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ABSTRACT

The study of the relative transverse momentum distributions of
back-to-back jets produced at the SppS collider is suggested to provide

a clean test of gluon-gluon dynamics,

Hadron production with large transverse energy (ET) has been

/1-5/

gies (20 GeV$ yVs% 540 GeV), The increasing dominance of jet produc

investigated by recent experiments in a wide range of ¢, m, ener
tion at sufficiently large E. has been clearly observed in ISR experi-
:ments/ﬁ"?/ and, more dramatically, at the CERN SppS collider/5'8/.
The dynamics of parton-parton hard scattering clearly emerges at this
highest energy and indeed the experiments confirm/g/ the simple one
gluon exchange mechanism predicted by perturbation QCD to lowest or
der in the strong coupling constant ag.

-An additional firm prediction of QCD is that in the hard scatte-
ring process between the hadron constituents (quarks and gluons) a
fraction of the initial parton subenergy is released in form of soft ra

diation, This idea has been extensively studied in Drell-Yan processes



and in the production of vector bosons in hadron hadron collisions, in
particular for the case of the transverse momentum distribu.tions/lo’ 11/,
Here the effect is quite subtle, since all order terms on oag need to be
taken into account, Fortunately resummation techniques can be reliably
applied. Then the resulting theoretical predictions have been success-
fully tested/vlz/ in a very wide range of energies, Similar ideas have
also been applied/13—15/ to purely hadronic processes, by considering
the soft radiation associated to hard parton subprocesses.

A further important test of these ideas, and in particular of the
different radiation properties of quarks and gluons, is provided by the
study of the QCD radiation accompanying two back-to-back jets produced
at the pp collider energies/]'4/. In fact the gluon-gluon scattering gives
there the dominant contribution to jet production, in contrast to the case
of weak boson production where only the quarks play an essential role,
Therefore one encouters a unique testing ground for QCD predictions
concerning the process of bremsstrahlung initiated by gluons,

In the present work we discuss the rélative k'}l‘ distribution of two
back-to-back jets at the collider energies, in order to get a direct evi-
dence for the three gluon coupling, one of the most striking QCD pre-
dictions, The basic idea is that the Sudakov form factor, which regula-
tes ’t‘l~1e two gluon jets ko-distribution, depends upon Cp (CA = 3}, in
coﬁtrast to the case of electroweak pairs produced in the annihilation of
q and q, which is related to Cp (Cp= 4/3). Of course this observation
only reflects the well known fact that gluons radiate more than quarks,

Based on the factorization property of soft emissions in gauge the
ories/l7/ and on the resummation techniques of the perturbation series
in the improved double leading logarithmic approximation/]ﬂ/ we write
for the soft transverse momentum distribution in the subprocess
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where k”[‘ is the relative transverse momentum of the partons p, and
P, - the two final jets - i.e. k,-[, =P9T+' me, and 0, is theBorncross sec
tion of the hard subprocess, integrated over the phase space of the emer

ging jets, Furthermore the parton densities F are taken at the scale

i,]
~~1/b?), and the Sudakov form factors are given by
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and gluon r‘e;épegtivesjly/lng/. We have taken N =3, which leads to a, =
=ag = 3/2, Finally oy % (1- Mi;O/s), where s =8x,x, is the
initial parton energy squared and 1\/[12m is the invariant mass squared
of the final parton system,

Experimentally, a jet is usually defined as a sizeable f’raétioh“of
the total energy deposited within a certain cone, aligned along the axis
of the parent parton, This definition automatically leads to include in-
side the cone the radiation emitted from the final parton. This obser-
vation explains the appearence in eq, (1) of the Sudakov form factors
corresponding to the initial partons only,

Then for the reaction of interest pp -+ J1J9*+X, with M§1J2 fix-
ed, one has to appropriately sum eq. (1) over the initial and final parton
states and integrate over x; and Xgs Ag stated above, because of the
dominance of gluon-gluon interactions at collider energies, the result-
ing distribution mainly tests terms depending on C; +cj = ZCA in eq. (2),
in contrast to the case of electroweak pair production, where only the
term corresponding to ¢4 +cj== 2Cq is essentially playing a role, The

theoretical prediction given above does not include finite terms of order

G, coming from hard gluon bremsstrahlung and virtual one loop correc



tions, which have not been all computed so far, From the previous ex-
perience/ll/ in the case of the ko distributions of weak boson at colli-
der energy, our result should be sufficiently accurate up to ‘kT ~20GeV,
where hard effects could start to be sizeable.

In order to proceed further, we have still to specify the parton den
sities. While the quark distributions are rather well established, we will
use two different forms for the less well known gluon density, which dra-
stically differ at large Qz, in order to check the uncertainties of the
theoretical predictién, The first parametrization used (called I) has
been proposed by Gllck et a»l./zw, and is often adopted in the literature,
The second one (called II) has been given by the CDHS group/zl/ and
leads to a much more sizeable glue at large QQ’,

~ Our predictions are shown in Fig. 1 for a di-jet mass My = 60
GeV. A variation of My; in the range 40-80 GeV does not change apprea
ciably the result, On the other hand the dependence on the gluon distribu
tion function is also tolerable, as clearly seen from the figure, In order
to show the size of the effect of gluon-gluon dynamics,we alsocomparein
Fig. 1 the previous prediction with the hypotethical case where gluons,
described by the usual distribution I,V radiate like quarks, namely all
¢y = C-F in egs. (1-2), including the Born cross sections. Clearly the ef-
fect is sizeable.

In conclusion we have shown that the observation of the relative

kT distribution of back-to-back jets at the pp collider can provide a

sensible test of gluon-gluon dunamics,

I am grateful to P, Bagnaia, M, Della Negra, C. Rubbia, A, Rous-
sarie, A, Savoy and W, Scott for many discussions. The kind hospitality
of the CERN Theory Division, where part of this work was done, is also

acknowledged.
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FIG, 1 - da/dk«:T versus Ky (i) full line: gluon distribution function
according to parametrization I; (ii) dashed line: gluon distribution
function according to parametrization II; (iii) dotted line: gluon di-

stribution function I, with CA = CF in egs. (1-2), see text,
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