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В работе рассмотрена возможность перехода кварка (джквар-

ка) в адрон внутри ядра. Получены простые выражения, позволя-

ющие при сравнении с экспериментальными данными по инклюзивным

спектрам быстрых адронов, рожденных недифракционно во взаимо-

действии лептонов и адронов высоких энергий с ядрами, оцени-

нивать среднее время адроннзации кварков (дикварков) и сече-

нии их взаимодействия с нуклонами. Показано, что существующие

экспериментальные данные недостаточны для независимого опре-

деления этих параметров. Приводятся соображения о том, что

наиболее информативным! для извлечения указанных параметров

является процессы глубоко «упругого лепторождения, и на кон-

кретном примере лептороадеиия пионов к каоков оценена необхо-

димая для этого точность эксперимента.

Ереванский физический институт

Ереван 1982



S.R.GEVORKYAS, H.R.GUIXANYAN

ON THE POSSIBILITY OP DEFINING THE TIME OF TRANSITION

OF QUARKS TO HADRONS PROM THE EXPERIMENTS WITH NUCLEI

The possibility of transition of the quark (diquark) into

a hedron within the nucleus is considered. Simple expressions

are obtained which, when comparing with experimental data on

the intlusive spectra of fast hadrons produced nondiffractional-

I;/ in the interaction of high-energy leptons and hadrons with

nuclei, allow to estimate the mean time of quark (diquark) had-

ronization and the cross sections of their interaction with

nucleons. The experimental data available are shown to be in-

sufficient for the independent definition of these parameters.

The processes of deep inelastic leptoproduction are shown to be

the most informative ones for the definition of the above para-

meters, and on the concrete example of pion and kaon leptopro-

duction the required accuracy of the experiment is estimated.
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The progress recently achieved in the understanding of

processes of high-energy particles interaction with nuclei is

first of all due to the realization of the fact that in these

processes the composite (quark) structure of hadrons is mani-

fested. Among the most popular models used for the Aescriptior

of processes of multiple production on nuclei are the ones

based on the additive quark model (AQM)L1J.

In AQM the hadron is presented as a system of spatially

separated objects - valence quarks, each surrounded by a cloud

of gluons and quark-antiquark pairs. When the hadron interacts

with the nucleus, it is assumed that quarks propagate within

the nucleus, and the hadrons are formed of them out of the nuc-

leus. This assumption is based on the fact that the time of the

quark transition to hadron increases linearly with energy T ^

and at fairly high energies, when f » R the hadron formation

occurs out of the nucleus I- J. However, this assumption seems

to require an additional verification. The propagation of free

quarks on large distances agrees difficultly with the confine-

ment hypothesis, and, therefore, the linear increase of *E*

with energy doesn't seem obvious l?J. Besides, at quark ener~



,4 - glee of several GeV the times of their formation are comparable

<f with the dimeneione of nuclei» and, therefore» it la necessary

\ to take into account the possibility of their transition to

hadrona within the nucleus*
i

In order to take into account this effect, let's first

consider the process of electroproduction of fait hadrens on

Q Z
of virtual photon. The probability

that the quark-parton knocked out by the virtual photon from

I the nucleon located in nucleus at the point with the coordinate

i' ( S, 2
1
 ), will reach the point (4, Е

г
) , where it will trans-

form into a hadron (and neither the quark, nor the formed hadrou

will suffer inelastic interactions in the nucleus), is given

by the following expression:

E • • (1)

Here P C M is the one-particle nuclear density;

the inelastic cross section of the knocked out quark (hadron)

interaction with the nucleon, and Fqk^j is the probability

that the quark doesn't transform into a hadron by moving away

from the "parent" nucleon at a distance 2 • bet's paramet-

f rize this probability in the fora fL
 s
 fc '* , where £

| is the mean time (distance) of the transition ot the quark to

) a hadron (tiaC = 4 ). When obtaining (1), no distinction was
h • •

I: made.between the electroproduction on protons and neutrons,

| the consideration of whioh is trivial.
f
i She integrals in (Dover the longitudinal.coordiantes

t



are taken analytically in the approximation of the nuclear den-

sity constant:

at * < Z .

at

where Т
э
 is the nuclear effective radius. (It is obvious that

this approximation is not decisive for the future). Then a sim-

pie expression is obtained for

(2)

where

v v & N(°,<H'""
P
^

>
 '̂

e <3)

In the kinematic region» where the hadron obtains almost

all the energy of virtual photon (quark), W « is the ratio

of inclusive spectra on the nucleus and on the nucleon
.A,

/t
It is easy to ensure that in the limiting by f cases from

(1) and (2) follow the well known expressions for the relation

of inclusive cross sections in thd mentioned region

The expression* (1) and (2) are not applicable in the case,

when the hadron obtains a relatively small fraction of the vir



tual photon energy; in this case it is necessary to allow for

the corrections connected with the multiple inelastic rescat-

tering of quark and hadron in the nucleus, whoee contribution

is increased with the decrease of the virtual photon energy

fraction traasfered to the hadron. In this work no attempts are

made to calculate these corrections since their estimation is

connected with considerable uncertainty, first of all due to

the lack of data on quark-nucleon inclusive cross sections 15J.

The problem of the quarks transition to hadrons in the

nucleus was discussed in ref. I* J . The basic expression (4)

for the probability obtained in it differs from the expression

(1) of this work and has the form

* 9 *

Such ei representation is physically incorrect. Indeed, expand-

ing this expression we shall obtain a series, in the n-th order

of which there will be a probability for quarks transition to

a hadron in the n-th order, though the very sense of V * is

that the quark is transformed into a hadron once and only once.

At present there is only one experimental work >- i , where

the inclusive spectra of hadrons in electroproduction on nuclei
e.m _

at large 2. & Pnyn were investigated ( P., is the longi-
*•* л s rma* "

tudinal momentum, P
m t L X

 is the maxixmum possible momentum of
the hadron in cm.a. of the virtual photon and target nucleon)»

„Cm *
xn fig. 1 the experimental data at t. « 0.8 and the re-

n,
suits of calculations by the formula (2) at various values of



ёя and V are presented. When making the calculations we

have assumed that <bf,- o ^ * 20 rab, since the suppressing

number of detected in the experiment hadrons are pions.

Since in the experiment L •» no noticeable dependence of

inclusive spectra on the invariant energy S
a
 4 P

me
.x was ob

served and the presented data were averaged over S , we

hadn't assumed any dependence of t on the quark energy*

If in fact there is such a dependence then f may be con-

sidered as some averaged value.

The nuclear density 9 for each nucleus has been chosen

in such a way that the effective numbers ti[O,&) , calculat-

ed by the formula (3), coincide with the values N(0,6) , cal-

culated at the real (Fermi) density of the nucleus.

As seen from fig, 1, the description of experimental data

is satisfactory in both limiting cases, whent^^a (for-

mula (4)} and (Q is approximately 10 mb, and at not large

(several fermi) values of t* and practically zero cross sec-

tions of the "knocked out" quark interaction with the nucleon

<~u s 0; a similar description is achieved at intermediate va-

lues of 6л and the appropriate selection of f . Thus, from

the available experimental data on eiectroproduction it is im-

possible to estimate independently f and 6
U
 . We think

that in order to obtain such an estimate it is necessary to

carry out exact measurements of inclusive spectra of hadrons

of various types (e.g. pions and kaons) differing from each

other by tiie value of inelastic cross sections of the interac-

tion with nucleons. The curves in fig. 2 calculated for this

case by the formula (2) show that by means of exact measv"**mpnt



;• (with a several per cent error) of the pion yield ratio Кд ,

I' for instance, on the lead nucleus to the deuterium yield

t, R
e
**(fe»

J
*

l
*ilX' and the ratio RА/ЗГ for the yield of

pions and kaons would make the exponential estimation of the

values T and V̂y much less indefinite. The curves in fig.

> 2 are calculated for the energy region of the detected hadron

of several Ge7, where the inelastic cross sections of the in-

teraction of К -meson and pion with nucleons essentially

differ from each other ( б • 15 mb, (Ц,^ а 22.5 mb).

It should be emphasized that the reaction of deep inelas-

tic leptcproduction seems to us a more informative process for

the investigation of properties of coloured quark systems than

those of hadroproduction. This is determined by the following

circumstances. It has been noted above that in order to ex-

clude (or reduce to the minimum) the corrections on the quark

( (diquark) multiple interactions, it is desirable to investi-

: gate the hadron inclusive spectrum in kinematic region where it

obtains almost the whole energy of the incident hadron ( the

Peynman variable is Xp ̂ 1 ). Generally» in this region a con-

tribution is made by diffraction-type processes (to which the

parameter f is not connected directly), the experimental se-

paration of which isn't quite unambiguous. Besides, as distinct

from the processes of deep inelastic electroproduction, where

knowing fairly exactly the energy of "knocked out
1
* quark, we

can select the events without multiple inelastic collisions in

nucleus, the model-independent (or at least, weakly depending

:
 on the model) information on the energy of the quark (diquark)

I to which the produced hadron is genetically connected, is lack-
V

I ' 8



ing in the hadroproduction processes, further on, in hadro-

production processes the expressions for inclusive spectra are

more sensitive to the details of nucleon distribution in nuc-

leus than the expressions (1) and (2)* Indeed, consider the

production of fast hadrons on nuclei with hadrons composed of

К compound quarks ( К a 2 for ЗГ , К " 3 for N ). If

we assume that the spectator mechanism makes the main contri-

bution in the region X p ~ i , then it is easy to obtain fOJ

Wo, in the reaction flA "*" fcX an expression similar to

(2):

where &
u
 io\

 a r e
 inelastic cross sections of the initial (fi

nal) hadron interaction with the nucleon; ^ *(K-i)^a + /L

and

As it is easy to see, the well known limiting cases *- 1 are

obtained from )

(7)

ЧА
One can present the effective numbers (6) in the form

Apparently, for calculations by the formula (5) the effective



numbers N(o,i>) should be known more exactly than for calcu-

lations by the formula (2) (electroproduction).

It follow^ from the abovesaid that the extraction of the

parameters t and &c^ from the experimental data on had-

roproduction requires additional model-dependent assumptions.

In conclusion let's illustrate the application of the exp-

ression (5) on the example of the reaction pA "*" A X

the experimental data on which l/J are today the most exact

among the nondifraction processes on nuclei in the region of

large Xp . Just as in the case of electroproduction, the pa-

rameters t and &- can't be independently defined from

these data. They can be described, for instance, in two limit-,

ing cases t»19 . £>, a W mb and f в 5.7-£ , 6, « 0.

Note that from the analysis of data" on other hadronic processes

in ref. 2 the authors have obtained another estimate:*2 • 20

mb at f >Jfc С
л
 . Thus, the available experimental data on hadro-

production and deep inelastic electroproduction do not allow

to independently estimate the parameters characterizing the

space-time picture of the quark (diquark) transition to a had»

ron. More detailed investigations are needed, especially on

leptoproduction of hadrons.

The authors would like to thank G.V.Grigoryan, S.G.Matin-

yan and B.N.Nikolaev for useful discussions.
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Figure Captions

Pig. 1 Comparison of experimental data on eiectroproductic

with estimations by the formula (2).

II.
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Pig. 2 Dependence of relative" yields ot K^-raesona and pionc

on ^q, at fixed values of f - solid lines, and
cm.

 m

Kj|- - dotted lines at Z ^ ~ 1 . She simultaneous

measurement of RJJ- and ratio ^"J/RJT allows to in-

dependently estimate f and ^^ (see the text).
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