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The standard model (SM) of particle physics is a succefull theory ddspitethe fact that the
electroweak symmetry breaking mechanism is still unknown. The simplesbgedpnechanism
involves the introduction of a complex doublet of scalar fields that gengrat@masses of elemen-
tary particles via their mutual interactions. After accounting for longitudinédnizations for the
electroweak bosons, this so-called Higgs mechanism also gives rise tgle stalar boson (SM
Higgs) with an unpredicted mass.

We combined results of different direct searches for Low Mass SM #{gtass less than
135 GeV) recorded by the D@ experiment [1]. The analyses serca $ignal of Higgs bosons
produced in association with vector bosong ( W/ZH), through gluon-gluon fusion (GGF)
(gg — H), through vector boson fusion (VBFyq — q’q_'H), and in association with top quarks
(tt — ttH). The analyses utilize data corresponding to integrated luminosities rargimg2f 1
to 5.4 fbb, collected during the period 2002-2009. The Higgs boson decay madidisd are
H — bb, H —WW, H — 7T andH — yy. The analyses were designed to be mutually exclusive
after analysis selections.

Since the most recent D@ SM combined Higgs boson search resultsd@l,tfre analyses
sensitive to Low Mass Higgs, theH — vvbb was updated [3].

The main Higgs decay at Low MassHs— bb, therefore, an algorithm for identifying jets con-
sistent with the decay of a heavy-flavor quark is applied to each jet ¢rigly Several kinematic
variables sensitive to displaced jet vertices and jet tracks with large gesgsimpact parameters
relative to the hard-scatter vertices are combined in a neural networkdidbfiminant trained to
identify heavy-flavor quark decays and reject jets arising from lightflguarks or gluons [4].

We combine results using thelLs method with a negative log-likelihood ratio (LLR) test
statistic. The value dfLsis defined a€Ls = CLg, /CL, whereCLs, , andCLy, are the confidence
levels for the signal-plus-background hypothesis and the backgronlydypothesis, respectively.
The confidence levels are evaluated by integrating corresponding Idtfbdtions populated by
simulating outcomes via Poisson statistics. Separate channels and bins aigecbibyblsumming
LLR values over all bins and channels. Systematics are treated as Gauiss&tainties on the
expected number of signal and background events, not the outconieslivhit calculations. The
CLs approach used in this combination uses binned final-variable distributiors th#n a single-
bin (fully integrated) value for each contributing analysis. The exclusiiber@ are determined by
increasing the signal cross section u@tily = 1 — a, which defines a signal cross section excluded
at 95% confidence level far = 0.95.

In order to minimize the degrading effects of systematics on the searchagnsfie individ-
ual background contributions are fitted to the data observation by maximitikejinood function
for each hypothesis [5]. The likelihood is a joint Poisson probability oventimber of bins in the
calculation and is a function of the nuisance parameters in the system andstbadiated uncer-
tainties, which are given an additional Gaussian constraint associatetheiitiprior predictions.
The maximization of the likelihood function is performed over the nuisancenpteas. A fit is
performed to both the background-only (b) and signal-plus-backgr(#b) hypothesis separately
for each Poisson MC trial.

We derive limits on SM Higgs boson production cross section times the SM Higgeib
ratio. The limits are derived at 95% C.L. To facilitate model transparencyt@ed¢commodate
analyses with different degrees of sensitivity, we present our raauiésms of the ratio of 95%
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C.L. upper cross section limits to the SM predicted cross section as a funétldiggs boson
mass. The SM prediction for Higgs boson production would thereforeobsidered excluded at
95% C.L. when this limit ratio falls below unity.

The expected and observed 95% C.L. cross section limit ratios to the SMsections for all
analyses combined over the probed mass region €169, < 135 GeVt?) are presented in Table
1. These limits and the LLR distributions for the full combination are shown inEig.

Table 1: Combined 95% C.L. limits for SM Higgs boson production. Timeits are reported in units of the
SM production cross section times branching fraction.

my (Gevic?) 100 105 110 115 120 125 130 135
Expected: 2.35 240 285 280 325 331 330 3.35
Observed: 353 3.40 347 405 4.03 4.19 453 558

We have presented upper limits on standard model Higgs boson produetigadifrom 60
Higgs search analyses including data corresponding to 2.1-5%4 fiie have combined these
analyses and form new limits more sensitive than each individual limit. Thenaabéexpected)
95% C.L. upper limit ratios to the SM Higgs boson production cross sectiens.@i(2.8) atny =
115 GeV/c2
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Figure 1: Left: Expected (median) and observed 95% C.L. cross seappar limit ratios for the combined
Higgs analyses over the 180 my < 200 GeVt? mass range. Right: Log-likelihood ratio distribution for
the combined analyses over the 100ny < 200 GeVt? mass range.
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