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Measurements of charm and beauty production at the Tevatron have historically shown hints of

disagreement when compared to Next to Leading Order predictions. In this review four measure-

ments performed with recent pp̄ collision data at
√

s = 1.96 TeV by the CDF and D0 collabora-

tions are presented: inclusive muon tagged jet production; inclusive beauty (b) jet production; the

production of bb jets; the production of beauty and charm jets in association with a high energy

photon. In all cases measurements are in agreement with theoretical prediction.
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1. Introduction

Previous measurements of charm (c) and beauty (b) quark production at the Tevatron have
shown discrepancies when compared to Next to Leading Order (NLO) predictions [1]. Improved
predictions have reduced this discrepancy [2] although large theoretical uncertainties still exist.

For this reason it is vital that both the CDF and D0 experiments perform updated measure-
ments of beauty and charm production. In this review four measurements sensitive to heavy quark
production are presented: inclusive muon tagged jet production; inclusive b jet production; the
production of bb jets; the production of b and c jets in association with an energetic photon. More
information concerning other measurements of heavy quark production can be found elsewhere [3].

2. Inclusive muon tagged jet production

The D0 Collaboration has measured the production of jets containing muons in 294 pb−1 of
data. This topology contains contributions from the semi-leptonic decays of both bottom and charm
quarks. Events are selected by requiring that there be at least one jet within a pseudorapidity (η)
region of | η |< 0.5 which contains a muon with transverse momentum (pT ) exceeding 5 GeV. Jets
of transverse energy (ET ) ranging between 90 and 400 GeV are considered in the analysis. The
heavy quark component of the selected events is estimated from Pythia Monte Carlo (leading order
matrix element + parton shower), and the production cross-section of heavy flavour jets containing
muons extracted. This is compared to Pythia and NLO (NLOJET++ [4] multiplied by the heavy
flavour fraction found in Pythia) predictions in figure 1. It can be seen that the data lie between
Pythia and NLO predictions, and are consistent with both once the systematic error is taken into
account.

Figure 1: Ratio of inclusive muon tagged jet cross-section in data (points) to Pythia prediction, shown as
a function of jet pT . An estimated k-factor between NLO and LO predictions is shown by the dashed line.
The shaded band represents the systematic error on the ratio, which is also broken down into jet energy scale
(JES) and heavy flavour fraction (HF) components.

3. Inclusive b jet production

The CDF Collaboration has measured inclusive b jet production in 300 pb−1 of data. Events
are selected by requiring a jet within | η |< 0.7 which contains a separated secondary vertex.
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Figure 2: (Left)Inclusive b jet cross-section, (right) ratio of cross-section measured in data to that predicted
in Pythia, both shown as a function of jet pT . In both cases data are shown by points, and systematic error
on the measurement by the shaded band. The open points on the left show Pythia predictions.
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Figure 3: Differential bb dijet production cross-sections shown as functions of (left) leading jet ET ; (centre)
azimuthal angle between jets; (right) dijet invariant mass. In all cases data are denoted by the black points,
NLO predictions by the open points, and the systematic error on the measurement denoted by the outlined
band.

The fraction of events containing b jets is estimated by fitting the invariant mass of the secondary
vertex to template shapes expected for b and other jets. Figure 2 shows the cross-section for b
jet production compared to Pythia prediction. The figure also shows the ratio of data to Pythia
predictions as a function of jet pT . The data lie consistently above Pythia predictions, but are
consistent within the systematic error. NLO comparisons are expected in the near future.

4. bb dijet production

It is also possible to test predictions of heavy quark production by isolating specific production
mechanisms in data and comparing those to theoretical prediction. The CDF Collaboration has
measured the production cross-section of bb dijets in a small sample of data. Events are selected
by requiring two jets within | η |< 1.2 which both contain a separated secondary vertex. This is a
topology which is enriched in LO production mechanisms. The ET of the most (least) energetic jet
must exceed 30 (20) GeV. The fraction of events arising from b quarks is estimated from fitting the
secondary vertex mass distribution in data to templates for b, c and light quarks. The production
cross-section is then estimated as a function of most energetic (leading) jet ET , invariant mass of
the bb pair, and the difference in azimuthal angle between the jets, and shown in figure 3. Results
have been compared to Pythia (not shown here) and MC@NLO predictions [5] which include an
(untuned) estimate of the underlying event [6]. In all cases data are consistent with NLO prediction.
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Figure 4: Cross-sections for photon + b (left), photon + c (centre), and ratio of photon + c to photon + b
cross-sections (right), shown as a function of photon ET . In all cases the points represent data, the error bars
show statistical and systematic errors on the measurement, and the line shows Pythia predictions.

5. b and c jet production in association with a photon

One can also test different heavy quark production mechanisms by measuring heavy quark
production in association with a gauge boson. These topologies are often enriched in NLO pro-
cesses such as gluon splitting. The CDF Collaboration has measured the cross-section of b and c
quarks produced in association with a photon in 67 pb−1 of data. Events are selected by requiring
a photon within | η |< 1.0 with ET > 25 GeV, and a jet containing a separated secondary vertex.
The fraction of events containing b and c quarks is estimated by fitting the invariant mass of the
secondary vertex as before. After photon backgrounds are subtracted the cross-section for photon
+b and photon +c production is calculated as a function of photon ET and shown in figure 4 com-
pared to Pythia predictions. The cross-section ratio is also shown. It can be seen that within the
limited statistics available data are consistent with Pythia predictions.

6. Conclusions

Measurements of heavy quark production at the CDF and D0 experiments have been presented.
All measurements are in agreement with theoretical predictions.
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