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Abstract

Results from the ATLAS experiment from searches for heavy Higgs bosons and supersymmetry with tau leptons in
the final states are presented. The analyses discussed use datasets corresponding to approximately 13-15 fb~! of 13
TeV proton-proton collision data taken in the years 2015-2016. No significant excess above the Standard Model is
observed, and limits are set on new physics in various supersymmetric scenarios.
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1. Introduction

Tau decays play an important role in the physics pro-
gram of the ATLAS experiment [1] at the Large Hadron
Collider (LHC), including in measurements of Standard
Model (SM) Higgs decays, H — 77 [2], as well as sev-
eral searches for new physics. This talk reviews recent
preliminary results from ATLAS searches for heavy
Higgs bosons and supersymmetry with tau decays in
the final state, using approximately 13-15 fb~! of in-
tegrated luminosity from +/s = 13 TeV proton-proton
collisions during the years 2015-2016 of Run-2 of the
LHC. Tau leptons are unique in the SM because they
are the only leptons massive enough to have hadronic
decays, predominately including one or three charged
pions (7%) with possibly additional neutral pions (7°),
which decay promptly to photon pairs. They also can
have preferred couplings to new physics. ATLAS re-
constructs hadronic decays of tau leptons by using com-
bined calorimeter and tracking information and has so-
phisticated multivariate techniques for identifying tau
decays by selecting well-isolated calorimeter clusters
closely associated to one or three tracks, as well as re-
constructing additional 7% clusters [3]. The identifica-
tion and energy calibration of hadronic decays of tau
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leptons with +/s = 8 TeV collision data from Run-1
has been described [4] and has been updated with +/s
= 13 TeV collision data from Run-2 [5].

Many of the searches reviewed here are interpreted
in the context of supersymmetric extensions to the
Higgs sector, in particular the two Higgs doublet model
(2ZHDM). A general class of models of beyond the Stan-
dard Model physics, 2HDMs involve two Higgs dou-
blets of complex scalar fields instead of the single Higgs
doublet of the SM. The 2HDM is a defining character-
istic of the Minimal Supersymmetric Standard Model
(MSSM). In 2HDMs, electroweak symmetry breaking
results in five spin-0 Higgs bosons, three that are neu-
tral: 1%, H°, A% and two that have electromagnetic
charge: H*. The parameter tanf is defined as the ra-
tio of vacuum expectation values of the Higgs doublets
and has a large effect on the phenomenology of 2HDMs.

2. Search for Neutral heavy Higgs bosons

ATLAS searches for heavy neutral resonances de-
caying to 77, interpreted as possibly CP-even/odd neu-
tral MSSM Higgs bosons (H/A) and also as Z’ bosons
from grand unified theories (GUTs) [6]. This search has
five signal regions requiring £Thag OF ThadThad, With and
without b-tagged jets, and a fifth region passing a E%’iss
trigger and having offline: selected £7y,9 and EJ" >
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150 GeV (where throughout ¢ denotes a reconstructed
electron or muon; Tp,q, a reconstructed hadronic decay
of a tau lepton; and E%liss, the missing transverse mo-
mentum).

Figure 1 shows the total transverse mass, m‘T"t, of the
two tau candidates and the EF™ in the ThaThaa channel,
for example. The background is dominated by multijet
events with fake taus that is modeled with a data-driven
fake factor method, where events in data with fake taus
are weighted with a factor measured in the data.
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Figure 1: The distribution of the total transverse mass, mp, of the two

tau candidates and the E,'Fiss in the ThaqThad channel [6].

No significant excess is observed, and frequentist up-
per limits using the CLs method [7] are set on the cross
section X branching ratio of H/A as a function of my,.
These are further interpreted as exclusions in the tan S—
my plane in two MSSM scenarios: mh”’”““r (shown in Fig-
ure 2) and hMSSM. This extends a previous result that
only used data from 2015 [8].

3. Search for charged heavy Higgs bosons

In the MSSM, for tan 2> 2, charged Higgs bosons
decay dominantly to tau leptons through H* — 1*v,
making tau final states important for searching for
charged Higgs bosons. If the mass of the charged
Higgs boson is less than the mass of the top quark, then
charged Higgs bosons are produced at hadron colliders
dominantly in 7 events, where the H* takes the place
of an emitted W* when the top decays promptly to a
bottom quark. Therefore searches for charged Higgs
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Figure 2: The expected and observed 95% CL limits on the production

of a scalar particle decaying to 77 in the m;l"o“’+ scenario [6].

bosons involve looking for an excess of tau final states
in tf events.
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Figure 3: The distribu_tion of the transverse mass, mt, between the tau
candidate and the ET"** [9].

In this search, ATLAS selects events with a E‘Trliss trig-
ger, and requires offline: Ef"™ > 150 GeV, a ty,9 with
pr > 40 GeV, and three or more jets pr > 40 GeV,
at least one of which b-tagged [9]. An important kine-
matic variable is the transverse mass, mt, between the
Thagand the E’T“iss(shown in Figure 3), which peaks near
the W mass for the dominant #f background, but has
a long tail with more contribution from fakes at high-
mt. This search uses a data-driven fake factor method
to model the fake taus, where the background model is
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constructed from events in data failing tau identification
weighted by fake factors (shown in Figure 4) measured
in a sample of data enriched in fake taus in events with
low E7".
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Figure 4: Fake factors for jets to fake the identification of hadronic
tau decays, measured in the charged Higgs search [9].
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Figure 5: The expected and observed 95% CL limits on the production
of a H* — t*v in the tan f—my+ plane for the AMSSM scenario [9].

Figure 5 shows the frequentist exclusion derived in
the tanB-mpy+ plane for the hMSSM scenario, signifi-
cantly excluding tanB 2 50 for mg- < 600, extending
the previous result that only used data from 2015 [10].

4. Search for stop to stau decays

Theoretical arguments for electroweak naturalness
and others partially motivate the interest in possible sce-

narios with a stau as the Next-to-Lightest Supersymmet-
ric Particle (NSLP), subsequently decaying the LSP, un-
detected but observable with E‘Tniss, and a tau lepton.

This search is optimized and interpreted using a
simplified model where only three sparticles are light
enough to effect the phenomenology: the lightest squark
(strongly produced), the lighter stau lepton, and a nearly
massless gravitino [11]. This compliments the interpre-
tations from other recent searches for evidence of super-
symmetry in events with taus from ATLAS [12].

Events are selected with single electron or muon trig-
gers. A selected hadronic tau decay, and significant
E?iss are required offline. The analysis makes use of
a variable called “stranverse mass,” mr,, (shown in Fig-
ure 6) that is kinematically bounded from above at the
W mass for 77 background events but has a longer tail
for higher mass decays [13].
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Figure 6: The distribution of the stranverse mass, mt2. The signal
region selection further requires mro > 100 GeV [11].

No significant excess is observed and limits are set
in the stau-stop mass plane (shown in Figure 7). This
extends the previous Run-1 limit [14] to stop masses of
about 850 GeV at most.

5. Search for electroweak production of staus

Complimenting the previously mentioned search for
strongly produced sparticles decaying to taus, ATLAS
searches for electroweak production of chargino-
chargino or neutralino-chargino pairs with decays to tau
leptons [15].

Events are selected with a ditau+E‘T’fliss trigger. At
least two identified hadronic tau decays with opposite-
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Figure 7: The expected and observed 95% CL limits on the simplified
model [11].

signed charges and significant ErTniSS are required of-
fline. The previously mentioned stranverse mass, mrs,
is again an important discriminant for signal.
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Figure 8: The expected and observed 95% CL limits in the scenario
for the neutralino-chargino mass plane [15].

No significant excess is observed, and limits are set in
chargino-chargino and neutralino-chargino mass planes
(see Figure 8), significantly extending the previous lim-
its shown from Run-1 [16].

6. Conclusion

ATLAS has set limits on heavy Higgs bosons and
models of supersymmetry using events with tau lepton
decays. Expect the results shown here to be updated

with the more than 36 fb~! of integrated luminosity in
the complete 2015-2016 datasets.
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