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The D@ and CDF experiments at Fermi National Accelerator Labo-
ratory's Tevatron collider have each amassed a signi cant anount of jet
events, leading to new results that test the predictions of grturbative
Quantum Chromodynamics. Several recent jet physics result are pre-
sented, along with a discussion of the prospects for other &ts in the coming
years.

PACS numbers: 13.87.Ce, 12.38.Qk

1. Introduction

The Fermi National Accelerator Laboratory's upgraded Tevaron col-
lider began operation in April, 2001, with two experiments tat had also
undergone extensive upgrades. In the run period since the lider opera-
tions began, known as Run Il, each of the experiments has reated roughly
400 pb ! of data, about four times as much data as was collected during
Run | of the Tevatron in 1992 to 1995. By the summer of 2005, when series
of small detector upgrades and accelerator improvements iake place, the
experiments are expected to record around 1 fo! of data.

Both the CDF [1] and the D@ [2] experiments are general purposeol-
lider detectors that are designed to measure a wide varietyfgrocesses at
the Tevatron. Both have central tracking systems that include silicon-strip
based microvertex detectors, calorimetry that covers a wid range in pseu-
dorapidity , and muon detectors down to small angles.

The upgrade to the Tevatron did not result in improved luminosity alone.
The collider is now running at a proton-antiproton center of mass energy of
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1.96 TeV, compared to 1.8 TeV in Run |. While this may seem likea small
increase in energy, it does create a signi cant increase inhgsics reach in
the steeply falling cross-sections characteristic of highy physics. The cross-
section for jets with pt = 400 GeV/ c is a factor of two higher in Run I, and
at 600 GeV/c (roughly the highest pt jets seen in Run I) the cross-section
is six times higher [3].

While many important jet measurements were made in Run I, thee
remains a rich menu of studies that can be done at the Tevatron The
higher center of mass energy and increased luminosity allowetter probes
of very high pr jets, which in turn allows probes of the proton structure
at high x. Tests of pertubative Quantum Chromodynamics (pQCD) with
improved statistics are possible, as well as searches forméigh-mass states
that decay into pairs of jets. Since jet production predomirates all other
high pr physics process at the Tevatron, a detailed understanding fgets
is also necessary as a background study to other physics measments and
searches.

This note will discuss some of the basic ideas involved in jgbhysics at
the Tevatron, and present a summary of recent Run Il jet resuls. Due to
space limitations few of the plots shown at the conference Wibe included,;
the reader is referred to the CDF [4] and D@ [5] public resultsvebpages for
plots and the most recent approved results.

2. Jet de nitions

The quarks and gluons produced in high energy hadron collishs are
not directly observed, rather we infer their presence from allimated jets of
particles observed in our detectors. One of the primary task in jet physics
is to relate the jet observables to their parton-level counérparts. The rst
step in doing this is to carefully de ne exactly what is meant by a jet.
A more complete description of jet algorithms at the Tevatran is given in
Bernard Andriu's talk in these proceedings. Briey, there aretwo classes of
jet algorithms that are being used at the Tevatron: cone algdthms and the
kt algorithm.

Cone algorithms are based on the association of energy dejitams in
the experiment's calorimeter to a cone of xed radius in space. In
D@, the Run Il cone algorithm is implemented with radius Regne = 0:7.
Any particle (Monte Carlo generator particle, calorimeter tower, recon-
structed track, etc.) can in principle be used, though for the analyses
discus&ed in this note only calorimeter towers are included A cone of
dR="( )2+( )2<Rconeis formed around initial seed towers hav-
ing pr > pT" = 8 GeV/c. Particle 4-vectors are added to the cone to
produce a proto-jet. A new cone is formed around the protget, and the
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process iterated until a stable solution found. At this poirt the cone axis is
identi ed as the jet axis. Proto-jets are removed if they have pr < p"". Jets

are merged if more than the overlap fraction f (=50%) ofp#Et is contained
in the overlap region; otherwise the jets are split. Finallythe midpoints be-
tween pairs of jets are used as additional seeds; this nal storing infrared
safety to the jet- nding process.

In CDF, the JETCLU algorthm is used, again with Rcone = 0:7 for most
of the jet physics analyses. JETCLU di ers from D@'s Run Il cone algorithm
primarily in that: (1) JETCLU adds E+'s of clusters in the cone, according
to the so-called Snowmass prescription [6]; and (2) JETCU does not use
midpoints between pairs of jets as seeds.

Besides the cone algorithm, both experiments are developinthe so-
called ky algorithm for jet analyses. Thekr algorithm is not a xed cone
algorithm, but rather uses the relative momenta of particles, merged by
pairs. For each pair(i;j ) of particles, the quantity

Dumin = min( pf(i);pf (i) Rjj =D

is formed, whereD = Jet Size parameter. All particles above threshold are
included and the process is infrared safe.

Finally, the jet energy scale typically must be well-undersood, particu-
larly if the jet measurements are to be corrected back to the &dron or parton
level. Factors impacting the jet energy scale include eneygo set (i.e. en-
ergy not from the hard scattering process), detector respme, out-of-cone
showering, and resolution. Electromagnetic energy scaleetermined from
Z ! eeis used to nd the hadronic response usingor-balance in +jets,
along with linearity corrections from calorimeter calibration. Energy scale
uncertainties often are the largest systematic errors in femeasurements.

3. Inclusive jet cross-sections

Both CDF and D@ have reported inclusive jet cross sections foRun II.
CDF has measured the inclusive jet cross section with the JECLU cone
algorithm and the ky algorithm. Results for the cone algorithm are shown
in Fig. 1(a). As suggested in the previous section, this measement extends
the reach of the inclusive cross-section measurement for GDby 150 GeV.
The ratio of the Run | to Run Il cross-section is shown in Fig. 2 (Note that
the Run I/Run Il comparison plot does not take into account luminosity
errors.)
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Fig.1. (a) The CDF inclusive jet cross-section. (b) The CDF inclusive kr jet
cross-section, with comparisons to NLO JETRAD predictions
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Fig.2. The ratio of the inclusive jet cross-section atp§ = 1:8 and 1.96 TeV,
compared with NLO pQCD.

The kr algorithm measurement, shown in Fig. 1(b), includes jets inthe
rapidity region of 0:1 < jyj < 0.7 have pyr > 72 GeV/c. CDF repeats the
measurement for various values of the algorithm parameteD. The results
diverge from next-to-leading order (NLO) QCD predictions (obtained from
JETRAD [7]) as D gets large, presumably due to soft gluon contributions.

D@ measures the inclusive jet cross section, using its Run kdone algo-
rithm, three rapidity bins: jyj < 0:51.5 < jyj < 2.0, and 2.0 < jyj < 2:4.
As shown in Fig. 3 there is good agreement between the data andLO
corrections obtained from JETRAD. In each plot the CTEQ6M [8] parton
distribution function (PDF) is used; note that there is incr eased uncertainty
due to the PDF in the forward region.
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Fig.3. (a)The D@ inclusive jet cross-section, measured inliree rapidity regions.
(b) The ratio of data/theory.

4. Dijets

While the inclusive jet cross-section measurements show & the two
experiments have all the necessary tools (luminosity, acpéance, trigger,
detector systematics) in place to study jet physics, it is the dijet nal state
that provides a channel for searching for new mass resonars;eand forms the
background to numerous other studies. D@ has measured the jdt cross-
section in same three rapidity bins 0 < jyj < 0:7,1:5 < jyj < 2.0, and
2.0 < jyj < 2:4) as the inclusive cross-section; the resulting spectrum of
d =dM j; for the central rapidity region is shown in Fig. 4(a). Figure 4(b)
shows the comparison between data and NLO predictions for # central
rapidity bin.

The separation in  of the two leading jets in an event is sensitive to
nal state radiation. At leading order, there are two partons in the nal
state giving rise to the jets, and = . At higher order, a hard third jet
(p> > O)leadsto < . Measuring the dijet spectrum testsO( )
QCD predictions.

D@ measures the opening angle between the leading and next-teading
jet in the central inclusive dijet sample. The advantage of his technique
is that the is no need to explicitly measure third or greater gt. The result
is shown in Fig. 5, with the data in ranges of the leading jetpt, and each
range normalized to the rst bin of the inclusive cross-sedbn. As expected
the harder jet events have a spectrum more sharply peaked tawd = .

In order to understand the expected contribution from LO andNLO con-
tributions, comparisons are made to xed-order perturbative QCD (Fig. 5(a)).
The leading order prediction(dashed curve) diverge at = due to the
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Fig.4. (a) The DY dijet cross-section, measured in the cental rapidity bin. (b)
The ratio of data/theory for the D@ dijet cross-section and NLO prediction from
JETRAD.
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Fig.5. (a) The D@ d distribution, compared LO and NLO pQCD predictions.
(b) The same distribution, compared to three Monte Carlo gererators.
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lack of soft processes; while no phase-space remains for < 2=3 (only
three partons in the event). The next-to-leading order (sold red curve) pro-
vides a good description over the whole range, except in exdme  regions.
For comparison, the curves in Fig. 5(b) show the expected distributions
from the HERWIG [9] and PYTHIA [10] generators (better results from
PYTHIA are obtained when the parameter PARP(67), which controls gluon
radiation, is tuned to the data).

5. Jet shapes

CDF has made detailed studies of jet shapes, using the fracth of a jet
Et within a subcone. De ning the energy ow = E1(r)=Er(R), where
r and R are the subcone and jet cone radii respectively, CDF measwse
the energy ow variable in jets reconstructed with the Mid-Point algorithm
(similar to the D@ Run Il cone algorithm) and corrected back to the hadron
level. This measurement is sensitive to multiple gluon emi&on from the
primary parton, as well as being sensitive to underlying evat. Plots of
1 (r =0:3) vsthe pr of the jet were shown during the conference, as well
as comparison plots on the left Monte Carlo generator expeations (from
PYTHIA) for gluon- and quark-initiated jets. For further de tails concerning
this measurement and its relation to the underlying event, ge Rick Fields's
paper in these proceedings.

6. Conclusions

A rich range of QCD topics is to be pursued in Run Il of the Tevaton.
First results from both the CDF and D@ experiments show geneglly good
agreement with theory for cross-sections. More detailed coparisons to
theory are needed for details of event and jet shapes.

In the coming years, both experiments will be able to exploreéhigh pr
and Mj; regions over a wide range of rapidities. This will allow testhigh-x
gluon contributions, as well as the search for evidence of mephysics.

| wish to thank both collaborations, in particular the CDF QC D con-
venors Rick Fields and Mario Martinez and the D@ QCD convenos Markus
Wobisch and Christophe Royon, for their assistance in comping the results
presented in this paper. Any errors are strictly my own.
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