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1. Introduction

The decay of a Standard Model (SM) Higgs bosbi) into a pair oft leptons provides direct
probe into the Yukawa coupling of fermions, which gives m@sall the quarks and leptons. In
the region of interest around 125 GeV [I{i,— 177~ has one of the largest branching ratios [2],
as shown in Fig. 1. In order of decreasing cross-sectiomeg tthechanisms contribute to Higgs
production: gluon-gluon fusion (ggF), vector-boson fus{BF) and associated vector boson
(VH) production [2]. However, the experimental signatigeleaner for VBF (VH) processes, due
to the presence of two additional jets in the opposite (sdramjisphere.
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Figure 1: Cross-section times branching ratio (left) and differesrthponents of production cross-section
(right) of a SM Higgs boson produced pp collisions at,/s= 7 TeV [2].

2. Analysis

In terms of ther decay products, the search for $M— 1717~ decays using data collected in
pp collisions at,/s= 7 TeV by the ATLAS experiment [3] is split into 3 channeld:— ThagThad,
H — TiepThad andH — TiepTiep. IN the H — ThadThad Channel, there is only a 1-jet category. In
the H — TiepThad Channel, there are seven categories: electron and muonsflagparately for
both 0- and 1-jet categories, and electron and muon flavordied in the 2-jet VBF category.
The 0-jet category is further split into low and high regia®epending upon whether the missing
transverse energyET'S) is less than or greater than 20 GeV. In e~ TiepTiep Channel, there are
four categories: 0-jet, 1-jet, 2-jet VBF and 2-J¢H. Thus, a total of 12 categories are considered
in the analysis. The O-jet category ih— TiepTiep Channel uses effective mass definedrééf =
(pe+ + pe- + E?‘SS)Z. In all other categories iH — TiepTiep aNdH — ThadThad Channels, the collinear
di-tau mass reconstruction [4] is used. For all categoreld i— TiepThag Channel, di-tau mass
reconstructed with missing mass constraint (MMC) [5] isdus€hese distributions for the —
ThadThad, H — TiepThad @ndH — TiepTiep Channels are shown in Figs. 2, 3, and 4, respectively.
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Figure 2: Reconstructedn;; of the selected events in th& — T,54Thag Channel. Expectations from the
Higgs boson signalnfy = 120 GeV) and from backgrounds are given. For illustratioty,otihe signal
contribution has been scaled by a factor given in the legend.

In terms of the parameter of interest, the signal strepgdefined as the ratio of the measured
cross-section normalized to the Standard Model crossesetitnes the branching ratio fad —
T7 1~ decays, a binned likelihood functioff'(u, 6) is defined from the number of events;} in
each bin of ther't mass distributions per category per channel as:

Z(u,0) = |_| |_| |_| PoissoriN;|u - sj + bj) |_| Gaussiaft|6,1)| . (2.1)
channelcategory | binj 6

The valueu = 0 (u = 1) corresponds to the absence (presence) of a Higgs bosoal siith
the SM production cross-section. Signal and backgroundigirens §; andb;) are parametrized
by nuisance parametefdescribing systematic uncertainties, which are consthly auxiliary
measurementsof various scale factors and dedicated calibration cotstatained from control
regions in the data.

Following the modified frequentist Glmethod [6], the compatibility with respect to the signal
hypothesis is tested using asymptotic approximationsT[fig results are presented in Fig. 5.

3. Resultsand Summary

A search for a Higgs boson decaying in tHe— 117 channel has been performed with the
ATLAS detector [3]. It uses the full 2011 data sample of #~* collected at a centre-of-mass
energy of 7 TeV. Théd — ThagThad, H — TiepThags@NdH — TiepTiep decays are considered in this
search. No significant excess is observed in the mass rant@0efl50 GeV. The observed (ex-
pected) upper limits on the cross section times the bragdfaitio ofH — 11 are between 2.9 (3.4)
and 11.7 (8.2) times the SM prediction. These limits arelaind results recently reported by the
CMS experiment [8].
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Figure 3: MMC mass distributions of the selected events intthes TiepThad channel. The corresponding
electron and muon categories for tHer0-jet andH + 1-jet categories are shown combined here, while in
the data analysis they are considered separately. Theestleeents in data are shown together with the
predicted Higgs boson signahg = 120 GeV) stacked above the background contributions. Festiation
only, the signal contributions have been scaled by factivengn the legends.
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Figure 4. Reconstructedn;; of the selected events in th¢ — TiepTiep channel for the categories as de-
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(d) H +2-jet VBF

scribed in the text. Simulated samples are normalized togiated luminosity of Zfb~1. Predictions
from the Higgs boson signafy = 120 GeV) and from backgrounds are given. In the case ofithé-jet
categor
legends.

ff

7 is used. For illustration only, the signal contributionsé&een scaled by factors given in the
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Figure 5: Observed (solid) and expected (dashed) 95% confidenceuppel limits for theH — TigpTiep,
H — TigpThad, andH — Thadlhad Channels independently and for all channels combined.
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