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Introduction EPS 2017

® Heavy neutral Higgs bosons predicted by several Standard Model
extensions, in particular
» Minimal super symmetric Standard Model (MSSM)
» Two Higgs doublet model (2HDM)

+ CP even neutral doublet (4, H) and CP odd pseudo scalar A and two scalars H*

4+ motivated also by dark matter axion models

® Present recent searches for high mass neutral Higgs boson in fermion final
states with the ATLAS detector

1. A/H— tt
2. A/H— 1T
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A/H— tt CERN-EP-2017-134

® Decays of A /H to tt enhanced for tanf<3 and man > 500 GeV.

» Parameter region not probed by previous searches.
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® Significant interference between gg—tt production and A /H—stt

» for mam above tt threshold, for LHC tt main production
» Resonant shape distorted to a peak-dip structure.
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A/H— tt CERN-EP-2017-134
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® Considering only resolved kinematics ® /-jets and Multijet contributions

» Most efficient strategy for many <800 GeV estimated from data.

® Event classification into six categories @ Leading uncertainties

» Kinematic X?for jet association to W » Jet modelling ~6% on B and
~9% on S+l
» tt modelling ~7% (m.and pdf)
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A/H— tt CERN-EP-2017-134
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u-S+u-I+B=~u-(S+1)+(u—-—+w-S+B.

® CL; limits taking into account signal (S), background (B) and interference (l)
» tanf < 0.7 for ma=550 GeV and tanf < 0.72 for my=550 GeV

® First and strictest limits in this this parameter region

More details in Katharina Behr's poster and Saverio D’Auria’s talk
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A/H— 1T ATLAS-CONF-2017-050
® For large tanf8 A/H couplings to leptons and down quarks enhanced.

» Increased branching fractions to z-leptons

® Dominant production modes:
» gluon gluon fusion for low tanp,

» b-associated production for high tanf3

® Events are split into two categories:

» b-tag veto category: no b-jets in production.
» N(b-jets) >0 associated b-jet production.
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ATLAS-CONF-2017-050

® T reconstruction and event selection

T|epTh ad Th ad Thad

» Two 1 decay modes are considered:
+ All hadronic final state (ThadThad).
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+ Semileptonic final state (TiepThad). (8,Ermiss)< 40 GeV
mT (8, Ey™iss e

® Dominant backgrounds estimated from data
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A/H— 1T ATLAS-CONF-2017-050

® Reconstruction of tT final states.

» Two T decay modes are considered:
+ All hadronic final state (ThadThad) both T decay hadronically.
+ Semileptonic final state (TiepThad) One T decays hadronically and one leptonically.

® Discriminant is total transverse mass:
t t 1 1
0 \/(P _|_ E%HSS)Z . (p;l + pzl:z + E%HSS)Z

» Missing energy challenges m..

» Backgrounds larger component in longitudinal axis.
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ATLAS-CONF-2017-050

® Results from profile likelihood fit on transverse
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A/H— 1T ATLAS-CONF-2017-050

® Results interpreted as limits on MSSM and hMSSM models

» For hMSSM tanf > 1.0 for m4=0.25TeV and tang > 45 for m4=1 TeV excluded.
» For my™°* tanf > 5.3 for m4=0.25TeV and tanf > 54 for m4=1 TeV excluded

+ Presence of low mass neutralinos decrease A /H— 7t branching fraction
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= More details of the Z’— 77 limits in Giacomo Artoni’s talk
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https://indico.cern.ch/event/466934/contributions/2589219/

Conclusions




Conclusion

® ATLAS has good sensitivity to standard models extensions

® Searches for new phenomena a involving heavy neutral scalar production

» Decaying into quarks (t) and leptons (7)

® Carried novel experimental techniques to constrain the background.

» Multivariate T identification, background suppression.

® Model independent limits

» Interpretations on MSSM limits also given.
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ATLAS-CONF-2017-050

® T reconstruction and event selection

TlepThad ThadThad

One Thag With pt >25 GeV | At least twoO Thag With pt >65 GeV
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» Hadronic T decays: one or more charged particles, a neutrino and T1°
» Visible decay products identification based on multivariate technique

» 50% to 60% identification efficiencies measured on Z— TT
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H/A— 1T ATLAS-CONF-2017-050

® Hadronic tau decays: one or more charged particles, a neutrino and T1°

® Visible decay products ID based on multivariate technique

» Rejection of jets faking a tau lepton.
+ Shower shapes and track multiplicities.

» 50% to 60% identification efficiencies measured on Z— TT

~ ATLAS Preliminary @ Data 2016 z-w

2]

B ATLAS Simulation 2l %) S
imulation Y =TT (o] 1 — = {2000+ , . —]
o — — c B - W+jets and Itijet Oth .
S Tau Particle Flow Diagonal fraction: 74.7% @ - C f'-d' =711 %St;ej; multjets ] Other -
= 2 10000 V5= 13 TeV T -
B3tz 0.2 2.5 3.6 53 566 | © [ Zevrr .
© g2 8000} e~
§®) 5 _ ]
O ]
B an 02 0.6 0.3 925 402 4 2 6000 -
- o - .
= 5 ’
& S o5 _ 4000 —
Q h=2:" 0.4 6.0 35.4 0.1 04 4 <2 U " .
() ! _|
L - 2000} —
h 2 9.4 748  56.3 0.9 25 — N .

h— 89.7 16.0 4.3 1.2 0.3 —

I I 1 1 I | ATLAS Simulation Zly*—tt :
h* h* 70 h*=27° 3h* 3h* 217" 0 , , , , | , , , , 3
0 0.5 1 03 E
Generated decay mode =

40 50 80 70 80 90 100 110 120
Visible Mass (t, u) [GeV]

® In T leptonic decays ET™S stringent requirements
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ATLAS-CONF-2017-050

® Results from profile likelihood fit on transverse mass mr**
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