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1. Introduction

The simplest proposed mechanism to explain electroweak symmetry breakimgstandard
model (SM), the Higgs mechanism, involves the introduction of a complex dioefdealar fields
that accounts for the longitudinal polarizations and masses of the eleakdwsons, as well as
the fermion masses via Yukawa couplings to the fieJis [1]. The Higgs mechats® gives rise
to a single scalar boson, the Higgs boseéf),(but does not provide a prediction for its mass.
Precision electroweak data, including the lai&boson mass measurements at the C[PF [2] and
DO [@] experiments at the Fermilab Tevatron Collider, constrain the mass Mfldi§gs boson to
My < 152 GeV at 95% Confidence Level (C.L[) [4]. The ATLAS [5] and CN8béxperiments at
the CERN Large Hadron Collider (LHC) limit the SM Higgs boson to have a masseaen 122
GeV and 127 GeV at 95% C.L. Below, we present the combination of Higgslses at the DO
experiment, using datasets corresponding to integrated luminosities of upfto 8.7

2. Summary of Searches

There are three main classes of Higgs boson searches at DO. Seiarthe first class are
primarily sensitive toH — bb decay, the dominant decay mode for a SM Higgs boson of mass
My = 125 GeV. They are restricted to Higgs boson masses of 150 GeV and [8#awches in the
second class are primarily sensitiveHo— WW* decays, while those in the third are centered on
H — yy decays. They are performed over the mass range<lidig < 200 GeV.

2.1 Searcheswith H — bb Decays

The most sensitive Higgs boson searches in the remaining allowed massrarige searches
for Higgs boson production in association with a vector bogdW = W, Z) decaying leptonically
and the Higgs boson decaying tdola pair: theWH — fvbb (¢ =eu),ZH — ¢¢bb, andZH —
vvbb searches[J7] §] 9]. Each analysis is characterized by an ivitialeptons selection along
with at least two additional jets. To reduce the otherwise overwhelming SMgbaends the
analyses apply &-jet identification algorithmI§-tagger) to selected jets in order to distinguish
between jets coming frorb-quark fragmentation. To further enhance sensitivity to Higgs boson
production, each analysis divides events into various sub-chanreslagy to lepton flavor and
quality, jet multiplicity, and the number and quality bftagged jets. Each analysis also trains
a Boosted Decision Tree (BDT) or Random Forest (RF) final discriniinaimg various well-
modeled kinematic and topological variables. These final discriminants anepitis to the final
statistical analysis and limit setting.

2.2 Searcheswith H — WW* Decays

The second category of Higgs boson search at DO consists of esgpcimarily seeking
H — WW* decay. Of these, the most sensitive are the searches in whichMbbtisons decay
to /v [[d]. These analyses are primarily sensitive to Higgs boson productioglwon fusion
and select two charged leptons and large missing transverse eiglgylrfese searches employ
multiple techniques to improve sensitivity, such as creating sub-channeld baget multiplicity,
and employing dedicated BDTs to reject Drell-Yan background. The seglgliso train dedicated
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BDT-based final discriminants. A separate search considers eveats whe or more of the/
bosons decays tov [[L]].

There are searches in trilepton final states that are most sensitive¢ t6 VWW* production
where all bosons decay leptonically. One search is iregeand i e final states[[7J2]. Another is
in a same-sigey final state € u* + X) [L3]. Another searches for two taus decaying to hadrons
(tn) in addition to a muon[[d4]. Theeu,uue, ande*u* + X analyses use BDT-based final
discriminants while the,thu search uses the summgpg of all physics objects.

We also perform searches in final states where one diMtimsons decays to hadrons. The
first of these requires a charged leptgn, and 2 or more jets in the final stafe][15]. The second is a
search primarily sensitive M¥H — VWW* — £v ||| production, leading to a leptoB;, and four
or more jets in the final statg [lL6]. The four-jet analysis has identical lefgrand jet selection
criteria as thaVH — ¢vbb search, but requires additional jets and vetoes on the igagging
requirements of thé&/H analysis to rejedt backgrounds. Both thévjj and/vjjjj searches train
RFs as their final discriminants.

2.3 Searcheswith H — yy Decays

DO also performs a search in the two-photon final state for Higgs bosalugtion [1}]. The
analysis selects two photons and employs a Neural Network to discriminatedsephotons and
quark or gluon jets. In the di-photon mass region near the expected peaiglthe search employs
a BDT trained against signal and standard model backgrounds as théificaminant, while
those events outside the di-photon mass window are included as sepacitarsels using the di-
photon mass as the discriminating variable, resulting in less degradation ihsagsdivity from
systematic uncertainties.

3. Results

The DO combination utilizes the binned final variable distributions as descabede. For
visualization purposes, however, it can be useful to combine all of thegimimants into a sin-
gle distribution. Figurd]1 shows such a combination, obtained by combiningrteérom each
channel’s final variable distributions according to their,gjb value (in order to group bins with
similar sensitivity) and then subtracting the expected SM backgroundstfreiata. Also shown
are the expected signals astd standard deviation (s.d.) systematic uncertainties after fits to the
background-only hypothesis. Figite 1a shows the resuMfpe= 125 GeV and Fig[]1b shows the
same folMy = 165 GeV.

3.1 Limits

We perform the final statistical analysis and limit setting usingthemethod with a negative
log-likelihood ratio (LLR) test statisti{[18]. The LLR also provides a measfithe sensitivity of
an analysis, and is shown in Fig. 2 for the full combination. We defineasCLs = CLs,/CLy,
whereCLg,p andCLy are the confidence levels for the signal-plus-background hypothedis a
the background-only hypothesis, respectively. Systematic uncertaarieseated as Gaussian
uncertainties, constrained by their priors, on the expected number af sigth background events,
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Figure 1: Background-subtracted data, expected SM Higgs bosonlsat-1 s.d. systematic uncertain-
ties for all DO Higgs boson searches combined aMg)= 125 GeV and (bMy = 165 GeV.

not the outcomes of the limit calculations. This approach ensures that teeainties and their
correlations are propagated to the outcome with their proper weights.
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Figure 2: Log-likelihood ratio (LLR) for the summer 2012 DO combiratias a function of Higgs boson
mass.

We do not observe significant evidence for Higgs boson productioneicdimbination and
proceed to set 95% C.L. upper limits on the Higgs boson production crossrsever the mass
range 100< My < 200 GeV, and express these limits as a ratio to the SM prediction at each mass.
Figure[B shows the limits as a function of Higgs boson massMgpe= 125 GeV, the observeded
(expected) limit is a factor of 2.94 (1.70) above the SM prediction. We derebsa modest excess
of approximately two s.d. in the range 120 — 140 GeV.

3.2 Analysisof Excess and Best Fit Higgs boson Cross Section

We study the nature of the excess in detail and find that it contains contribdtam both the
H — bb andH — WW* searches, as shown in the LLR distributions of Figlire 4 for each of the
two sub-combinations. We also perform a likelihood fit of the SM Higgs basoss section to
data at each Higgs boson mass, as shown iFig. 5a. For a mass of 128Gl a best fit cross
section of 15+ 0.9 times the SM prediction. As an additional comparison of our results to the SM
we perform a signal injection test by replacing the observed data witldpdata representing the
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Figure 3: The expected and observed 95% C.L. upper limits on the SM dHiggson production cross
section expressed as a ratio to the SM. The green and yellagediregions are the 1 and 2 s.d. envelopes
around the expected limit.

sum of a 125 GeV Higgs boson signal and the SM backgrounds, amdajera LLR curve for a
signal a 1.0 and 1.5 times the SM rate. We compare this test to our obseruktdnr€sg. Bb and
find that the observed excess is consistent with the expectation from Sié Bagon production.
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Figure 4. (a) The LLR distribution for the combined — bb searches. (b) The LLR distributions for the
combinedH — WW* searches.

4. Conclusions

We have presented the combination of searches for the SM Higgs bosothevilld experi-
ment at the Fermilab Tevatron collider in integrated luminosities of up to 9 fthe searches are
sensitive to Higgs boson production via gluon fusion, associated pioduwgith a vector boson,
and vector boson fusion. We set an observed (expected) upper li2i@4f(1.70) times the SM
prediction on SM Higgs boson production fiely = 125 GeV. In the mass range 120 — 140 GeV
we observe a modest excess with a maximum local significance of approlyinvedeGaussian
standard deviatons.
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Figure 5: (a) The best fit SM Higgs boson production cross section ta eégpressed as a ratio to the SM.
(b) The LLR including curves representing the expectedevaltbackground plus a 125 GeV Higgs boson
signal at 1.0 and 1.5 times the SM rate at all mass points.
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