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Introduction
Heavy BSM Higgs searches 
in 2HDM:
● 5 physical Higgs bosons: 

h, H, A, H+/-

● Ratio of vacuum expectation 
values: tan(β)

● neutral CP-even states are 
mixed with mixing angle: α

● Type I: Φ2 couples to 
fermions, Φ1 to gauge 
bosons → “fermiophobic” in 
absence of mixing

● Type II: Φ1 couples to down-
type fermions, Φ2 to up-type 
fermions

Di-Higgs searches:
● Resonant production: 2HDM, 

Randall-Sundrum
● Non-resonant production

Searches:
● H→ττ
● H+/-→τν
● A→ZH→ll/νν bb
● Di-Higgs with 4 b-quark final 

state
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H0→ττ – Analysis strategy

● Select two back-to-back tau decays of opposite charge
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ATLAS-CONF-2015-061

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-061
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H0→ττ – Signal Region
● τhadτhad channel:

– QCD background estimated from data
– Simulated W/Z+jets, top and diboson backgrounds with data 

driven corrections for misidentified τhad

● τlepτhad channel:

– Backgrounds with correctly identified lepton and τhad 
estimated from simulation

– Other background estimated from data
● Total transverse mass distribution
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H0→ττ – Exclusion Limits
● Background prediction compatible with observation
● 95% CL limits set on various scenarios hMSSM, 

mh
mod+/-

, mh
max, light stop, light stau, tauphobic
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H+/-→τν – Analysis strategy
Production:

Topology: hadronic top decay t→jj+b and H+/-→τhadν

Selection:

● High missing ET trigger (> 70 GeV)

● Missing ET > 150 GeV

● Tau transverse momentum pT > 40 GeV, medium ID

● At least 3 additional jets with pT > 25 GeV

– One of them is b-tagged

● mT > 50 GeV, with 



04/12/16 Dirk Duschinger – dirk.duschinger@cern.ch 7/15

● Jet to τhad fakes 
estimated from data 
using fake factors

● Other backgrounds 
estimated from 
simulation
– Additional data driven 

corrections for fake 
rate of e→τhad

– W+jets normalization 
corrected from W→τν 
control region

H+/-→τν – Signal Region
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H+/-→τν – Exclusion Limits
● Largest impact on 

exclusion limit from:
– tau energy scale

– tt modeling

– QCD estimation

● Background prediction 
compatible with 
observation

● Supersede run 1 results
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A→ZH→ll/νν bb – Analysis Strategy
ATLAS-CONF-2016-015

ll/νν ⬅ Z ⬅ A  ➡ h

ll/νν ⬅ Z ⬅ A  ➡ h  

● Categories:
– Resolved: pT of Z 

candidate < 500 GeV

– Boosted: pT of Z 
candidate ≥ 500 GeV

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-015/
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● Primary backgrounds: W/Z+jets 
and tt

● Diboson and single top at 
percent level

● Negligible QCD contributions

● Invariant mass for 2-lepton 
channel

● Transverse mass for 0-lepton 
channel

A→ZH→ll/νν bb – Signal Region
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● 95% CL limits on σ x BR
● Interpretation in context of 

type I and type II 2HDM

Pure gluon fusion production

Pure b-quark associated production

A→ZH→ll/νν bb – Results
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hh→bbbb – Analysis Strategy
● Resonant di-Higgs production:

– Resolved: 
resonance mass > 500 GeV

– Boosted: 
resonance mass > 1100 GeV

● Non-resonant di-Higgs production similar to resolved 
resonant category

ATLAS-CONF-2016-017

Trigger B-tagged jets 1. Object 2. Object

resolved 1 or 2 
b-jets At least 4 p

T
 > 200 GeV p

T
 > 150 GeV

boosted 1 large-R 
jet

Either 3 or at 
least 4

p
T
 > 350 GeV p

T
 > 250 GeV

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-017/
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hh→bbbb
● Multijet estimated from data
● tt shape estimated from 

simulation, normalization 
estimated from data

● Z+jets estimated from simulation 
(contributes less than 1%)

● Largest systematic uncertainties 
due to b-tagging efficiency and 
jet energy/mass scale/resolution
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H→hh→bbbb – Results
● Prediction and observation are in agreement
● No significant local excess
● Resolved category: largest deviation at 900 GeV → less than 2σ
● Boosted category:  largest deviation at 1.7 TeV → less than 2σ for G*KK 

and k/MPl = 1

● Non-resonant di-Higgs: 

compared to SM prediction: 

● 95% CL upper limits on G*KK and k/MPl = 1 or 2 and narrow width H
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Summary
● Presented first 13 TeV results for new physics 

introducing heavy Higgses and di-Higgs 
resonances

● No significant excess above the SM prediction 
observed

● Looking forward to 2016 data taking
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BACKUP
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H→ττ – lephad channel
● After Δ  cut but ϕ

before mT cut
● After full selection
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H→ττ – hadhad channel

Same sign 
control Region

Signal region
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H→ττ – Total Transverse Mass
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H→ττ – Limits
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H→ττ – Limits
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H→ττ – Limits
Lowest excluded values of tan β for different 
masses of the MSSM CP-odd Higgs boson, mA, 
for the mh

mod+ scenario
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H+/-→τν – Fake Factors
● control region populated primarily with misidentified τ had-vis candidates:

– same requirements as for the signal region, except: missing ET < 80 GeV, no b-tagged jets

● FF is defined as the number of misidentified medium τhad-vis candidates over 
number of misidentified not medium but loose τhad-vis candidates 

● FFs are parameterised in: τ pT, number of charged and neutral pions, b-tagging 
score

● threshold on the b-tagging score of the τ had-vis candidate is optimized to keep 
sufficient statistics in each of the two bins, below and above the threshold.
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● mT < 100 GeV (instead of mT > 50 GeV)

● W→τν: no b-tagged jets
● tt: at least 2 b-tagged jets

H+/-→τν – Control Regions
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H+/-→τν – Systematics
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H+/-→τν – Limits
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H+/-→τν – Limits
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A→ZH→ll/νν bb – Selection
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A→ZH→ll/νν bb – Selection
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A→ZH→ll/νν bb – SR + W/Z CR
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A→ZH→ll/νν bb – tt CR
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A→ZH→ll/νν bb – Mass Distributions
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A→ZH→ll/νν bb – Mass Distributions
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A→ZH→ll/νν bb – Resolved vs. Boosted



04/12/16 Dirk Duschinger – dirk.duschinger@cern.ch 35/15

hh→bbbb
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hh→bbbb
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hh→bbbb – Limits
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