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The CDF and D0 Collaborations have a comprehensive program of studying the production
of vector bosons, W and Z, in association with energetic jets. Understanding the standard
model W/Z+jets and W/Z+c, b-jets processes is of paramount importance for the top quark
physics, for the Higgs boson and for many new physics searches. In this contribution recent
measurements of the associated production of jets and vector bosons in Run II at the Tevatron
are presented. The measurements are compared to predictions from various theoretical models.

1 Introduction

The study of the production of electroweak bosons in asociation with jets of hadrons consti-
tutes a fundamental item in the high-pT physics program at Tevatron. Vector bosons plus jets
final states are a major background to many interesting physics processes like single and pair
top quarks production, SM Higgs, and supersymmetry. Precise measurements of W/Z + jets
production provide a stringent test of pQCD predictions 1 at high Q2, and offer the possibility
to validate Monte Carlo simulation tools 2. The latest vector boson plus jets results at Tevatron
are reviewed and discussed.

2 W/Z + Jets measurements

The CDF experiment recently measured the Z + jets production cross sections in the Z/γ∗ →
µ+µ− decay channel with ∼ 6fb−1 of integrated luminosity 3. Differential cross sections as a
function of pjet

T , |y|jet, and jet multiplicity, have been measured. Events are required to have two
opposite signed muons with a reconstructed invariant mass in the range 66 6 MZ 6 116 GeV/c2

around the Z boson mass. Jets are clustered with the Midpoint algorithm 5 in a cone radius
of 0.7, and are required to have pT > 30 GeV/c and |y| 6 2.1. The background estimation is
performed both with data-driven and MC techniques, the QCD and W+jet backgrounds are
estimated from data using a same charge dimuon sample, other backgrounds contributions like
Z+γ, tt̄ and diboson are estimated from MC. The cross sections are unfolded back to the particle
level accounting for acceptance and smearing effects employing Alpgen + Pythia MC. The data
is compared to NLO pQCD predictions obtained with the MCFM program. The theoretical
predictions include parton-to-particle correction factors that account for the non-perturbative
underlying event and fragmentation effects, estimated with pythia Monte Carlo simulations.
Figure 1 (left) shows the measured inclusive differential cross section in Z + 1 jet events. The
corrected NLO predictions agree with the data within experimental and systematic uncertainties
over the full pjet

T range. An update on the Z + jets production cross section in the Z/γ∗ → e+e−



decay channel has been performed at CDF with ∼ 6.2fb−1 of integrated luminosity. A previous
measurement was already published with 1.7 fb−1 6. The measurement is defined in the same
kinematic region and with the same jet reconstruction employed in the muon channel, with the
exception that in the Z/γ∗ → e+e− channel one of the lepton can be reconstructed in the forward
region of the detector 1.1 6 |ηe| 6 2.8. Figure 1 (right) shows the measured cross section as
a function of jet multiplicity compared to LO and NLO pQCD predictions obtained with MCFM.

Figure 1: Measured inclusive jet differential cross sections as a function of pjet
T in Z/γ∗ → µ+µ− + > 1 jet events

and as a function of jet multiplicity in Z/γ∗ → e+e− + jets events. Data (black dots) are compared to NLO
pQCD predictions (open circles). The shaded bands show the total systematic uncertainty, except for the 5.8%
luminosity uncertainty. The dashed and dotted lines indicate the PDF uncertainty and the variation with µ0 of

the NLO pQCD predictions, respectively.

The D0 experiment has performed several measurements of the angular correlations between
the Z and the leading jet in Z/γ∗ → µ+µ− + jets events 7 with data corresponding to an inte-
grated luminosity of ∼ 1 fb−1. Jets are clustered with the midpoint algorithm in a cone radius
of 0.5, and selected in the kinematic region of pT > 20GeV/c and |y| 6 2.8. The differential
cross sections are normalized to the inclusive Z cross section, in order to reduce the systematic
uncertainties. The data is compared to NLO pQCD predictions from MCFM, Pythia with tunes
QW and Perugia, Alpgen interfaced to Pythia with the same tunes, Herwig (with Jimmy for
multiple interactions) and Sherpa. The Sherpa generator is providing a good description of the
shape, but a normalization factor is missing. The NLO MCFM prediction is on good agreement
with data.

A new measurements of W + jets production cross section has been done at the CDF
experiment with 2.8 fb−1 of integrated luminosity 4. Both the W → eν and W → µν channels
have been measured, and several kinematics variables have been explored. Events are selected
with a reconstructed electron or muon of pT > 20GeV/c and |η| 6 1.1. The transverse mass
of the W, reconstructed with the lepton and 6ET , is required to be MW

T > 40(30) GeV/c2 for
the electron (muon) channel. Data are compared to Alpgen + Pythia MC prediction, which
is normalized in a control region with the same requirements except that MW

T > 20 GeV/c2.
Figure 2 shows the cross section as a function of the pT of the leading jet in W → µν+ > 1 jet
and as a function of Mjj in W → eν+ > 2 jets events.



Figure 2: Measured inclusive jet differential cross sections as a function of leading pjet
T in W → µν+ > 1 jet

events and as a function of Mjj in W → eν+ > 2 jets events. Data (black dots) are compared to Alpgen + Pythia
predictions (open squares). The shaded bands show the total systematic uncertainty.

3 W/Z + Heavy Flavor Jet Production

The measurement of vector boson production with associated heavy flavor jets provides an
important test of pQCD predictions. Understanding these processes is also critical in many
searches for new particles, like low-mass Higgs boson and super-symmetric particles.

The Z + b-jet production cross section has been measured at CDF with 2 fb−1 of integrated
luminosity 8. Jets are clustered with the standard cone algorithm in a cone radius of 0.7 and are
required to have ET > 20GeV and |η| 6 1.5. The Z/γ∗ → µ+µ− and Z/γ∗ → e+e− channels
are combined, and the b-quark composition is extracted from a fit to the mass of a displaced
secondary vertex reconstructed within the jet. The Z + b-jet cross section is normalized to the
inclusive Z cross section in order to reduce the systematic uncertainties, the measured value is
σ(Z+b)
σ(Z) = 3.32 ± 0.53 ± 0.42 × 10−3. The NLO prediction is evaluated using MCFM with two

different choice of the renormalization and factorization scale: Q2 = M2 + P 2
T which gives a

prediction of 2.3× 10−3 and Q2 =< P 2
T,jet > which gives a prediction of 2.8× 10−3. The choice

of the renormalization and factorization scale introduces a large uncertainty in the theoretical
prediction, within this uncertainty the measured cross section is in good agreement with the
predicted value.

In the same Z + b-jet final state the D0 Collaboration recently published a result with
4.2 fb−1 of integrated luminosity 9. Jets are clustered with the Midpoint algorithm in a cone of
0.5. Figure 3 shows the pT of the leading jet in the Z/γ∗ → µ+µ− channel on the left and in the
Z/γ∗ → e+e− channel on the right plot. In this measurement the b-fraction is extracted using
Artificial Neural Network techniques. The cross section is normalized to the Z+jets productions,
and the NLO prediction is evaluated with a renormalization and factorization scale set to the
invariant mass of the Z boson Q2 = M2

Z . The measured cross section σ(Z+b)
σ(Z+jet) = 0.0193 ±

0.0022± 0.0015 is in good agreement with the theoretical prediction of 0.0192± 0.0022.

The CDF experiment performed a measurement of the cross section for jets from b-quarks
produced with a W boson using data corresponding to an integrated luminosity of 1.9 fb−1 .



Figure 3: Leading jet pT in Z/γ∗ → µ+µ− (left) and Z/γ∗ → e+e− (right) + jets events. The Z + b-jet

contribution used to measure the σ(Z+b)
σ(Z+jet)

cross section ratio is shown in red color.

Events that are consistent with the electronic and muonic W boson decay and contain one or two
jets with ET > 20GeV and |η| 6 2.0 are selected. The b-jet flavor composition is determined
through a fit to the distribution of the secondary vertex mass in the data. The measured
cross section is σ(W + b-jets) × BR(W → lν) = 2.74 ± 0.27 ± 0.42 pb. This result cannot be
accommodated by different available theoretical predictions. The Pythia prediction is 1.10 pb,
while Alpgen predicts 0.78 pb, and a recent MCFM NLO calculation of 1.22 ± 0.14 pb is also
signicantly lower than the measurement.

Summary

New results at the Tevatron of Z/W + jets and Z/W + heavy flavor production are in general
good agreement with the NLO predictions, even if with large uncertainties in some cases. There
are prospects for more precise measurements of W/Z + HF production, and for the combination
of the electron and muon channels in the Z+jets production.
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