


1. Introduction

Nuclei supply us with an unique possibility of verifying‘of
our ideas -about- the space-time pattern of strong interactions at
high energies and properties of hadronic matter at the early
stages  of the scattering process. Apart from hadronic
interactions: where experimentators can observe only final products
of the reaction at asymptotic distances, nuclei posess to make an
unformed hadronic object to rescatter once more after its creation
in a distance of about a few Fm. The most popular ideas examined
in the particle-nucleus interactions are the concept of a final
time of hadron formation, and recently the pheéenomenon 6f colour
transparency, which is one of the most salient QCD predictions.
The former was formulated first in the framework of the old parton
model with short correlation in the rapidity scale. The formation
length was considered to be rising proportionally:' to a- hadron
momentum. Later however, it has been shown/l/ that in the string
model and other QCD induced approaches the formatioh length does
not rise, but tends to ‘zero towards kinematic boundary. This
effect gave rice to the nuclear shadowing in hadro-production of
J/W/z/ and hlgh-p production ' of symmetric hadron pairs on
nuclel/s/. Analogous effects of enhanced nuclear shadowing near
the edge of kinematical region should be observed also in soft’
reactions. The effects of nuclear colour transparency being in
fact the widely known inelastic shadowing, make the nuclei as a
rule more transparent in soft reactions . also but not so
considerably as in hard scattering.

" In second and third sections: of present paper Qe describe the
eigen-state method of computation. of:inelastic:corrections to the
eikonal approximation and its realisation in = an approach
accounting for the colour dynamics of strong interaction. In the
latter case we propose a novel variant of parameteriiation of the
dependence of hadron interaction cross section on the relative
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quark impact parameter, which nicely fits the experimental data on
total hadron-nucleus cross sections. The concept of formation time
is considered in section 4. It is found out that the result
strictly depends on the topology of graphs in consideration. Even
in the case of diffraction scattering where all valence gquarks are
spectators, the nuclear shadowing looks 1like:. that as 1if a
formation length would exist also. Section § contains some
critique of the usage.of the AGK cutting rules for:determination
of the weights of contribution of the manyparton components. of the
hadronic wave function to the inclusive production.cross section.
It is found preferable to suppose a target-independence of parton
momentum - distribution.. Section 6 is devoted . to: numerical
calculation of cross sections and to comparison with experimental

data.

2. Inelastic corrections to, the eikonal approximation -

f

The ~ basis for. description. of the high: energy nuclear
interactions . is the Glauber-Sitenko approach/4'5/(GSA), which
corresponds to the eilkonal approximation. At high energies
Gribov’s inelastic shadowing/s/ corresponding to inelastic
rescatterings (IS) shown . in diag.la, becomes important. The
estimation of IS8 for heavy nuclei has been given in ref./7/. The
cross section: ofi_ is well described by diagr.la. due to the
smallness of .inelastic corrections. However, with the increasing
of the experimental ' data precision -and improving of: the
calculation  technique we are faced with the . necessity of
consideration of higher order inelastic corrections as. ones,
represented on diag. 1b. The same problem takes, place in the case
of some. specific nuclear reactions, in -which- IS become of the
order of hundred percents. - K

In ,paper/a/ ‘the so-called eigenstate method/g/ ' for
calculation .of the ‘inelastic corrections .in the ‘case of hadron
‘nucleus reactions has been developed and successfully used.

‘Let us remind the main idea. of: this:'method: Choosing: an
appropriate basis for interaction eigenstates |k>

‘ /f\ |k> = fk |k> y v b " « N (1)
where '% ahd fk are scattering—ampiitdde operator and its

eigenvalues, the physical state |h> is given by
2 .

= h ) . ‘
‘.‘|h> =y c k>, a0 (2)
where the coefficients C: cbey the following conditions
g * - h, * - ’ e
z C: (_Ch) ) shg ’ z C: (Cl) - slk ‘
k ’ k

Let us consider, for example, the case of hadron nucleus
inelastic rescattering. at sufficiently high :energy (E »>> R'nf).
In this case during the time when interaction takes ;aage,
different hadron wave-function eigenstates are not mixed, i.e.
hadron fluctuations are "frozen". Then the ‘eigenstate | k>
amplitude may be calculated in GSA. Thus,the elastic amplitude at
impact parameter b has the follow1ng form

f::(b) =1 - <exp[-f T(b)]> , (3)

where T(b) is the nuclear profile function

[+ <]
. T(b) = A I 5(b,z) dz (4)
- ’
. (b-b’) *
p(b,z) = —|d° b’ p,(b’,2) exp{-—— } ., (5)
2nB 28

Here P, (r) is the nuclear matter-density (for point like nucleons)
further used in the Wood-Saxon form/lo/ In (2) B is the slope of
the diffraction cone of the hN scattering. The distinction between
(1) and GSA is that in the first case the whole exponent1a1 is
averaged. The difference ’

A‘n = <exp[-fkT(b)]> - exp[—<fk>T(b)]

gives Jjust the inelastic corrections to the GSA. This is
equivalent to the counting of all possible intermediate states in
the hadron basis’?/ . The price, however, is that our calculations
become model-dependent, because a change of the scattering
amplitude eigenstates and eigehvalue spectrum leads to a change in
the final result. The positive moment here .is the possibility of
probing different models.

There 1s a w1despread confusion with identifying P, (r) with

the charge dlstrlbutlon p (r), ‘which incorporates the finite
charge rad1us of the nucleon H )
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fig. 1. Graphs corresponding to the inelastic corrections.
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fig. 2. The total cross sections of gq pair interaction with a
nucleon as a function of p2 - the interquark relative
impacé parameter squared. The doted and the solid curve
correspond to parametrizations (9) and (11) respectively.
The dashed curve corresponds to the two-gluon exchange

approximation.
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fig. 3. Contributions to the meson-nucleon ela: : .
amplitude (pomeron exchange in two-gluon approximation)
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po(r) = [ & p(x) [, (x-r)1, (6)

The usage of pm(r) is much more convenient, as the Nuclear Data
Tables/lo/ cite parameters namely for pm(r). Then one should make
a correction for the charge radius of the proton and neutron in
further calculation of T(b) using equation (1)/11/:

1

. 2 2 S
B— B ——;—- ( <Rch> + <R > ) . (7)

Renormalization (7) corresponds to a Gaussian form factor of the
nucleons, being a rather good approximation for our purposes.

So, using optical theorem and (1) we get for .the total
hadron-nucleus cross section
o =2 I a’b <1 - exp[ —,—;— o T(b)]> -(8)

tot to

We would like to emphasize that in (8) the inelastic corrections
are included.

3.Colour screening effects

One of the most expressive consequences of the colour dynamics
of hadronic interactions is the cross section vanishing for point-
like hadron fluctuations. The hadrons which are éolourless systems
can interact only because the colour is distributed inside them.
If- the hadron transverse size p tends to =zero,. then the
interaction cross section decreases as pz. This fundamental QCD
consequence has been experimentally investigated in the quasi-free
charge exchange reaction m A — n°X at 40 GeV and in the pA.-— ppX
quasielastic rescattering in energy region 6 -~ 13 GeV. The above
processes at large Q2 are suitable  for this purpose because - of
the singling out ,small transverse-size hadron fluctuations thus
ensuring the cross section behaviour o(p) -_ pz. The physiqal
parameter determining the.-size of the region where .o(p) _ p2
depends on.the concrete dynamics. .

Let us consider several alternatives (depicted in fig.2):

1. The interaction cross section o,(p) of the qq- pair with. a
nucleon depends in a simplest way on the relative impact distance

P 5



2

. P

a(p) = —5 o - (9)
<>

We averaged over transverse size of the target nucleon. The

averaging over p is carried out with weight. factor |Wh(p)|2,
2 (p) being the hadron wave function. Note that o(p) is an
universal quantity. It does not depend on the sort of  the
investigated hadrons and on the  quark flavour. Moreover, we shall
use relation (9) for NN scattering too, assuming that in the
nucleon wave function predominates the component with a compact
diquark, which has the same colour as the antiquark. The
difference between otl and c?l is caused by the difference
" between <p2>N and <p2>".

Using (8) and (9) we can calculate the total hadron-nucleus
cross sections. As is shown on fig.3, this parameterization leads
to an overestimation of inelastic corrections, hence, to an
underestimation of the experimental data/lz/.

2.Though the calculation of the total cross sections in the
framework of the QCD perturbation theory is: not established at
all, it takes into account the colour-screening effects that
manifest itself in cancellation of the contributions of graphs on
fig.4a, 4b at p — 0. From these graphs with massless gluons o (p)

is obtained in the form

16na’ -
a(p) = ——;—1— [1+c-e7 + lny - (1+7)Ei(-7) . (10)
38°1n2

where 7y = B°p%/4: B = 3.2 fn"?

constant o is determined by the condition

™ _ 2,.2
T = (16/3)na-/A .

Neutron-nucleus total cross sections obtained with the help of (10)
are in a better agreement with the experimental data as is seen
from fig.3.

3. The QCD lattice calculations show, that the confinement

radius, i.e. the distance where a.(qz) = 1, is much smaller than
the light meson radius. This allows one to assume that the colour
field in the hadrons is located in tubes with a transverse size
of about 0.1 - 0.3 Fm, i.e. much smaller than the longitudinal
one/la/. The valence quarks or diquarks are placed at the end-
points of these tubes. In the case of inelastic,scattering the
interacting-hadron tubes intersect in the impact-parameter plane.

6

and C is Euler constant. The
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After interaction the tubes are restored, now connecting the
target and beam quarks. From topology-classification point of view
this corresponds to a cylinder-type graph, i.e. pomeron. The
probability for the. tube crossing is proportional to the tube’s
length, o(p) « p, when p >> PP, being the transverse pube-size.
When p < p_, another relation takes place : o(p) « pz. Thus, it is
natural to choose the following parameterization for o(p)

o’ . p<op,
a(p) = (11)
cop P> op,

hN
. tot
provides a satisfactory description of the

Here parameter c is obtained from the condition <U(p)>h =0 and
parameter P,
experimental data . It is natural to assume that P, has the same
value for all hadrons. The result of calculation of o':':t with p=
0.1 Fm is represented on fig.3. This version of o(p)
parameterization gives the best description of the experimental
data, which is not surprising because of the presence of a free
parameter. The 'value of p 1is in a good agreement with the
theoretical expectation/13/i Note that the hiéh accuracy in
description of experimental data on total hadron-nucleus cross
sections is required because inelastic shadowing appear as a
correction to a small exponential term as compared with unity in
expression (8). For the processes subject of our further
considerations this exponential enters the cross section as a
general factor.

4. Formation length and colour string interactions

in the nucleus

It is now well established from theoretical and experimental
studies of hadron-nucleus collisions at high energies that hadrons
are not produced at the moment of collision but only after some
"formation" time. Let a quark with a momentum k is produced inside
a nucleus at a point z (for example, in a 1eptoh—nuc1eus deep
inélastic scattering). It then propagates accompanied by a
satellite diquark or antiquark, compensating its colour. The
string stretched between them is successively broken by q&— pairs
tunneling from vacuum. This is the mechanism of quark

7 .
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fig. 4. nA-interaction total cross section obtained with
- .a) parametrization (9):
b) the two gluon exchange approximation:
c) parametrization (11).
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fig. 5. The x-dependence of the formation lengths: straight lines
correspond to expressions (14) and (13) respectively, the
curve . corresponds to the constituent formation length of
the LUND model from ref. (16). i
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hadronization/14/. In the laboratory frame light fragments of the
string are chipped off the leading heavy string in accordance with
the chronology typical for the multiperipheral models: the higher
is the particle momentum, the later it is created. The leading
particle, carrying a considerable part x of the initial quark
momentum, is produced -last. Nevertheless, its formation zone
decreases with the particle momentum and tends to zero towards
x=1. This is a trivial consequence of the momentum conservation
low. The lgading hadron carrying the largest part of the initial
quark momentum, should include just this quark. The latter has
been continuously slowed down with a constant force independently
on whether the string has been broken or interacted inside the
nucleus ' .

k=-«x , (12)
where k is the string tension. The typical loss of energy 1 Fm
is of about 1 GeV. The momentum of the gquark placed at the fast
end of the string at the moment of the latest string -breaking
determines the momentum of the leading hadron. It follows from
(12) that the momentum of leading hadron is

xk = k - xlf,
where lf’is the distance between the point of the incoming quark
creation (interaction point) and the point of the latest breaking
of the string. It has a meaning of a formation length of the
leading hadron and is connected with quantities x and k by the

relation/l’ls/

k
lg =7 (1 - x). (13)
Note that formation length of nonleading particles at small
values of x does not decrease but grows up with the increasing of
X :

1. = 2xk/k . (14)

As the region of small x is affected considerably by cascading
processes inside a nucleus,we shall restrict ourselves in what fol:
by the production of leading hadrons. Both expressions (13) and
(14) join at x = 1/3 as is shown on fig.S5.

These estimations are close to the results of more detailed
calculations with LUND model/16/(see fig.5). The latter gives one-
to-one correspondence between the breaking points of the string
and the momenta of final hadrons.

9



Now let us consider the colour - string passing the nuclear
matter before the hadron has been produced. It is natural to
assume, that the string, which has a length in the laboratory
frame of the order or shorter than the target nucleon size,
interacts at high energies 1like an ordinary hadron. This means,
that after the 4
(corresponding to the cylindric pomeron in the dual topological
model)
bound nucleon, its slow end is thrown over to the rest diquark and

string interaction two triplet strings

are formed. After the interaction of the string with a

the'scenario is repeated from the very beginning, but the input
momentum of the quark being smaller than the initial one:

k! =k -«xk{(z"-2), ‘ (15)

where 2" 1is the quark interaction point. So two new strings
appear, as if a  guark of momentum k’ has been produced just in
this point. The production of a hadron with momentum xk then
corresponds to a new momentum fraction x’
k :
X=X ——— . » (16)
k - (z" - z) '

Though the nuclear medium does not change the formation length, it
can influence the probability for production of a hadron with
momentum - XK. Nuclear matter distorts the effective probability

(fragmentation function ) of a hadron formatlon, which takes the
form /17/

zl
e“(x b) = D(x) exp { -0, J dzl p(b,zl)} +
z

z’ - z’ (17)
+ o, J dz" p(b,z") D( x’) exp { -0 J dz1 p(b,zl)}
s ’
4 ’ P

where x’ is given by ;16), z’ is the hadron formation point, o, is
the cross section of inelastic interaction of the string with a
nucleon. First term in (17) corresponds to the absence of string
within the z<z"<z’. The
corresponds to the situation where the last string interaction
at the
interactions before

rescatterings interval second term

takes place point 2" with an arbitrary number of

it and no interaction in the

10

subsequent

interval z’~ 2z". It should be emphasized, that expression (17)
takes into account all possible interactiens.of the string or the
hadrons with the nuclear matter‘before‘produption of the hadron
with given momentum xk. ; ) -

As has been shown in ref./17/, the phenomenological treatment
of the

universal parameter/ls/ is not. correct. This cross section would

effective cross section of quark attenuation as an

depend on a mass number of a target nucleus, an energy and a
string tension. Expression (17) provides a correct inclusion of
the quark attenuation into nucleus interaction considerations.

5. Leading particle creation in hadron-nucleus interactions

Leading particle creation in the hadronie intefactions is a
result of the fragmentation of the quarks carrying a considerable
part of the incoming-hadron momentum. The fragmentatien starts as a
consequence of .the incident-hadron interaction with one of the
nuclear nucleons  and interaction’s

essentially depends _on

mechanism. Bellow, different possibilities are considered.

5.1 Cylinder-type diagram contribution

In result of a beam (for example meson) interaction with a
nucleon, the projectlle valence quarks form two strings together
with quarks of the target nucleon. After that, strings fragmentate
into hadrons, as is shown on fig.6. At large X, values, 1-xF<< 1,
this diagram corresponds to the RRP graph in regge phenomenoclogy.

‘The cross section of a hadron creation with a momentum“xrp is
given by -
1
dg' PN X) - I dx

dx’_ = Uln

x: F, (%) D(x/x), Yy  (18)
, .

where F(xv) is the beam - hadron structure function for the quark

-carrying relative momentum X, and D(xﬂhg) is the quark-to-hadron
'h fragmentation function. The cross section of the two strings

formation is equal to the inelastic hN interaction cross section.

In the case of nuclear target the fragmentation function D(z)
is modified according to (17). As a result, for the ' hadron-
nucleus cross section we get

11
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is the probablllty of no 1nteractlon of the incident hadron tlll

fig. 7. The planar-type diagram corresponding to the triple regge
} : the first 1nteractlon at the point z. In expression’ (20) the

graph RRR. N - :
" P . : nuclear colour transparency, i.e. inelastic shadowing, is taken
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@ N
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Here we”suppose, that the beam and the f1na1 hadron transverse‘

sizes ‘are rnot’ correlated and the averaglng over them can be

fig. 8. The planar-type diagram corresponding to the real part of : performed 1ndependent1y. This assumptlon is justlfled by the fact
" the scattering amplitude. ' that’ before the leadlng - hadron formatlon, qaq - pa1rs are created
g ) frém the vacuum w1th d1fferent 1mpact - parameters w1th1n the

'h transverse strlng s1ze and the 1nformatlon about the hadron 51ze
2 is lost. By thlS reason (fluctuatlons of the distance between the
‘k quarks at the strlng end - points in the 1mpact-parameter plane)
' the probability of no interaction of_the string can be estimated

as follows, '
2

z
ws(zl,zz,b) = exp {-o;J dz3 p(b,za)} . . (22}
z .

fig., 9. The triple regge graph PPP corresponding to the '?' 1

. R Here o is the effective inelastic string-interaction cross
diffraction. s )

% section, which is of the same order as the hadron one. In what
! follows, we fix o = o™ .
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5.2. Planar-type diagrams

i Planar diagrém, which correspond to RRR graph in triple regge
limit x. =1, is showﬁ on fig.7. In this case, the initial hadron
antiquark is slowed down and annihilates with a target quark. The
string then formed takes whole incident eﬁergy. The cross section
of this process is proportional to the»fragﬁentation function and
does not essentially depend on the initial-hadron transverse size.

So the contribution of the planar graph to the inclusive cross

section is given by

do'P A x) '
3§: J sz p(b, z) [D(xr)whf-m,z ,b)wl(z,z+1r,b)*

Z+
1!‘

wh (Z+1rlm'b) + o's sz” p(b,z") D(x’) wh (~©,z ,b)* (23)
2 . . 1 .
z

W;(z",z+lr,h) W;z(z+1r,m,b)]

Note, that in the reactions pN — pX or pN — Ak instead of
planar diagram, one shown- in fig.s8 is present. It. corresponds to
the real part of the reggeon contribution ( the same contribution
occurs for the diagram on £fig.8). The quark fragmentation
function is then D(z)?a(z—l) and the cross section is proportional
to the incoming-hadron structure function. It is interesting to
note, that in this case the hadron structure function is deformed
by the nuclear medium in the same way as the quark.fragmentaﬁion
function (section 3). Indeed,'before the interaction takes place
at the point z the incoming hadron could interaét inelastically at
some point z?’. Its structure function in this case should has been
harder since the 1leading diquark has been slowed down during
passing the distance z-z’. The cross section is defined by the
same expression (23), with D(x) substituted by F(x). The value of
z’ varies from z to z + lr' where 1r = gﬂ(l-x) ( Po is incoming

hadron momentum). However, 1  has no more. the meaning of a

f
formation length, though formally the expression remains the same.
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5.3 Diffraction contribution

In the case of -h=h, diffraction -gives an essential
contribution to" the ‘process cross section. Let us consider the
diagram in fig.9, which corresponds to the triple-regge'graph PPP.
In this case, string formation and fragmentation*are connected
with presence of at least one  sea qq - pair or gluon in the
inéoming hadron‘s wave function. The valence quarks are now in an
octet colour state and should be transformed into a cplor‘singlet
state in the result of interaction at a point z, This transition
is suppressed by a f;ctor 1/8, which explains the-smallness of
diffraction’s contribution. V :

In the case under consideration the formation time is zero,
because all the valence guarks are spectators. Nevertheless, as in
the previous case, the incoming hadron can interact inelastically
at a point z before the interaction at the: point Z. As a result,
the valence quarks start losing their energy. So a’ share  of
incident momentum carrying by the valence quarks’should be higher
( or, equivalently, the gluon structure function must be softer)
in order to compensate these losses. However, 'in-this case the
gluon structure-function softening does not lead to;decreasing of
the 'cross section - if. z=-z,51 .. Therefore ‘the ’ d}ffractidn
contribution to the cross section has the following form-

o«

dog'h A% 2 ' R
& ! = A J-db sz p(b,z) whl(z,~z+1r D)) (24)
N . ‘ , _ :
L

where
z

2 4 ' .
Whl(zlz+1r:b)=Jd Pl*hl(P)l U(p)exp{—a(p)[ JdZ‘P(b:ZI)+
[+ ]

J dzlp(b,zl)]} )

z+1
f
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6. Deformation of the projectile wave function

by interaction with a target

"We have derived expression-(18) under:the assumption  that:the
incoming ‘hadron:interaction doesn’t change the parton’s momentum

distribution-in-the hadron. ‘However, the interaction cross section-

may  depéend on:the:parton momenta, so ‘this assumption:may not be.

true. Therefore,-we have to. use-.an:effective :structure: function.
?(x;ﬁ'affectedvby'the interaction’ with the target‘instead ova(xéyh
(in. expression (18)). Thus, in:the'expansion .of. . the hadron wave.

function*:éver. -Fock states:. with "different numbers. of . sea: qg -~
pairs, »different’ components: have essentially 'different quark’s

momentum distributions. The contribution .of: these  components - to-:

the  total cross section corresponds:  to ;graphs' with different
number of:cut’pomerons in-‘the regge:phenomenology. =" ..

- The weights- A of: this graphs in" the total -inelastic -cross-

section' can be . estlmated in the quasieikonal" approx1matlon/18f19/:

In fact-this approximation.is: ungrounded-for:»nz=3;, but these terms-

are'inessential at-moderate:.energies. Besides: quasieikonal nicely.
fit- data on “multiplicity dlstrlbutlon/lg/ “'The, valués:of.on“are
formed by thé. weight -of--the corresponding .Fock ‘component: of the.

hadron.wave function ‘which is target independent;,.and. by ‘the' cross-

section ‘of -the ‘interaction:of this component with -the target. As’
the hadron '-:fluctuation interaction’ cross section.:is.determined
mainly by its transverse size, then' the different Fock’'s
components with close sizes,. must have qlose‘crpss'sectidns. For
simplicity, let us suppose their equality. As a result, we are led
to the conclusion that the effective structure function

©

F(x) = ) o F(x) ‘ : (25)
.. n=1’ . Lo P . . .

is nearly target independent. Note that this conclusion crudely
violates the AGK cutting rules/zo/ used in paper/zl/ for
determination of g . However, in the case of nuclear target this
procedure leads to an obvious puzzle: the mean number of cut
pemerons grows with increasing of an atomic number. On the other

-hand the high-n Fock’s components of the projectile hadron wave

function should be strongly suppressed, and their tiny weights
cannot be compensated by the interaction probability, which is
under unity. It can be argued that the AGK rules .does not work in

16
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1 : .
QCD”. Therefore, in what follows the same weights ¢ are used for
. n
both nuclear and nucleon targets. -

7. The results of calculations and combarisbn with
experimental data '

To calculate the cross sections for the secondary - particle
production, it is necessary to know the momentum dlstr1bution -of
projectile quarks and their fragmentation functions. We shall use
the structure and fragmentation functions obtained in framework of
the quark—gluon‘strihg model - (QGSM). This mpdel is based. on the
idea of QCD 1/N - expansion: in the framework of the dual
tcpological -unitarization scheme. In the QGSM structure. - and

fragmentation® . - functions are defined by ‘their regge

-behaviour’ 22/23/ in the limits.x = 0 and % = 1, ‘and by simple

interpolatlon formulae in the intermediate x-region. ' These

functions satisfy the momentum, vcharge,' barYon-number: and
strangeness conservation lows” 24/, The effectiﬁe - structure
functions fn(xv) for protons are given by : ‘

o -2 +1 ~O_+n-1
(n) R
=c™x® B o(1-x)

uu

L]
.
X

A

!

(26)
o _-20 -0 +n-1
= {n) R B R
Sud = Cua X (;—x) L

"
-
X
2

]

where o =a (0) and =« (0) are the intercepts of vthe‘ leading
reggeon and baryon trajectories respectively, which take the
values ango,s and o -(0,4 - 0,5). ! -

For the n' - meson and K+ - meson respectively we shall use
‘the following distributions o ‘ -

- -.a +n-1
F(xpm)=Fi(x ) = ¢™x "(1=x) " (27)

- +n-1 .
Fo(x,n) = C"'x “’(1-x) R (28)

with @, = 0. Coefficients C:"’

in (27), (28) are determined by the
normalization condition '

lrhis point is a subject of. a separate paper by B.G.Zacharov and

on of the authors (B.Z.K.). 17



[ F (x ,n)dx, =1 , : (29)

The weight coefficients o in expression (25) are calculated in

the qua51e1konal approx:.natlon/18 19/

The fragmentation functions of quarks and dlquarks into final

baryons are given /24 25/

o L 2(a o) A-aﬂ !

Qm(z) =a—— 2 (1-2) (1—9,482) (30)
» X 20a -a) ) A-an

.qm(z) =a—5— 2z . (1-2) (2,48-1,962) (31)

2(a -o ) A-a

A _ 1 R B ,._ P

Dud(z) = a7 2 (1-2) . $32)

S0 -0 ) A~ +1 )

A — 1 R B ,._ "]

Duu(z) = a——z (1-2) R ) (33)

where a = 2<pf>a;(0) =0.3 - 0.5.
The quark-into-meson fragmentation functions have the
following form :

+ A-a

D (2) ='ana;—(1-z) R(1+40.842z(1-2)-0.85z) (34)

° A-a
1

-0
D; (2) = a— 2 P(1-z)- ®(1-0.72)(6.8-5.22). (35)
Let us consider the leading-hadron production in hadron-nucleus

inelastic interactions.

7.1. Process hA =3 hX

, At high energies we can restrict ourselves by the scaling
contributions of the diagrams shown on figs.7,10.The relative
contributions of these two mechanisms at each. value of x have been
‘specified by an approximation of the hadron proton invariant
inclusive cross - section data using the parameterization from
ref{26/. The cross sections have been calculated with the help of
expressions (19) and (24) respectively. In the averaging over the
transverse hadron size parameterization (11) has been used for
o(p). The inelastic cross section o for string interaction with
the nucleus has been assumed to be equal to the inelastic cross

section of the initial hadron.
) 18
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fig. 10. Ratios of the differential cross sections R,= g%(pA—epx)/
g%(pp—»px) at 100 GeV. 'Solid curves represent our
predictions, the dashed curve - calculatioﬁs without
inelastic corrections, the doted curve -~ calculations with
a string tension constant k = 1 GeV/fm. :
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fig. 11. Ratlos of the differential cross sections R = a—(nA—»nX)/
a—(np—»nx) at 100 GeVv.
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Here we consider the string tension coefficient k as a free
parameter. Its value may be different from the static string one
(«k = 1 GeV/fm). This difference reflects the fact that the
coloured objects are slowed down not only by the string tension,
but also by the gluon bremsstrahlung after colour is exchange/aa/.
The latter leads to an effective increase in . The value of k has
been determined from the best description of the experimental
data. Thus, in all investigated processes the colour - string 22,00
tension coefficient is fixed at k = 3 GeV/fm. We note that this g?
value agrees with those obtained from.the data on large-p hadron
pair productlon/a/ and J/¥ hadroproductlon on nuclel/z/ 1.00

The results for the relative inclusive cross section ratio ’

4.00

3.00

-
<

REITTYYVYYYYISVINI

ISR WE NN ST TS TN

_do™, ao™ .
A =55 / 3% (36) 000

o727/ » 33 odsa¥s  ods

for processes p + A — p + Xand n + A -—>5 nn + X at 100 GeV are X5
represented 'in fig.10 and in fig.11 respectively, both showing a
good agreement with ~ the experimental data. Note that the
- decreasing of AﬂT(x) with the increasing of x is well reproduced,
just because. the leading. hadron formation length has been taken

o
t

fig. 12. Ratlo of the differential cross sections R‘— ——(pr—»Ax)/
(pCu—»px) ‘at 400 Gev.

into account. . N
7.2. Process pA — AX O
T ;;-
In this process there are no RRR- and PPP- type diagrams. The ‘eg
inclusive cross sections is entirely determined by the cylindric- o
N
' M

type diagram (RRP). The ratios Pb/Cu of the cross sections of

inclusive A - production at energy 400 cev/28/ is shown in fig.12. a

For x > 0,9 the theoretical curve sharply decreases in

disagreement with the experimental data. This is a surprising Ei

result as the same approach nicely fits the data on reaction paAspX a0

at 100 GeV having very similar dynamics. Below we discuss possible ~:

sources of disagreement, but anyway new experimental data at x > 12

0,9 both on nuclear énd hydrogen targets would be desired. , I T T T T
7.3. Process n+A — pX ° A

fig. 13" The inclusive cross section ratios a(nA—»pX)/

Both cylindric RRP, planar RRR diagrams are valuable for this |,
a(np—»pX) at 30 GeV for X, = 0.5

process. It is easy to estimate the contribution of each of them
from comparison of the experimental cross sections of the
processes n'p — pX and mp — pX. The latter cross section is

20 21




entirely determined by the cylinder-type diagram. Thus, the
contribution of the planar-type diagram is given by

The ratio A . for the process n+A -»> pX at an energy of 30
GeV/29/ (xf ; 0.5) as a function of the target nuclear mass number
A (Cc,Al,Cu,Sn and Pb) is shown on fig.13, together with the
theoretical predictions. The model calculations are in a good
agreement with the experimental data.

ok
7.4. Processes K+A — K°(K °)x

The scaling diagrams of the cylinder-type give the main
contribution/3o’31/ to the cross sections of these processes. The
cross section ratios have been calculated with the help of egqg.
(19). The results are presented on fig.14 in comparison with the
experimental data on inclusive creation of K°- and K'°- mesons at
11 Gev/32/. The ratios for K°- and K*°— mesons ( R(Cu/Be) ) and
for K*o— mesons (R(Pb/Be) ) are in a good' agreement with the
experimental data. ‘The reason for the relatively lower
experimental values of R(Pb/Be) for K’- mesons is still an open
question.

8. Discussions

In this paper we have developed an approach to the soft
hadron- nucleus interaétions, incorporating our understanding of
the QCD induced dynamics of strong interactions. We have made an
effort to take into account both the space-time pattern. of
particle production and inelastic corrections to the eikonal
approximation. The latter have been estimated in the QCD motivated
manner, taking into account the effects of the nuclear colour
transparency. Attenuation of quarks at an early stage of particle
production has also been included. We have described a bulk of
data on. particle production in the projectile fragmentation
region. The latter was choosen in order to enchance the effects of
formation time and to eliminate the influence of cascading in the
nucleus. The typical manifestation of QCD predicted behaviour of
formation length is the fall off of the nucleus to proton ratios

22
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fig. 14. Ratios of differential cross sections gg(K+A—aK°X)/
do, + o do, + 40 do, .+ x*o
E§(K Be-»K X) and a§(x A—-K X)/ai(x Be-—K "X) at

11,2 GeV.

of inclusive cross section towards x.=1. Note that decreasing of
this ratio was also predicted in the approach/zl/, where
considerable softening of the projectile parton distribution by a
nucleus was suggested in accordance with the AGK cutting rules,
but in the same time the formation length of all produced hadrons
was assumed beeng much larger than the nucleus radius without any
motivation. On the contrary, we accounted correctly the latter and
argued the invalidity of AGK rules for nuclei.

The 100 Gev data on pAspX reaction nicely agree with the
predicted behaviour of inclusive spectra, whereas analogous data
on reaction pA=AX at 400 GeV shoﬁ no decrease of cross section up
to x =0.96. Considering both data being correct one shoud discuss
a possible way out of this dramatic contradiction. The discripancy
with A production data would vanish, if one decreased the value of
string tension' for instance to x = 1GeV/Fm. In this case the
computed ratio of cross sections in fig.12 would bend over at
higher X_. On the other hand the decrease of x would lead to
overestimation of the 100 GeV data at moderate X values. At this
moment it would be possible to turn on other reservs. In fact we
an oversimplified situation assuming the no influence of a nuclear

23



target on the parton distribution. Some softening effect should
exist of course, and it would suppress the inclusive cross section
ratio. Another possible source of diminution of this ratio is an
additional attenuation of diquark in nuclear matter during the
formation time due to possibility of its destruction by means of
conversion to a sextet colour state/34 35/ This correctlon may be
essential for both p and A production reactions.
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~ Konenuosuu B.3., JIutos JI.B., Hemunx fl. E2-90-344
dddexT BpeMeHH (GOPMHPOBAHUA U LIBETOBOM :
IIPO3pauHOCTH NpPHU pomnemm JMIUPYIOLMX YaCTHIT

Ha Agpax

O6pa3oBaHie MHAMPYIOINMX YaCTUIl B alpOH-AAEPHBIX B3aHMO-
NefiCTBHAX NPH BHICOKUX 3HEPrUAX CBOGOIHO OT ANEPHRIX KAacKasioB
U fAIBJIAETCA YYBCTBUTEJBHBIM K 3aBHCHMOCTH IUITMHE! GOPMUPOBaHHA
OT uMnysbca 4yactul. KpoMe TOro, 3TH npouecchl YyBCTBHTEIbHBI U
K HeyNnpyruMm IMornpaBKaM, KOTOphIE HenalT Anpo 6Gonee mpospau-
HBIM. JTO [aeT BO3MOXHOCTh TaKXe MPOBEPUTH npenckasanue KX
O UBETOBOH MPO3PaYHOCTH AApa, KOTOPOe ABJIAETCA YaCTHBIM CIIy-
uaeM HeyNnpyroro 3areMHeHHs. MeI mpennaraeM noaxoj yyeTa 9THX
3¢ exToB, OCHOBaHHBLIH Ha NyanbHOU CTpyHHOI Moxend, IIposa-
AUTCA CpaBHEHME Mpe[CcKa3aHH MOIENIH C IIHPOKHUM KJIaccoM HH-
- KJIIO3UBHBIX . aJpOH-AllepHBIX npoleccoB. OOHapyskeHO Xopouiee
COBIIaJleHUe C IKCIIEPUMEHTOM,

PaboTa Brinonuena 8 JlaGopatopuu spepubix npo6nem O,

Tpenpimt O6beANHEHHOTO MHCTHTYTa AXEPHbIX HCeTenoBanuit. JlyGHa 1990

Kopeliovich B.Z., Litov L.B., Nemchik J. ) E2-90-344
Effects of Formation Time and Colour Transparency
in the Production of Leading Particles Off Nuclei

Production of the leading particles in hadron-nucleus interactions
at high energies is free from the nuclear cascading influence and is
most sensitive to the formation time dependence on the particle mo-
mentum. Besides, these processes are sensitive to the inelastic correc-
tions which make nuclei more transparent. This provides also a possi-
bility to test the QCD prediction on the nuclear colour transparency,
which is only a special case of the inelastic shadowing. We develope
an approach based on the dual string model and taking into account
all these effects. We test it on a bulk of data and obtain a nice agree-
ment.

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

Preprint of the Joint Institute for Nuclear Research, Dubna 1990




