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1. Introduction

The search for the Higgs boson and the source of electrowgaknetry breaking is a pri-
mary task of the Large Hadron Collider (LHC). The ATLAS deteds capable of discovering the
Standard Model Higgs boson with masses ranging from the i&iPdf 114 GeVto about 1 TeV
[1]. The low-mass region is preferred from electroweak jgien measurements and in this region
(my < 130 GeV) the searches for Higgs bosons decaying to taus artdrighare the most promis-
ing for discovery [2]. Searches for the Higgs boson produségctor Boson Fusion (VBF) tend to
have reasonably high signal-to-background ratios, matiegh more robust to systematic uncer-
tainties. Within the Standard Model, the ability to obsettve Higgs boson in multiple production
and decay configurations makes it possible to measure thgsHigson coupling to fermions and
vector bosons [3]. Furthermore, the VBF processes provideldor measuring the Higgs boson
spin and CP properties [4]. In the context of the MSSM, thenbining ratio of a Higgs boson
decaying to photons is generally suppressed, which makesetirch for Higgs boson decaying to
taus very important. The complementarity of the couplingheflight and heavy CP-even, neutral
Higgs bosons of the MSSM to taus makes it possible to covet orcal of thema — tanf plane
by reinterpreting the results for a Standard Model Higgohatecaying into taus in the context of
the MSSM [5]. In this note we have considered three decay mdtie lepton-leptonl(-channel),
lepton-hadronlf-channel) and the hadron-hadrdrh{channel) from VBFH — 1+ 1~ signature.
The analysis has been done using state-of-the art Monte Ganlerators, full GEANT-based sim-
ulation of the ATLAS detector with realistic misalignmeiaiisd distortions applied to the expected
material in the detector, utilization of our current redonstion algorithms, and, where possible,
incorporation of pileup interactions. The results of thisdy are summarized in greater details
in [1].

2. Analysis strategy

The signal process under consideration, \HBF 7717, has a relatively modest cross section,
of the order of 300 fb. The main backgrounds to this process @ouble tau final states fromv
or Z boson production with jets giy > 20 GeV( ~100’s pb), production of QCD multijets with
pr > 17 GeV( ~mb), top anti-top production with at least one top quark giegainto leptons
(o ~nb). The jet activity of the vector boson fusion process igju@ in several ways, providing
many handles to suppress backgrounds and isolate a sangimaf events with high purity. The
most important feature of the VBF process is the presenocgmhigh-pr quark-initiated “tagging
jets”, which tend to be relatively forward and well sepagaterapidity. Furthermore, due to color
coherence in this electroweak process, additional QClatiadi between the tagging jets tends
to be suppressed and motivates a Central Jet Veto (CJV).igbiwown in Fig. 1. An additional
handle to reject backgrounds is the requirement of an ifieditelectron, muon and tau lepton,
which allows to reject a large fraction of quark or gluonietied jets.

Although there are several neutrinos in the event, it isiples$o reconstruct the™ 1~ in-
variant mass by making the approximation that the decayumtsdf thet are collinear with the
T in the laboratory framé, and restricting to tau leptons decays products not backattk. We

1This is a good approximation sineay /2 > m; and hence the taus are highly boosted
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call this the “collinear mass”, and this is the distributiased for the discovery sensitivity reported
here.
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Figure 1: Pseudorapidity of the highept jet and pseudorapidity gap between tag jets in \HBF 1T —
uu events and relevant backgrounds.

3. Results

For a Higgs mass of 120 GeV, the numbers of events expectée icollinear mass window
per fb~! of integrated luminosity in the three channels are the ¥atg. For thell-channel, 0.45
signal events are expected, with a total background of ab@4 events (most dominant back-
ground isZ boson plus jets production, followed by top anti-top prdcuy. For thelh-channel,
0.61 signal events are expected, with a total backgrountaitaD.20 events (most dominant back-
ground isZ boson plus jets production). For the-channel, 0.34 signal events are expected, with
a total background of about 1 eveh{most dominant background is QCD multijets production,
followed by Z or W boson plus jets production).

In the pt regime relevant for the VBF SM Higgs production search, baidrtau decays are
more difficult to identify with respect to electron or muonutdecays. Therefore tHé andlh-
channels provide a more significant observation of Higgslyection than thdnh-channel. On the
other hand, the study reported in [1] shows that the triggettHe hh-channel is feasible, and the
reconstruction of the signal maintains an efficiency smgdmass resolution comparable to the other
channels (see Fig.2 (a-c)). The open question for this aasithe size of the QCD background,
as mentioned before. This question can only be answereddaith therefore no significance for
observation in théh-channel is reported here.

4. Expected significance

The expected significance of discovery for each channel s@dtombined significance are
shown in Fig. 2 (d). In the collinear mass range 105 — 140 G&d/combination of thél andlh

2The estimate on available MC samples has been conseryativgltiplied by a factor 5 to reflect our lack of
knowledge about this background from real data.
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Figure 2: (a-c): Expected signal and background distributions ferdbllinear mass for the, Ih andhh-
channels amy = 120 GeV, for an integrated luminosity of 3®~1. Note: in (b) the QCD background
component is not mulitplied by the safety factor 5, see t€d}: Expected signal significance for several
masses based on fitting the; spectrum. Background uncertainties are incorporated

channel ensures a greater than three sigma observatian3Witb—! (3 years at 1&cm2s™1).
The significance is obtained by a Likelihood fit to the numbdesignal and background events in
the collinear mass distribution, in the window defined presgly. The results of the fit are super-
imposed on Fig. 2 (a,c). Background uncertainties are paeated in the fit. It should be noted
that this procedure for estimating the significance of arenlagion of a VBF SM Higgs boson has
been made as little MC dependent as possible, thereforeutchbe rather straight forward to ap-
ply it to data. In order to constrain the background rate draghe, we simultaneously fit the signal
candidates and the background control samples. In the ¢dise It-channel, a control sample is
the distribution of the number of tracks associated to ifledttau leptons decaying hadronically.
This allows to constrain the fraction of events without rais entering the final selection due to
misindentification. The background control sample Zdooson plus jets background can be ob-
tained with a signal-fre& — uu+jets sample and transfering the dominant instrumentakedf
to theZ — tt1+jets sample. This is achieved by replacing the muons witacanvalent tau, and
carefully treating the decay of the tau. This technique stified because thé — Lu+jets events
have identical jet activity and kinematics ds— 17+jets (before the tau decays) and because the
relevant features of tau decays are well understood. Tldityabf such procedure has been tested
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on MC samples, and is shown in Fig. 3. These results are @otauithout simulaton of pile-up
effects in the detector. Some handles against backgrolikdgau identification and central jet
veto, are supposed to be quite sensitive to pile-up effeedinnary results show that the current
tau identification procedure is robust. Furthermore, a #ittegmpt to estimate the effect of pile-up
on the CJV cutis shown in Fig. 3. The effect is visible, bututufe studies a veto procedure using
track information will be included.
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Figure 3: Left: Reconstructed invariant mass distribution generétem the true and emulatetl— 117 —
Ih+ 3v events. Right: Background rejection versus signal seitgifior the CJV with and without pileup.

5. Conclusions

The sensitivity of the ATLAS detector to a Standard Modeldididposon produced via vector
boson fusion with subsequent decay into taus has beenigwatest. Particular emphasis has been
placed on data-driven background estimation strategiesul® without pileup indicate that more
than~ 3o significant observation can be achieved in the mass range 188 GeV after

collecting 30 flo! of data and combining thié- andlh-channels.
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