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ABSTRACT

Using the helicity amplitude formalism, we derive simple
cross—section formulae for the production of heavy quarkonia
through the process g + g » (25+1L 1y & g when L = § or P.
Within the framework of perturbative QCD, these subprocesses
are important for the hadroproduction of heavy quarkcnia.
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Hadroproduction of the J/¢ has recently been observed at the CERN PP
collider [1]. It is to be expected that the hadreproduction of heavy
quarkonia, in general, will be an important source of information on various
aspects of high~emergy physics: it allows one to study B-B mixing [1 - 3],
to search for extra b quarks [4], and to test perturbative QCD [57].

.Within the framework of perturbative QCD, the production of heavy

25+1
quarkonia is described by several subprocesses, such as gg—¥ L , q—p 28+1LJ’

25+1 25+1 25+1

- + - - + 28
g§q —> Lyd» 89 — L; 9,99 —» Ly g, 88 —*

+LI..J g,-étc.
These processes are easily evaluated using the standard Feynman diagram
techniques [ 5], except for the case g g -» 2S+1LJ g, described by the Feynman
diagrams of Fig, 1. 1In this case, the number of Feynman diagrams is rather
large and the covariant summation over the polarization degrees of freedom
leads to long and cumbersome expressions which, for the 3P channels, were

handled by symbolic manipulation programs.

In this letter, we present our cross section formulae for the process

ZS+1L

g(kl) + g(kz) — gt g(ks), : 1)

where kl’ k2 and k3 represent the momenta of the gluons.‘Our results are
limited to the lowest order, i.e., az, not including the much more compli-
cated higher-order QCD corrections. The formulae were obtained using the
helicity formalism [6] developed earlier, where one introduces an explicit

representation of the three gluon polarization vectors. E.g.,

ﬁlfi = /V[ Kl by (1 5%) + 4 K (1 25)],
)""’/2

(2)
N = (ZA)LL“-

where s = (k, + k )2, t = (k

1 2

9 )
5 = kB) , and u = (k, - k3) .



In this way, we obtain simple expressions for the twe independent helicity
amplitudes ¢f g g > g g q. With the method of Guberina,'Kﬁhn, Peccei, and
Ruckl [7], it then becomes a straightforward task to obtain the cross section

formulae for process (1). Further details of this procedure will be presented

in a forthcoming paper.

We simply list our results:
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with P=st +tu +us, q=stu, and M2 =s+t+u, i.e., the {mass}” of the produced
resonance. In these formulae, RD is related to the (qa) wave function at the

origin and is given by

‘./?0 = opq? F(?:I — ete-) /szeqz , (4)

while Rl' is related to its derivative at the origin, Using the quarkenium

potential of ref.{8] with A = 0.2 GeV, one finds for the (cc) system
JZ 2 ‘ 3
R/ My = 0,006 (Gev)T, (5)

where M 1,is the mass of a P state.

The cross section formulae (3) can be written in many. different ways. An

alternative set of formulae is:
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It is seen that the helicity formalism [6] is capable of yieldieg:eippie.
and useful formulae for the process g g -?2S+1 J‘g. Such formulae are expected
to ﬁare many appllcetlons. An espec1a11y outstandlpé.example 1s related to the
very recent study of Glover, Halzen and Mart1n [9] on the phy51cs from J/V’ tags
in pp COlllSlOHS. The present formulae can lead to a 51gn1f1cant sav1ng of

computer t1me, perhaps by a factor of 5, to obta1n the cross sectlon for gg— X g,

offerlng the p0551b1]1ty of more reflned studles.
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FIGURE CAPTION

25+1

Fig. 1: Feynman diagrams for g + g —» Lo+ g.

J



g (k) M 34! M

g(%,) g(%) %

2(4,) (%3
g (4,) g (%) ?(\%M
?[‘éz) ' 9[43)

g (4,)

-+ Wud‘a.zf‘cm



	1
	2
	3
	4
	5
	6
	7
	8

