
Jet Physics and Underlying Event Studies at CDF

Andrew Mehta

University of Liverpool, Physics Department, Liverpool L69 7ZE, United Kingdom

on behalf of the CDF Collaboration

Presented are recent results on the measurements of inclusive jet cross sections and dijet

mass differential cross sections, which allow us to test QCD at short distance scales

and constrain parton distribution functions in the proton. Results on the underlying

event in jet and Drell-Yan production and comparisons with Monte Carlo predictions

are also presented.

1 Inclusive jets and dijets
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Figure 1: (top) Measured inclusive jet differ-
ential cross sections compared to NLO pQCD
predictions; (bottom) Ratios of the measured
cross sections over the NLO pQCD predic-
tions.

The differential inclusive jet cross section
and dijet cross section at the Tevatron test
QCD at the shortest distances currently at-
tainable in accelerator experiments. The
measurements provide a fundamental test of
perturbative QCD calculations and a con-
straint on the parton distribution functions
(PDFs) of the proton. The dijet mass spec-
trum is also sensitive to the presence of new
particles that decay into two jets.

CDF has made inclusive jet cross section
measurements using the kT algorithm [1]
and Midpoint cone clustering algorithm [2].
The recent measurements using these algo-
rithms are based on 1.0 and 1.13 fb−1 of
data, respectively, and cover the rapidity re-
gion up to |yjet| = 2.1 which is much wider
than 0.1 < |yjet| < 0.7 in the previous mea-
surements. The kT measurement was pub-
lished in [3] and the results from the Mid-
point measurement [4] with the cone radius
Rcone = 0.7 are shown in Fig. 1.

In the measurements, the energy of each
jet is corrected for the calorimeter response
and multiple pp̄ interactions. Then, the
jet pT spectra are formed, and they are
corrected for for event selection efficiencies
and energy smearing due to finite calorime-
ter energy resolution on a bin-by-bin ba-
sis. The dominant systematic uncertainties
in the measurements arise from the uncer-
tainty in the jet energy scale determination.

DIS 2008



The measured cross sections are in
agreement with next-to-leading order (NLO) perturbative QCD (pQCD) predictions based
on CTEQ6.1M PDF. The measurements in the forward region show that the experimental
uncertainties are somewhat smaller than the PDF uncertainties, and this measurement is
expected to further constrain the PDFs.
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Figure 2: Ratios of the measured dijet mass
differential cross sections over the NLO pQCD
predictions.

The dijet mass differential cross section
was also measured in 1.13 fb−1 of data [5]
using jets reconstructed by the Midpoint al-
gorithm with the cone radius Rcone = 0.7
in the rapidity region of |yjet1,2| < 1. For
this measurement, a strategy similar to the
one used for the inclusive jet cross section
measurements is adopted, i.e., jet energies
are corrected on a jet-by-jet basis, then a
dijet mass spectrum is formed from the cor-
rected jets, and the spectrum is corrected
for event selection efficiencies and dijet mass
measurement resolution effects on a bin-by-
bin basis. The measured dijet mass spec-
trum was found to be in good agreement
with NLO pQCD predictions within the un-
certainties as shown in Fig. 2. Limits on
the cross sections for new particles decay-
ing into two jets have been obtained based
on this measurement [5].

2 Underlying event in jet and

Drell-Yan events

Figure 3: Definitions of the toward, away
and transverse regions. The angle ∆φ =
φ − φjet1 is the relative azimuthal angle be-
tween charged particles and the direction of
the leading jet. The transverse region is de-
fined by 60◦ < |∆φ| < 120◦ and |η| < 1.

Many of the important observables at a
hadron collider, including jets, are sensitive
to the underlying event (UE), so a good un-
derstanding of UE is needed for precision
measurements. A series of studies have been
made on the UE by CDF in Run I [6, 7] and
Run II [8, 9].

These studies have made use of the topo-
logical structure of hadron-hadron collisions
to study the UE. The geometry is illustrated
in Fig. 3, where the transverse, towards and
away regions have been defined with respect
to the direction of the leading jet. In jet
events, measurements on event activities in
the transverse region with respect to the jet
axis have been made, because this region is
most sensitive to the UE. In order to better
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separate the hard components from the UE,
the transMAX and transMIN regions are also used, which refer to the transverse regions
containing the highest and lowest scalar pT sum of charged particles, respectively.

Figure 4: The sum pT of charged particles for
the transMAX region (top), transMIN region
(middle), and transDIF (i.e., TransMAX–
TransMIN) (bottom) as functions of the lead-
ing jet pT in data, pythia Tune A and her-

wig (without multiple parton interactions).

The pT densities carried by charged par-
ticles with pT > 0.5 GeV/c, dpT /dηdφ, in
both transMAX and transMIN are shown
in Fig. 4 as a function of the leading jet pT .
We expect that the transMAX region will
pick up the hardest initial state radiation
or final state radiation, and thus the trans-
MIN region will be more sensitive to the un-
derlying event, which is indicated in Fig. 4;
dpT /dηdφ in transMAX increases with in-
creasing leading jet pT in leading jet events
but, on the other hand, dpT /dηdφ in trans-
MIN stays rather flat with leading jet pT .

Fig. 4 also shows dpT /dηdφ of transDIF
which is the difference between the trans-
MAX and transMIN regions. The pythia

Tune A [10] predictions are close to but
somewhat below the data points in trans-
MAX and transMIN; however, it is in rea-
sonable agreement with data in transDIF.
herwig does not describe the data as well
as pythia Tune A. The densities of charged
particles, dNch/dηdφ, and the ET densities
of all particles, dET /dηdφ are also mea-
sured, and the comparisons between the
data, pythia Tune A, and herwig show
the similar trend in these observables as
well. This indicates that the slight excess
activity seen in the data over pythia Tune
A arises from the soft component of the un-
derlying event (i.e., beam-beam remnants
and/or multiple parton interactions) that
contributes equally to both transMAX and
transMIN.

CDF recently made similar measure-
ments also in Drell-Yan production [9]. In
Drell-Yan events, the transverse, toward,
and away regions are defined with respect
to the direction of the lepton pairs. Drell-
Yan events provide a clean environment to
study the UE, as we can identify and remove leptons from the toward and transverse re-
gions to study the UE. The data samples are collected by selecting events with two high pT

electron and muon pairs (pT > 18 GeV/c), and only events with the lepton pair invariant
mass in the Z boson mass region, i.e., 70− 110 GeV/c2 are used.
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Figure 5: (left) dpT /dηdφ ; (right) ratios
of the measured cross sections over the
NLO pQCD predictions.

The dpT /dηdφ in the toward and transverse
regions in Drell-Yan events is shown as a func-
tion of the lepton pair pT in Fig. 5. The distribu-
tions are found to be rather flat with the increas-
ing lepton pair pT in the toward and transverse
regions, but goes up in the away region to bal-
ance lepton pairs. These features are reasonably
well described by pythia with Tune AW [10],
which is similar to Tune A but is also tuned to
fit the measured Z pT distribution.

In Fig. 5, dpT /dηdφ in the transverse re-
gion in Drell-Yan and jet events are compared
as a function of lepton pair or leading jet pT .
At low pT , Drell-Yan events still have large in-
variant mass lepton-pairs, whereas we only get
minimum-bias events in a jet event sample in
that region. So, dijet and Drell-Yan events have
distinct topologies, nevertheless, the two distri-
butions show a similar trend.

3 Summary

CDF has been making measurements of inclu-
sive jet and dijet cross sections. The measure-
ments are consistent with NLO pQCD predic-
tions based on recent PDFs. The inclusive jet
cross section measurements will contribute to
further constrain PDFs.

CDF has been also making measurements of
the observables that are sensitive to the UE for better understanding and improved modeling
of UE. Tuned pythia appears to describe data reasonably well. Having good modeling of UE
is important for many physics analyses. It will be very important to measure the underlying
event at the LHC and tune the MC models at the beginning of the LHC.
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