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The querk-gluon channel g + qv(a,)——»'x +q,(0,) of t1-
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formatlon of C-even states of heavy guarkonia Gll (of X. rFa
and ?Z mesons) in hadron collisions is studied. The nonrele-
tivistic cheracter of the QQ ~gystem end ths Landau-Yang rules
are shown to result in qualitatively differsnit specira for vt
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1. Introduction

In our previcus paper [1] we have mentioned &bout the role
of the physics of "quarkonia'V - mesons composSed of heavy quarks
Ga , in quantum chromocdynamics (QCD) and the significance of
the etudy of peculiarities of the formation of C-even P-wave
svates of these guarkonia produced in hadron collisions. We
have discussed there also the specific features of X -particle
production cross sections in quark and gluon channels due ito the
Landau-Yang rule and non~relativistic nature of quarkonia. It
has been established that in the quark channel § + 3 -~ x T+ q
distributions 1n q.L of three 7( ( J = 0,1,2) are alike:
ds/dQ.L e 0“_ (in the region Q < My the form of spectra is
defined by the parameter S/Mx (where € is the binding
energy) whose smallness agrees with nonrelativistic character of
motion of quarks QQ. in a meson), and in the gluon channel’

93 — X( )+ g distributions qua.l:.tatlvely differ, For X' % ana
x( ) the spectrum d6/dc; e qJ_ is cha.racterlstlc (whose'

peculiarity at qL"" 0 is smoothed due to the r_effect of the"

gluon form factor TG arising on considerétion of multiple -

. &) .
radiation of bremsstrahlung _gluons). for 7(( ) the spectrum in
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q 1 is much more sloping (the bremsstrahlung radiation of gluon
from relatively large distances P‘_"'C}:' » M: by initial
partons is suppressed due to the Landau-Yang ban, and the infra-
red peculiarity of radiation is lacking in the final atate).

The present paper is devoted to the study of distributilions
in transverse momenta q, of Xm , X(a) and Xm mesons in
their quark-gluon formation channel g + ?(q,) - X(I) + Q,( ‘.})

at hadron collisions.

o 2 1
2, Amplitudes of two~gluon decays of 7(( ), x : X“ mesons

T
The production of x( ) mesons in a quark-gluon channel

9"9(‘_1«)“’7((”" ‘%(ED is determined in the lowest order by the
olg diagram of fig.1. Therefore, in order to obtain the be-
havior of the X(T) production differential cross section in C‘_ N
we should have explicit expressions for the amplitudes of two-
gluon decays Xm—* 23 (the decay to virtual gluons is implied)-
Our calculations have shown that the spectra dG/dCLi o X9
&nd X(?) megons are alike, therefore, we will analyze only .7((0),'
and X“ mesons, and at the very end we will present the. form
of the spectrum d.s'/dC}f for X(a) meson as well.
Thus, for a further analysis we should know amplitudes
MY;ab §,M0;0b

Mo*—»zg (Ky,Kz) and Mﬁ--.’ag (9, Ky, K2) of two-gluon de=-
cays of X ana x" mesons (see fig.2). Using the method of
~btaining the form of the amplitude X == g in [2], efter

some simple transformations we obtain

, 2y o2 5 |
M::f:g("h Ke)= % Sab {9!‘ [3(2KKe ) - 4KEKE +(4 KKK~
- (4K [3KE K, + KI'KS 1-4KE [KS (K=K T - (1)

- 4K3 L3 (Ka"'ﬂ)yl} ’
4
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where M, v and a,b are, respectively, the vecior and
color indices of gluons with momenta K1 and Ka , and
%= (Ki¥ Kg)®  (see rig.2a).
In ref.[1] a compact expression was obitained for the amp~

litude XV — 29

p 50059 4igs ¥
1+_1:28 (?’K‘,}Kz) \‘2"(?(' K"g)z Sdb (nga'g -C}U qs) * ( )
2

vl gy
x{[e £ KM(ngﬁ}q - K‘I}lKaﬁ)] +[£I“'d'ﬁJK1¢,(Keagpg"Kap Ke;)]}

. . (&) .
where E is the vector index of the X ' state (see fig.2b).
Since for two-particle decays of 7((0) and 7(“) mesons we
have expressions for the amplitudes (1) end (2), respectively,

we mey pass on to the calculation of differential spectra inq, .

2
3. Spectra dG/dCh of X -mesons in a quark-gluon
channel of g+ q(q,)* pd +q,(q,) production

The diagram of the X -meson production cross section in
a quark-gluon channel in the highest order in &g is depicted
in fig.3. The differential cross section of the production of
X with the velocity Y and the transverse with respect to

the cblﬂlision axis momentum G, has the form

d6%° _ dgce  (dxe an
dgqidy es<N2-1)g

where

2 D% x) DIV (89 $7HY ()

chy! (4)

9%(3)
P . =‘17» {'—SP(szaw"}gez o* as(K"K)M°**?9(K"K)
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9%/ - 48
In (3~5) X; and X, are the portions of hadron momenta teken
away by a gluon and a quark, respectively (i.e.K=PX1,Ka=RXz,
2 o Paa =0 IR gg.t, is the tensor perpendicu-
lar to the collision plane (see e.g. [3]). After some simple
transformations in (4) and (5), and teking into account the
rela;n:.(o;)s K1 =0, K, 96'9= , (K.:.) ="K_,_ for ¢99(‘w
¢

we obtain the following expressions

¢3§‘” ( ﬁ- gs ) (KQ:;,,{(“‘K K)(B(K1Ka) ?(K,Kz)z)}(s)

¢34(%)_(2r 20 {c; ((KK)- (KiK)+ (e} K(K,:oj}

Substituting (6) end (7) in (3) and using Sudakov's parametri-
zation for C’ ' q_ = H’P1 +y, Pa""h ((h =-K_,_} we obtain the fol-

lowing expressions for differential cross sections

o s @ ansu-z))z A-B)+(-27) (. (8)
:HGdG.? Na-1d’ ST 5 3 e (azir(-g* 2?2 dz

a6"" 521 ,3q° 1 ( ((2-2rP0-+(1+¢r-2) 6,2)1-2) iz
Ay A6l =N=-1 ‘5 2 (a% +(1-2)? - 2 (9)

2 2
where QLEQ,L/ff and 2 =Y, /X, . Hence, we obtain for dis-
tributions without specification of forms of distribution func-

tions of quarks and gluons in & hadron
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1
1 d6'(°+)=_LS(ZGi+3(1-£)Z(1-i)(1+(1-z)’-) 4z (9
& dyd@Z " 3 Q2 (G2 +(1-2))3 28

§
4 dG(”):f_j (-2PU-2+G+a-20ed)U-2) 45 (1)
2

§ dydai"2 ) (@ir(-z)P2?
) ds‘m_,a__‘ -2 (+1-27) (12)
& dydal 3 ) LIy E

[]

In the case of J = 2 calculations are carried out by

the projector NM(2)=(1/2)(6aa’ Spp'+ Sap'Sctip~(2/3)betp Ot p')

since it is technically diffi-
cult to find and use explicit formulae for the amp’itudes
x® - 23 (see [1] and [2] ). The form of these distributions
in @, is shown in fig.4.
It is easy to notice from (10) and (11) that for «'”

at @,—>0 (C‘L« My) the contribution in the cross section is
made by the region Z ~ 1 (i.e. the prodrced E-quark is soft)

2 -2
and in that region dG/dG.J_ e fn8,° , the spectrum of Xx‘"

meson in the region @, 0 is more smooth than that of x

{2

2 2
and X mesons having the behavior d€/dQ, <~ 1/8, (see
fig.4).
Conclusion

2
We considered the spectrum dG/ dQ) of heavy C-even
 §
quarkonia X( ) produced in hadron collisions in a quark- gluorn
channel g+ C‘(C‘)—*X( )+ Q(Q) . In this channe. the

@ rapidly increase at

. . (o)
distributions in q, for X "and X
ql_—- 0O and formally in the main order in ¢lg have a polar
peculiarity oo 1/cl,i (dG/dqf e 1/0'_2'_) , which is smoothed

7
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oy the gluon form factor 'ﬁi during the consideration of the
iiishest gluon corrections (see e.g.{1]). For x‘ﬂ at 2
g, 0(9,¢<My) the spectrum is more smooth dG/dCLEC/-’Eﬂ %;'L'a') "
and this contribution is gathered mainiy from the region Z~1{
(i.e. the produced quark (antiquark) is soft). This is the re-
sult of the nonrelativistic character of QQ system and the
Iendau-Yang rule forbidding the radiation of bremsstrahlung
sions from relatively large distances PJ_~ 1/ch>7 1/M1t (see [1])
The author is indebted to Yu.L.Dokshitzer for constant
stimulating and fruitful discussions, BE.Sh.igorian and 3.G.Ma-

tinyan for critical remarks as well as to G.Z.Zazian for his

nelp in numerical calculations.
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Figure Captions

Diagram of the lowest order for the transformation of the
X- meson in the 99 - chennel.

Amplitudes of two-gluon decays of X.m and Xu) mesons
a) emplitudes X'” -~ 2g

b) amplitudes xM — 23

Diagram for the X meson production cross section in the

99- channel in the highest order in Xs .

6
Comparison of forms of the spectra -é— '&'yéaTiT of
4

XU)( J=0,1,2) mesons in the quark-gluon channel

9+9(3) —x "+ q(3).
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