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Correlations between two particles in jets

Redamy Perez Ramos

Laboratoire de Physique Théorique et Hautes Energiesigtiiiés Paris 6 et 7,
4 place Jussieu F-75251 PARIS Cédex 05

Abstract: We study the correlation between two soft particles in QB jé/e
extend the Fong—Webber analysis to the region away fromuh®plin the single
inclusive energy spectrum and show that the correlatiootfon should flatten off
and then decrease for large valueg ef In (1/x).

Introduction

Perturbative QCD (pQCD) successfully predicted inclugiaeticle spectra in
jets (for review se€[J1] and references therein). It sufficethake one step beyond
the leading double log approximation (DLA) and to analysdqracascades with
the next-to-leading accuracy by taking into account anguidering in soft gluon
multiplication, quark—gluon transitions, exact DGLAP toar splitting functions
and running coupling effects. The corresponding MLLA (nfiedi leading log
approximation) &volution Hamiltonian” has the accuracy +~2, wherevy, is the
characteristic parameter of the pQCD expansion (the DLAipiigity anomalous
dimension) given by
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HereY = In(Q/2A), with Q the hardness of the jet production processe(”
c.m.s. annihilation energy) andthe QCD scale. For the LEP-I energy,= 91.2
GeV (Z° peak) we havd” ~ 5.2 (usingA ~ 0.25 GeV).

In spite of expansion parameter
being numerically large,
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the shape of the inclusive en-
ergy distribution of soft hadrons
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: by the analytic QCD curve — the
2} 1 so-called limiting spectrum
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Fig.1: Inclusive spectrum fap = 91.2 GeV. partonic cascade@, down toA.

Overall normalization in Fig. 1 (number of hadrons per gluisra non-pertur-
bative parameter that one determines phenomenologicefiz parameter should
cancel in the ratio
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so that one could expect the two-particle correlation fiomcfd) to provide a more
stringent test of parton dynamics. However, for a long tipeeticle correlations
are known to be poorly treated by pQCD.

Here we revisit two-particle correlations and report theuhes of an improved
pQCD analysis of the problery[2].

Fong—Webber approximation

The first (and only) pQCD analysis of two-particle corradas in jets beyond
the DLA was performed by Fong and Webber in 1990.[]n [3] thetstesteading
O (7o) correction,C = 1+ /a;; + - - -, to the normalized two-particle correlator
was calculated. For a system of two quark jets produced é#v annihilation,

1 1
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the Fong—Webber result reads;(= 3)
0 — 0> O+0)] 1
R = 1375 — 1.125( ! 2> - [1.262 _ositl)] L (3)
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The first two terms in[{3) are of the DLA origin while the thirsh@® constitutes
an O (y) MLLA correction. This expression was derived in the regién —
05|/Y < 1, that is when the energies of the registered particles &tvely close
to each other (and to the maximum of the inclusive distrdntsee Fig.1). In this
approximation the correlation function is quadratic in tiference/; — ¢, and
increases linearly with the surfy, + /5.

Particle correlations from MLLA evolution equations

To analyse two-particle correlations we write down the etioh equations for
Dg’)Q (¢1,42,Y") that follow from the general MLLA evolution equations fot je
generating functionalg][4]. Unlike the case of the inclasspectrum, equations for
D®) are inhomogeneous due to the presence of the product ofatielg distri-
butions D(¢1)D(¢3). In the smallz limit, by approximating the energy fraction
integrals of the parton splitting functions as follows,

¢ ¢
/ Al P(xYF(l - 1) ~ / dt' [e1 —c20(0) ] F(e =1,
0 0
it is straightforward to reduce the original integral edoias to a system of two
linear (inhomogeneous) second order differential equoatim variables/; and
y2, Wherey = In(k, /A) and we keep the ratio of particle energies fixéd—
¢y =const.

We then substitute the produCt D(¢;)D(¢) for D(®) and solve the equations
iteratively, using the fact that the normalized correlagfdy is a slowly changing
function as compared with the distributions themselvese fdnge of applica-
bility of the solution so obtained is not restricted to theinity of the hump as
in [B]. Actually, the new solution can be trusted for arhiyraalues of;, as long
as/y, ¢y > 2 (to respect the adopted soft approximationg 1).

For example, the answer for the two-particle correlaticide a gluon jet reads

_ 1= b(¥re+ae — [Brg]) — 61 — laxe + b
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The functionA is given by

A = 752 (1o + 1 yt20) 5)

wherey; = In D(¢;,Y"), and the subscriptéandy mark its respective derivatives.
Since logarithmic derivatives of the inclusive spectrum, aypically, of the order
of ¢y ~ ¢y, = O (), we haveA = O (1). This term is already present in the
DLA, see [$], and is responsible for the fall-off of the cdaten with increase of
n= ‘@1 — 52’

The termb (¢1¢ + a¢), Whereb = - [%Nc — 4Tg (1 _ 2]€_F)2] in the

numerator of|[(¢) is the next-to-leading (MLLA) correctiGh(~y,). The termd; is
given by

01 =75 2 [ xe(1y+ay) + Xy (1,0+1020) ] x = In[Cql. (6)

Itis O (7o) and constitutes a MLLA correction as well, singe~ x, = O (73).
The correction terna, is given by

02 = IYO_2 (XZXy + Xfy) ) Xey ~ XeXy = @ (’73) . (7)

Itis O (7¢) and constitutes a NMLLA correction, as well as the terg. Thus, all
terms in the square brackets [h (4) are of the ordeggoBeing formally negligible
within the MLLA accuracy, we nevertheless keep them in thenaar. By so doing
we follow the logic that was used in the derivation of the fnigclusive MLLA
spectra namely, solvingkactly the approximate (MLLA) evolution equations.
The correlatoiCy; itself enters on the r.h.s. df|(4) vifl (6) arfél (7). Substityti

1= (P10 + P20 — [615))] }

=In[Cq| ~1 1+
X = InlCq] n{ 1+A—|—[aﬂ7§]

into the expressions far andd, provides then aiterative solution. The sum of
the correction termé; + 0, +ax is very small© (10~2), near the hump ~ ¢5)
and increases away from it.

The correlators for the quark jet and fore— annihilation (two quark jets) can
be obtained from that of the gluon jet.

Below the results are presented for four different bandbef4; , /2) plane, in
comparison with the Fong—Webber approximation and the O@4th [6]. In the
left column we showR? — 1 as a function of the surfy + ¢ for three values of the
difference, and on the right column, vice versa, as a funaiathe difference for
fixed sum.
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Conclusions

The correlation should be strongest when the two particée® lthe same en-
ergy, /1 = {», in agreement with the Fong—Webber analysis.

At the same time, the correlation function that we derivagdatly from the
evolution equations without expanding the answer in thenfdmperturbation pa-
rameteryg, no longer increases linearly but flattens off (and thensdodlecrease)
with ¢1 + ¢5. Such a behaviour is in accord with general theoretical etgpiens.
Indeed, the smallest energy gluon with— Y is pushed at large angle®, ~ 1,
and, in virtue of the QCD coherence, should be radiated ieaiggntly of the rest
of the parton ensemble.

Though our curves are somewhat closer to the OPAL measutsriiem the
Fong—Webber results, the discrepancy remains substakitfiagther this discrep-
ancy is due to higher order perturbative corrections orerattue to non-trivial
hadronization effects that have not been seen in the inelusie-particle spectra,
remains to be studied. Forthcoming experimental data orpi@vticle correlations
in g/q jets produced imp collisions (CDF) should elucidate this problem.
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