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Combined limits are presented from CDF and D0 on direct searches for the standard model
Higgs boson in pp̄ collisions at the Fermilab Tevatron at

√
s= 1.96 TeV. The results presented

here include updates with respect to previous combinations for those analyses targeted at
Higgs bosons with masses in the range 130 < mH < 200 GeV, where the decay to W+W−

provides the greatest sensitivity. In this update new data are included and existing analyses
have been improved to enhance sensitivity. With up to 7.1fb−1 of data from CDF and up to
8.2fb−1 from D0, the 95% C.L. upper limit on Higgs boson production is a factor of 0.54 times
the SM cross section for a mass of 165 GeV. The range 158 < mH < 173 GeV is excluded at
the 95% C.L.

1 Introduction

The search for the origin of mass and the the mechanism behind electroweak symmetry breaking
has been one of the major goals of particle physics for many years. Within the standard model
(SM) this is achieved through the Higgs mechanism leading to the prediction of the existence of
a relatively light massive scalar boson. Both CDF and D0 have performed new combinations 1,2

of multiple direct searches for the SM Higgs boson. These new combinations make use of a larger
data sample and improved analysis techniques when compared with previous analyses.3,4 In these
proceedings the latest combination is presented. The general strategy has been to combine as
many channels as possible and across both experiments to achieve the highest possible sensitivity.
This update concentrates on the analysis in the higher mass region, 130 < mH < 200 GeV where
the most important decay is W+W−, though acceptance for decays in tau pairs and di-photons
are included from D0.

2 Combination

In this update the searches have been separated into 46 mutually exclusive final states (12 from
CDF and 34 from D0). A summary of these are given in Table 1. Full details of the combination
procedure and the contributing analyses can be found in 5 and references 1-14 therein.

These contributing analyses make use of many different observables, the distributions of
which are used as input to the statistical combination. This makes it difficult to visualize in a
single plot the comparison of the data with the predicted signal (s) and background (b) outcomes.
Since events of similar signal-to-background ratio can be combined without substantial loss in
sensitivity, one approach is to bin the data and the signal and background predictions in s/b
and compare the results distributions. Since the analyses considered cover a large range of
s/b they are histogrammed in Figure 1 in terms of log10(s/b) to enable the full range to be



Table 1: Table listing the various channels and sub-channels included in the latest update to the combined Higgs
searches from the Tevatron, indicating the integrated luminosity used and the mass range.

Channel Sub channels Luminosity (fb−1 mH range (GeV)
Contributing channels from CDF
H→W+W− 2×(0,1 jets) + (2+ jets) + (low-mll) + (e-τhad)+(µ − τhad) 7.1 130-200
WH→WW+W− (same-sign leptons 1+ jets) + (tri-leptons) 7.1 130-200
ZH→ZW+W− (tri-leptons 1 jet) + (tri-leptons 2+ jets) 7.1 130-200
Contributing channels from D0
H→W+W−

→ l±νl∓ν (0,1,2+ jets) 8.1 130-200
H→W+W−

→ µντhadν 7.3 130-200
H→W+W−

→ lν̄jj 5.4 130-200
VH→ l±l± + X 5.3 130-200

H+X→ l±τ∓
had

jj 4.3 130-200
H→ γγ 8.2 130-150

shown in a single figure. In the left panel, the light (pale-blue) shaded histogram shows the
background prediction, the dark (red) shaded region shows the signal prediction for the a SM
Higgs boson of mH = 165 GeV on top of the background prediction and the points show the
observed data. Good agreement between data and background prediction is seen across several
orders of magnitude in s/b. The right hand panel of Figure 1 shows a zoomed-in region of the
left-hand plot looking at the high s/b region. Here, the points show the data with the expected
background subtracted, the shaded histogram the predicted signal and the open histogram the
approximate ± 1 standard deviation of the background prediction. Here it can clearly be seen
that towards the right-hand edge of the plot the signal histogram rises above the uncertainties
on the background model.
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Figure 1: A comparison of the expected backgrounds (b) , signal (s) for a SM Higgs boson of mH = 165 GeV, and
data binned across all channels in log10(s/b). In the left panel the light shaded region represents the expected
backgrounds, the dark shaded region the expected signal and the crosses are the data. In the right panel the
expected background has been subtracted from the data. The solid histogram shows the expected signal, the
points show the data and the open histogram shows the expected ±1 standard deviation of the background

prediction.

In order to ensure that the limits do not depend strongly on the choice of statistical analysis,
two approaches are considered making use of both Bayesian and modified frequentist methods.
In both cases the full distributions of the final discriminants are used, not just the overall
rates. Systematic uncertainties are taken into consideration on both the signal and background



rates and the shapes of the discriminant distributions. Each independent source of systematic
uncertainty is treated in a pseudo-Bayesian fashion by assigning a probability distribution and
parameterising the impact on the signal and background distributions with a single nuisance
parameter. Both methods allow for the data to constrain the nuisance parameters - one by
integration the other by fitting. Where the data can provide a significant constraint this can
mitigate the impact of the systematic uncertainties. Because of this possibility of constraint
from the data it is important to carefully evaluate the systematic uncertainties and in particular
their correlations. Incorrectly assigning a correlation between two uncertainties can lead to the
fits over constraining the parameters and giving an incorrect result.

Experimental systematic uncertainties are in general correlated across analyses from the
same experiment coming from things such as: lepton and jet identification efficiencies, trigger
modeling, resolution and energy scale modeling. However, these are typically specific to a
given detector and are not generally correlated between CDF and D0. Theoretical uncertainties
are generally correlated across the two experiments where the same calculations are used. In
general those backgrounds with large theoretical uncertainties are small and those backgrounds
with larger contributions receive constraints from data - either in the statistical analysis itself or
through control samples - which mitigates some of the larger theoretical uncertainties. Important
contributions also come from the uncertainty on the dominant signal production cross section
for this combination, gg → H + X. A full description of the important sources of uncertainty
and their correlations can be found in the Tevatron combination note 5 and the references to
the contributing analyses therein. Additionally, references to the huge body of work that has
gone into the theoretical predictions used in these searches can be found in the combination
document.

3 Results and Conclusions
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Figure 2: The 95% C.L. on the cross section σ(pp̄ → H + X relative to the SM Higgs expectation is shown for
the Bayesian method in the left panel. In the right panel the exclusion strength 1-CLs is shown as a function of
Higgs boson mass. In both cases the solid line shows the observed limit, the dashed line the expected limit and

the yellow and green bands show the ± 1 and 2 standard deviation around the expectation.

Using the two statistical procedures mentioned in the previous section, 95% confidence limits
on the cross section σ(pp̄ → H + X) for the mass range 130 < mH < 200 GeV are extracted.
The largest disagreement between the two methods is 10% and on average they agree at the
1% level. The results from the Bayesian procedure (chosen a priori as the official result) are
presented in terms of the ratio of the observed limits to the SM prediction in the left panel of
Figure 2. Test masses for which the limit is below one are where the Higgs is excluded for that
particular mass. The right hand plot shows the expected and observed 1-CLs values for the



various SM Higgs mass hypotheses. Those test masses for which the 1-CLs value is above 0.95
are excluded at least at the 95% confidence level. The relatively poor mass resolution of the
dominant WW decay mode allows the use of a linear extrapolation of the limit between the test
mass points - spaced on a 5 GeV grid. Thus, the region 158 < mH < 173 GeV is excluded at the
95% C.L. which is slightly less stringent than the expected sensitivity of 153 < mH < 179 GeV.

These results significantly extend the results from the individual experiments and previous
combinations. The combined sensitivity is sufficient to exclude the SM Higgs boson at high
mass and is expected to grow substantially in the future as more data are added and further
improvements are made to the analysis techniques.
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