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The study of the processes of the open-charm particle production
he(Ac,®,...) on nuclei seems to be highly important to clarify the mecha-
nism of production of charmed hadrons in 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 nuclel point out their curious distinctions from the processes of
the production of the "ordinary" hadrons. If using the aenerally accepted

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

h,A— h,X
—ha X

d6M" 5 o (1
dx = o

then the parameter of 1n the case of charmed hadrons production in the in-
cident particle fragmentation region turns ;ut tobe [1] o = 0,75,
whereas foq the "ordinary" hadrons (not containing the c-auark)
ol =2 0.4 - 0.5 1in the same kinematic reaion.
In Refs. [5] the leading hadron model was developed that made it possible
to describe a large set of exrerimental data on inclusive spectra of hadrons

produred on nucle! in the fragmentation region of incident particle, Tn the



present work we have consfdered the process of charmed hadrons production
on nuclei and carried out a comparison with experimenta) data.

In the experiment [2] , there has studied the A-devendence in the nro-
cesses NA = A°X and NA —AcX at Ep = 58 GeV. Let us first apply
the leading hadron model to the process NA —= A°X . In the mentioned
model the incident neutron just in the first 1ne1astic collision with the
nucleus nucleon turns to the excited hadronic state Hp which then inter-
acts with the nucleus nucleons (with a cross section equal to that of the
"parental" hadron) and forms A° only beyond the nucleus {the Lorentz fac-
tor E/m 31 ). In this case, the cross section ‘gf_(HﬂN —~ A°X)
corresponding to the last act of interaction within the mucleus and to the
subsequent fragmentation coincides with the cross section %(HN“’/\" K)
(see Refs. [5] ).

The inclusive cross section of the considered process can be presented

as
A+-A°X oo
d6" Nn(8) _ nle
X = nZ‘: i P (), (2)
where
hyhe dsth-—Hh,X d6 Hp, N~ Hp, X d6 Hy N =™ heX
(Pn S dx1 a—x_z e dx,. x
XS(X‘X, ---xn)dx'-uvan (h '—n hz A°),

Nn(6)= gz {6Tre®Td®e . T(8)=[p(E,z)dz 15 a pratec-

tion of one-particle nuclear density on the impact parameter nlane.

The quantity © 1n (2) represents the inelastic nucleon-nucleon cross



section with the deduction of the cross section of the diffraction processesl
so that

6= GM(nN)-Gdiﬁ(nN) = S dG (I'\N Hn X)dx =
Xmin
Xmax ' (3)
=g :6 (HnN_"HHX)dx

Xmin

where X, .. = _J_'ls_‘__ is the minimum value of the variable X 1n the lab.
system; X.ox s the maximum value of X at which the non-diffraction
inelastic processes take place.

For the inclusive cross sections of clementary acts of tnteraction the
following equalities hold (see [5] ):

d6’ (HaN ~A°X) = —-—(nN -A°(x)
(4)
d6 _ db -
dx (nN'.HnK) = ax (HaN HnX).,
Just 11ke in [5] , for simplicity 1t was taken:
il-f—(nn-ﬂnx) =6. (8)

(At considered energles © = 26 - 27 mb). The inclusive cross section

d6
ax
culation of the effective nucleon numbers for different nucled in (2) ( as

was parametrized according to the results of {6]. The cal-

everywhere in the given work) was carried out with the use of the Fermi dis-
tribution for the one-particle nuclear density:

- §o
() = t+exp { L8} (6)




with the parameters from [7] .

Finally, for the parameter of 1in the A-dependence (1) there was obtained
the value  o(p° = 0.47 (at Xpo = 0.6 ) being 1n agreement with the
value oly = 0.49 + 0,05 found in the experiment [4] .

Note. that the applied model with the intermediate hadronic state Hj,
allowed also to describe [5] the whole set of exnerimental data on the in-
clusive spectra hA——hX (h=p, %, K* : h,=p,p, 8t Kt )
obtained at FNAL (3] .

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

of =0,75 in the case of the A, -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 {ts 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 is negligibly small, and the final
charmed hadrons production occurs outside the nucleus ( E/m > ). then
for the inclusive spectrum of the process nA -'_-Acx the followina ex-
pression will hold:

A=A X
> 6
_d6 - N“,.f, ) o "),

dX nat

(7)

where

n-1
Nn (6) = N(0,6) = 3> _N:(S),
N(6)= g [(1-e7T)ae.

The expression (7) describes the process nf -'-ACX with account of the
fact that the last act of interaction within the nucleus is the process
HaN — c¢X . If the charmed hadrons h. had been produced from the

c-quarks carrying a small portion of momentum“of h. , then in the con-



sidered model the account of inelastic interactions of the system Ha
rignt up to the escape from the nucleus would have been essent{al, which
would have Ted to the A-dependence sliahtly different from the "standard"
one { o0 = (.4 at X 1),

The neglect in (7) of explicit energy dependence of the charmed hadrons
production cross section determines the apnlicability region of exoression
{7) by the values of the variable X ~ 1. (In the experfment [4]

Xp. = 0.8 ).

AN->AeX
In calculations the cross section %—g— was parametrized in the
form [9] :
AN —*=AeX i\
x .

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

to the process NA-—~A. X at En= 58 Ge.v and X, = 0.8 , there was

found the value ola. = 0.78 which agrees with experimental value [4] .
The account of energy dependence in the act of ciiarm hadroproduction

can be carried out 1n the expression of the type of (7) throuah the renlace-

ment:
hN == Hp 2 Hp N~ Hp X
hyh h‘h d [} 1
¢n z(x)—-—% 3(X,E)= S.g-% ()h) -d—f'z (Xg) ves X
(8)
da"ﬁ,“"hgx
x dXn (Xn',x| --_-xn-fE) S(K‘X1 ---Xn)dX| v dXa

where E 1is the enercy of incident hadron h, .

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

numbers



————

dx
Negs (%) =~ g PP—=Ac (RIX (9)

dx

PP —=Ac(0) X
data [10] on the X -dependence of the cross sections Jx (x,E)

for the processes pA ~~AcX and pA ——&DX at £ = 400 GeV. Using the

and the dependence [11] on the incident proton energy E, we'll obtain the
curves for the quantities «C and [ in the approximation of the form
Cof (1) for (9), as shown in Figs. 1 and 2 . (Neggs (%) = p(x)~ﬂd(x))

As one can see from Figs. 1 and 2, the parameters of the A-dependence
of the effective nucleon numbers (9) siigh*ly depend on the shape of the
elementary spectrum (the spectra pp —=~A X and pp — DX depend sﬁb-
stantialily differently on the variable X (10] ). |

For the comparison with experilﬁenta’l data {1] on the A-dependence in

the processes PA——h.X _ , an appropriate recalculation of quantities
PA—=Ac ()X Leve (Ve) :
Ness (x) {s necessary, which was carried out according to the

method uséd in [12] , The values obtained for the parameter ApeVe are
given as a curve in Fig. 3, being in complete agreement with experiment [1]

in exoeriments [2] there wes measured the ratio:

_ PA AP K o PA=A N
as Lea™ «C e u2”
X0 Yodr, ’
Gy ALY .
R= T Tt {18
’ IR e LAl
o o
dxﬂ:&_ '-:-'l?tfv"

at }iﬂ = xﬂ . Tho rosults of the refevant chioulation for R in the

vzsd modai {For the Sy pucleus) are presented as a curve in Fig. 4,
1o R = A (D) X

. ] ot
For the nerma¥ization of the cross sactions %— tha
Lers

data of [13] were used; the values of the {mclusive oress sections
a3 PA = GIV(RIA

P " were calculated in the model [S5] wihich was appiled a?m@
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to describe the process nA —~A°X .

Thus, the above-performed study of the A-dependence of the processes of
charmed hadrons production on nuclei serves as an arqument in favour of the
medels (8] 1n which the presence of states with prompt charmed quarks in

the incident hadron wave function is assumed.

The authors are thank_fu'! to G.R, Gulkanyan, Ar.R. Kotzinian, A.E&. Oga-

nessyan and A.Yu. Khodjamirian for useful discussions.
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Figure Captions

Parameters « and [ in the A-dependence of the inclusive
cross sections of the process pA—=A X at E = 400 GeV

at different values of variable X .

Parameters of and § 1n the A-dependence of the inclusive
cross sections of the process pA —=OX at E = 400 GeV

at different values of variable X

The index of 1n the A-dependence of the proi:ess
pA—=h,X at different values of X, .

e Ve (Va)
Experimental data are taken from Ref. [1] .

Yo - o

The ratio R(/‘ A ot sr) as a function of the portion
of longitudina) momentum X = 2?:'-'- at JS = 28 Gev
given in comparison with experimental data [2] on the

precesses PCu == M + ... (VY), pFe —~p+ o (8),
pFe —~u+ ... (%).

1"



1.

"~
.

3,

‘.

5.

REFERENCES

Duffy M.E., Fanourakis G.K., Loveless R.J. et al. A-Dependence of Charm
Producticn. - Preprint WISC-EX-85-255, 1985.

Ritchie J.L., Bodek A., Coleman R.N. et al. Prompt Muon Production at
Small X and FPr 1n 350 GeV p - Fe Collisfons. - Phys.Rev.Lett., 1980,
v.44, p.230; Kasha H., Kellogg R.G., Lauterbach M.J. et al. Evidence
of Pair Origin of Prompt Muons. - Phys.Rev.lett., 1976, v.36, p.1007;
Merritt K.W.B. et al. New Resulis in High Energy Physics. - 1978 AIP
Conference Proceedings, N. 45 (American Institute of Physics, New York,
1978, p.138.

Barton D.S. et al. Experimental Study of the A-Dependence of Inclustve
Hadron Fragmentation. - Phys.Rev., 1983, v, D27, p.2580.
CorpymurgecTso HIC-2. A-3aBHCMMOCTE CEYEHER DOXNEHRA OYAPO-
BAHHHX CApHOHOB B HeRTPOH-ANEeDHHX B3amMomeMCTRUAX.
lpenpuar OWM JI-86-422(1986).

Gevorkyan S.R., Gulkanyan G.R., Kotzinyan Ar.M., Zhamkochyan V.M. In-
clusive Spectra of Hadrons in Proton-Nuclet Collisions. - Preprint EPl-
=797(24)-85, Yerevan, 1985; Inclusive Spectra of Hadrons in the Colli-
stons of and K-Mesons with Nuclei. - Preprint EP1-843(70)-85,
*erevan, 1988.

. Ammosov V.V., Gaptenko V.A., Ermolov P.F. et al. Neutral Strange Particle

Production in pp Intercctions at 69 GeV/c. - Nucl.Phys., 1976, v. B115,
p.269-286. |

Murthy P.V., Ayre C.A., Gustafson H.R. et al. Neutron Total Cross Sec-
tions on Nucled at FERMILAB Energies. - Nucl.Phys., 1975, v.B92, p.269.:
Brodsky S.J. Heavy Quark Production 1ﬁ Quantu;MChromodynamics. - Pre-
print SLAC-Pub-4018, 1986. |

12




[—

10.

11.

12.

13.

Collaboration BIS-2. Aleev A.N., Arefiev V.A., Balandin V.P, et al.

The Ac  Production by 40-70 GeV Meutrons on Carbon. - Zeitsch. fur
Phys., 1984, v.C23, p.333.

Basile M., Bonvicini G., Cara Romeo G. ot al. Measurement of Associated
Charm Production in pp -Interaction. - Preprint CERN-EP/81-22, 1981;
Basile M., Cara Romeo G., Cifarell1 L, et al. The Lonaitudinal Momentum
Distribution of Charm Meson Produced in pp-Interaction. - Preprint CERN-
-EP/81-126, 1981,

Kaidalov A.B., Piskunova 0.L. Production of Charm in the Quark-Gluon
Strings Model. - Preprint ITEP-157, 1985,

banasgn T.1I.,0ranecan A.T'., Xommamupay A.[0. Ipamue MNOHH OT
PacmajoB TAXEJHX KBApKOB B OGNACTH SHepTmR KOCMUYECKEX Jydeh,
Bonpoch aTomMHOR Hayxm n TexHuMKm. CepmA: TexHwra fmSHIECKOTO
‘sKcrmepmmenTa, 1983, BHEm.S5(I7),c.42-48.

LEBC-EHC Collaboration. Aguilar-Banitez M. et al. D-Meson Branching
Ratios and Hadronic Charm Production Cross Sections. - Phys.lLett., 1984,
v.135 B, p.237.

The manuscript was received 30 April 1987



A P, BAIIAJFH, T'.J.BAJAAH, C.P,I'EBOPKAH, B.M.HAMKOUIH

0 POXIEHVM OYAPOBAHHHX AIPOHOB B HYKJIOH-AIEPHHX
B3AMMOIEACTBUAX

(Ha amramiickom A3HKe, nepeBox 3.H.AGpaman)

Peparrop J.II.MykasHn _
Texnmyeckuit pexaxTop A.C.ACpamaH

[ommacaso B medarts 30/¥I-87 B0-02526 Popmar 60xB4/I6
OfceTHas mewarh.yu.msg.Ja. I.0 Tapax 299 ok3.[.I6 k.
Sax. THn. % 506 Unmexe 3624

OrmeuaTaHo B EpeBaHCKOM (PM3IMIECKOM HHCTHTYTE
Epepan 36, Mapxapana 2




The address for requests:

Information Department

Yerevan Physics Institute
Markaryan St., 2
Yerevan, 375036
Armenia, USSR



HHaexc 3624

EPEBAHCKMA OU3UMECKUA MHCTUTYT



