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In our consideration we shell proceed from the samc o3~
sumptions which have been used in e number c? wurks on the in-
vesiigated process[w'TJ. Namely the amplit-ce of the.]/yb ~Mhe-

son semi-inclugive leptoproduction

M) e N[R)-~ () + W (R )+ X S
is factorized into thrce factors, amplitude of the nucleon
transition to partons, amplitude of the incident lepton haiu
scattering on one of tii- nartons (querks or gluon), calculated
by the verturbation theci ., amplitude of the finite paricn
hadronization. In such a model physical processes at ull the
distances are described by a2 Hamiltorian with scele-dependent
masses an:: coupling constant:s. it the same time the heavy
quark masses have a slow scale dependence,. and the QCD parton
model with a running coupling constent would then be & good
approximation in the pronegﬂes of heavy querk production,

One of thé poseible tests of checking =uch an applicafion
of the factorization theorem (proved in all the orders of per-
turbatisn theory for inclusive processes{s]) is suggested in

the work. Numely the measuring of the average cosdY velue
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defined as
29

<codY>-= Jco Ydy

oUFolX,,,oU;j /dx ;oY @

where LP is the azimuthal angle between the transverse mo-
mentum 1_3;1 of the outgone J./’LP meson and the lepton plane
(Fig. 1), can give an additional information on the applica-
bility of such assumptions in the processes of the J'/IP semiqx

inclusive leptoproduction.

Q* -
n(2) X, s —— , is the four-
2Ry ' 97 P K. Y
monentum of virtual photon, = - q,

lote that Politzer [9] was the first to suggest this me-
thoda 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 ¢cC system production.

We also suggest an additional method of checking the glu-
on distribution function for PGF (photor~gluon fusion) model [-1’
3 7} 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 &
sum of corresponding partonic differential cross sectioas (s'ee;

€e8e [4]) \

llm
Sla=pe Iy X) A [ g deleN=suce. X)
dXydydy F»w dX, dyY d¥ 4at
¢ (3)

d&(MN—=putcC+ X)) _ dxa2dE-8(xy-E'X)¢: ,62 x
 dX,d%d¥ da’ ;f £S5 E0R(, 0)
dé; (p+Ry —= prcE+X)
X dXdy d¥datdz

N R



The sum over + runs over all partons (quarks, entiquarks a.ndl

gluons). 'Aéi describes the semi-inclusive proccss

J(K)+i(R) = p(Ka) € () +C (L) + X

The parton scaling variables arcs defined by
¢ 2

x=é.g_ N AN
where Aa is the invariant mass of heavy pair. Mg is the
charmed quark mass taken equal to M, = 1.5 GeV[B] ; mz;, is
the X -meson mass; {i. (E} Qa) describes the probebility
distribution for 1t ‘partons with a frection § of the had-
ron momentum, P,. = EP., - F is the normelization factor eq-
ual to the number of resonance states of charmonium in the in=-
terval emc_ < \/Za < emzb introduced in egreement with ihe
assumption on semilocel duality [10} (the integration over Ae
is dual to the sum over the charmonium resonances, the colour-
less state of hadrons is ensured, with & unit probebilifty, b
the soft gluon radiation) which has been used when writing
down (3).

The gauge invaria.nt set of diagrams giving e contribution
of the order O(d's) and O(dz) is shovn in Figs 2 and 3 res-
pectively. We have to %ake into account the diegrams of the
order O(o\:‘) since in the lowest order (O(ds)) y» according
to PGF model, the heavy quarks are produced symmeitrically and
the nontriviel dependence on \f is absent [1] A1l the other
contributions of the order O(okas) are included in the effec-
tive gluon distribution function and are considered in the or

der Q(O{s) digf_erential cross sentier [2] (gee howewrar (.5] 3
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- - G - A
In all our calculations we use dg -[12-”/(33 En,()]-&,ﬁz
o375 for the {lavours number ﬂ; = 2 snd A = 0.5 GeV and
Aa in the interesting us region[B] . e also introduce o cute
2 = 2
oif by QF wna W = (Q' ¥ R) ~square of the irvariant

mesa of the finite hadronic system, Namel)
2 e _ e 2 2 2
G > Q. = 36V, W)W,E(Emc'fMN) (&)

where MN is the nucleon mass, The Jirst restri~tisn is cone

e
rected with the po: »blbll‘*‘" of applyrinT the pexrtuvbution theo-

o7, ke gecond one - with the rem:iroicant for ih- conservaiion
ol par-on number. "o compute the Aif srential cross sections
it .z necessary o xnow {—i(g, Qt) « Por 'he distribution
2luor Iunetion we adopt two variants later on noted as "convene

ticrai® ana "bwoagw [+ 110 12]
$,(5.Q)=6(¥)=2-(1-1) o
4,6.Q) =60 - Uinonson)

"l

Botl: theae distributions are normaliz - witn Lhe conditiomn

fa7-§6(5)=0s

which agrees with the fact thet the hair of the nucleon momen-

tum is taken away by gluons.

From experimental parametrizetion we have for the quark

daistribution functions: 2.1 3]

LS SRR

h\
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=J§..1 3%)[3.2(4-¥): 46(1-8)44.7(1-5) ]'(3cc)va) |

i
The differential cross section of the order O(ds\ in !

()

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

L, 3, 7] in our variables XH. 9, Qa, E it has the form
2
YQAF  de T T - 4 (8)
e T =Ty L_(f y)
where
m.-‘

T- j—imi)[p ‘B,+ ¥ B ],

l'h\n

Bmax -
-ZJ 2 G (T)[A(Bye bs) W(Be+ B,

ll‘l

. b o
Sbgzu ;Lﬁ.) 1= Qg"q} En4+jb eca='%').,

U2 P)F (- ) B,

Be_ura—ng-(%%)f'lx ) a('z ) 5:-27(%_).

The intervel over g is determined by the kinematic

restriction on Aa; Aa=(€;‘xu)'ldso, Qa=So'JXH, S.> 2P Kv»
Xa{fe)<E< X, (1+n/Y). ¥ = m;"/m:; =064

Substituting in (8) the distributions G.(g) from (5) and (6)

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

ratio R; __d6 | dG the following values:

dXy oY qu %



R ~3.5at X,= 0.5, Qas 27 Gev?; R =~ 2.6 et Xu -o.3|,
Q® = 18 Gev?; at small Xy (X4 < 0.2)R = 1 (practicslly at
any 0<Y <1 '

Note that such an pbv:l.ous difference at large Xu of the tg
distributicns Gc and GB doésn't result in a significant
difference of total cross sections and single differential
cross sections (e.g. at Eﬂ-_energy of the initial lepton eq-
uel to 150 GeV which corresponds to X, = 0.3, Qa = 18 GeV®,

y =02, & /6 = 1.25)00

Por the parton differential cross section of the order

O(Js ), Keeping only the members ~. COJ 4% , We have the folr

& cxpression (see ippendix, 4(2))

Lowin

0

2 e
QY dé; he, 2misa’ (@)
- 1 - “ < 9 2] -
A%l dXdYdYydadz 9T v BrAcosts,

Ve -2) +
A<(1-y)%(2- o){re[(1-x1-2)¢]) & Zggf’x;‘;:'z) 1] 8’2

e
fere &A= A /.sy . liote ihat in the limit A° = 0 our
axrees with [9].- '

Intecrating over (P and Z (see (3) mand A(3) we obtainm

G4F _dé 4 Yz
J°°W°W(otd dx,,ayow) g (2~9) (-9 Iy (10)
lmg? . Yes)
=57 (a2 Blemeta) 2 (X, ) e, )
5 TJM E"&“"I dx[ 1- x)J”a(Z{ 3 Q)ei)
e Yo

20X, 8)=As 8By d' e iy | (R o'eBu )

24}



X

T R T B
By [2-x+ hxa] B,=oe(f-x){2-Bx+7x°],
Ca=d tiv20) s C,,'=-;fg+x-—:l_ixe

It is convenient to change the order of integration in (10).
2
Integrating over A~ and numerically over X with conside-
ration of (7) we obtain for the value <COd Y >
. 1
ds  (-4)(1-4) VT
<cosy>= 2. )a )T (11)
Tyt T (1-Y)

e
For J;,J,, Jo ot fized X, and Q" we have the values pre

* sented in Table 1:

Table 1
X =0.05 (X.=0.1 | X.=0.3; Q°=18GeV®|X;=0.5; Q2=27GeV>
H—-- H—'o I‘I’" = H—-, =
2 2 2 2 ' B
Q= Q= Q=IQ= a¢ G a° GB

3067|186V’ 306eY 18GeV?

~2

— : - —
1.65/1.95(074]0.66 [1.55 1079 3.99 1072/ 4,94 1074 [1.75 10

3,| 3.68|4.44|168[1.50 3.5 1072 B.98 107 =2 40.94 107%|3.96 107>

0.15]0.09|q05[0.03 | 4.29 1074 8.78 10~

At small XH < 0.2 the "conventional” end "broad" distribu-
tions of gluons make approximately equal contributions to J,,

and .T., . Note that the \chosen‘val'tes of X_u. are determin-

' 9



,1 + 4me (mc + MN))-1

ed by the restriction XH < (
1ollowmg from (4). The dependence of < cc_{s $> on y is
presented in Fig. 4. The chosen values of X., ,Q correspond
to the maximum values of < c0a > at availeble energies Ef,
(et Yy = 0.6, X, =0.1, Q% = 30 GeVZ, Epn o 260 Gev
<COA Py ~ 0.5%). Note that the maximum values for <cCo04% '-P)’:‘l“/’u
are obtalned at XH = 0.05, Qa = 30 Ge'\f2 and asymptoticall;’
- large energies. ’

In all our preceding calculations we have ignored the
infrinsic transverse éom-b_onent K‘L of initial partons (ac-
cording to the approach of the works [1’9] ). The considera-
tion of intrinsic transverse motion essentially changes the

~esults obtained., ilrendy the diagram of the lowest order

O(O(s) (Fig. 2) giveé 2 non-7ero contribution o <COD (-P>.

Generalizing the results of the work [1J for this case (prac-~
tically substituting @ (P1 K»,)'-—Sog- e Kl- Ku'cog‘f) one may
obtain For <cCoA P» » keeping the linear members by K, , the

iolliowing expression

e L/y— 3, (12)
J'1 + J.L_'_:L__ . JE
<K, >

et

with the one of the work Eﬂ where an a@analogous value has been

<coays . XuHe (.
o

Yote that the result obtained < cCOAY> ~ coincides:*
cons:.derea in 2 parton model, Here <K, » is the meen trans-
verse momenuum of the initial gluon taken equal to o~ U.of}evﬁ ]
]’ =7, J‘a J‘a/ e with substitution G(é)—.G(E)/E in
the subintegral expre<331on for I,, Ja of the formula (8).

The obtame\ Tor J and J—a' results are presented in Teble 2.




Table 2

)

. X}! = 0,05 <XH = 0.1 XH=0.3 XH=O.5
&306ev? | 0%=180ev2 | q%=300eve | 02=18Gevn2n18GeV2 Q2=27Gev5’
J.| 23.8 23.5 5.27 3.96 [3.17 10°|6.97 1077
Jy| 26.5 26.7 5.97 4.51  p.55 10727.70 1074’

The dependence of € Cos Y> on Y is presented in Fig_.s.’

Ijote that the consideration of K, has increased the value

of asymmetry (e.g. 4 times at

)(H = 0.1,

2
Q =30

GeVz,

Y = 0.6) and which is most interedting has led to the changg

of the sign of <COAY>. Thus the measurement of the azimuthal

asymmetry sign can give additional information on the role of

intrinsic ftransverse motion of partons (in nucleon) in the

procesases of the J/’LP

semi-inclusive praduction.

In conclusion let us note thet, by varying the limits of

. . e
the integration over A

s+ the consideration carried out in

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

systems with a larger mass (DD, 1)

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

van, N.IL.,Ter-Isshekyan for i‘recjuent and useful discussions,

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

Here is the detailed calculation of diffei'ent_ial cross
gection, order O(d:) determined by the Fig. 3 diagrams.
The parton differential crbss section has the following form:

dé. = ] LT i A A
i 4(2ﬂr)8(K,P) 2€a RE. 2%, 24, A
xS(Kp*‘P Ka‘P‘H‘ea)
Here (ezrk‘a)',(Ea,@), (an,‘ea) ' (810.81) are the

energy end momentum of finite lepton, querk, heavy quarks and

antiquark respectively.

M O (4 208 T ) T (8,8 Mo 2.5,

The factor 2’3 ‘1/1,,) is connected with averaging ty co-,
lour (spin); 8;_ is the charge of light quarks in .the electJ
ron. charge units; J'ﬂ;, (Kh K.) is the lepton spur.

J"(Yﬁ 22)"%"".?‘ (ﬂ, g'q,'b)are the spurs of heavy and light
quarks respectively.
A(1) can be rewritten in thé following form:

4 e‘ .
ds, = ac.(:sr):}(x B, 577 Jﬂ“(Kf»Ke)'K/‘VPG (B.R,9,8)x
B la)as g LB 4R 5P K-R - )

21 dte ]
$pe() Jn(ﬁa.t)uw-mau-e 8=
=-3§— amcus).( "'"e_) (%“ A?A».A )

PR



Using the gauge invarisnce, after standard calculations
e 2 e
(ignoring messes of leptons and light quarks K; =K,=P «PR=0)

we obtain

déi- gl(leegl.;a : Qd“ {2 ¢+A)p Q(K‘h 2 1| g)dﬂ

where

p=lt-4at)% s < (nor)- 2(R) @)

3 . :
r Jd d Ka d B . K.+P - -D .
d 2ho 252 2Ep S(#F -Ke-R-2)

Q(KhKa,E.a)zgg‘Jﬂv(K‘nKa)Kﬂvye( 1, a,‘} A) =
=—16{Qa(_1 98:)+2 ae‘S(S - 9%, - Q)+AQ (;{1 ..)+

. #3
A° ®et @) 4 T G
wa(me)v((mh e )-ge,ge,(--f(S-?ere)-

~Q K R)-(( R)-20 %, + Q%) Q*(R RMA°Q%A R -
-AK,R)-(25- 9, - @) - & 5 (9.« Y]]

Hore X,= (R +9) % SY(1-x); .= (R-9)%-5y(1-2)+4°

The phase space in the chosen invariant varieble has the form

dlf = I8¢ *"S” I52 —dxdydzd9,

Kinematic restrictions are as follows

A3




i
B8
K
'S
7

) Aa A€3)
si 0 S Xstt gy

ﬁhere (99 is the azimuthal angle of the outgone gluon with
respect to the lepton plane (according to the assumption of
semilocal duslity (P% Y ). It is easy to make sure that in
the photon and quark "c" system 9, + P P + A = O,

the dependence on q’ in A(2) remeins only in the members
Av(K,F%J . Singling out this dependence in obvious form we

obtain the formula (9) given 'in the text.
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Dependence of < C05Y>on Y without consideration

of K; , at fixed X, &and Q% with G(§)=GC(E) .

/

Distribution GB(E) for large X, gives a value

- R times smaller. The solid line corresponds to Xuao.‘,’(,,

Qa= 27 Geva; the dotted onme - to X, =0.1, Qz=

30 Gev2.

16




Fig, %

Dependence of <coslf >on Y at singled out contri- ;
bution to intrinsic transverse motion for fixed Xy
and Qa, G (f )= Gc (§) The solid line corresponds ;
to Xy = 0.5, QF = 27 GeVZ. The dotted one - to :
Xo= 0.1, Q%= 30 GeV2, At other fixed values of '

2 .
Xy and Q@ we have analogous distributions.
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