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Abstract

Recent measurements of jet production at
HERA provide an excellent testing ground
for perturbative QCD (pQCD) and allow im-
proved determinations of the strong coupling,
as. A review of recent measurements of di-
jet and inclusive-jet cross sections in neu-
tral current DIS (NC DIS) at HERA is pre-
sented, and the latest determinations of ay
are shown.

1 Introduction

Jet production in ep collisions at HERA
at O(ag) in pQCD proceeds via the Born,
boson-gluon fusion, and QCD Compton pro-
cesses. In the Breit frame, where the vir-
tual boson and the proton collide head on,
the Born process does not yield transverse
momenta (Er). Jet production with Er in
the Breit frame is thus directly sensitive to
as and to the parton distribution functions
(PDFs) of the proton, providing an excellent
testing ground for pQCD.

In pQCD, a jet cross section is expressed
as the convolution of the PDFs with the ma-
trix elements. The PDF's describe the long
distance, or soft part of the interaction and
are not calculable in pQCD. They can, how-
ever, be determined through global QCD fits
to a wealth of data. In regions where they
are well constrained, the low @Q? region has
the advantage of high statistics, whereas the
high Q2 region has the advantage of smaller
theoretical uncertainties. Thus, in the low
Q? general aspects of pQCD can be tested,
such as the impact of missing higher orders.
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The high Q? region allows precision testing of
pQCD and provides a suitable environment
on which to study the jet reconstruction al-
gorithm.

In regions where the PDF's are not so well
constrained, such as the gluon PDF in the
mid-to-high x region, jet cross sections can
be incorporated into global QCD fits to help
further constrain them. This has been re-
cently demonstrated by the ZEUS collabora-
tion in an NLO QCD fit analysis [1].

th. uncert.
- Inclusivejet crosssectionsin NC DIS
exp. uncert. ZEUS (Phys Lett B 649 (2007) 12)
sl Norm. Incl. jet crosssectionsin NC DIS
H1 (DESY 07-073)
—-— NLO QCD fit
ZEUS (Eur PhysJ C 42 (2005) 1)
o NLO QCD fit
H1 (Eur PhysJ C 21 (2001) 33)
ot Inclusivejet cross sectionsin yp
ZEUS (Phys Lett B 560 (2003) 7)
- Inclusivejet cross sectionsin NC DIS
H1 (Eur PhysJ C 19 (2001) 289)
o al Inclusivejet crosssectionsin NC DIS
ZEUS (Phys Lett B 547 (2002) 164)
ro HERA average
(hep-ex/0506035)
e World average
(S. Bethke, hep-ex/0407021)
. I .
0.1 0.12 0.14
a(My)

Figure 1: Measurements of as(Mz) at HERA

The strong coupling constant, ay, is one of
the fundamental parameters of QCD. How-
ever, its value is not predicted by the the-
ory and must be determined by experi-
ment. Many precise and consistent determi-
nations of ay from diverse phenomena un-
derlie the success of pQCD. At HERA, ay



has been determined from many observables,
which include jet cross sections and struc-
ture functions, by the H1 and ZEUS collab-
orations. The uncertainty in these determi-
nations is dominated by the theoretical con-
tributions, which amount to 4% for jet cross
sections.This contribution presents the lat-
est inclusive jet production studies made by
the H1 and ZEUS collaborations and the re-
sulting determinations of a, which result in
an unprecedented level of precision at HERA
[3],[4]. Furthermore, these determinations al-
low a stringent test of the predicted running
of ag by pQCD.

2 Inclusive jet production in

low Q?

The H1 collaboration recently studied inclu-
sive jet production in the region 5 < Q? <
100 GeV?2. The cross sections were measured
differentially in @2 and Er of the jets and
compared to pQCD at next-to-leading order
(NLO). It was found that the NLO predic-
tion described the data well down to values of
Q? > 10 GeV? and Er > 10 GeV?2. At lower
values, the discrepancy between the data and
the NLO increased considerably. Here, the
dominant uncertainty in the NLO stemmed
from the lack of knowledge of the higher or-
der contributions. This prompted the conclu-
sion that higher order contributions become
increasingly relevant at low Q2 and Er and
are necessary for a further study of this re-
gion.

3 Study of jet radius depen-
dence of inclusive jet cross
sections in NC DIS

The kr cluster algorithm has been exten-
sively used at HERA and has been advo-
cated for usage at the LHC [3]. Although
the parameter of the algorithm which plays
the role of a jet radius, R, is conventionally
set to R=1, this choice might not be optimal

for heavy particle searches at the LHC. A
study has been carried through by the ZEUS
collaboration in which the R parameter has
been varied and the effect on the inclusive-jet
cross sections and the NLO predictions has
been studied. It has been determined that
NLO QCD provides predictions with compa-
rable precision in the range R=0.5-1. The
measurements are shown in Fig. 2. The
NLO QCD calculations provide a good de-
scription of the measured inclusive-jet differ-
ential cross sections do/dQ? and do/dE}",
for R=1, 0.7, and 0.5. It is observed that
the measured inclusive-jet cross section in-
tegrated above Q2. = 125 and 500 GeV?

increases linearly with R.
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Figure 2: Jet-radius dependence of inclusive-
jet cross sections in NC DIS

4 Inclusive jets and dijets in
high Q? NC DIS

Dijet cross-sections at high values of Q? >
125 GeV? have been measured single-
and double-differentially in various kine-
matic and dijet quantities. In addi-
tion, inclusive-jet cross-sections were studied
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double-differentially in bins of Q2 as func-
tions of the jet transverse energy.

The very precise data extend former ZEUS
measurements of inclusive-jet and dijet cross-
sections in high Q2 DIS. They are well de-
scribed by the NLO QCD calculations and
provide access to the parton distribution
functions of the proton, especially the gluon
density at high values of the proton momen-
tum fraction. Therefore, the measurements
are natural candidates for future use in NLO
QCD fits of the parton densities.

5 Determinations of (M)
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Figure 3: Energy scale dependence of g
compared to the pQCD NLO prediction

Single and double differential inclusive jet
cross sections have been measured as a func-
tion of Q2 and of the transverse energy Er
of the jets in the Breit frame by the H1 and
ZEUS collaborations. The measurements are
found to be well described by calculations at
next-to-leading order in pQCD and present
by themselves a stringent test of pQCD.
From these measurements, a new set of val-
ues of as(Mz) has been determined. The H1
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collaboration published the following value of
Qg (Mz) :

s (M £)=0.1193+0.0014(exp.) * 9047 (th.)+
0.0016(pdf)

The ZEUS collaboration published the fol-
lowing value of as(Mz):

s (M2)=0.1207+0.0014(stat.) t5-9932 (eap.)

These values are consistent with each other
and have comparable uncertainties. Both
represent the highest precision for this type
of measurement at HERA, and are also
among the most precise in the world. The
wide range in Ep availeable at HERA also al-
lows for the running of o to be observed and
contrasted to the pQCD prediction. Fig 3
demonstrates the running of as and its agree-
ment with the pQCD prediction.
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