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The process of charmed particle production on nuclei If considered In tht

framework of the leadina hadron model [5] . The obtained descriptior of ex-

perimental data on the A-dependence In the processes НЯ - * h
c
X points

out the validity of the models [в] 1n which the produced c-quark carries

away a larger portion of momentum of the "parental" hatfrw*
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В рамках модели лидирующего адрона [5] рассмотрен процесс

рождения очарованных частиц на ядрах. Полученное описание экс-

периментальных данных по А-зависимости в процессах Nfl — h
c
*

служит указанием на справедливость моделей [8], в которых

рожденный с - кварк уносит большую долю импульса "родитель-

ского" адрона.
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The study of the processes of the o^en-charm particle production

hc(^c»^,«") on nuclei seems to be hiqhly Important to clarify the mecha-

nism of production of charmed hadrons 1n the elementary collisions as well as

to analyze the Interaction of the c-quark with the nucleus nucleons.

Existing at present experimental data on charmed particles hadrooroduc-

tion on nuclei point out their curious distinctions from the processes of

the production of the "ordinary" hadrons. If usinq the qenerally accepted

approximation for the A-dependence of the Inclusive snectra of the nrocess

п^Я *~ п
г
Х

then the parameter 06 1n the case of charmed hadrons production 1n the In-

cident particle fragmentation region turns out to be [l] oC « n.75 ,

whereas for the "ordinary" hadrons (not containing the c-auark)

cjd — 0.4 - 0.5 1n the same kinematic region.

In Refs. [5] the leading hadron model was developed that made it possible

to describe a large set of experimental data on Inclusive spectra of hadrons

oroH«red on nuclei In the fragmentation region of Incident particle. Tn th»
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present work we have consfdered the process of charmed hadrons production

on nuclei and carried out a comparison with experimental data.

In the experiment [*] , there was studied the A-deoendence 1n the nro-

cesses nfl -*"Л°Х and п Я --Лс*
 a t

 En =
 5 8 fieV

-
 L e t u s f

*
rst

 apply

the leading hadron model to the process nfl —•" Л ° Х .In the mentioned

model the incident neutron just 1n the first Inelastic collision with the

nucleus nucleon turns to the excited hadronic state H n which then Inter-

acts with the nucleus nucleons (with a cross section equal to that of the

"parental" hadron) and forms Л° only beyond the nucleus (the Lorentz fac-

tor E / m » 1 ). In this case, the cross section ^ d x ~ ^
n
^ ~ ~ Л ° Х )

corresponding to the last act of Interaction within the nucleus and to the

riff
subsequent fragmentation coincides with the cross section ^

(see Refs. [5] ).

The Inclusive cross section of the considered process can be presented

as

where

=
 J d x , dx

2
 ••• d x

n

-x, ...x
n
)dx,...dx

6 T
d*6 , T(6)- Jf(6,E)dE Is a pro.1ec-

tion of one-particle nuclear density on the Impact parameter plane.

The quantity 6 1n (2) represents the Inelastic nucleorbnucieon cross



section with the deduction of the cross section of the diffraction processes^

so that

N — HaX)dX,

where X
m l n

 • т=- Is the minimum value of the variable X In the lab.

system; X ^ * 1s the maximum value of X at which the non-d1ffract1on

Inelastic processes take place.

For the Inclusive cross sections of elementary acts of Interaction the

following equalities hold (see [5)):

(•)

Just like 1n [5] , for simplicity It was taken:

(At considered energies б • 26 - 27 mb). The Inclusive cross section

-v— was parametrized according to the results of [6] . The cal-

culation of the effective nucieon numbers for different nuclei 1n (2) ( «s

everywhere In the given work) was carried out with the use of the Fermi ois»

tribution for the one-particle nuclear density:

(6)



with the parameters from 17] .

Finally, for the parameter 06 1n the A-dependence (1) there was obtained

the value оСд
в
 " 0.47 (at Хдв • 0.6 ) being 1n agreement with the

value о(
л
о • 0.49 ± 0.05 found In the experiment [4] .

Note, that the applied model with the Intermediate hadronic state Нь,

allowed also to describe [5] the whole set of experimental data on the In-

clusive spectra Ь,Я--ь
г
х ( h,-p,at*, к* ; h, = p, p, я ^ к * )

obtained at FNAL [3] .

What can be responsible for the transition to the A-denendence with

oC = 0.75 In the case of the Л
с
 -baryon production [4] ? Such dependence

seems to be natural In the models [8] , In which the charmed quark, produced

In the elementary act, carries since the moment of Its production a larger

portion of momentum of the final charmed hadron. If here we assume that the

cross section of the c-quark with nucleon 1s negligibly small, and the final

charmed hadrons production occurs outside the nucleus ( E / m > 1 ), then

for the Inclusive spectrum of the process t\A ~*-Л
с
Х the followinq ex-

pression will hold:

^ A x «
 пЛс (?)

1=1

The expression (7) describes the process nfl — * M
C
X with account of the

fact that the last act of Interaction within the nucleus 1s the process

H n N — c X • If the charmed hadrons h
e
 had been produced from the

c-quarks carrying a small portion of mom>ntunrof h
c
 , then 1n the con-



sidered model the account of Inelastic Interactions of the system Hn

right up to the escape from the nucleus would have been essential, which

would have led to the A-dependence slightly different from the "standard"

one ( oC * 0.4 at X — 1 ).

The neglect 1n (7) of explicit energy dependence of the charmed hadrons

production cross section determines the applicability region of expression

(7) by the values of the variable X ^ 1 . (In the experiment [4]

0.8 ).

AS

In calculations the cross section -;— was parametrized 1n the

<*x

form [9] :

^ N - Л е Х ^ ^ y *
 ( X

> o , 5 )

d x X

With the use of the distribution (6), for the parameter cC corresponding

to the process пЯ-*-Л
е
Х at En* 58 GeV and Х д

е
 • 0.8 , there was

found the value <з(»л
с
 * 0.78 which agrees with experimental value [4] .

The account of energy dependence In the act of charm hadroproduction

can be carried out 1n the expression of the type of (7) through the replace-

ment:

* dXn (Xtv^X,..;

where E 1s the energy of Incident hadron h, .

Now we use the expressions (7) and (8) to calculate the effective

numbers



fix

Neff <-
X
)
 =

 d
Q PP ̂ Л е (»)* (9)

for the processes рЯ -^/V-X and рЯ — Й Х at E = 400 GeV. Using the
• d РР-Л

С
(Я»Л

data [10] on the X -dependence of the cross sections

and the dependence [ll] on the Incident proton energy E, we'll obtain the

curves for the quantities oC and в In the approximation of the form

of (1) for (9), as shown In Figs. 1 and 2 . (Neff I*) = f W ' A *
1
* ' )

As one can see from F1gs. 1 and 2, the parameters of the A-dependence

of the effective nucleon numbers (9) slightly depend on the shape of the

elementary spectrum (the spectra pp -*-Л
с
Х and рр-*-<ЮХ depend sub-

stantially differently on the variable X [10] ).

For the comparison with experimental data [1] on the A-dependence 1n

the processes pfl-~h
c
X э an appropriate recalculation of quantities

РЯ— Лс(»)Х U-Ve(Ve)

fs necessary, which was carried out according to the

method used 1n [12] . The values obtained for the parameter a C ^
&
 are

given as a curve In F1g, 3, being 1n complete agreement v*1th experiment [l]

In experiments [2] there was measured the ratio:

4»*

' 1 V

at Х
я
 ~ )\p . The results of tha ralavan-t calculation for R In the

ussd mode's (for the Cu nucleus) are presented as a curve 1n Fig. 4.

For the normalization of the cross sections ~~- t'm

data of [13] изгз ussdi the values of the inclusive sress sections

"were calculated in the model [5] wMch was applied



to describe the process

Thus, the above-performed study of the A-dependence of the processes of

charmed hadrons production on nuclei serves as an argument 1n favour of the

models [8] In which the presence of states with prompt charmed quarks In

the Incident hadron wave function 1s assumed.

The authors are thankful to G.R, Gulkanyan, Ar.R. Kotzfnian, A.6. Oga-

nessyan and A.Yu. Khodjamfrfan for useful discussions.
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Fig.1. Parameters oC and £ In the A-dependence of the Inclusive

cross sections of the process р Я - * Л
с
Х at E « 400 6eV

at different values of variable X .

F1g.2. Parameters U and p In the A-dependence of the Inclusive

cross sections of the process рЯ —•"£>* at E • 400 GeV

at different values of variable X .

F1g.3. The Index oC 1n the A-dependence of the process

р.Я-»-Ь
с
Х at different values of к л .

Experimental data are taken from Ref. £l] .

F1g.4. The ratio R ^ + - y ^ + + a r ) as a function of the portion

of longitudinal momentum X - -j*f- at fs • 28 GeV

given In comparison with experimental data [2] on the

processes pCu-•"/•+ ... ( ф )
 ?
 pFe -+y» * •
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