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(»)ХВ МОДЕЛИ ЛВДИРУЩЕГО АДРОНА

Рассмотрен процесс рождения очарованных адронов на ядрах

в широком диапазоне энергий начальных протонов (0,4 - 150ТэВ).

В рамках модели многократных взаимодействий лидирующего адрона

с использованием аппарата теории многократного рассеяния пред-

сказаны параметры А-зависимости эффективных нуклонных чисел .со-

ответствующих дифференциальным сечениям процессор РЯ—-/\
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PROCESSES IN THE LEADING HADRON MODEL

Charmed hadrons production on nuclei in a wide energy ran-

ge of incident protons (0.4 — 150TeV) is considered. In the

framework of the leading hadron multiple interactions model,

using the methods of multiple scattering theory, the parameters

of the A-dependence of the effective nucleon numbers are pre-

dieted which correspond to differential cross sections of

рЯ-*-Л
с
(»)Х processes.
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The theoretical investigation of the charmed particle pro-

duction on nuclei is nowdays actual for the checking of vari-

ous models [1-3] * of charme formation in hadron-hadron inter-

actions. Most of the experiments on charmed hadron production

are carried out on nuclear targets and, consequently, the cor-

rect conversion of the cross sections on nuclei hfl -*• h
c
x to

elementary cross sections hp-^h^X is quite an important

problem.

At the investigation of the process рЛ-"*Л
е
(Я)х a technique

with regard to multiple interactions of the intermediate had-

ronic state H has been applied in this work. An analogous

model has been used in Refs [4,5] for the calculation of the

cross sections h,fl-*"h«x {b,»p, X*, к* ; h
t
* P* P, 9T*> K

s
)

and allowed to describe all the experimental data on the inclu-

sive spectra of the mentioned cross sections obtained in FNAb

[6]. The principal assumptions of the model are:

a) the first act of incident h, hadron interaction with nucleon

initiates an excited hadronic state H which undergoes multi-

ple inelastic interactions with a cross section equal to the

inelastic cros*s section of h,N -interaction.

b) The H state fragmentation into final hadrons He is

slowed down to the Lorentz factor E/m * 1 in the laboratory

reference system and takes place out of the nucleus. Due to



identity of valence structures of h
t
 hadron and H state

the cross section ^r(HN-»h
8
x) , corresponding to the last act

of interaction in the nucleus and after fragmentation, coincides

with the cross section 5J"(hiN"*heX) (see Refs[7»8j).

With regard to standard approximation

а*.
 P
"^'"Vж™~«'™*..

 N (x)
.

the considered problem is reduced to the prediction of the

values <*(*) and p(x) , characterizing the A-dependence of the

processes pЛ-*-Л
с
Х and рй -—SbX. .

In the initial energy of hundreds of GeV to several TeV one

should take into account the explicit dependence of elementary

cross sections of charmed particles production on the primary

hadron energy £ f9j* Using the technique presented in Refs

[10,11j one may obtain the following expression for the inclu-

sive cross sections of the considered processes on nucleus:

e

w)i el")

the indices 1 and 2 correspond to the leading hadron and

baryon (or 2) -meson), respectively;

-e,T(3") -

e - e



T(jj)=jjp(e)z)d« is the one-particle nuclear density projection

on the impact parameter plane. At E * 5TeV the obvious dependen-
cies

ce of the cross section J J ~ on the energy E may be ignored

[9]i and the expression (2) obtains the form:

Hote, that when deriving (2) and (3) and also in Ref.[4], it

was assumed that the spectra 55J~(pN"*"HX)and 57*(HN -** HX) are

identical•

The calculation of the cross sections ~££~ has

been carried out by the expansion of the integrands (2) and(3)

on powers of the value <й\. according to the equation

where

whence the sought expressions of the differential cross sections

come. In particular, the expression (2) transforms into

where

*.... f i
X| .•• X

n
-{



(Proceeding from the expressions like (5) one can choose the

elementary spectra form without any preassumptions). The talcing

of the first five terns of the expressions into account allows

to describe the process рЛ-^Ле* and рЯ-*-Я)Х when the

variable X has the values from 0.1 to 1. (She relative value

of the corrections by the following terms of the expression

does not exceed 1$ at X «0.1 and is vanishingly small atx-*1).

The Fermi distribution for the one-particle nuclear density

together with the parameters in Ref.[12J have been used in the

calculations. The differential cross sections of the elementary

acts of production have been chosen in the following form:

in accordance with the data from ISR[13,14].

The exact form of the cross section ?̂ -{P(H)N"»HX) can be

experimentally determined by measuring the total longitudinal

momentum distribution of all particles produced in the pioni-

zation and target fragmentation regions. As there are no such

datn at present, we have used here a simple approximation:

® ^ *^
 c r o s s

 section of diffraction dissociation of

proton (or of the state H ), while

The values б£ and "сЦМ а г е
 determined according to Ref. [15j £



at different values of initial energy. As to the dependence of

the cross sections pN~*Ae&)* on the incident proton energy,

the results from Ref.f3j пате been used here which are in

satisfactory agreement with the experimental data from Ref.[9].

The simplified parametrizatioa of the theoretical curre [3j

may be presented as:
1
 ' ЗЛ1 tnE + 0.728

(122.50еГ < E -* 5TeV).

This parsmetrization suggests a factorised dependence [3] of

the cross sections рН~*"Ле№)* on the variable X and the

incident proton energy.

The calculation of the effective nucleon numbers (1) has

been carried out for
 1 2

C,
 2 7

Al
t

 6
*Cu.

 1 O e
Ag,

 2 O 7
Fb nuclei. In

?ig,1(a,b) curves are presented, found after approximation,

that show the change of the index oC in the A-dependence

(1) as a function of the variable X for the processes рЛ-* Ле*

and рЯ-*-ЯХ at initial proton energies of 400GeV, 2TeV,

3OTeV and 150TeV. The corresponding functions j3(x) are pre-

sented in 7ig.2(a,b).

As the presented curves show, the values of the effective

nucleon numbers are in quite delicate dependence on the vari-

able X . So, e.g., for the process pA-*AcX at E > 2TeV

the values of oC change from об ее о.Зб at X-*> 1 to efc «r 0.54

at X » 0.1*/

Analogous calculations in the framework of standard approach

of the multiple scattering theory bring.to considerably diffe-

rent results [16]. So, in the considered case ( рД"—ЛеХ ,

E > 2TeV) the variation range of Ы, would be 0.42 - 0.87.
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