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In our consideration we shell proceed from the same гз-

sumptions which have been used in a number c* works on the in-

vestigated process I ~'J . Namely the amplitude» of the Jill/ -me-

son semi-inclusive leptoproductiou

is factorized into throe factors, amplitude of the nucleon

transition to parton3, annlitude of the incident lepton hard

scattering oa one of tin» oartons (quarks or gluon), calculated

by the perturbation thec.iv, amplitude of the finite parten

hauronization. In such a notiel physical processes at all the

distances are described by a HamiltorJan with scale-dependent

masses aa<" coupling constant?. At the same time the heavy

quark masses have a blow sculf dependence, and the QCD parton

model with a running coupling constant would then be a good

% approximation in the processes о*" heavy quark production.

;' One of the possible tests of checking ?uch an application

\i of the factorization theorem (proved in all the orders of per-

turbation theory for inclusive processes't• J) is suggested in

the work. Namely the measuring of the average C06*f value



defined as

о

where If is the azimuthal.angle between the transverse mo-

mentum K , of the outgone J/U' meson and the lepton plane

(Pig. 1), can give an additional information on the applica-

bility of such assumptions in the processes of the J A ^ semi-)

inclusive leptoproduction.

In (2) X
u
 = — 7 - ^ . U = ^ J , Q is the four-
H
 2(J? *) « P,-K, ' ^

momentum of virtual photon, Cf = - n
a
 •

Ilote that PolitzerL°J vras the first to suggest this me-

thod of QCD checking applied to the processes of the hadron

semi-inclusive production. In the present work this idea

spreads on the case of the heavy C C system production.

We also suggest an additional method of checking the glu-j

on distribution function for PGF (photor.-gluon fusion) model
3 7l
• J which is the basis of our consideration.

According to the QCD parton model the differential cross

section of the process studied can be written down through a

sum of corresponding partonic differential cross sections (see-

e.
g
.M)

* (3)
H
d<jd4 ~ F J



The sum over •«. runs over all partons (quarks, antiquarks ancj
t

gluons).
 r
-*6^ describes the semi-inclusive process

The parton scaling variables are defined by

where A is the invariant mass of heavy pair. TOg is the

charmed quark mass taken equal to fii
c
 = 1.5 GeVL-Ч ; щ^ is

the JO -meson mass; £ ( £ Q I describes the probability

distribution for t partons with a fraction P of the had-

ron momentum, Rj = с ftj • p is the normalization factor eq-

ual to the number of resonance states of charmonium in the in-»

torval 2 m
c
 < VД *~- t-^ft introduced in agreement with the

assumption on semilocal duality L J (the integration over Л

is dual to the sum over the charmonium resonances, the colour-

less state of hadrons is ensured, with a unit probability, \rj

the soft gluon radiation) which has been used when writing

down (3).

The gauge invariant set of diagrams giving a contribution

of the order OfoL,)
 and

- 0(d
s
 ) is shown in Pigs 2 and 3 res-

pectively. We have to %ake into account the diagrams of the

order O ( Q L
S
) since in the lowest order (ОМе)) '

 a c c o r
d i

n
C

to PGP model, the heavy quarks are produced symmetrically and

the nontrivial dependence on ^ is absent L
1
 J, ̂ ц the other

contributions of the order 0(ol
s
) are included in the effec-

tive gluon distribution function and are considered in the or

der 0(»«;) differential cross spo.trtoi-L J (
Sf
.
e
 how<="°r Li )
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In all our calculations we use ol
&
 = [ 12/(33 gn/)]&»^

0.375 for the flavours numbpr П» • 4 and A = 0.5 UeV and

4 in the interesting us rosier» i-J . 7p also introduce a cut-

off by Q und W ^
 s
 (^

f
jR) -sq.tar» of tho irvariant

mass of the finite hadronie system. Namely

where М ы i
s
 sbe :mcleon mRsa. The _'irnt >-estri "ticn is con-

r.ectoc with the po(?sibil?ty of apnl̂ ixi,̂ ' t"".? pertL-vbtition th<?o-

Л--/, t-h'-' second one - with the req'.:.lro;"<?7i
f
 for tho conservaxion

of bar .on number. 'I'o compute the differential cross sections

it ;.ь> necessary to know %t(f, Q ) . For he distribution

Îti/jr f'.mctior: we adopt two variants later on noted as "

tier:,?.!" and "broad" P •
 1 1
»

 1 2
J

Both these distributions are norniali"'••• viti ;,ле condition

1

which agrees with the fact that the half of the nucleon momen-

tum 1з taken away by gluons.

Prom experimental parametrization v/e have for the quark

distribution functions: *•' ̂-*



The differential cross section of the ordei" Q(ol$\ in i

the framework of the PGP model has been obtained in the works

L
1
> 3, 7]

 i n o u r v a r i a b l e s
 )(

H
 ^ Q ^ ^ it has the form

where

>m«.x

5>n»o

The interval over ? is determined by the kinematic

restriction on Д
 f
 Д = (|'"*X

H
)* у£>

о
, Q S

S O ^ X H , S
e
<*2fiK?,

Substituting in (8) the distributions <3-(|) from (5) and

and integrating over Ц (see Table 1) we obtain for the

ratio R- / " ̂  the following values:

'J.



R ~3.5 at X H - 0.5, Q £« 27 GeV2; R ~ 2.6 at Х„-0.3J,

Q
a
 = 18 GeV

2
; at small Хн (X

H
 < 0.2) R « 1 (practically at

any 0 < U as 1).

Note that such an obvious difference at large Хн of the*

distributions G and О doesn't result in a significant

difference of total cross sections and single differential

сгозз sections (e.g. at E^- energy of the initial lepten eq-

ual to 150 GeV which corresponds to X
H
 =0.3, Q = 1 8 GeV ,

у = 0.2, 6
в
/б

С
 cs 1.25 )№.

For the parton differential cross section of the order

(Дс(
5
 J , keeping only the members ̂  CO6 To » we have the folf-

lowing expression (see Appendix, ̂ (2))

j Q i A L
 a

 (s)
a

Пел б ' = Д / » S ^ • Kote that in the l imit 4 S = 0 our

r"Hult for л п.~;геез -.vith L J .

Interratiiifi; ovei" If and £ (see (3) and Л(3) we obtain

2 (x ,4=А, Л Ьд

«г-



эе

It is convenient to change the order of integration in (10).

Integrating over A and numerically over X with conside-

ration of (7) we obtain for the value < C O i If >

"
 J
a

For Jf, Xg
 ;
 J3

 a
*

 f
ixed

sented in Table 1:

(11)

and Q we have the values pre

Table 1

J 2

J 3

I
XJJ=0.05

30GeV*

1.65

3.68

0.15

a

18GeV'

1.95

4.44

0.09

X^O.1

Q2-
!306«

Q74

1.68

Q05

i/l18GeV

0.66

1..50

0.03

XJJ-0.3? Q2=18GeV2

. «°

1.55 Ю" 2

3-5 Ю" 2

3.99 Ю"2

3.98 10" 2

4.29 10~4

Хд=0.5; Q2=27GeV2

4.94 Ю" 4

0.94 Ю" 4

G 6

1.75 10"

3.96 10" 3

8.78 10" 6

At small X H < 0.2 the "conventional" and "broad" distribu-

tions of gluons make approximately equal contributions to J,

and Si • Note that the chosen values of

9

.are determin-



Wed by the restriction X H £ (1 + ^

following from (4). The dependence of < CQ£> <jP> on У is

presented in Pig, 4. The chosen values of X« »Q correspond

to the maximum values of < coi*f> at available energies £*,

(at у = 0.6, X
H
 = 0.1, О * = 30 GeV

2
, Сум Cz 260 fieV

<C04^f>~ 0.5%). Note that the maximum values for <C04<f>at 1'/& i

are obtained at Хц = 0.05, Q = 30 GeV
2
 and asymptoticalljl

large energies.

Iii all our preceding calculations we have ignored the

intrinsic transverse component Kx °£ initial partons (ac-

cording to the approach of the works L '-'•' ). The considera-

tion of intrinsic transverse notion essentially changes the

-esults obtained. Already the diagram of the lowest order

0(o(g) (Fig. 2) gives a non-яего contribution to <CO^^f>.

Generalizing the results of the work L J for this case (prac-

tically substituting Z (R Mi)-*Sef - 2 K^K^-COif) one may

obtain for <C0i Ф> » keeping the linear members by K^ , the

following expression

A - J,
f̂

TTote that the result obtained <zob^>^~—r coincides-

B41 ^

with the one of the work I! J where an analogous value has been

considered in a parton -nodel. Here<Kj,> is the mean trans-

verse momentum of the initial gluon taken eĉ ual to cr O.GGreV̂  .

J,'-J, , J
g
'a l

z
j a î-th substitution G(fj —G(f)/f in

the subintegral expression for J^ , J"
a
 of the formula (8).

The obtained for J,, and J
a
 results are presented in Table 2.



Х„ = 0.05 .o.i

Table 2

X^O.3 X
H
=0.5

(f»3OGeV Q
2
s18GeV

2
Q

2
»30GeV Q

2
-18GeV

2

23.8- 23.5 5.27 3.96 3.17 10" 6'. 97 10"

26.5 26.7 5.97 4.51 3.55 1O~
2
f.7O

THe dependence of < со 4 <Р> on Jj is presented in Pig. 5J

ITote that the consideration of K
A
 has increased the value

of asymmetry (e.g. 4 times at X
u
 = °«1» Q = 30 GeV

2
,

П

t̂  =0.6) and which is most interesting has led to the change,

of the sign of <C06^>. Thus the measurement of the azimuthal

asymmetry sign can give additional information on the role of

intrinsic transverse motion of partons (in nucleon) in the

processes of the J / i ^ semi-inclusive production.
In conclusion let us note that, Ъу varying the limits of

the integration over Д , the consideration carried out in

our work can be easily continued in the case of production of

systems with a larger mass (£)2)t T ).

The authors would like to thank S.G.Matinyan, G.V.Gricor-

yan, U.L.Ter-Isahakyan for frequent and useful discussions,

and A.P.Garyaka for his help in computations.



Appendix

Here is the detailed calculation of differential cross ;

section, order 0{d
s
) determined by the Pig. 3 diagrams. /•

The parton differential cross section has the following form:

ее

Here (fie.K.),̂ ,?), (^o X) . (ЪоЛ) «•
 the

energy and momentum of finite lepton, quark, heavy quarks and

antiquark respectively.

The factor 2^3 (4/^) is connected with averaging by со- ,

lour (spin); E^ is the charge of light quarks in the elect-)

ron charge units; J\,̂  (K<i, K»)
 i s

 *be lepton spur.

T (?, %,) ft. tn*(& Р Я Д ^ е "tbe spurs of heavy and

quarks respectively.

A(1) can be rewritten in the following form:

12



Using the gauge invariance, after standard calculations
t * ni ft

(ignoring masses of leptons and light quarks Kt "Ke«q*l£«

we obtain

" 9{eSi}3 A*-Q*-£
where

*

The phase space in the chosen invariant variable haa the form

8 с
Kinematic restrictions are as follows

. 13



v/here Ц*п is the azimuthal angle of the outgone gluon with

respect to the lepton plane (according to the assumption of

serailocal duality 1^=1^ ). It is easy to make sure that in

« _* -» — —
t h e p h o t o n a n d q u a r k " c " s y s t e m а + | Э в р + д » 0 ;

the dependence on т in A(2) remains only in the members

*~ (K
1
fg I . Singling out this dependence in obvious form we

obtain the formula (9) given *in the text.

14
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i

.8

j I

A .6 .8

Pig. 4

Dependence of <C0i4
>
>on y. without consideration

of K
x
 , at fixed X

H
 and Q

t
 with G(^)=G

C
(|)

Distribution G (|) for large X
H
 gives a value

R times smaller. The solid line corresponds to Х
м

=
0«

Q
S
= 27 GeV

2
; the dotted one - to X

H
 =0.1, Q * =

30 GeV
2
.

16
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-JS -

Dependence of <СО.зф>оп ^ at singled out contri-

bution to intrinsic transverse motion for fixed Хн

and Q
(
 G ( £ ) = G ( f ) ^ e solid line corresponds

to XH • 0*5, QZ - 27 GeV2. The dotted one - to

XH * 0.1, Q*"» 30 GeV2. At other fixed values of

XH and Q we have analogous distributions.

17
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