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G ,L, BAI.AYAN, S .R. GEVORKYAN, V ,M, ZHAMKOCHYAN 

ON THE A-DEPENDENCE OF CHARMED HADRON INCLUSIVE 

SPECTRA IN ~-A COLLISIONS 

The process of charmed hadron production in pion-nuclei 

collisior.s is considered within the earlier suggested model [1] 

using elements of multiple scattering theory. The achieved 

(as in (1) ) agreement with experimental data points .out the 

validity of the models [3] where the produced c-quark carries 

away a larger portion of the "parent" hadron momentum. 

Yerevan Physics Institute 

Yerevan 1989 

The study of processes of charmed hadron production on 

nuclei seems to be highly urgent for the analysis of possible 

models of chann production in elementary collisions. It is 

essential that the use of a nucleus as a target makes it pos­

sible to investigate both quantitative characteristics and 

space-time picture of processes at high energies. 

Ref, [1) suggested a model which describes processes 

h.A - he (he) X on the basis of methods of multiple scattering 

theory, 

Its basic assumptions were as follows: 

1) The incident hadron h already in the first inelastic 

interaction with the nucleus nucleon tu'I'll.S into excited hadro­

nic state H which then interacts with nucleons with a cross 

section equal to the cross section of the "parent" hadron. 

The characteristic time of inelastic interactions is sufficient­

ly small, which supports the assumption about a successive 

nature of the interactiona. 

2) The time of final state formation is so large that the 

.. ')served ha.d.,.nns a.,..e produced beyond the nucleus 
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3) The charmed quarks produced in the elementary act 

HN - CCX carry the major portions of momenta of final 

charmed hadrons he and he • The interaction of f c pair 

with moving partons and nucleons of a nucleus is negligible. 
. .. 

Such assumptions seem to be quite justified at high ener-

, gies considered; this is referred to in the conclusions of 

Refs. (2,3] • 

It should be noted that in the leading hadron model [4] 

based on assumptions 1) and 2) there was achieved an agreemen• 

with a large set of experimental data on inclusive spectra of 

ordinary hadrons on nuclei in the incident particle fragmenta­

tion region. 

The generalization of the model [4] with account of assumpJ 

tion 3) allowed us to describe [1] experimental data on the 

A-dependence in processes N.A - he (he}X • 

Below, within the similar approach we considered processes 

:IT .A - he ( h c)X and carried out a comparison with experimenta 

data [5] • 

Following [1] we write out the expression for inclusive 

cross section of the considered process as 

SrA-he(he)X * 
d6 00 Nn (6) srhc(hc) 
dx (x,E) =?; 6"-1 <Pn (X,E) 

....._ m- hc(hc) 
't'n (x,E) 

- cl6 ' ~ d6 
SrN-HJ< HN-HX 

- dx, (Xt) cix2 (X2) . .. x 

d
6 

HN--hc(he)2< ' 

x -d (Xn ·, x, ··· Xn-1 E) 5 (x- X.1 • • • Xn) dx1 ... dx,. , 
X.n 

4 

( 1) 

where 
N: (6) 

n-1 

= N (0,6) - ~ Ni (6); 

Nn(6) = tSn! )(6T(g))"e-6TCG)d2g 

1 ( -6TCG)) 2 
N ( o, 6) = 6 i ( f - e d g 

T(S) = ~~( l,i) dl is a projection of one-particle nuclear 

density on the impact parameter plane; E is the incident 

pion energy. 

The quantity 6 in (1) represents an inelastic pion-

nucleon cross section minus the cross sections of diffractive 

processes; here 
Xma>C 

6 = 6'n(SIN)-6diff(1rN)= \ ~~ (JiN-HX)dx (2) 

Xmin 

m 
where Xrnin = .JS is a minimum value of variable X in the 

lab syl. 'em; Xmax is a maximum value of variable >< at whiclt 

nondiff active inelastic processes take place. 

It Ls essential that in the considered model, as it follows 

from assumptions 1)-3), the following equalities hold: 

d6 d6 
-(rrN-HX)=~(HN-HX), 
dX "lX 

(3) 

d6 d6 . 
dx (HN-hc(hc)X)=crx(5TN-hc(hc)x). 

The bottom equality reflects the fact that process 

HN-c(c)X is the last act of interaction in a nucleus, 
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and the formation of the registered hadron hc(hc) 

outside the nucleus. 

occurs 

In the present work we have calculated inclusive spectra 

for processes :Jt-.A - ~X at incident pion momenttun 320 GeV/•'· 

Just like in (1,4] , for simplicity we took 

d6 (HN- HX) 
cl x 

const. 

Under the considered energy Em320 GeV the mentioned 

section was normalized to the value 6 ~ 18 mb. 

cross 

d6 Jt- N - hc(hc)X 
Parametrizations for spectra -- (X 1 E) 

c:lx 
were chosen in the form [6] : 

d6l. 
dx ~( 1-x{

8 
. 

' 
d6NI.. 
dx "'(1-x)1

'9 (4) 

respectively for registered 7J -mesons containing a valence 

quark of initial ~--mesons ( ~- and .tJ 0 
) , and for ~ -me­

sons having no such quark (cl>+ and .iJ0 
). The dependence of 

spectra on the incident pion energy was determined according 

to [ 7] • 

We used in calculations the Fermi distribution for one­

particle nuclear density, 

~('i) = ~o/f +exp { 't~R} 

with parameters taken from [8] • 

(5) 

In Figs 1 and 2 we-give cilrve• which describe quantities 

o<'.(x) and . j3(x) corresponding to approximation !3(X).Act(x) 

6 

for effective nucleon numbers: 

'1:-.A 1 Neff (X) = d6 - x d6 51"-N -ilx 
dx -dx 

(6) 

Evidently, the difference in shapes of the curves for the 

two types of 2:J -mesons is due only to the different depend­

ences (4). 

To carry out a comparison with experimental data [5] on 

the A-dependence in processes p.A -- he( hc)X , a corres-1...p+(JA-) 

ponding recalculation of inclusive spectra ~~ (:n--.A- hc(hc)X 

is necessary, which was done according to the method [9] using 

normalizations [6,10] for cross sections 6(3i-fl-KJX) • 

Figs 3 and 4 present the obtained values for indices o(P~ 

and ciJ'- versus the lower threshold of muon registration. 

The curve in Fig.5 presents the ratio 6(:11"-.R-:0.>9 /6(£-A-.il.X) i...,.- '-I'+ 
for different nuclei at P~ > 20 GeV/c. All the cases demon-

strate a perfect agreement with experimental data [8] • 

The performed study of the A-dependence in processes 

!ii-fl- hc(hc)X just like the earlier accomplished [1] calcu· 

lations on processes NR --he (hc)X serve as a crucial argu­

ment in favour of the models [3] which assume the presence of 

states with fast charmed quarks in the incident hadron wave 

function. 

The authors are thankful to A.G. Oganessyan and A.Yu. Khod­

j amiryan for the useful discussions. 
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Figure Captions 

Fig.1, Exponents ol in the A-dependence of inclusive cross 

sections of processes '1-.A - .f>X • 

Fig. 2. Parameters _i3 in the A-dependence of inclusive cross 

sections of processes sr-JI - X)X • 

Fig.J. Exponents ci.f+ in the A-dependence for processes 

~-.A-.tJX. 
1-p• 

Fig.4. Exponents ci.1'- in the A-dependence for processes 

'1-JI - .tJX 
L..p-

nuclei at 

6('i-.A -+-.tJx>j 6 (3T-.R --.f>X) 
'-J' L..p+ 

Pp > 20 GeV/c. 

tor different Fig.5. The ratio 
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