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This article reviews the Higgs searches at the Tevatron, as presented over the summer of 2012;
both standard model (SM) and beyond the standard model (BSM) results are discussed as detailed
(arXiv: 1207.0449; Phys. Rev. Lett., 2012, 109: 071804; Phys. Rev. D, 2012, 85: 032005). We discuss
the combination of searches by the CDF and DO Collaborations for the standard model Higgs boson
in the mass range 100200 GeV/c? produced in the the gg — H, WH, ZH, ttH, and vector boson
fusion production modes, and decaying in the H — bb, H — W*W~, H — ZZ, H — 77—, and
H — ~v modes. The data, collected at the Fermilab Tevatron collider in pp collisions at /s = 1.96
TeV, correspond to integrated luminosities of up to 10 fb~!. In the absence of signal, we expect to
exclude the regions 100 < mpy < 120 GeV/c? and 139 < mpy < 184 GeV/c?. We exclude, at the 95%
C.L., two regions: 100 < my < 103 GeV/c?, and 147 < my < 180 GeV/c?. We observe a significant
excess of events in the mass range between 115 and 140 GeV /c?. The local significance corresponds
to 3.0 standard deviations at my = 120 GeV/c?; the global significance (incorporating the look-
elsewhere effect) for such an excess anywhere in the full mass range investigated is approximately 2.5
standard deviations. Furthermore, we separately combine searches for H — bb, H — W+W~ and
H — ~v. We find that the excess is concentrated in the H — bb channel, appearing in the searches
over a broad range of my; the maximum local significance of 3.3 standard deviations corresponds
to a global significance of approximately 3.1 standard deviations. The observed signal strengths in
all channels are consistent with the expectation for a standard model Higgs boson at mpy = 125
GeV/c?. The production of neutral Higgs bosons in association with b-quarks can be significantly
enhanced in various beyond the standard model scenarios, including Supersymmetry. The recent
combination of such searches from the two collaborations is discussed.
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and its mass (my) is a free parameter.

Precision electroweak data, including the recently up-
dated measurements of the W-boson and top quark
masses from the CDF and DO Collaborations [11, 12],
yield an indirect constraint on the allowed mass of the
Higgs boson, my < 152 GeV/c? [13], at the 95% confi-
dence level (C.L.). Direct searches at LEP2 exclude SM
Higgs boson masses below 114.4 GeV/c? [14]. The AT-
LAS and CMS Collaborations have recently reported the
observation of a new boson with mass of around 125
GeV/c? [15, 16] at the Large Hadron Collider (LHC).
Much of the sensitivity of the LHC searches comes from
gluon-gluon fusion (g9 — H) production and Higgs bo-
son decays to vy, ZZ, and WTW ™~ boson pairs, which
probe the couplings of the Higgs boson to other bosons.
Within the context of the SM, the gg — H production
mechanism is dominated by processes with one quark
loop, and is therefore sensitive almost exclusively to the
couplings of the Higgs boson to fermions. Direct searches
for associated production VH — Vbb at the LHC, where
V =W or Z [17, 18], are not yet sensitive to SM Higgs
boson production. The CDF and D0 Collaborations have
recently reported combined evidence for a particle, with
a mass consistent with that of the new boson observed
at LHC, produced in association with weak bosons and
decaying to a bottom—antibottom quark pair [2].

In this article, we discuss the results of SM Higgs boson
searches in pp collisions at /s = 1.96 TeV using Tevatron
Run IT integrated luminosities of up to 10 fb~! per exper-
iment, as presented over the summer of 2012, and doc-
umented in Ref. [1]. The analyses combined seek signals
of Higgs bosons in the mass range 100-200 GeV /c?, pro-
duced in association with a vector boson (¢¢ — VH), in
association with top quarks, through gluon-gluon fusion,
and through vector boson fusion (VBF) (¢q — ¢'7 H).
The Higgs boson decay modes studied are H — bb,
H—WYtW~, H— ZZ and H — ~vy. When results are
shown for the H — bb mode alone, these are taken from
Ref. [2] (as shown at SUSY12), and so differ slightly from
those in Ref. [1]. For Higgs boson masses greater than
125 GeV/c?, searches for H — WTW = decays followed
by leptonic W decays provide the greatest sensitivity. Be-
low 125 GeV/c? sensitivity comes mainly from associated
production V H with the H boson decaying to bb and the
W or Z boson decaying leptonically. Both collaborations
consider the processes WH — (vbb, ZH — ¢+¢~bb, and
WH,ZH — Erbb (where { is either ¢ or u and Fr de-
notes missing transverse energy [19]).

2 Event simulation

Higgs boson signal events are simulated using the leading
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order (LO) calculation from PYTHIA [20], with CTEQ5L
(CDF) and CTEQ6L1 (DO) [21, 22] parton distribu-
tion functions (PDFs). The normalization of these Monte
Carlo (MC) samples is obtained using the highest-order
cross section calculation available for the corresponding
production process. The cross section for the gluon-gluon
fusion process is calculated at next-to-next-to-leading or-
der (NNLO) in quantum chromodynamics (QCD) with
soft gluon resummation to next-to-next-to-leading-log
(NNLL) accuracy [23, 24]. The WH and ZH cross sec-
tion calculations are performed at NNLO precision in
QCD and next-to-leading-order (NLO) precision in the
electroweak corrections [25, 26]. The VBF cross section
is computed at NNLO in QCD [27], and the electroweak
corrections computed with the HAWK program [28, 29].
All signal production cross sections are computed using
the MSTW2008 PDF set [30]. The PDF uncertainties are
assessed following Refs. [31-33]. The Higgs boson branch-
ing fractions are from Ref. [34] and rely on calculations
using HDECAY [35] and PROPHECY4F [36, 37]. The dis-
tribution of the transverse momentum (pr) of the Higgs
boson in the PYTHIA-generated gluon-gluon fusion sam-
ple is reweighted to match the pp as calculated by HQT,
at NNLL and NNLO accuracy [38, 39].

We model SM and instrumental background processes
using a mixture of MC and data-driven methods. For
CDF, backgrounds from SM processes with electroweak
gauge bosons or top quarks are modeled using PYTHIA,
ALPGEN [40], MC@NLO [41], and HERWIG [42]. For DO,
these backgrounds are modeled using PYTHIA, ALPGEN,
and SINGLETOP [43-45]. An interface to PYTHIA pro-
vides parton showering and hadronization for generators
without this functionality.

The effects of instrumental noise and additional pp in-
teractions are modeled using MC in CDF while in DO
recorded data from randomly selected beam crossings
with the same luminosity profile as data are added to
the MC events.

Diboson (WW, WZ, ZZ) MC samples are normalized
using the NLO calculations from MCFM [46]. For top
quark pair production (¢f), we use a production cross sec-
tion of 7.0440.70 pb [47], which is based on a top-quark
mass of 173 GeV /c? [12] and MSTW 2008 PDFs [30]. The
single-top-quark production cross section is taken to be
3.15 £ 0.31 pb [48]. For many analyses, the V+jet pro-
cesses are normalized using the NNLO cross section cal-
culations of Ref. [49], though in some cases data-driven
techniques are used. Likewise, the normalization of the
instrumental, multijet and, at CDF, the V+heavy-flavor
jet backgrounds [50] are constrained from data samples
where the expected signal to background ratio is sev-
eral orders of magnitude smaller than in the search sam-
ples. At DO, the V+heavy-flavor normalization, relative
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to V+light-flavor, is taken from MCFM. In addition, at
DO, prior to b-tagging [51] V+jets samples are compared
to data and corrections applied to mitigate any discrep-
ancies in kinematic distributions.

For the H — WTW ™ analyses the dominant irre-
ducible background process is diboson production, while
the dominant reducible backgrounds are Z/~*+jets,
W +jets, tt, and multijet production where jets can
be misidentified as leptons. For the analyses targeting
H — bb the main backgrounds originate from V +heavy-
flavor-jets and #t production.

3 Event selection

The CDF and DO detectors are multipurpose spectrom-
eters surrounded by hermetic calorimeters and muon de-
tectors and are designed to study the products of 1.96
TeV proton-antiproton collisions [52-56]. Event selec-
tions are similar in the CDF and DO analyses, typically
consisting of a preselection based on event topology and
kinematics, and a final subsequent selection using multi-
variate analysis (MVA) techniques [57] that combine sev-
eral discriminating variables into a single final discrimi-
nant to separate signal from background. Each channel
is divided into exclusive sub-channels according to var-
ious lepton, jet multiplicity, and b-tagging characteriza-
tion criteria. This procedure groups events with similar
signal-to-background ratio to optimize the overall sen-
sitivity. Such subdivision allows, for example, the effi-
cient use of poorly reconstructed leptons or those in the
forward region, the exploitation of the different domi-
nant signal and backgrounds when training the MVAs
separately in each sub-channel, or reduction of the im-
pact of systematic uncertainties. The MVAs are trained
separately at each value of my in their respective mass
ranges, in 5 GeV/c? steps.

For the analyses exploiting the H — bb decay, b-
tagging and mass resolution are of great importance.
Both collaborations have developed multivariate ap-
proaches to maximize the performance of the b-tagging
algorithms. In the DO analyses, the MVA builds and im-
proves upon the previous neural network b-tagger [58]
and achieves an identification efficiency of about 80% for
b-jets with a misidentification rate for light (u, d, s, and
gluon) jets of about 10%. The CDF b-tagging algorithm
has been augmented with an MVA [59-61], providing a
b-tagging efficiency of about 70% and a misidentification
rate for light jets of about 5%. (The WH, ZH — Erbb
channel does not use the updated b-tagger for the results
discussed here). The decay width of the SM Higgs boson
is predicted to be much smaller than the experimental di-
jet mass resolution, which is typically 15% of the mean
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reconstructed mass. A SM Higgs boson signal would ap-
pear as a broad enhancement in the reconstructed di-b-
jet mass distribution. CDF and DO search for H — bb
produced in association with a leptonically decaying W=
boson or a leptonically or invisibly decaying Z boson.
CDF also contributes a search for ttH — #tbb, in which
one of the top quarks decays to a leptonically-decaying
W boson.

Both collaborations target the H — WTW ™ signal
in which both W bosons decay leptonically by selecting
events with large missing transverse energy and two op-
positely charged, isolated leptons. The presence of neu-
trinos in the final state prevents full reconstruction of
the Higgs boson mass. Other observables are used for
separating the signal from background. For example, the
azimuthal angle between the leptons in signal events is
smaller on average than that in background events due
to the scalar nature of the Higgs boson and parity viola-
tion in W# decays. Furthermore, the missing transverse
momentum is larger, and the total transverse energy of
the jets is lower, than they are typically in background
events.

Although the primary sensitivity at low mass (mpy <
125 GeV/c?) is provided by the H — bb analyses and
at high mass (my > 125 GeV/c?) by the H — WTW~
analyses, significant additional sensitivity is achieved by
the inclusion of other channels. Both collaborations con-
tribute analyses searching for Higgs bosons decaying into
diphoton pairs, tau pairs and tri-lepton searches. The full
list of channels included in the combination over the full
mass range from 100-200 GeV/c? can be found in Ref.
[1]. The H — bb specific results use slightly updated in-
puts, as detailed in Ref. [2], with further details in Refs.
[63, 64] and references therein.

4 Statistical techniques

The results are interpreted using both Bayesian and
modified frequentist techniques, separately at each value
of my, as was done previously e.g. [2]. The two methods
yield results that are numerically consistent; limits on
the Higgs boson production rate typically agree within
10% at each value of my, and within 1% on average.
For simplicity, when summarizing the results, we quote
one set of values as the default, and the a priori decision
made for the earlier Tevatron combinations to use the
Bayesian method is retained here. Both methods use the
distributions of the final discriminants, and not only the
total event counts passing selection requirements.

Each of the techniques is built on a combined likeli-
hood [including priors on systematic uncertainties, (6]
based on the product of likelihoods for the individual
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channels, each of which is a product over histogram bins:

Nc Nbyins — s Nsys
L(R, 3,071, 0) x w(0) = nig € 7 ~02/2
( S, |TL, )Xﬂ-()_ :u‘z n“' X €
i=1 j=1 £ k=1

(1)
where the first product is over the number of channels
(N¢), and the second product is over histogram bins con-
taining n;; events, binned in ranges of the final discrim-
inants used for the individual analyses. The predictions
for the bin contents are j;; = R X $;; () +0bij (6) for chan-
nel 7 and histogram bin j, where s;; and b;; represent the
expected SM signal and background in the bin, and R
is a scaling factor applied to the signal. By scaling all
signal contributions by the same factor we make the as-
sumption that the relative contributions of the different
processes at each my are as given by the SM. System-
atic uncertainties are parameterized by the dependence
of s;; and b;; on g. Each of the Neys components of 5, 0,
corresponds to a single independent source of systematic
uncertainty scaled by its standard deviation, and each
parameter may affect the predictions of several sources
of signal and background in different channels, thus ac-
counting for correlations. Gaussian priors are assumed
for the nuisance parameters, truncated to ensure that no
prediction is negative.

In the Bayesian technique, we assume a uniform prior
for non-negative values of R and integrate the likelihood
function multiplied by the priors for the nuisance param-
eters to obtain the posterior density for R. The observed
95% credibility level upper limit on R, Rgg’s, is such
that 95% of the integral of the posterior of R is below
RgPs. The expected distribution of Rgs is computed in
an ensemble of simulated experimental outcomes assum-
ing no signal is present. In each simulated outcome, ran-
dom values of the nuisance parameters are drawn from
their priors. A combined measurement of the cross sec-
tion for Higgs boson production times the branching frac-
tion B(H — X X), in units of the SM production rate,
is given by Rft which is the value of R that maximizes
the posterior density. The 68% credibility interval, which
corresponds to one standard deviation (s.d.), is quoted
as the smallest interval containing 68% of the integral of
the posterior.

We also perform calculations using the modified fre-
quentist technique [62], CLs, using a log-likelihood ra-
tio (LLR) as the test statistic: LLR= —2In %,
where p(data|s + b) and p(datalb) are the probabilities
that the data (either simulated pseudodata or the actual
observed data) are drawn from distributions predicted
under the signal-plus-background and background-only
hypotheses respectively. The probabilities p are com-
puted using the best-fit values of the parameters 0y, sep-
arately for each of the two hypotheses [65]. The use of
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these fits extends the procedure used at LEP [66, 67],
improving the sensitivity when the expected signals are
small and the uncertainties on the backgrounds are large.
The CLg technique involves computing two p-values,
CLp = p (LLR> LLRgps|b), where LLRops is the value of
the test statistic computed for the data, and CLgsyp = p
(LLR> LLRobs|s+b). To compute limits, we use the ratio
of p-values, CL; = CL44/CLy. If CLs < 0.05 for a par-
ticular choice of the signal-plus-background hypothesis,
parameterized by the signal scale factor R, that hypothe-
sis is excluded at least at the 95% C.L. The value of R$>®
in the CLg method is the smallest value of R excluded at
the 95% C.L. The expected limit is computed using the
median LLR value expected in the background-only hy-
pothesis. Systematic uncertainties are included by fluc-
tuating the predictions for s;; and b;; when generating
the pseudoexperiments used to compute CLg4p and CLy.

5 Systematic uncertainties

Systematic uncertainties are evaluated for each final
state, background, and signal process. Uncertainties that
modify only the normalization and uncertainties that
change the shape of the final discriminant distribution
are included. In order to study the “shape” uncertain-
ties on the distributions of the final discriminants, the
relevant parameter is varied within one standard devi-
ation of its uncertainty and the full analysis repeated
using the modified kinematics. For example, for the jet
energy scale and jet energy resolution, the parameters of
the energy scale and resolution are varied within 1 s.d. of
their uncertainties and the analysis carried out using the
kinematics of the modified jets, also including the effects
of events which enter or leave the selected samples as the
jet energy parameters are changed. No retraining of the
MVAs is performed during the propagation of systematic
uncertainties to the distributions of the discriminants.
Correlations between signal and background, across dif-
ferent channels within an experiment and across the two
experiments are taken into account.

The uncertainties on the inclusive signal production
cross sections are estimated from the variations in the
factorization and renormalization scale, which include
the impact of uncalculated higher-order corrections, un-
certainties due to PDFs, and the dependence on the
strong coupling constant, «g, as recommended by the
PDF4LHC working group [31, 32]. The resulting uncer-
tainties on the inclusive VH and VBF production rates
are taken to be 7% and 5%, respectively [25, 26].

For analyses seeking gg — H production that divide
events into categories based on the number of recon-
structed jets, the uncertainties associated with the renor-
malization and factorization scale are estimated follow-
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ing Ref. [68]. By propagating the uncorrelated uncertain-
ties of the NNLL inclusive [23, 24], NLO > 1 jet [33],
and NLO > 2 jets [69] cross sections to the exclusive
g9 — H + 0 jet, 1 jet, and > 2 jets rates, an uncer-
tainty matrix containing correlated and uncorrelated un-
certainty contributions between exclusive jet categories
is obtained. The PDF uncertainties are evaluated follow-
ing Refs. [23, 33].

Significant sources of uncertainty for all analyses are
the integrated luminosities, used to normalize the ex-
pected signal yield and MC-based backgrounds, and the
cross-sections for the simulated backgrounds. For the for-
mer, uncertainties of 6% (CDF) and 6.1% (DO0) are used,
with 4% arising from the inelastic pp cross section which
is taken to be 100% correlated between CDF and DO.
Cross section uncertainties of 6% and 7% are used for
diboson and tt production respectively.

Sources of systematic uncertainty that affect both the
normalization and the shape of the final discriminant
distribution include jet energy scale 1%-4%, jet energy
resolution 1%-3%, lepton identification, trigger efficien-
cies, and b-tagging. Uncertainties on lepton identification
and trigger efficiencies range from 2% to 6% and are ap-
plied to both the signal and MC-based background pre-
dictions. These uncertainties are estimated from data-
based methods separately by CDF and DO, and differ
based on lepton flavor and identification category. The b-
tag efficiencies and mistag rates are similarly constrained
by auxiliary data samples, such as inclusive jet data or
tt events. The uncertainty on the per-jet b-tag efficiency
is approximately 4%, and the mistag uncertainties vary
between 7% and 15%.

For the analyses targeting the H — bb decay, the
largest sources of uncertainty on the dominant back-
grounds are the rates of tagged V +heavy-flavor jets,
which are typically 20%-30% of the predicted values.
Following constraint by the data, the uncertainties on
these rates are typically 8% or less. The data samples
in the V+jets selections prior to b-tagging are used as
control samples to constrain systematic uncertainties in
the Monte Carlo modeling of the energies and angles
of jets. Any residual discrepancy coming from the dif-
ference between light- and heavy-flavor components has
been shown to be smaller than the systematic uncer-
tainties associated with the generator or the correction
procedures themselves.

6 Results — Standard model interpretation

6.1 Diboson production

To validate the background modeling and methodology
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described in this article, independent measurements of
SM diboson production in the same final states used
for the SM Higgs searches are carried out. The high
mass analyses measure the pp — WTW ™ cross section,
whilst the low mass analyses target V' Z production in the
7 — bb final state. The data sample, reconstruction, pro-
cess modeling, uncertainties, and sub-channel divisions
are identical to those of the SM Higgs boson searches.
However, discriminant functions are trained to distin-
guish the contributions of SM diboson production from
those of other backgrounds, and potential contributions
from Higgs boson production are not considered. By way
of illustration, below, we focus on VZ production.

The NLO SM cross section for VZ production times
the branching fraction of Z — bb is 0.68 + 0.05 pb.
This is about six times larger than the 0.12 £+ 0.01 pb
cross section times branching fraction of VH(H — bb)
for a 125 GeV/c? SM Higgs boson, but the associated
background is about four times larger. WW production
is considered as background. The measured cross section
for VZis 3.9+ 0.6 (stat) £0.7 (syst) pb, which is consis-
tent with the SM prediction of 4.440.3 pb. The combined
background-subtracted reconstructed dijet mass distri-
bution for the VZ analysis is shown in Fig. 1. The VZ
signal and the background contributions are fit to the
data, and the fitted background is then subtracted. Also
shown is the contribution expected from a SM Higgs bo-
son with mpg = 120 GeV/c%.

12007  Tevatron Preliminary, Lin<9.5 fb7!
_ 1000; 1+2 b-tagged jets
RS ] -+ Data—background
> 8007 mwz
&) ] zz
a 600’: I Higgs signal s
2 4007 my=120 GeV/c
5 ]
5 2007
] + -+
07 _+_
~2001
0 50 100 150 200 250 300 350 400
Dijet mass /(GeV/c?)

Fig. 1 Background-subtracted distribution of the reconstructed
dijet mass, summed over all input channels. The VZ signal and
the background contributions are fit to the data, and the fit-
ted background is subtracted. The fitted VZ and expected SM
Higgs (mg = 120 GeV/c?) contributions are shown with filled
histograms. Reproduced from Ref. [1].

6.2 Full combination

The results produced by the multivariate Higgs analy-
ses can be visualized by combining the histograms of the
final discriminants, adding the contents of bins with simi-
lar signal-to-background ratio (s/b). Classification in this
way preserves the importance of each of the events in the
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histogram, to the extent that they are not added to other
events that are selected with different s/b. The resulting
distribution of log;(s/b) is shown for my = 125 and 165
GeV/c? in Fig. 2, demonstrating agreement with back-
ground over five orders of magnitude. In the highest s/b
bins an excess of events above the background expecta-
tion is seen for the analyses seeking a Higgs boson with
mass of 125 GeV/c?.

Tevatron Run II Preliminary, L<10.0 fb~!

106 4 ) ¢ Tevatron data
mp=125 GeV/c [ Background fit
10547 Bl Signal
**e -
1 04 -+ - .
103 ] S * e
*'&
5 107 “l
‘E -
z 10 *L*
4 =t
107! 4
|
1072 4
1073 4
_4 1June 2012
10 T T T T T T T T
—4 -3 -2 -1 0
log;q (s/b)
Tevatron Run II Preliminary, L<10.0 fb!
6
10 2 e Tevatron data
1054  ME 165 GeV/e ] Background fit
e Bl Signal
104 4 et oo -
- *0
10 4 T
‘f. **
102 4 e,
2 10 ] 77
@ -
14 |
107! 4
1072 4
1073 4
June 2012
107 T T T T T T T T
—4 -3 -2 -1 0
log; (s/b)

Fig. 2 Distributions of log;y(s/b), for the data from all contribut-
ing channels from CDF and DO, for Higgs boson masses of 125 and
165 GeV/c?. The data are shown with points, and the expected sig-
nal is shown stacked on top of the backgrounds, which have been
fit to the data within their systematic uncertainties. Underflows
and overflows are collected into the leftmost and rightmost bins,
respectively. Reproduced from Ref. [1].

Figure 3 shows the signal expectation and the data
with the background subtracted, as a function of the s/b
of the collected bins, for the combined search for a Higgs
boson with mass my = 125 and 165 GeV/c?. The back-
ground model is fit to the data, floating the nuisance pa-
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rameters within their constraints, and the uncertainties
on the background predictions in each bin are those after
the fit. An excess of events in the highest s/b bins rela-
tive to the background-only expectation is observed for
the analyses seeking a Higgs boson of mass 125 GeV/c?,
whilst a deficit is seen for the analyses seeking a Higgs
boson of mass 165 GeV/c?.

Tevatron Run I Preliminary, L<10.0 fo™!

300
1T —+ Data—Background
200 3 SM Higgs signal
— =1 s.d. on background
w 100
(\I. B
<
2z 0
5
& ]
—100
—200
] my=125 GeV/c?
=300 ————1——— 77—
-3 -2.5 -2 -1.5 -1 05 0
June 2012 log; (s/b)
150 Tevatron Run II Preliminary, L<10.0 fb™!
] —— Data—Background
100 =2 SM Higgs signal

— =+1 s.d. on background

Events/0.25

my=165 GeV/c?

-150 T T
-3 -2.5 -2
June 2012

T T T

-1.5 -1 05 0
log;(s/b)
Fig. 3 Background-subtracted data distributions for all chan-
nels, summed in bins of s/b, for Higgs boson masses of 125 and
165 GeV/c?. The background has been fit, within its systematic
uncertainties and assuming no Higgs boson signal is present, to
the data. The points with error bars indicate the background-
subtracted data; the sizes of the error bars are the square roots of
the predicted background in each bin. The unshaded (blue-outline)
histogram shows the systematic uncertainty on the best-fit back-
ground model, and the shaded histogram shows the expected signal
for a standard model Higgs boson. Reproduced from Ref. [1].

Figure 4 displays the LLR distributions for the com-
bined analyses as a function of my. Included are the
median of the LLR distributions for the background-
only hypothesis (LLRy), the signal-plus-background hy-
pothesis (LLRs45), and the observed value for the data
(LLRobs). The shaded bands represent the one and two
s.d. departures for LLR; centered on the median. These
results are also listed in Table 1. The separation between
the medians of the LLR; and LLR4 distributions pro-
vides a measure of the discriminating power of the search.
The sizes of the one- and two-s.d. LLR;, bands indicate
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the width of the LLR distribution, assuming no signal
and only statistical fluctuations and systematic effects
are present. The value of LLRgs relative to LLRg4p
and LLR, indicates whether the data distribution more
closely resembles what we expect if a signal is present
(i.e., the LLR, distribution, which is negative by con-
struction) or the background-only expectation. The sig-
nificance of departures of LLRqps from LLR; can be
evaluated by the width of the LLR; bands. The separa-
tion of the signal-plus-background and background-only
hypotheses is greater than two s.d. up to ~ 185 GeV/c2.

40 1 Tevatron Run I Preliminary E I}:iﬁbi é S-g-
- ) 1 pE2s.d.
30 SM Higgs, L;,<10.0 fb -~ LLR,
-- LLR,,
—LLR,

obs

(=]

Log-likelihood ratio
=)

-10

June 2012
100 110 120 130 140 150 160 170 180 190 200
Higgs boson mass /(GeV/c?)

—20 -

Fig. 4 The log-likelihood ratio LLR as a function of Higgs bo-
son mass. The solid line shows the observed LLR values, the dark
dashed line shows the median expectation assuming no Higgs boson
signal is present, and the dark and light-shaded bands correspond
to the regions encompassing one and two s.d. fluctuations around
the background expectation. The red short-dashed line shows the
median expectation assuming a Higgs boson signal is present at
each value of my in turn. Reproduced from Ref. [1].
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The data are consistent with the background-only hy-
pothesis (the black dashed line) below ~ 115 GeV/c?
and above approximately 145 GeV/c?. A slight excess is
seen above approximately 195 GeV /c?, where our ability
to separate the two hypotheses is limited. For my from
115 to 140 GeV/c?, a significant excess in the data above
the SM background is observed.

Motivated by the excess in the data in the low-my re-
gion of our searches, we compare the observed LLR with
that expected if an SM Higgs boson was present with
a mass of my = 125 GeV/c%. Figure 5 shows the same

30 Tevatron Run II Preliminary EELLR,+1s.d.
40 . .. . DLLRbiZSd
my=125 Signal injection -~ LLR,

30] Rate=1.0XSM -- LLR,
—LLR,

obs

Log-likelihood ratio

June 2012

100 110 120 130 140 150 160 170 180 190 200
Higgs boson mass /(GeV/c?)

Fig. 5 The log-likelihood ratio (LLR) distributions as in Fig. 4.
The thick black curve shows the median expected outcome assum-
ing a Higgs boson of mass my = 125 GeV/c? is present. The
green and yellow bands correspond to the regions enclosing 1 s.d.
and 2 s.d. fluctuations around the median expected value assum-
ing only background is present, respectively. The red dashed curve
shows the median expected value assuming a Higgs boson signal is
present, separately at each mp. Reproduced from Ref. [1].

Table 1 Log-likelihood ratio (LLR) values for the combined CDF and DO Higgs boson search obtained using the CLg method.

mpy/(GeV/c2) LLRobs LLRq s LLR, %7 LLR, '7 LLR, LLR; 7 LLR; 27
100 5.36 —7.41 17.61 12.31 7.02 1.72 —3.58
105 1.44 —6.53 16.08 11.12 6.16 1.19 —3.77
110 —0.05 —5.49 14.32 9.76 5.20 0.64 —3.92
115 —5.41 —4.86 13.21 8.91 4.62 0.32 —3.98
120 —9.39 —4.06 11.68 7.76 3.84 —0.08 —4.00
125 —6.39 —3.43 10.56 6.93 3.30 —0.33 —3.97
130 —6.12 —3.18 10.09 6.58 3.07 —0.43 —3.94
135 —6.12 —3.34 10.36 6.78 3.20 —0.38 —3.96
140 —2.46 —3.87 11.33 7.50 3.67 —0.16 —3.99
145 1.99 —4.83 12.95 8.71 4.48 0.25 —3.99
150 5.73 —6.05 14.94 10.24 5.53 0.83 —3.88
155 7.21 —7.78 17.57 12.28 6.99 1.70 —3.58
160 14.92 —14.47 25.57 18.69 11.82 4.94 —1.93
165 18.98 —16.61 27.63 20.38 13.13 5.88 —1.36
170 9.15 —11.13 21.74 15.59 9.44 3.30 —2.85
175 2.66 —8.04 17.81 12.47 7.13 1.79 —3.55
180 3.26 —5.68 14.21 9.68 5.14 0.61 —3.93
185 1.07 —3.46 10.45 6.85 3.24 —0.36 —3.96
190 —0.78 —2.31 8.15 5.18 2.21 —0.76 —3.74
195 —3.84 —1.69 6.72 4.17 1.63 —0.92 —3.47
200 —3.82 —1.31 5.76 3.51 1.26 —0.98 —3.23
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median expectation curves as Fig. 4, but in the place of
the data, the median expected LLR assuming a Higgs
boson signal is present at my = 125 GeV/c? is shown.
This signal-injected-LLR curve has a similar shape to
the observed one. While the search for a 125 GeV/c?
Higgs boson is optimized to find a Higgs boson of that
mass, the excess of events over the SM background esti-
mates also affects the results of Higgs boson searches at
other masses. Nearby masses are the most affected, but
the expected presence of H — WTW ™ decays for a 125
GeV/c? Higgs boson implies a small expected excess in
the H — W¥W ~ searches at all masses due to the poor
reconstructed mass resolution in this final state.

The limit on SM Higgs boson production as a function
of my is extracted in the range 100-200 GeV/c? in terms
of R$ES, the ratio of the observed limit to the predicted
SM rate.

The expected and observed ratios to the SM cross sec-
tion for the combined CDF and DO analyses are shown
in Fig. 6, and listed in Table 2 for both the Bayesian and
the CLg methods. We quote, in the summary below, only
the limits obtained with the Bayesian method, which was
decided upon a priori.
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Fig. 6 Observed and expected (median, for the background-only
hypothesis) 95% C.L. Bayesian upper limits expressed as a multi-
ple of the SM cross section for test masses every 5 GeV/c?. The
points are joined by straight lines for better readability. The bands
indicate the 1 and 2 s.d. probability regions where the limits can
fluctuate, in the absence of signal. Reproduced from Ref. [1].

Intersections of piecewise linear interpolations of our
observed and expected rate limits with the SM=1 line are
used to quote ranges of Higgs boson masses that are ex-
cluded and that are expected to be excluded, extending
the results from the 5 GeV/c? mass points investigated
to the intervals in between. The regions of Higgs boson
masses excluded at the 95% C.L. thus obtained are 100
<mpy <103 GeV/c? and 147 < mpy < 180 GeV/c?. The
expected exclusion regions are 100 < my < 120 GeV/c?
and 139 < mpy < 184 GeV/c2.
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Table 2 Ratios of median expected and observed 95% C.L. limit
to the SM cross section for the combined CDF and DO analyses as
a function of the Higgs boson mass in GeV/c2, obtained with the
Bayesian and CLs methods.

5 Bayesian CLsg
ma/QVIT) TR R R RgZ?
100 0.84 0.73 0.80 0.73
105 1.07 0.78 1.08 0.78
110 1.24 0.85 1.26 0.85
115 1.74 0.89 1.86 0.91
120 2.35 1.00 2.49 1.00
125 2.35 1.08 2.42 1.08
130 2.55 1.10 2.57 1.12
135 2.33 1.09 2.46 1.10
140 2.06 0.99 1.94 1.02
145 1.14 0.91 1.13 0.92
150 0.81 0.81 0.80 0.82
155 0.72 0.71 0.68 0.72
160 0.41 0.51 0.41 0.52
165 0.34 0.48 0.33 0.49
170 0.61 0.60 0.59 0.60
175 0.93 0.70 0.94 0.71
180 0.98 0.83 0.98 0.85
185 1.32 1.06 1.37 1.09
190 1.80 1.29 1.94 1.34
195 3.11 1.51 3.25 1.58
200 3.53 1.73 3.88 1.80

The observed excess for my from 115 to 140 GeV/c?
is driven by an excess of data events with respect to the
background predictions in the most sensitive bins of the
discriminant distributions, favoring the hypothesis that
a signal is present. To characterize the compatibility of
this excess with the signal-plus-background hypothesis,
the best-fit rate parameter, R, is computed, and shown
in Fig. 7. The measured signal strength is within 1 s.d.

3 B

1 June 2012

Tevatron Run II Preliminary, L<10.0 fb™

Best fit 6/SM

0
100 110 120 130 140 150 160 170 180 190 200
my (GeVic?)

Fig. 7 The best-fit signal cross section of all CDF and DO search
channels combined shown as a ratio to the standard model cross
section as a function of the tested Higgs boson mass. The blue
band shows the 1 s.d. uncertainty on the signal fit, and the red
line is drawn at 1.0, corresponding to the SM prediction. Repro-
duced from Ref. [1].



278
T tr R 1I Prelimi -_— l-CLb observed
0 evatron 2111 reliminary, — 1-CLY expected
L<10.0fb
[ +1 s.d. expected
° 1 [ 42 s.d. expected
&, 10
E
Z 1072
5
B 1034 T e
m
107
05 e N June 2012

100 110 120 130 140 150 160 170 180 190 200
Higgs boson mass /(GeV/c?)

Fig. 8 The solid black line shows the p-value as a function of m g
under the background-only hypothesis, for the combined SM Higgs
boson searches. The dotted black line shows the median expected
values assuming a SM signal is present, evaluated separately at
each mp. The associated dark and light-shaded bands indicate the
one and two s.d. fluctuations of possible experimental outcomes.
Reproduced from Ref. [1].

of the expectation for a SM Higgs boson in the range
115 < mpy < 140 GeV/c?, with maximal strength around
125 GeV/c2.

The significance of the excess in the data over the
background prediction is computed at each hypothesized
Higgs boson mass by calculating the local p-value under
the background-only hypothesis using Rt as the test
statistic. This p-value expresses the probability to obtain
the value of R observed in the data or larger, assum-
ing a signal is truly absent. These p-values are shown
in Fig. 11 along with the expected p-values assuming a
SM signal is present, separately for each value of my.
The maximum local significance is at my = 120 GeV/c?
and corresponds to 3.0 standard deviations. The fluctu-
ations seen in the observed p-value as a function of the
tested mpy result from excesses seen in different search
channels, as well as from point-to-point fluctuations due
to the separate discriminants at each my, and are dis-
cussed in more detail below. The width of the dip in
the p-values from 115 to 140 GeV/c? is consistent with
the resolution of the combination of the H — bb and
H — WTW~ channels. The effective resolution of this
search comes from two independent sources of informa-
tion. The reconstructed candidate masses help constrain
my, but more importantly, the expected cross sections
times the relevant branching ratios for the H — bb and
H — WTW~ channels are strong functions of myg in
the SM. The observed excess in the H — bb channels
coupled with the slight excess in the H — W+W ~ chan-
nels determines the shape of the observed p-value as a
function of my.

The CDF and DO searches have also been separated
into combinations focusing on the H — bb, H — W+W~
and H — ~v decay channels, and these are discussed in
the following sections.
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6.3 H — bb decay mode

Below 125 GeV/c?, the H — bb searches contribute the
majority of our sensitivity. The WH — fvbb, ZH —
vibb, and ZH — (T¢~bb channels from both exper-
iments are included in this sub-combination. The re-
sults shown here are taken from Ref. [2]. The observed
LLR distribution is shown in Fig. 9, along with its ex-
pected values under the background-only and signal-
plus-background hypotheses, and also the hypothesis
that a SM Higgs boson is present with my = 125
GeV/c?.
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Log-likelihood ratio
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Fig. 9 The log-likelihood ratio LLR as a function of Higgs boson
mass for the H — bb analyses. The dark and light-shaded bands
correspond to the regions encompassing one and two s.d. fluctua-
tions of the background, respectively. The dot-dashed line shows

the median expected LLR assuming the SM Higgs boson is present
at my = 125 GeV/c?. Reproduced from Ref. [2].

We multiply the best-fit rate parameter for this
sub-combination, R, by the SM prediction for the
associated-production cross section times the decay
branching ratio (ow g + ozm) x B(H — bb), to obtain
the observed value for this quantity. We show our fit-
ted (owm + ozm) x B(H — bb) as a function of my,
along with the SM prediction, in Fig. 10. The figure
also shows the expected cross section fits for each myy,
assuming that the SM Higgs boson with mpy = 125
GeV/c? is present, both at the rate predicted by the
SM, and also at the best-fit rate, which corresponds to
(own+ozm)xB(H — bb) = 0.2340.09 (stat + syst) pb.
The corresponding SM prediction for my = 125 GeV/c?
is 0.12 4+ 0.01 pb.

The significance of the excess in the data over the
background prediction is computed at each hypothesized
Higgs boson mass in the range 100-150 GeV/c? by cal-
culating the local p-value under the background-only hy-
pothesis using Rt as the test statistic. These p-values are
shown in Fig. 11 along with the expected p-values assum-
ing a SM signal is present, separately for each value of
my. The maximum local significance corresponds to 3.3
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Fig. 10 The best-fit cross section times branching ratio (cw g +
ozm)xB(H — bb) as a function of mz. The dark and light-shaded
regions indicate the 1 s.d. and 2 s.d. measurement uncertainties,
and the SM prediction is shown as the smooth, falling curve with a
narrow band indicating the theoretical uncertainty. The expected
cross section fit values assuming the SM Higgs boson is present at
mpg = 125 GeV/c? are shown with dot-dashed lines for the cases
of the expected SM rate (dark blue) and the best fitted rate from
data (light magenta). Reproduced from Ref. [2].

standard deviations at my = 135 GeV/c?.

The Look-Elsewhere Effect (LEE) [70, 71] accounts
for the possibility of a background fluctuation affecting
the local p-value anywhere in the tested mpy range. In
the mass range from 115 GeV/c? (the prior bound from
the LEP2 direct search [14]) to 150 GeV/c?, the recon-
structed mass resolution is typically 15%, and the result-
ing LEE factor is approximately 2. Correcting for the
LEE yields a global significance of 3.1 standard devia-
tions. Taking into account the exclusion limits from the
LHC for the SM Higgs boson mentioned earlier, there
is no LEE and we derive a significance of 2.8 standard
deviations for my = 125 GeV/c?.

2
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Fig. 11 The p-value as a function of my under the background-
only hypothesis for the H — bb analyses. Also shown are the
median expected values assuming a SM signal is present, evalu-
ated separately at each mp. The associated dark and light-shaded
bands indicate the 1 s.d. and 2 s.d. fluctuations of possible exper-
imental outcomes. Reproduced from Ref. [2].

279

As discussed in Ref. [2], this result was interpreted as
evidence for the presence of a particle that is produced
in association with a W or Z boson and decays to a
bottom-antibottom quark pair. The excess is most sig-
nificant in the mass range between 120 and 135 GeV/c?,
and is consistent with production of the SM Higgs boson
within this range.

6.4 H — WTW~ decay mode

Above 125 GeV/c?, the H — WTW~ channels con-
tribute the majority of our search sensitivity. We com-
bine all H — W*TW ™ searches from CDF and DO, in-
corporating potential signal contributions from gg — H,
WH, ZH, and VBF production. Approximately 75% of
the signal comes from the gluon-gluon fusion process,
20% from associated production and 5% from the VBF
process. The LLR distribution is shown in Fig. 12. The
observed data do not indicate any significant excesses.
The data present a one to two s.d. excess in the region
from 115 to 140 GeV/c? where there is some separation
between the two hypotheses.
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Fig. 12 Distributions of the log-likelihood ratio (LLR) as a func-
tion of Higgs boson mass obtained with the CLg method for the
combination of all CDF and DO analyses for the H — W+W—
analyses. The green and yellow bands correspond to the regions
enclosing one and two s.d. fluctuations of the background, respec-
tively. Reproduced from Ref. [1].

6.5 H — vy decay mode

CDF’s and DO’s searches for H — 7 decays are also
combined separately. Figure 13 displays the resulting up-
per limits on the production cross section times the decay
branching ratio normalized to the SM prediction. A slight
excess is seen in these searches at my = 125 GeV/c?, but
the contribution to the SM combined cross section and
limit is small due to the small expected signal yield in
this channel. This excess in the H — v search channel
however has a visible impact in the constraints on the
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Fig. 13 Observed and expected (median, for the background-
only hypothesis) 95% C.L. Bayesian upper limits expressed as a
multiple of the SM cross section for test masses every 5 GeV/c?
for the H — ~~ analyses. The points are joined by straight lines
for better readability. The bands indicate the 1 and 2 s.d probabil-
ity regions where the limits can fluctuate, in the absence of signal.
Reproduced from Ref. [1].

Higgs boson couplings, as will be seen in Section 6.6.

6.6 Compatibility of the excess with the SM Higgs
boson hypothesis

The best-fit rate parameter, Rfit, for the full combina-
tion of all channels and the H — WtW~—, H — bb
and H — v sub-combinations [72] is shown in Table
3 in the range where the combined result has sensitiv-
ity to a signal and shows a clear excess, i.e., for 115
GeV/c? < my < 140 GeV/c?. For my = 125 GeV/c?,
Rt = 1.4 4 0.6 using all decay modes.

Tevatron Run II Preliminary
4 L<10.0fb7!

my=125 GeV/c?

Ho WW™ [ Combined (68%)
- Single channel
H—yy — L {
H— bb |

June 2012

o 1 2 3 4 5 6 7
Best fit a/ogy

Fig. 14 Best-fit signal strength for the three sub-combinations
for mg = 125 GeV/c2. The shaded band corresponds to the &+ 1o
uncertainty on the full combination. Reproduced from Ref. [1].

Figure 14 shows the contribution of the three different
sub-combinations to the best-fit signal cross section for
my = 125 GeV/c?. The results are consistent with each
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Table 3 Measurements of the best-fit values of R = o x B/SM
using the Bayesian method, for the combined SM, H — W+W —,
H — bb and H — ~v searches, for 115 GeV/c? < mpy < 140
GeV/c2. The quoted uncertainties bound the smallest interval con-
taining 68% of the integral of the posterior probability densities.

) (GeV /c?) R R Ree Ry

(SM) (H—-WW) (H—bb) (H—~y)
5 om0 a0 0s00l 00072y
120 Laia 0s0TiE 1se0d 417l
2 1ast0R 0aril LeTidT aearil
130 L4400 081IGR 2307008 3.727570
135 121506 0447040 8537158 0.00%500
140 L00TGET 069705 424737 385053

other, the full combination, and with the production of
the SM Higgs boson at that mass.

7 Interpretations beyond-the-SM

The mechanism of electroweak symmetry breaking may
offer a richer phenomenology than expected in the
SM. Many beyond-the-standard model Higgs boson
searches have been carried out at Tevatron, includ-
ing results in models with a sequential fourth genera-
tion of fermions, the fermiophobic Higgs model and the
minimimal supersymmetric standard model (MSSM);
for full details see http://www-cdf.fnal.gov/physics/
physics.html and http://www-d0.fnal.gov/Run2Physics/
WWW /results.htm. Here the latest results in the search
for neutral Higgs bosons produced in the multi-b-jet
topology is discussed.

7.1 Search for neutral higgs bosons in the multi-b-jet
topology

Introducing a second Higgs doublet, such as in type II
2-Higgs doublet models (2HDM) [73], leads to multi-
ple scalar bosons and can give scenarios with enhanced
couplings to down-type fermions. Supersymmetry is a
plausible extension to the SM that introduces an ad-
ditional symmetry between fermions and bosons. The
two Higgs boson doublets in the minimal supersymmet-
ric standard model (MSSM) [74, 75] lead to five physi-
cal Higgs bosons: three neutral (collectively denoted as
¢): h, H, and A; and two charged: H™ and H—. At
leading order the MSSM is a type II 2HDM model, and
two parameters are sufficient to describe the Higgs sec-
tor, conventionally chosen as the ratio of the two Higgs
doublet vacuum expectation values, tan 3, and, M4, the
mass of the pseudoscalar boson, A. The couplings to the
down-type fermions are enhanced by a factor of tanj
relative to those in the SM. Thus, the main decay mode
is ¢ — bb, with branching fractions near 90% at leading
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order (the remainder being mostly ¢ — 77 77). Since an
inclusive search for ¢ — bb is difficult due to large mul-
tijet backgrounds, these searches rely on the case where
the ¢ boson is produced in association with one or more
b quarks. This final state with at least three b quarks
represents a powerful search channel, with the third b
jet providing additional suppression of the large multijet
background at a hadron collider.

MSSM Higgs boson production has been studied at
the CERN LEP ete™ collider excluding M}, 4 < 93 GeV
for all tan 3 values [76]. The CDF [77-79] and DO [80-89]
collaborations extended such searches to higher masses
and for large tan 3. The most stringent upper limits on
tan 3 in searches for neutral Higgs production for masses
above the LEP bounds come from searches in final states
with 7 leptons pair produced at the Large Hadron Col-
lider [90-92]. The results discussed here are taken from
Ref. [3], and are based on the combination of results from
the CDF and DO Collaborations, using integrated lumi-
nosities of 2.6 fb~! and 5.2 fb~lrespectively [79, 86].

At CDF, the background is modeled using a sum
of templates of the invariant mass distribution of the
two jets with the highest pr, representing contributions
from different background modes categorized according
to kinematics and flavor content. The templates are con-
structed from events in the double-tagged data sample
where at least one of the two highest-pr jets is b-tagged.
The events are then weighted according to the probabil-
ity for at least one of the jets with no b tag to pass the
tagging requirements under three different assumptions
as to whether it arises from a b quark, a ¢ quark or a light
quark (or gluon). This results in six different mass tem-
plates. The separation between the different components
is enhanced by using an additional jet-flavor-sensitive
discriminant, x(aes, that makes use of kinematic prop-
erties of the charged particles from secondary vertices
associated with each b-tagged jet.

In the DO analysis the background model is formed
by correcting the shape of the dijet invariant mass dis-
tribution of a data sample with two b-tagged jets using
the ratio of simulated multijet samples with three b tags
and two b tags. The simulated samples are generated us-
ing ALPGEN with showering and hadronization carried
out using PYTHIA and detailed simulation of the detec-
tor using GEANT. Their flavor composition, in terms of
the relative numbers of b, ¢ and light jets per event, is
determined from a simultaneous fit to the data across
samples with differing numbers of tagged jets, different
b-tagger operating points, and in small intervals of the
scalar sum of the transverse momenta of the jets. The
shape correction is applied as a function of the dijet in-
variant mass and the value of a likelihood-ratio discrim-
inant, £, designed to select signal-like events in prefer-
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ence to background-like events. Only the two jet pairings
from the highest pp jet plus either the second or third
highest pr jet, are considered when forming Higgs can-
didates, and the choice that gives the highest value of
L > 0.65 is selected. If neither pairing in the event is
above this threshold then the event is discarded. Sys-
tematic uncertainties are assessed to take into account
the imperfect modeling of the background simulation.
However, the definition of the correction as a ratio of
distributions significantly reduces the sensitivity of the
final model to these imperfections. Small contributions
to the background from top-quark-pair production are
simulated using ALPGEN and PYTHIA. Backgrounds from
other sources, such as Z — bb and single-top-quark pro-
duction are negligible.

Associated production of a ¢ boson and a b quark,
gb — ¢b, with subsequent decay ¢ — bb, as modelled
by PYTHIA is used to model the signal. The signal cross
section, experimental acceptance and the kinematics are
corrected to next-to-leading order using MCFM, weight-
ing events as a function of the kinematics of the highest
pr b-quark jet not associated with the Higgs decay.

The channels are combined and exclusion limits set,
using the modified frequentist technique with a log-
likelihood test statistic as in the SM case. The likelihoods
are constructed from the binned two-dimensional distri-
bution of the dijet invariant mass versus the Ziags dis-
criminant for CDF and the binned one-dimensional dijet
invariant mass distribution for D0. Theoretical predic-
tions of the absolute rates for the multijet backgrounds
have large uncertainties. Therefore, additional scale fac-
tors are applied to the background yield in the DO anal-
ysis and the individual templates in the CDF analysis
and introduced into the likelihood as parameters with
no external constraints. Systematic uncertainties are in-
troduced as either shape or normalization variations to
the model probability density functions.

Quasi-model-independent limits on the product of the
cross section and the branching ratio using the LLR test
statistic are extracted and presented in Fig. 15. Excesses
of events above the SM background expectation are ob-
served for My = 120 and 140 GeV with significances
of 2.5 s.d. and 2.6 s.d., respectively. These are driven
by the excesses observed in the individual contributing
analyses of 2.8 s.d. at My = 150 GeV at CDF and 2.5
s.d. at My = 120 GeV at DO. Including an appropriate
trials factor reduces the significance of the excesses in
the combined analysis to ~ 2 s.d.

Though these limits are the key results of this search,
it is interesting to interpret them in terms of constraints
on benchmark models within the MSSM. When inter-
preting the exclusion within the MSSM, the width of the
Higgs boson and the enhancement of the product of cross
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Fig. 15 Model-independent 95% C.L. upper limits on the prod-
uct of cross section and branching ratio for the combined analyses,
assuming a Higgs boson width significantly smaller than the exper-
imental resolution. The dark and light shaded regions correspond
to the 1 and 2 s.d. bands around the median expected limit. Re-
produced from Ref. [3].

section and branching ratio above that of the SM are cal-
culated using FEYNHIGGS [93-98]. The width is included
in the simulation of the signal as a function of mass and
tan 8 by convoluting a relativistic Breit—-Wigner function
with the next-to-leading cross section. Additional un-
certainties for these model-specific limits are considered
that otherwise cancel in the model-independent limit.
Limits on tan 8 as a function of M, are derived for
the mi'®* scenario [99] that favors the bb final state,
assuming a CP-conserving Higgs sector [100] and a neg-
ative value of the Higgs sector bilinear coupling u. Fig-
ure 16 shows exclusion limits in the (tan 3, M4) plane
for this scenario. Adding a further potential theoretical

Tevatron, 2.6-5.2 fb~!

my, max, u=-200 GeV

é [ Tevatron exclusion
90 3| ] LEP exclusion
80
703
60 3
S50
8 E
40 3 B
30 —E ------ — Observed
E —— Expected
20_5 ----- + 1 s.d. expected
103 + 2 s.d. expected
:|||||||||||||||||||
100 150 200 250 300
M, IGeV

Fig. 16 95% C.L. lower limit in the (M4, tan3) plane for the
mpP** = —200 GeV, including Higgs boson width effects and us-
ing the fact that for the tan Srange considered, either A and A, or
H and A (depending on M 4) are effectively mass degenerate. The
exclusion limit obtained from the LEP experiments is also shown.
Reproduced from Ref. [3].
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uncertainty on the signal cross section of 20%, indepen-
dent of My, would lead to an increase of 5% in the tan 3
limit.

8 Conclusions

The search for the standard model Higgs boson at the
Tevatron is challenging due to the small expected signal
and the large backgrounds with associated systematic
uncertainties. We have developed tools to search for the
Higgs boson in the leading production and decay modes
predicted by the SM, and control the impacts of system-
atic uncertainties using constraints from the measured
data. The combined searches by the CDF and DO Col-
laborations for the standard model Higgs boson in the
the mass range 100-200 GeV/c? using pp collision data
corresponding to up to 10 fb=! collected at /s = 1.96
TeV at the Tevatron, are discussed [1, 2]. The results of
searches for the H — bb, H — WTW~ and H — ~y
decay modes are included in the combination. The SM
Higgs boson is excluded, at the 95% C.L., from 100 to
103 GeV/c?, and from 147 to 180 GeV/c?; the expected
exclusion regions are 100 — 120 GeV/c? and 139 — 184
GeV/c?. We observe a significant excess of events in the
mass range between 115 and 140 GeV/c?, with a local
significance of ~ 3 Gaussian standard deviations. The
best-fit signal strength at my = 125 GeV/c? is 1.4 +
0.6. We also separately combine searches for H — bb,
H — W*TW~, and H — 7. The observed best-fit signal
strengths in all channels are consistent with the expec-
tation for a SM Higgs boson at my = 125 GeV/c?. The
production of neutral Higgs bosons in association with
b-quarks can be significantly enhanced in various beyond
the standard model scenarios, including Supersymmetry.
The recent combination of such searches from the two
collaborations is discussed [3].
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