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1. Introduction

After the discovery of a new standard-model-like Higgs boson announced by the ATLAS and
CMS Collaborations in July 2012 [1, 2] it is essential to determine the nature of this new boson.
Observation the decay to tau pairs is an important ingredient of this program.

In this note are presented recent results of the search for the Higgs boson decaying to a tau
lepton pair [3] preformed with 4.9fb"! and 19.4fb™! of pp collision data collected by the CMS
experiment [4] at 1/s=7 TeV and /s=8 TeV, respectively.

The H — 77 analysis significantly profits from a particle-flow algorithm [5, 6, 7] which com-
bines the information from all CMS subdetectors to identify and reconstruct in the optimal way the
individual particles: charged hadrons, neutral hadrons, photons, muons, and electrons. These par-
ticles are then used to reconstruct the missing transverse energy (E%‘iss), jets, hadronic tau decays
(1), and to define the isolation of leptons.

2. Analysis strategy

In the search for the Higgs boson decay into to a tau lepton pair five independent 7-pair final
states are considered (ordered by their sensitivity): U T, €Ty, €U, ThTh, and yup, where 7, stands for
tau decaying to hadrons. Events within each final state are categorised basing on the number of jets
in an event having pt > 30GeV in order to enhance an impact of specific Higgs boson production
processes, which leads to a better sensitivity of the analysis. A two-jet category is designed to
select events produced in the vector boson fusion (VBF) production mode, which is achieved by
requiring that the two jets are well separated in pseudorapidity with An;; > 3.5 and have invariant
mass m;; > 500GeV, and by a veto on additional central jets. A one-jet category is mainly sensitive
on high-pt Higgs boson produced in the gluon fusion process associated with a jet. Finally, a zero-
jet category being dominated by background is used only to better constrain analysis uncertainties
on background normalisation, identification efficiencies, and energy scales. The one and zero-jet
categories are subdivided basing on pt of 7, (¢t for the ey and pp channels) to exploit the high
mass of the Higgs boson. In the specific case of the 1,7, final state the zero-jet category is not used
and the one-jet one is not subdivided due to the jet and high-pr of 17, requirements present already
in a trigger definition. In addition, in the 7,1, final state it is required that pt of the ,7,-plus-
missing-transverse-energy system is bigger than 140GeV and 110GeV at the one-jet and the VBF
categories, respectively.

Although an exact background composition depends on final state and event category it is typ-
ically dominated by irreducible background, with real tau leptons, from the Drell-Yan Z/y* — 7
production, followed by reducible contributions, with jet misidentified as isolated tau, from the
W (4v)+jets, Z/y* — ¢, QCD multijet and diboson production processes. Background is estimated
mainly from the data. The dominant Z/y* — 77 contribution is estimated with a so-called embed-
ding technique where reconstructed muons from real Z/y* — uu events are replaced by simulated
tau decays forming hybrid Z/y* — 77 events with an underlying activity from data. Background
from W+jets production is modelled with simulated events normalised in a W+jets dominated con-
trol region with the high-transverse mass of the lepton and missing transverse energy system. The
QCD multijet background is estimated from same-sign events exploring the fact that charge of two
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misidentified leptons is uncorrelated. Finally, other small background components are estimated
using simulated events normalised to predicted rates.

The variable sensitive to presence of the Higgs boson used to extract the signal contribution
is an estimate of full ditau mass, m¢;. It is calculated using a likelihood based method taking as
input the kinematics of visible decay products and E%‘iss. It gives better separation between H and
Z than the mass of the visible ditau system. The combined distribution of the full ditau mass in
all categories of the u, e, el, and 7,7, channels with each category weighted by the expected
signal-to-background ratio in the mass range containing 68% of the signal is shown in Fig. 1.
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Figure 1: The combined distribution of the ditau mass in all categories of the ut,, et,, ey, and 7,7, chan-
nels with each category weighted by the expected signal-to-background ratio. In the insert: The difference
between the observed data and expected background distributions relative to the expected signal distribution
for a standard model Higgs signal with my=125GeV.

Finally, the main H — 77 analysis discussed in this note is combined with the (low sensitivity)
search for the Higgs boson decaying into a tau pair and produced in association with a W or Z
boson, V(H — 77), described in Ref. [8].

3. Results

To search for the presence of the H — 77 signal a statistical procedure based on a profile-
likelihood ratio test statistic is used [9]. The m¢; distributions, for each category of the five channels
at 7TeV and 8TeV, are used to build a binned likelihood function, involving expected background
and Higgs boson signal scaled by a signal strength parameter it = 6/0osm. The systematic uncer-
tainties are represented by nuisance parameters.

The observed and expected 95% confidence level, CL, limits on the Higgs boson cross sec-
tion are given in Fig. 2a. A broad excess is found in the observed limit when compared to the
background-only prediction. On the contrary, the observed limit is in a good agreement with ex-
pectation for the background plus signal of a standard model Higgs boson with my=125GeV, as
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shown in Fig. 2b. The significance of this excess is presented in Fig 3a. It reaches maximum of 2.93
standard deviations, &, for my=120GeV, while at my=125GeV it amounts to 2.850 compared to
an expectation of 2.62¢ for the presence of a standard model Higgs boson. The measured signal
strength yields u=1.14+0.4 at 125GeV (Fig. 3b).
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Figure 2: Observed 95% CL upper limit on the signal cross section compared to the expected limit obtained
in the background-only (a), and background plus signal of a standard model Higgs boson with my=125 GeV

(b) hypotheses.

The H — 77 channel was also used to measure the mass of the Higgs boson to be mH:12()f“79 GeV,
in a good agreement with the value of my=125.740.8 GeV measured with the high-resolution

H — ZZ — 4¢ and H — Yy channels [10].

4. Summary

A search for the Higgs boson in tau decay at CMS has been presented. It was performed in five
different final states, (T, €Th, €U, ThTh, and p L. The result is combined with the result of a search
for the standard model Higgs boson decaying to tau pairs and produced in association with a vector
boson. It is observed an excess of events above expected background giving a hint of the signal
with significance of 2.856 (2.620 expected) for my=125GeV and signal strength u=1.1+£0.4. A
combination of the H — 77 and V(H — bb) [11] analyses leads to an evidence that the Higgs boson
couples to down-type, third generation fermions with significance of 3.40 (3.40 expected) [10].
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Figure 3: (a): Observed and expected significance as a function of my. (b): Best-fit signal strength,
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