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Abstract  

Recent measurements of high  jet production at the Tevatron are presented. These data 
provide stringent tests of perturbative QCD as well as constraints on parton distribution 
functions, the strong coupling constant and models implemented in event generators. 
Measurements of inclusive jet and multijet production as well as the associated production 
of jets with the electroweak bosons obtained by both the D0 and CDF collaborations are 
reviewed. 
 

Introduction  

Measurements of jet production in proton-anti-
proton collisions at the Tevatron provide strin-
gent tests of quantum chromodynamics (QCD). 
At large transverse momentum  the produc-
tion of jets can be calculated in perturbative 
QCD (pQCD). Therefore measurements of jet 
production are directly sensitive to both the 
strong coupling constant  and the parton 
distribution functions (PDFs) of the proton. In 
particular, the gluon PDF is constrained by 
inclusive jet cross section measurements, while 
the associated production of electroweak bos-
ons with heavy quark jets provides constraints 
on  b and c quark PDFs. 
Jet production, in particular when associated 
with a W and Z boson, is an important back-
ground for searches for the Higgs boson, su-
persymmetry, or other new phenomena. As 
processes with large multiplicities can only be 
calculated at leading order (LO) in pQCD with 
unavoidable large uncertainties, their precise 
measurement is essential to tune event genera-
tors used at the Tevatron and the LHC. 
Some extensions of the standard model, e.g. 
models predicting excited quarks or quark sub-
structures, would provide distinct signatures 

with jets, e.g. a resonance in the dijet mass 
spectrum. 
This report is organized as follows: First, meas-
urements of inclusive jet production and their 
constraints on the gluon PDF and  are pre-
sented, followed by a summary of measure-
ments of multijet production and jet shapes. 
The last sections review measurements of the 
associated production of jets with the elec-
troweak bosons with an emphasis on the pro-
duction of heavy flavour jets. 

Inclusive jet production 

At the Tevatron, measurements of jet produc-
tion are mostly based on jets reconstructed 
using the Run II midpoint cone algorithm. To 
allow a comparison with theory, jet measure-
ments are corrected to particle (hadron) level, 
while predictions from pQCD at the parton 
level need to be corrected for fragmentation, 
hadronization and the underlying event. 
The correction of the data relies on a precise 
determination of the jet energy scale calibration, 
which is in most cases the source of the domi-
nant systematic uncertainty. The jet energy scale 
calibration is mostly based on a determination 
of the calorimeter response using the  bal-
ance in +jet events.  
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Additional corrections account for offset en-
ergy (from e.g. noise or pileup of additional 
collisions) and the net flow of energy in and out 
of the cone due to showering. The D0 collabo-

ration reached uncertainties on the jet energy 
scale as low as 1.2% for central jets with  
between 100-300 GeV. 

Fig. 1:  The D0 measurement of the inclusive jet cross section divided by the NLO QCD prediction as a function of 
jet   in six | | bins [2].  

Fig. 2:  The CDF measurement of the inclusive jet cross section divided by the NLO QCD prediction as a function 
of jet   in five | | bins [1].  
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Both, the CDF and D0 collaborations meas-

ured the double differential cross section 
 

 

for inclusive jet production in proton-anti-
proton collisions at √ 1.96 TeV as function 
of transverse momentum  and rapidity  
using data sets with integrated luminosities of 
1.13 fb  and 0.7 fb , respectively [1,2]. While 
these measurements use the midpoint cone 
algorithm with a cone size of 0.7, the 
CDF collaboration in addition measured the 
inclusive jet cross section based on the  algo-
rithm [3]. These measurements reach jet rapid-
ities of up to 2 and transverse momenta of 
up to 600 GeV. Figures 1 and 2 show 
comparisons of the D0 and CDF data, respec-
tively, with the next-to-leading order (NLO) 
pQCD predictions [4]. The measurements agree 
with theory, although the predictions based on 
the CTEQ6.5M and CTEQ6.1M PDF sets, 
respectively, are slightly higher than the data at 
large jet , indicative of a too hard gluon dis-
tribution at large  in these parameterizations 

as 
√

. The MRST2004 PDF set is in bet-

ter agreement with both measurements. 
Over a wide kinematic range, the experimental 
uncertainties, which are dominantly due to the 
jet energy scale, are smaller than the uncertain-
ties on the theory prediction which mostly re-
flect the uncertainties of the PDFs. Therefore 
these datasets should provide improved con-
straints on the gluon PDF, in particular at 
large . In fact, the recent global PDF fits 
MSTW2008 [5] and CT10 [6] which include the 
recent inclusive jet measurements predict a 
softer gluon PDF at large  compared to their 
previous fits. 
The first measurements of inclusive jet cross 
sections in proton-proton collisions at √
7 TeV at the LHC have recently been presented 
by the ATLAS and CMS collaborations [7, 8]. 
These measurements still have a limited kine-
matic reach at large jet  and sizeable uncer-
tainties, since the initial data sets include only 
integrated luminosities of up to 60 nb  and 
since the first calibrations of the jet energy scale 
still have large uncertainties. With increasing 
luminosities and more refined calibrations, a 

substantial improvement in precision and ki-
nematic reach is expected soon. Nevertheless, 
the Tevatron experiments will still be more 
sensitive to the gluon PDF at high  for several 
years as the production cross section for central 

jets at large 
√

 is substantially larger 

at the Tevatron compared to the LHC. 
Based on their measurement of the inclusive jet 
production cross section, the D0 collaboration 
determined the running of the strong coupling 
constant  with the scale given by the jet  
[9]. The inclusive jet cross section is directly 
related to   and its pQCD prediction can be 
written as a convolution of the sum of the per-
turbative coefficient functions  and the PDFs 

,  of the incoming hadrons: 
∑ . 

While conceptually PDFs are only functions of 
the momentum fraction  and the scale , in 
practice their parameterizations implicitly de-
pend on  via the observables included in the 
PDF fits. 

The D0 analysis uses  given at NLO with 
two-loop corrections and the  dependent 
PDF parameterizations of the MSTW2008 
NNLO fit. 

Fig. 3:  The D0 measurement of  (top) and 
 (bottom) [9]. For comparison, HERA DIS 

jet data and the result of the fit to the D0 data are 
shown in addition. 
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To minimize the correlation of the PDF fit 
with the jet cross section measurement, the 
analysis uses only the data points in a kinematic 
region corresponding to low . The running of 

 at the highest  (see Fig. 3) was extracted 
together with the most precise determination of 
the strong coupling constant at a hadron col-
lider: 0.1161 .

. . 

Dijet production  

A measurement of the dijet production cross 
section as function of the dijet invariant mass 

 can not only be used to test pQCD and 
constrain PDFs, but also to search for dijet 
mass resonances as signatures of physics be-
yond the standard model (SM). 
The D0 collaboration measured the inclusive 
dijet double differential cross section as a func-
tion of  and of the largest absolute rapidity 
( ) of the two jets with the largest  in an 
event using 0.7 fb  of data [10]. Dijet events 
with 2.4 and  up to 1.3 TeV were 
recorded. Whereas for central rapidities a good 
agreement between the data and the NLO 
pQCD prediction based on the MSTW2008 

PDF set was found (Fig. 4), the observed rate 
of dijet events with a forward jet was lower 
than predicted. The discrepancies were found 
to be considerably larger when the CTEQ6.6 
PDFs were used in the calculation. 
Several extensions of the standard model pre-
dict the existence of new particles which can 
decay into dijets. These high mass resonances 
can be produced by s-channel annihilation and 
thus lead to dijet signatures with mostly central 
jets. 
The CDF collaboration searched for narrow 
mass resonances in the dijet mass distribution 
requiring jet rapidities | | 1 [11]. The ob-
served dijet mass distribution and the expected 
signal for an hypothetical excited quark  with 
an assumed mass ranging from 300-1100 GeV 
are shown in Fig. 5. No indication of a resonant 
signal was found and mass limits for various 
new hypothetical particles were set; e.g. excited 
quarks with masses below 870 GeV were ex-
cluded.1 
The ATLAS collaboration recently published a 
similar search based on an integrated luminosity 
of 315 nb  which improves the  mass limit 

                                                 
1In this report, all limits are given at 95% C.L. 

Fig. 4:  Measured dijet production cross section as function of the dijet invariant mass  divided by the NLO QCD 
prediction [10]. 
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to 1.26 TeV despite the small size of the data 
set [12], which impressively demonstrates the 
largely increased sensitivity at the LHC due to 
the higher collision energy. 
New physics beyond the SM can also modify 
the dijet angular distribution. A particular sensi-
tive observable is exp | | , 
defined such that the differential cross section 

 ⁄  is independent of  for t-
channel Rutherford scattering. Whereas for 
QCD dijet production the dependence on 

 is nearly flat, new physics processes 
would result in an excess at small  (corre-
sponding to large scattering angles in the cen-
tre-of-mass-system) and large . 

The D0 collaboration measured the normalized 
differential cross section 1/  ⁄  in 
bins of  ranging from 0.25 to more than 1.1 
TeV using their 0.7  fb  data set [13]. The data 
were found to be consistent with the predic-
tions of NLO pQCD (Fig. 6) and limits on new 
physics contributions were derived: Models 
predicting quark compositeness with energy 
scales below about 3.0 TeV were excluded and 
for various models with extra spatial dimen-
sions limits on the effective Planck or compac-
tification scale of about 1.6 TeV were set.  
Recently, the ATLAS collaboration published a 
limit of 3.4 TeV on the quark compositeness 

scale based on the dijet  distribution 
measured in a dataset with an integrated lumi-
nosity of 3.1  pb  [14], which supersedes the 
previously most stringent limit from the D0 
experiment. 

Trijet production 

Three jet production provides a further test of 
QCD which is less dependent on the parame-
terization of PDFs and in principle directly 
probes the strong coupling constant . 

Using their well established 0.7 fb  data set, 
the D0 collaboration presented a preliminary 
measurement of the three-jet mass distribution 

⁄  reaching masses up to 1.1 TeV [15]. 
The data were found to be reasonably described 
by NLO pQCD predictions based on 
MSTW2008 PDFs, but similar to dijet produc-
tion, the data prefer the lower bound on the 
theory prediction. 

Fig. 5: (a) The CDF measurement of the dijet mass 
spectrum shown with the predicted signals from excited 
quarks . (b) The fractional difference between the 
measurement and a fit to the data compared to the  
signal [11]. 

Fig. 6: D0 measurement of the  distribution in 
different bins of dijet mass  compared to the SM 
prediction and to the expectation of SM extensions 
with quark compositeness or extra dimensions [13].  
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The D0 collaboration also presented a prelimi-
nary measurement of / , the ratio of inclu-
sive trijet and dijet production cross sections, as 
function of the transverse momentum  of 
the leading jet [16]. The measured ratio when 
requiring a minimal transverse momentum for 
the other jets ( ) is shown in Fig. 7. Using 
default settings, the Sherpa event generator 
[17], which incorporates a matching of matrix 
elements and parton showers based on the 
CKKW prescription, provides a good descrip-
tion of the data. Predictions of the Pythia event 
generator [18] using different tunes (based on 
both the  and  ordered parton shower 
models) vary considerably. 
All Pythia tunes except BW predict a too high 
rate of trijet events. The tune BW is known not 
to describe the dijet azimuthal decorrelation 
[19]. Given the large dependence of the predic-
tions on non-perturbative model parameters, a 
precise determination of  based on a meas-
urement of /  seems infeasible. 

Jet substructure  

Jet shapes are dictated by multi-gluon emission 
from the primary outgoing parton with smaller 
contributions from initial state radiation and the 
underlying event. A measurement of the jet 
energy distribution as function of the distance 

to the jet axis allows to distinguish between 
quark and gluon jets (with the latter being 
wider) and provides constraints on event gen-
erator tunes [20]. 
A further observable sensitive to the jet sub-
structure is the jet mass. The jet algorithm used 
in Run II combines the jet components by add-
ing their four-momenta (E-scheme), which 
consequently produces massive jets. Highly 
massive jets are expected, when e.g. the decay 
products of a high-  top quark, W, Z or Higgs 
boson are reconstructed within a single jet. 
Therefore, it is important to determine the rate 
of massive boosted jets from ordinary QCD jet 
production. A recent preliminary measurement 
by the CDF collaboration of the jet mass distri-
bution in an inclusive jet sample based on 5.95 
 fb  found a good agreement with the Pythia 
prediction [21]. 

Associated production of jets with W 
or Z bosons  

The production of W or Z bosons with associ-
ated jets is a critical background for top quark 
measurements and searches for the Higgs 
boson, supersymmetry and other new phenom-
ena. 
Both, the CDF and D0 collaborations meas-
ured the jet multiplicity and the jet  distribu-
tions in W/Z+jets events using data sets with 

Fig. 8:  Measured inclusive jet differential cross section 
as a function of the jet  in 2 jet events com-
pared to NLO pQCD predictions [24].  

Fig. 7:  The D0 measurement of the ratio /  of 
trijet and dijet cross sections, measured as function of 
the leading jet  ( ) for different  
requirements for the other jets [16]. The data are compared 
to the predictions of Sherpa and Pythia using different 
tunes based on the  ordered (top) and ordered 
(bottom) parton shower. 
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up to 6  fb  of integrated luminosity [22-26]. 
In general, a good description of the data with 
the predictions of NLO pQCD was found (e.g. 
see Fig. 8). Only recently the NLO corrections 
for W+3 jet and Z+3 jet production were de-
rived and processes with higher jet multiplicities 
can only be calculated at LO. For the simula-

tion of W/Z+jets events, the Alpgen [27] and 
Sherpa [17] event generators, which combine 
LO matrix-element calculations (with up to 6 
partons associated with the boson) with parton 
showers using dedicated matching algorithms 
are commonly used. 
The D0 collaboration compared the predictions 
of these generators as well as those from the 
traditional parton shower generators Herwig 
[25] and Pythia [16] with the measured jet  
distributions of the first, second, and third jet in 
Z+jet events (Fig. 9) [26]. The shape of the jet 

 distributions are well described by Alpgen 
and Sherpa, but the scale uncertainties on the 
normalization of the predictions are large as the 
simulation is based on LO matrix-elements. 
Therefore, a validation of these event genera-
tors with data is crucial. Whereas the parton 
shower approach of Pythia and Herwig predict 
a too soft  spectrum for non-leading jets, the 
leading jet is better modelled as the first or 
hardest, respectively, parton emission is modi-
fied using weights from matrix element calcula-
tions. 
The D0 collaboration studied in addition angu-
lar observables, e.g. the distance in azimuthal 
angle and rapidity between the Z boson and the 
leading jet and found a reasonable description 
by the Sherpa generator [29]. 

Fig. 10:  Measured differential cross section as func-
tion of the  of the b-jet in Z+b jet events compared 
to the predictions of MCFM using two different scales  
(top) and Alpgen and Pythia (bottom) [30]. 

Fig. 9:  Measured differential cross section as function 
of the  of the second leading  jet in 2 jet 
events (a) compared to the predictions of LO and 
NLO pQCD (b), Herwig and Pythia (c), and Sherpa 
and Alpgen (interfaced to Pythia) (d) [26]. 
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Associated production of heavy fla-
vour with W, Z bosons or photons 

Of particular interest is the production of heavy 
flavour jets with the electroweak bosons, not 
only since  and  are the dominant 
background sources for the search of a low 
mass Higgs boson at the Tevatron, but also 
since several processes are sensitive to the 
heavy flavour content of the proton structure. 
Both the CDF and D0 collaborations published 
updated measurements of the production of Z 
bosons with an associated b jet using integrated 
luminosities of 2  fb  and 4.2 fb , respec-
tively [30,31]. These measurements are sensitive 
to both  production, which probes the b 
quark PDF, as well as  production, in 
which a gluon splits into a  pair. 

For jets with 20 GeV  and | | 1.5, the 
CDF collaboration measured a normalized 

 production cross section of 

2.08 0.33 stat. 0.34 syst. %  [30] in 
agreement with the order  prediction of 1.8-
2.2% obtained with MCFM [32]. Fig. 10 shows 
the  distribution of the b jet compared to the 
predictions of MCFM, Pythia and Alpgen. The 
MCFM prediction, which is NLO for the  

contribution but only LO for the  and  
processes, shows a sizeable scale dependence 
and slightly underestimates the data at low . 
In this kinematic region, Pythia, which predicts 
a rate about twice as large as Alpgen, is in better 
agreement with the data. This is primarily due 
to the different factorization and 
renormalization scales used by the two 
generators. 
The D0 collaboration obtained a normalized 

 cross section of 
Z

Z
1.93

0.22 stat. 0.15 syst. % for jets with 
20 GeV and within a wider region of 

| | 2.5 [31] in good agreement with the 
MCFM prediction of 1.72 0.22 %. 
Based on a fit to the vertex mass distribution 
(Fig. 11) the CDF collaboration measured the 

 jet cross section to be 
2.74 0.27 stat.

0.42 syst.  pb within the kinematic region 
defined by the charged lepton ( 20 GeV, 
| | 1.1), neutrino ( 25 GeV ) and b jet 
( 20 GeV, | | 2) [33]. The NLO 
QCD prediction of 1.22 0.14  pb [34] is 
about 3  too small and the prediction of Alp-
gen (interfaced to Pythia) of 0.78 pb is even 
lower. 

 production is dominated by the  
fusion process with a contribution of about 
90% and thus provides constraints on the  and 

 PDFs at high . 

For c jets with 20 GeV and | | 2 the 
D0 collaboration measured a normalized pro-

duction cross section of 

7.4 1.9 stat. syst..
. % using a data 

set of 1 fb  [32] compared to the prediction 
of Alpgen (interfaced to Pythia) of 4.4%. 
A preliminary measurement by the CDF col-
laboration  using 4.3  fb  of data [36] found a 

 cross section of 
33.7 11.4 stat.

4.7 syst.  pb for c jets with   12 GeV and 
| | 1.5 compared to the NLO prediction of 
17.8 1.7  pb. While the predictions are 

lower than both measurements, they are in 
reasonable agreement given the substantial ex-
perimental uncertainties. 

Fig. 11:  The CDF measurement of the vertex mass 
distribution for W+b jet candidate events compared to 
the maximum likelihood fit using templates for the 
bottom, charm, and light flavour (LF) contribution 
[33]. 
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The production of photons with associated b or 
c jets is also sensitive to the heavy flavour and 
gluon content of the proton. While for  
production, both the D0 and CDF collabora-
tions observed a good agreement between their 
measurements and the NLO prediction over 
the full photon  range [37,38], for  
production the D0 collaboration found that the 
prediction underestimates the rate at large  
[37]. The description was slightly improved 
when PDF sets with inclusive charm contribu-
tion were used in the QCD calculation. 

Conclusions  

Over the last years, our understanding of high 
 and W/Z+jet production significantly ad-

vanced thanks to numerous precision meas-
urements obtained at the Tevatron. These data 
benefit in particular from the precise jet energy 
scale calibrations. 
The measurements of inclusive jet cross sec-
tions provide stringent constraints on the gluon 
PDF at high x and allow a precise measurement 
of the running of . The cross sections for 
dijet and trijet production were found to be in 
agreement with NLO pQCD, albeit the data 
prefer the lower bound of the theory predic-
tion. The dijet mass and angular distributions 
are sensitive to various extensions of the stan-
dard model and limits on e.g. quark composite-
ness and extra dimensions were set. Recently, 
the ATLAS and CMS experiments at LHC have 
started to improve these limits using the same 
experimental observables. 
Measurements of the associated production of 
jets with the electroweak bosons are essential to 
test pQCD, to help generator modelling and 
tuning, and to constrain one of the dominant 
backgrounds to searches for the Higgs boson 
and supersymmetry, both at the Tevatron and 
LHC. For  and  production some 
tension with theory was observed which still 
needs to be resolved. 
Finally, both experiments at the Tevatron 
expect about 12  fb  of data until the end of 
2011 (and potentially more thereafter) which 
will allow to extend the measurements to higher 
jet  , dijet masses, and multiplicities. 
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