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At present there exist a number of theoretical approaches 

[1-J] that predict characteristics of production processes of 

the particles containing charmed quarks in hadron-hadron colli­

sions. For the analysis of such predictions of certain impor­

tance is the correct conversion of appropriate cross sections 

on tlle nucleus p.A - he he+ ... to elementary cross sections 

pp- hchc+ .. , , since most experiments on charmed particle produc­

tion are performed on nuclear targets ( hehc is the brief no­

taticn of a pair of charmed hadrons, in the main hchc=Ac~®Zlii ). 

In this connection it should be noted that the existing view­

points [4,5] on the dependence of cross sections of the proces-

ses p.A - he he.,.... on the atomic number of nucleus .A , as a 

r ule , are intui t i ve and are reduced to the fac t tha t cross 

section of the process pp--hehc+ ··· should be multiplied by a 

factor .A"'- (appropriate values for cl.. are chosen equal to 

1 or 2/3). 

It is easy to note, · however, that such assump ti ons '.il'C 

growidless, since if t he P.bove approximation is used 

pR-h h-+ ·· d.b cc - d6pp-hclic .. .. 

'J3P - Neff d.3p , Neff = j3 ·.A~ ( 1 ) 
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then, by analogy with process es of production of ordinary ha d­

rons on nucle i (6], the degree ol shoul d be the f unction of 

the Feynman variuble 
E' 

x=== y E' is the energy of t he det ect-

ed hadron, E i s t h e energy of the incident par ticle) and ~~ , 

which is the transverse component of the momentum trans-

fer. Besides, to describe the process, cert ain information 

on factors J3 is requi re d , since in general ~(E,E~'li.JJ =/=-1 

The aim of the present paper is the prediction of the 

quantities t:i. and ~ f or cross sections of the processes 

p.R -- AcX and p.A - ~X in the framework of the multiple 

scattering theory (MST) [7] • One should also take into account 

that in the considered range of initial energies (from hundreds 

GeV to several TeV) the cross sections of charmed particle pro­

duction on nucleon have an apparent dependence on the incident 

proton energy [4] , which considerably complicates the scheme 

of appropriate calculations in the framework of MST. 

Using the method presented in [8,9], one may obtain the 

following expressions for inclusive cross sections of the con­

sidered processes on a nucleus: 

pA-/\c(~)X 00 oo e'o£en• 
d.6 (x E) = J__l' r dol sdcl

1
Jl 12 (~,cl; E) )( x (2) 

dX ' (W j 
-cio -oe> 

x N ( 6,'" - w:~ (ci,ci'); 6t'-w~~ (cl)), 

where indices 1 and 2 correspond to the incident proton and 

baryon (or D- meson), respectively, 

, -\i.. d6,2 (x,x'E) -«ten><>'-'fnx' d, 
..Q. 12(ol 1ol,E)- j x• dx e dx x 

1 
d 6" - ~ (c:£ •c:£')fnx 

w11 (cl,cl) = S dx (x)e dx, 
( d.6 -•o<.enx 

cJ.)22 (ol} = J ctx"'cx)e d.x; 
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d6q 
dx are the cross sections of elementary inclusive proc 

cto,· 6 normalized according to ~ ?xclx = 'J lx=y; 
-6, T(B) -6e T(B) 

3eS L+N-j+X 

e -e 
N(611 62 )= ~d 2 B 62 _ 61 

T(BJ=~p(8,2)dc is the projection of the one-particle nuc-

lear density ~(i) on the plane of the impact parameter. 
d6 p.R-.Aol2')X 

The cross sections ax- have been calculated b) 

the expansion of the integrand (2) b7 power• of 
... 

Yalues r.li,;. 

firat tiYe t expan-(L=1,2) • Ta• conaiderati 

sion baa allowed deecrl•t1 dU.. -~X at Ya-

luea of the Ya:rlabl• J( rrcao.2 ,. 1, eDd f911" u.. ... -- p11-.ox 

at 0.1 ~ x < 1 • (The relatiTe Talue of tho corr.cu- duo to 

subsequent terms of expansion does not exceed 2~ on the lower 

boundary of the variable X and is negli gible at x - 1 ). 

In calculations we have made use of the Fermi di s t r ibution 

f or t he one-particle nucl ear densi ty [ 10 ] 

S' ( 2) ,,_ J'o / 1 +exp { 
2
/} (3) 

differential cross sections of elementary acts are chosen as 

follows: 

ci6 (pN-/\cX)-(1-x)o,i+; d.o(PN-.ex)~ (1-x)3 (4) 
dx dx x 

in accord with ISR data [11,12]; ~~ (pN-pX)-6~n (with 

account .of the possibility of the proton-neutron transition, 

since 6(pN-hchc+ ···)=:: 6(nN- hchc+· · ') ). As for the de­

pendence of cross sections pN-1\c(~)X on the incident proton 

energy, here we have used results of [3] that are consistent 

with experimental data [4]. The simplified parametrization of 

the theoretical curve [J] may be written as 

6(pN--l\c(2>)x)-1r-.3,71fn E +0,728fn2 E ""F(E) (5) 
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2.5 GeV 1 • 

ote that we have proceeded from the factorized 

dependence (see [3] ) of inclusive cross sections of the pro-

ceases pN-Ac(~)X on the variable x 

cident proton. 

and energy of the in-

In choosing parametrizations for inclusive cross sections 

of the processes /\c N - l'lcX and ZJN -.VX , we have made use of 

the condition of smallness of the c -quark-nucleon interaction 

croaa section. In this approximation elasticity coefficients in 

such processes should be equal to the mean portion of the 

quark momentum in a charmed hadron [13] (<X>11c = 0.71; <x>1J = 
0.83 at Mc= 1.5 GeV). Parametrizing inclusive cross sec-

d6 
tiona in the simplest form crx-x<i(1-x) we will obtain that 

a11c • 2.5; a21 = 5 correspond ~o the given values of < X > • 
Proportional constants are fixed from the conditions: 

6tot(t'\cN)=; 6'tot +(pN)!::: 6tot(STN) 

6tot (:O N)= ~ 6tot (9TN) 

that are valid i n the model of constit uent quarks and noninter-

acting c -quark. 

The f inal form of t he chosen cross sect i ons is: 

d.6 (/\cN-l'lcX)=15,756~~ x 2'5(t~x) ) ~; (.zJN-XlX)=216;~x5(1-x)(6) 
d.x 

I n fig.1a the obtained curves ar e presented that describe 

the variation of the degree cl. in A-dependence (1) as a func-

tion of the variable X for the processes p.A --AcX and 

p.R --2JX at two values of the initial energy of protons 

400 GeV and 2 TeV. Appropriate functions J(x) are present-

ed in fig.2a,b. 

As it follows from the presented diagrams, values of ef-

6 

fective nucleon numbers (1) depend essentially on x • For 

example, for the process p.A - AcX at E = 400 GeV the value 

of the degree ol varies from ol::::: 0.44 at >< - 1 to cl..., O. 77 

at x "' 0.2. 

Note that in deriving of (2) we have ignored the va-

riation of total inelastic cross sections caused by the energy 

loss of hadrons at inelastic interactions in nucleus. At consi­

dered initial energies their variation is negligible and cannot 

cause any essential revision of results presented in figs.1,2. 

Consider now total cross sections of charmed hadron pro­

duction on nuclei. Integrating the expression (2) over the va­

riable X , we obtain 

p.A-1\c!~)X 1 ( I I c"' ln I • ,, 6 (E)= 2sr da'.S2. 1z(O,ct,E)N(o2 -Ci)11 (0,ot),O; 

whence, allowing for 

6
p.A-llc(fl)X 

tot ) Neff (E = 5PN -1\c(IO)X 

(4) and (5), we have 

· i e'"'e""1 

F(><'E) · . 
= 2!r ~dd.1dx'-x-,- F(E) N(6~"-c.i~(O,ci');o) 

(7) 

(8) 

(We have ignored here the contribution from recoil nucleons due 

to the presence of the effective threshold over inital energy 

for the process pN-hchct- ... ). 
tot ) 

Thus, the form of effective nucleon numbers Ne;;(E ap.-

pears to be the same for the processes p.R - l'lcX and p.A-ZJX 

which is physically clear due to the choice of dependence (5) 

common for both processes. 
. td 

In fig.) values of Ne;;(pfl-/\c(i})X) obtained for various 

nuclei at two values of the initial energy of protons (400 GeV 

and 2 TeV) are presented ae diagrams. Calculation of values has 

been performed in accord with (8) using the distribution (3) 

for the one-nucleon nuclear density. Note that if we judge of 

the proportional rise with the increase in the atomic number, 
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appropriate values of the degrees o<. 

make e( a:; <... 78 at :; • 4<Xi c;. V and 

for the given curves 

°':it 0.81 at E • 2 TeV 

and ... ir~~- iroc :rtL-it i-1 Tall.le• 2/) 1111d 1. 

•• u.thors ar. Ul.:lebt..C to •• :. • .aaeyaka. S.G.c;.vorkian, A.Yu. 

f:hojmairiu:. 0 :.. • •• • ::-.ijmli1111 1111J ..;.G.J.1at~ !or helpful dis-

cusaiona. 
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Figure Captions 

Fig.1. Degrees cl., in the A-dependence of inclusive cross 

sections of the processes p.A - lie X and p.A- ~X 

at various values of the variable X • 

I - E 

II - E 

400 GeV. 

2 TeV. 

Fig.2. Factors .J3 for the processes p.A- AcX and p.A-+-ZX 

at various values of the variable x 

I - E = 400 GeV. 

II .... E 2 TeV. 

Fig.3. Values of effective nucleon numbers for total cross 

sections of the processes p.A -/\c(rlJ)X as a function of 

atomic numbers of nuclei A. 

I - E 

II - E 

400 GeV. 

2 TeV. 

12 

References 

1. Brodsky S.J ., Hoyer P., Peterson c., Sakai N. The Intrinsic 

Charm of the Proton. - Phys.Lett.,1980,vol.93B,p.451. 

2. Barger v., Halzen F., Keung W.J. Central and Diffractive 

Component s of Charm Production. - Phys.Rev., 1982,vol.D25, 

p.112. 

3. Khodjamirian A.Yu., Oganessian A.G. C-Quarks as Partons 

and Charm Hadroproduction. Preprint EPI-652(42)-83. 

4. Halzen F. Production of Heavy Quarks. Proc.XXI Int.Conf. 

High Energy Physics, Paris, 1982. 

5. Nash T. Recent Results on D Decays and Lepton. l'hotOD (and 

Hadron) Production of Charm. FERMILAB-Cont-8)/75-itll'. 

6. Brenner A. E., Carey D.C., Elias G.E. et al. 3xper1Jlental 

Study of the A-Dependence of Inclusive Hadron ~ntation. 

FERMILAB-Pub-82/EXP 7160.451. 

7. Glauber R.J. High Energy Physics and Nuclear Structure. 

New York, Plenum Press, 1970. 

8. A.7.ra.Bep.wrn r.E., TapacoB A.B., YJKmicrum B.B. CTpyKTypa :mm.mo-

3HBHIDC cneKTpc>B rrpoTOHOB B rrpoTOH-R;IJ;epHHx CTOJIKHOBeHIDDC B 

Teop:im rJiay6epa. IlperrpHHT O:IDill P2-7&75 (I974). 

9. reBoprum c .P., MMKO'!llll B. M. 06 A-3am!CRMOCT:l'I B rrpoueccax 

poll\,Il;eHIDI A8ITTOHHHX rrap HYXJIOHa.MH rrpn BHCOKIDC 3Hepr:runc. H~. 

1979,T.29, BHIT.4, C.990. 

10.Murthy P.V., Ayre C.A., Gustafson R.R. et al. Nuetron Total 

Cross Sections on Nuclei at FERMILAB Energies. - Nucl.Phys., 

1975. vol.B92, p.269. 

11.Basile M., Bonvicini G., Cara Romeo G. et al. Measurement 

of Associated Charm Production in pp-Interaction. Preprint 

CERN-EP/81-22, 1981. 

13 



12. Basile a., Cara Romeo G., Cifarelli L. et al. The Longitu­

dinal Momentum Distribution of Charm Mesons Produced in pp-

Interactions. Preprint CERlf-EP/81 - 126, 1981. 

1 J. Xo.xtmMHpsm A. K). A,zij:loHHoe polK,!J;emi:e Tmite.711lx KBaPKOB rrpH CBepx­

BHCOIGlX :rneprIDix H :iKcrrepHMeHT Afill. BAHT, cepIDI; TW3, BUil. 

3.(12)-l9b2, c.14, Epe:aaH,1%2. 

The manuscript was received 27 July 1984 

A.P .Tu\UAJiffi!, B.M.in.Al;IKOlffiH 

POJiJ(EHMB OlfAPOBAHH!lX A,[POHOB B IIPOTOH...Jl,UEPHHX CTO.llKHOBEHIDlX 
11Pl1 BUC OKHX 3HEPTIL'1X 

Cua aHrmrficKOM JI31ffie, rrepeBo~ JI.H.Ear~acapirna) 
Pe~aKTop JI.11.MyKamr 

Tex . pe~aKTOp A. C. AOJ)3.MJIH 

ITommcaHo B rretian 25/XII-84r. 
ClqiceTHa.R rre'IaTb,Y'I.H3~.~. I,0 
3aK , TIDI • .If! 950 

OmetiaTWIO :e ~ex<'· 
EpeBaH 36, l.Bf*&PfD18 2 

14 

Bl>-03030 ~pt.ilT 60x84/I6 
Tupaz 299 9K3. I.{. I5 K. 
Hiucexc 3624 

' ;<JlCTlrryTe 

I, 


