < a. if т > т , (A.8b)

6 T q О h С

where т =l/p(o-o ). However, at t/T«l the expression for
С О n q

a At) has an asymptotics
О

о.-о

о At) * о + ——- t (А.9)
6 q т

and is consistent with the expressions for о At) and о At) at

2 4

t/т « 1.

In our notations, in case of a At) dependence, for the

о
nuclear transparency R we have [53]:

R - RjZ.a.ft) 1-(
 x
-a)ft

 < А Л 0 )

and if l-( l-a)(% =0, we have

(A.U)

19



where R'(? )=dR(? )/d?=( 3/? )[( 1-е"* )/?-R(? )] and R'(0)= -3/8.

The expressions (A.10) and (A.ll) are always positive, be-

cause the values of R( f ) are monotonously decreasing functions

of £. The limit values for R (?;a,/?) are the following:
О

R.(?!0.0) = R(?) (A.12b)
О

R.(?;o,oo) = l (A.12c)
О

RX^il.ft) = R(?) - does not depend on ft (A.12d)
О

R.(?;a»0) = R(?) - does not depend on a (A.12e)
о

R.(?;a,«>) = R(oi?) . (A.12f)
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Figure Captions

Fig.l The interaction mechanism of photon with quark of the

nucleon of nucleus in the rest frame of nucleus (a), and

in the Breit frame (b).

Fig.2 Dependence of nuclear transparency R on atomic number A

at T=5F (a), T=10F (b), т-ко (с). Curves: 1 - 9 =0;

q
2 - 9 = 2 m b ; 3 - 9 = 5 m b ; 4 - 9 = 1 0 m b ; 5 - 9 = 9 = 2 0 m b .

q q q q h

Solid curves are the model o<t )-t, dashed curves are

9(t)-t
2
.

Fig.3 Dependence of nuclear transparency R on atomic number A

at 9 =0 (a), 9 =2mb (b). 9 =5mb (c). Curves: 1 - т=0;
q q я

2 - T=1F; 3 - T=3F (a and b) and T=5F ( C ) ; 4 - T=5F

(a,b) and т-ко (с); 5 - т-мо (a,b). Soli

model at t )»t, dashed curves are o( t )~t'

(a,b) and т-ко (с); 5 - т-мо (a,b). Solid curves are the

.2

27

Fig.4 Dependence of nuclear transparency R on T ( F ) for Al

(a), Cu (b) and Pb (c) nuclei. Curves:

1 - 9 =ov=2Omb; 2 - 9 =10mb; 3 - 9 =5mb; 4 - a =0 (a,b)

q n q q q
and 9 =lmb (c); 5 - a =0 (c). Solid curves are the model

q q
 2

o( t )-t» dashed curves are o< t )«*t .

Fig.5 Dependence of R on a (mb) for
 2 7
A1 (a).

 A 4
Cu (b) and

2 0 7
Pb (c) nuclei. Curves: l - т=0; 2 - T=lF; 3 - T=3F;

4 - T=10F; 5 - T=100F. Solid curves are the model
2

o< t )~t, dashed curves are c< t )~t .

Fig.6 Dependence of nuclear transparency R on photon energy

*46eV) for the Cu nucleus. Experimental points:

A'- SLAC [44]; • - EMC CERN [45]. Curves are calculated

for the model o ( t H (z=l) with two values of the para-

meter m^=O.2GeV
2
 (curves: l - Q

2
=lGeV/

2
; 2 - Q

2
=lO6eV

2
;

3 - 0
2
-м») and m

2
=0.36eV

2
 (curves: 4 - Q

2
=IBeV

2
;

2 2

5 - 0 =106eW ).
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Fig.7 Dependence of R on z for the model c<t)~t. a - the SLAC
о «•> Ж.А 118

data [44] for the Be, C, Cu and Sn nuclei. Curves

are calculated at mean values of v=10GeV and О =

(curve 1 - m
2
=0.2GeV

2
, 2 - m

2
=0.3SeV

2
);

C C
 64

b - the EMC CERN data [45] for the Cu nucleus with

different mean values of photon energy v=35Gev (a),

*>=6OGeV (b), v=145GeV (c). Curves are calculated at the

corresponding values of photon energy v and at Q =10GeV

(curve 1 - m
2
=0.1GeV

2
, 2 - m

2
=0.2GeV

2
);

С С

12 A4- 118

с - the EMC CERN points [45] for the C. Cu and Sn

nuclei at p=60GeV. Curves: v=60GeU, О =15GeV and

m
2
=O.2GeV

2
.

Fig.8 Within the range of 0.22GeU2Sm2£0.31GeV2 in the frame-
C 2 2 2

works of the model «Kt)-t and 0.31GeV <m <0.54GeV in
2 c

the frameworks of the model o(t)~t the experimental

data obtained in SLAC [44] and EMC CERN [45] can be

self-consistently described on the basis of the

expressions (l)-(3). Curves: 1 - y=10Gev, Q2=lGeV2;

2 - i>=100GeV, 02=10GeV2. Solid curves 1 and 2 are the
2

model o(t)~t; dashed curves are the model o< t )~t .
Fig.9 Dependence of nuclear transparency R of Cu nucleus on

2/Q 2

с (

г°-
5 = 1 .

a):

OS;

on

Curves:

4 - x =0.1;
О

l - x =o.ooi;
В5 - x =0.2;

8

curves:

6 -

(1-4

x
B
=o.oi;

x
B
=0.3;

) - <7 =0
Q

- zv=100GeV,

5 - a =2mb and zv=lO6eV; (6-8) - a =5mb

(6 - zv=lOGeV, 7 - zv=3GeV and 8 - zv=16eV), on m /0
С

(c)s curves: i - т=о; 2 - T=1F; 3 - T=3F; 4 - T=10F;

5 - T=1OOF. Solid curves are the model o(t)»t, dashed

2
curves are o( t )~t .
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Fig.10 Dependence of nuclear transparency R for the Al (a),

6 4
Cu (b) and

 2 0 7
Pb (c) nuclei on the variable 0

2
/»

2
.

Curves: 1 - T=0i 2 - T=1F; 3 - T=3F; 4 - T=10F;

5 - T=100F. Solid curves are the model <Kt)-t, dashed

curves are o( t )-t .

Fig.11 The functions R(() (curve 1) and |R'(?)| (curve 2).

Dashed curve shows the dependence 3/2?.

Fig.12 Dependence of R on T( F ) for the Cu nucleus obtained on

the basis of the expression ( A . 3 ) ( a - < 7 = 0 , b - a =4ab)

Я 4
and (A. 10) (c - a =0, d - а =4mb) at different values of

q q

f. Curves: 1 - f=0.5; 2 - f=l; 3 - ?=2; 4 - ?=3;

5 - (=4; 6 - (=5. Dashed curves - calculations with the

Uood-Saxon nuclear density.
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