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ABSTRACT
Energy correlations have been measured with the HARK 11 detector at
PEP at e.m. energy of 29 GeV and are compared to first order qQep pre-
dictions. Fragment;tion processes are significant and 1imit the preci-
sion with uhich the first order strong coupling constan£ can be deter-

mined.
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“He present a measurement of energy correlations of hadrons produced
in high-enefgy e*e” annihilations. This measurement probes the general
structure of hadronic events in a simple way and can be used to test
Qch, the candidate theory of the strong intéractions. If has several
advantages over oéher techniques'! of testing QCD: It does not require
either the selection of specific event topologies, such as three-jet
events, or the definition of a jet.axisz. It uses a simple parameteriza-
tion to éccoﬁnt for-the_frégmentation process?® rather than detailed
Monte éarlo simulatidns: And, to first order, the backuard-foruardrasym-
metry in the correiation function fs prdportional to the strong coupling
constant «s. The first use of this general method of §nalysis was by
the PLUTO group at PETRAY.

The data reported here were taken at a center-of-mass energy of 29
GeV uith the MARK I1 detector at ihe PEP storage ring of the Stanford
Linear Accelerator Center and correspond to an integrated lTuminosity of
15000 eveﬁté{nb. The essential féétures of the NARK‘II detector havé
been describéd previouslyS,

tharged tracks are used in the analysis if they have a momentum
greater than 100 MeV/c énd appéar to come from within 10 cm of the
interaction point along the beam direction. Photons are uséd if they
are measured to have an energy gréater than 200 MeV-in the lead-liquid
argon calorimeters and are further than 10 cm froh any charged track at
the entrance of the caloriﬁeters. Events are accepted if there are at
least five charged tracks and at least one photon passing apave cri-
teria, if the‘total visible energy is larger than 15 GeV, and if the

event vertex is within 7.¢m of the interaction point in the beam direc-
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tion and uithin a radial distance of 5 cm froﬁ the beam axis. The total
visiblg energy is the sum of the energies of photons as measureq in the
liquid argon modules and of the energies of chérged particles a$ meas-
ured in the drift chamber. Since we do not distingyish betueen particle
masses, a pion mass has been assigned to all charged particles.

The fiducial volume for this measurement is taken to be -0.7 ¢ cos§
< 0.7, where 8 is the angle with respect to the incident beams,_and the
entire azimuthal acceptance uith the exception of eight gaps of 6° width
corresponding to the edges of the lead-liquid érgon calorimeter modules.
With the above selection criteria, 3000 events have tracks inside the
fiducial volume.

The energy ueighted cross section for observing thg energy E in the

solid angle dft and the energy £/ in thé solid angle dft’ is defined by:

1 o-dr . 1 EE'
o_o doede" ngdngZ s . o

The first sum is over all pairs of particles in.the solid angles d and
df’ while the sesond sum runs over all N events. The total hadronic
cross section is denoted by o; ,» and the center~of-mass energy is J;i

In this Letter we will study this cross séction as a function of the
angle x between df2 and dR/. In ordér to obtain the cross section given
in Eq. (1), corrections for the effects of resolution, detection ineffi-
ciency, initial state radiation and weak decays have been made by a
Monte Carlo simulia%tion. The sum of these corrections is small inside
the fiducial volume and in the range of 20° ¢ X ¢ 160° . They amount to

20% at x = 20° and 5% at x = 90°.

[}
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The sum over all external angles keeping the opening angle X fixed

gives the follouing cross section:

1 dz = _ 1 EE'
%, dcosy NAcosy ZZ s 2

This corrected cross section summed over all pairs of particles inside
the fiducial volume is shoun in Fig. 1 as a function of cosx 6. The
peaks at cosx = +1 and -1 show the tendency of the eventé to form into

two back-~to-back jets. Studying the deviations of the data from a tuo
jet structu}e requires comparison with a detailed .theoretical calcula-
tion. The cross section as defined in Eq. (1) has been calculated for
partons in the framework of first order perturbative QCB3-7, Tﬁe

explicit form is:

ar . __3" (A(X’“s) (2+c0329+c0520') + B(X,a,) (cosx + cosecose'))

1
o dade!l 16

o

(3)

The direction of a particle with respect to the  beam is given by the
polar angle 8. The functions A and B have been calculated in the frame-
work of perturbative QCD to first order in as and they depend only on X
and ag. They describe the energy correlation of a quark, antiquark and
a gluon, according to the two external angular terms. Iﬁ‘the partonic
picture quark-antiquark events (qﬁ)‘ contribute only at x = 0° and x =
180° to the energy correlation. The first order perturbative cross sec-
tion has singularities at ¥ = 0° and x =180°, where the gluon, quark,
and éntiquark become collinear. In the intermediate angular range (20°

< x < 160°) there is a very pronounced asymmetry around x = 90°, only’

C\‘:" N
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those terms of the cross section proportional to ag contribute to this
asymmetry.

In order to compare the theory with an experiment, in which hadrons
are observed instead of partons, a nonperturbative correction has to be
added to  account for the fragmentation of partons into hadrons3. The
fragmentation of the qG-process is in leading order symmetric around 90°
and is accounted for by an additional term added to A.. This term has
been estimated to first order in 14fs as:

Ag

A= (x) = ——— . '
qaqf /s sin3x . 9

A second fragmentation term for events with a gluon radiated off a

qu=rk or an antiquark (q§g) has to be added to A. The dominant effect
due to this fragmentation is to spread the correlation at 0° to larger
values of the angle x. This term is asymmetric with Fespect to 90° since
for these three jet events there is no jet at 180°. Follomning the
description of fragmentation of a quark . according to Eq. (4) wue tried

the following ansatz to account for the fragmentation from qig events®:

Al
£
A~ () = « for x ¢ 90° (5a)
aqef 8 Vs sin X
A;
= a = (1+cosx) for x > 90° ° (5b)
/s

<.
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Equation (5) ie only an estimate of the net contribution from
qgg-fragmentation,~ but it agrees well with a Monte Carlo simulation in
the angular range 0° ¢ x < 80°, For angles } 80° the acfual shape of
‘the fragmentation term is less important since it is small there. As
will be shoun below, the addition pf a fragmentation term like Eq. (5)
is necessary in order to describe the data. Note that all terms which
are asymmetric about x = 90° come from three-parton processes and are
thus propoftional to ag in this model.

The solid curve in Fig. 1 is the result of a fit of Eqs. (3-5),
integrated ovef the MARK II solid angle. For the pargmeters ue obtained
ag = 0.19 * 0.02, A%¢ =(0.7 * 0.2)GeV and A'¢ =(2.6 £ 0.5)GeV with a x2
of 25 for.22 degrees of freedom. The errors are statistical only. The
frégmentation terms account for 240% of the observed correlation at x =
90° (dashed cﬁrve in Fig. 1). The qqg-fragmentation term is important
in order to describe the observed Energy correlationL_ A fit without
this term (A's =0) increases %Z by a factor of tuo while the value of aq
changes to 0.14.

The measurement of the asymmetry D(x) = 1/76oldE /dcosx(w-%x) - dx
sdcosx(x)], which is given in Fig. 2, shous a change of nearly tuo
orders of magnitude from X =20° to,Xx = 90°. The full line is the sum of
the pertubative and the qag-fragmentafion component with parameters as
determined from the full cross sgction. The fragmentation component

contributes about 50% of the asymmetry.

The systehatic error in as has been estimated to be 0.03. The

major source of this error is the uncertainty in the form for the frag-



page 7

mentation terms, particularly Eq. (5). We have estimated the uncer-
tainty by trying alternate forms of Eq. (5} that are roughly consistent
with the shape predicted by the Monte Carlo simulations. The uncertain-
ties from theffragmentation terms dominate the one; introduced by the
Monte Carlo corrections. - g

There are tuo other sources of uncertainty which are not included
in the error estimate becausé. in some sense, they are beyondvtﬁe fevel
of approximation ue are considering. First, it is‘possible that the q§
fragmentation has a second-order ,(xi/s), asymmetric-component. Monte
tarlo simulations indicate that such components exist and, if included,
would reduce the value of ag by about 10%. Second, no correction has
been made for second-order perturbative terms in the cross section,
because the calculation of them has not yet been done.

Our result is in gooq agreement with several determinations of a;
made at PETRA'Y?-!'3 from the observed number of 3-jet events, transverse
momentum distributions and the thrust distributions. The PLUTO group has
also determined ag from a fit to the full energy correlation function of
Eq. (33). The values of ag from all these experiments-are. summarized in
Table I. In this comparison one has to keep in mind that the systematic
uncertainties come not only from different—éxperimentalamethods but also
from ditferent treatment of the fragmentation. The energy correlation
methpd treats the fragmentation with a global parametrization, uhereas
the other methods rely on Monte Carlo simulations.

In conclusion, the energy correlation cross section allows us to
perform comparisons of QCD predictions with minimal use of a Monte Carlo

model.. Hadronisation effects even at this energy still contribute sig-

e, mrem——
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nificantly tS’the opposite-side to 'Sahe-side asymmetry. The pérturba;
tive QCD prediction with the adqitjonal fragmentation terms seem to
agreé rather well with the data. Ithstrong coup]ing bgngtant as deﬁined
in the first order QCD calcg]atiqn of C.Basham et al., is in good agree-

ment with results from other experiments.

We wish .to aéknoﬁlege stimulating discussioﬁs' with' L.Brown and
$.E11is.

This work ués supported primarily'bv the Deparfhént of Energy under
contréct numbers 'DE—ACO3-765F00515,. W-7405-ENG-48, and
DE-A602-76ER03064. Sﬁpport for individuals came from the Tisted insti-
tutions plus Ecole Polytechnique, Palaiseau, France (A. B. and l.' v.),
Der Deutsche Akademische Austauschdienst, Bonn, éermany‘(B} L.), The
ﬁiller Institute for Basic Research in Science, Berkeley, California (6.
H. T.), the Institute of High Energy Physiﬁs.vkcademia Sinic#. Beijing,
china (Y. M. and 6. 2.), The Swiss National Science Foundation (M. W.),

and the National Science Foundation (C. Z.).
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TABLE 1

Values of ag determined in various experiments around 30 6eV in the cen-

ter-of-mass. The first error is statistical, while the second is system-

atic.

Experiment ag

MARK 11 0.19 + 0.02 ¢ 0.03
PLUTOY ' 0.20 * 0.02 ’
JADE'® © 0.18 * 0.03 * 0.03
MARK J1° ' 0.19 * 0.02 * 0.04
TASSO'2 0.17 * 0.02 * 0.03
PLUTO'S 0.15 * 0.63  0.02
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FIGURE CAPTIONS
(1/04o)dZ/dcosx as a function of cosx. The size of the dots corre-
sponds to the statistical errors. ‘The solid line is the QcCB pre-
diction of Ref. 5 including the nbnperturbative contributions. The
broken line is the nonperturbative part alone.
The asymmetry D¢x) as a function of cosx. The solid line is the

QCD prediction with ag = 0.19 and A'¢ = 2.6 GeV.
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