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Р.Ш.ЕГОЕЯК

ОСОБЕННОСТИ КВАРК-ГЛЮОННОГО МЕЗСАНИ3.1А

ОБРАЗОВАНИЯ С -ЧЕТНЫХ ТЯЖЕЛЫХ КВАРКОНИЕВ

В /ШРОННЫХ СОУДАРЕНИЯХ

Изучается кварк-глюсянкй канал 2'i'H(Qt')~^x +(>(ci') °бр а -

зования С-четных состояний тяжелых кваркониев QQ (х ( 0

5 Х{г) и

X ' мезоков) в адронных соударениях, Показано, что нереляти-

вистский характер GlCi - системы к правила Ландау-Лига приво-

дят к качественно различным спектрам для' X , X мезонов и

Х( мезона. В уезком отличии от случая Х ( 0 ' ' , спектры кото-

ркх к iiZc'Uisr.i порядке ТВ имеют полюсную особенность с--° V <\±

при ^Л~*'О , спектр Xt1J имеет логарифмический полюс
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PECULIARITIES OF THE QUARK-GLUON MECHANISM

OF THE FORMATION OF C-EVEN HEAVY QUARKONIA IN HADRON COLLISIONS

The quark-gluon channel Q + *\(Ц) ~**'Х +£j/(^() of t>"-

formation of C-even states of heavy quarkonia Q.Я (of К \ л.

and X mesons) in hadron collisions is studied. The nonrela-

tivistic character of the Q.Q. -system and thy Landau-Yang rule-

are shown to result in qualitatively different spectra for
 v

X mesons and X meson. Strongly differing from ths саа...

of X ' whose spectra in the lowest order of perturbation theo-

ry have a polar peculiarity c^
3
 У 7 Г

 a t
 4t~*'® > *-̂

e
 spectrui.

of X has a logarithmic pole ĉo tnCj^ .
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1. Introduction

In our previous paper [1J we have mentioned about the role

of the physics of "quarkonia" - mesons composed of heavy quarks

QQ. , in quantum chromodynamics (QCD) and the significance of

the study of peculiarities of the formation of C-even P-wave

states of these quarkonia produced in hadron collisions. We

have discussed there also the specific features of X -particle

production cross sections in quark and gluon channels due to the

Landau-Yang rule and non-relativistic nature of quarkonia. It

has been established that in the quark channel fy + CJ, -*- X
 +

 0,

distributions in q of three X ( J =0,1,2) are alike:

со (^ (i
n
 the region fy

x
< M

x
 the form of spectra is

defined by the parameter S/Mj^ (where £ is the binding

energy) whose smallness agrees with nonrelativistic character of

motion of quarks QQ. in a meson), and in the gluon channel

QQ-*-X + Q distributions qualitatively differ. For X(0) and
Q О О

X the spectrum dQ/du С/О о is characteristic (whose

peculiarity at Я, "*" ̂ is smoothed due to the effect of the

gluon form factor T(jt arising on consideration of multiple

radiation of bremsstrahlung gluons), for X the spectrum in



CL is much more sloping (the bremsstrahlung radiation of gluon

from relatively large distances 0 ~ CL. <> M
x
 by initial

partons is suppressed due to the Landau-Yang ban, and the infra-

red peculiarity of radiation is lacking in the final state).

The present paper is devoted to the study of distributions

mein transverse momenta ^ of X , X and X mesons in

their quark-gluon formation channel Q + Ч ( ^ ) ""*" *

at hadron collisions.

2. Amplitudes of two-gluon decays of X ,X
 }
 X mesons

The production of X mesons in a quark-gluon channel

Q + ̂ (^)-*-X
(J<J+

 <J(^) is determined in the lowest order by the

diagram of fig.1. Therefore, in order to obtain the be-

havior of the X production differential cross section in Q

we should have explicit expressions for the amplitudes of two-

gluon decays X -*" 2 a (the decay to virtual gluons is implied)

Our calculations have shown that the spectra d.6̂ /dcr of X

(2) (0)

and X - mesons are alike, therefore, we will analyze only X

and X mesons, and at the very end we will present the form

of the spectrum d6
/
/d(^

x
 for X meson as well»

Thus, for a further analysis we should know amplitudes

I М ^ ( К , , К а ) and M j ; ^
b
 (<ЬК,,К

2
) of two-gluon de-

i cays of X and X mesons (see fig.2). Using the method of

| obtaining the form of the amplitude X ~*" cQ in [2J , after
i О

< some simple transformations we obtain



where fA} $ and a, b are, respectively, the vector and

color indices of gluons with momenta Ki and Kg , and

0 = ̂ Kf
 + Kg) (see fig.2a).

In ref.fij a compact expression was obtained for the amp-

litude X ""*" 2 Q :

(2)

where £ is the vector index of the X state (see fig.2b).

Since for two-particle decays of ?C and X mesons we

have expressions for the amplitudes (1) and (2), respectively,

we may pass on to the calculation of differential spectra in О .

3« Spectra &6/da of X -mesons in a quark-gluon

channel of Q + CJ,(̂ ,)-*-X+(̂ (̂ ,) production

The diagram of the X -meson production cross section in

a quark-gluon channel in the highest order in dig is depicted

in fig.3» The differential cross section of the production of

X with the velocity у and the transverse with respect to

the collision axis momentum P . has the form

where



I

In (3-5) X, and Xg are the portions of hadron momenta taken

away by a gluon and a quark, respectively (i.e.K
(
=PiXi , К

г
= Р

г
Хг

P, * P
g
 « 0 )» Qe-j. is the tensor perpendicu-

lar to the collision plane (see e.g. [3j). After some simple

transformations in (4) and (5), and taking into account the

relations К
1
« 0 , Ki 9QAS 0 , (^A) ~~^X ^

o r
 Ф

о
+

ф
 +
 we obtain the following expressions

(6)

{f((2K
t
K

8
)-(K,K)/

+
((2K

t
K

z
)

2
Ki-K

2
(K^|

7)

Substituting (6) and (7) in (3) and using Sudakov's parametri-

zation for a : Q = y
1
R

|
 + Уг^г

 +
 Чх ( ̂ A

 Sm
*±)

 w e
 °b

t a i n t b e f o 1
"

lowing expressions for differential cross sections

*s^4 T'TWAC£K<-Z))3 Г
5

d
9
 d e«

: where ^ M .
S C
^ X / 4

 a n d
 ^

 H
 Уг/^г • Hence, we obtain for dis

tributions without specification of forms of distribution func

tions of quarks and gluons in a hadron



. 1 с
'a J

d z

£ (ID
J (Gti + d-E))*^
0

. Щ Ъ Т 1

0

Г
J ,

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

the projector П (2) -{1/г)(6**'бррЧ-бар'бсС'р-^Юбарб^')

eince it is teclmically diffi-

cult to find and use explicit formulae for the amplitudes

X
<Z)
-~- 2Q (see [1J and [2] ). The form of these distributions

in Glx is shown in fig. 4.

It is easy to notice from (10) and (11) that for X
( 1

at &j"~*0 («J
x
« ̂ x )

 t h e
 contribution in the cross section is

made by the region g ~ 1 (i.e. the produced 6-quark is soft)

and in that region d6/dQ.
A
 c-o £п@

х
 , the spectrum of X

i%)

meson in the region Q^"*" 0 is more smooth than that of X

and X
(Z)
 mesons having the behavior d^/dQj, схэ i/Q

x
 (see

fig.4).

Conclusion

We, considered the spectrum d6>/dQ.
x
 of heavy C-even

quarkonia X produced in hadron collisions in a quark- gluou

channel Q+
 <
l(

<
l)'~*'*-

 t
\^) •

 I n t h i s
 channel the

distributions in Q for X and X rapidly increase at

Q -*• 0 and formally in the main order in ctg have a polar

peculiarity to 1/cj,̂  (d^/d^ oo 1/^) , which is smoothed



oy the gluon form factor Tfr during the consideration of the

highest gluon corrections (see e.g. [O)- For X
4
 at

 z

a ""*" 0 (<V,« M
x
) the spectrum is more smooth dD/dty

x
 c-oenergy

and thia contribution is gathered mainly from the region Z~f

(i.e. the produced quark (antiquark) is soft). Thia is the re-

sult of the nonrolativistic character of (RQ. system and the

L:j-;dau-Yang rule forbidding the radiation of bremsstrahlung

;;Дчопз from relatively large distances p «i/o ;?»1/Mj( (see [il)

The author is indebted to Yu.L.Dokshitzer for constant

-stimulating and fruitful discussions, E.Sh.iigorian and S.G.Ma-

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

hcJp in numerical calculations.
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Figure Captions

1. Diagram of the lowest order for the transformation of the

X~ meson in the Я9~* channel.

2. Amplitudes of two-gluon decays of X and X mesons

a) amplitudes X
( o )

 -*• 2g

b) amplitudes X ~*~ 2Q

3. Diagram for the X meson production cross section in the

Q Q - channel in the highest order in odg
 #

1 d6
4. Comparison of forms of the spectra -=- • •д

г
 of

X ( J = 0,1,2) meaons in the quark-gluon channel

,CJ)
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