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SM                

● The Higgs boson was discovered in The Higgs boson was discovered in 
summer 2012 and current measurements summer 2012 and current measurements 
of its properties are compatible with the of its properties are compatible with the 
SM predictionsSM predictions

● To answer the questions not solved by the To answer the questions not solved by the 
SM, one can indirectly look for new SM, one can indirectly look for new 
physics or can directly go beyond the SM, physics or can directly go beyond the SM, 
where additional Higgs bosons may exist:where additional Higgs bosons may exist:

● dedicated BSM signal searchesdedicated BSM signal searches

● scan for a heavier SM-like Higgs bosonscan for a heavier SM-like Higgs boson

● charged Higgs searchescharged Higgs searches

After SM Higgs boson discoveryAfter SM Higgs boson discovery
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Phys. Lett. B 716 (2012) 1-29Phys. Lett. B 716 (2012) 1-29
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● Predicted Higgs bosons:Predicted Higgs bosons:

● h, Hh, H :  : CPCP-even neutral-even neutral

● AA :  : CPCP-odd neutral-odd neutral

● HH±± :  : ChargedCharged

BSM searches: BSM searches: 2HDM2HDM framework framework
● Parameters:Parameters:

● m(h), m(H), m(A), m(Hm(h), m(H), m(A), m(H±±): masses): masses

● αα : mixing angle of  : mixing angle of hh and  and HH  

● tanβtanβ : ratio of vev’s : ratio of vev’s
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Indirect searchesIndirect searches
● SM Higgs couplings constrain BSMSM Higgs couplings constrain BSM

● SH Higgs invisible decaysSH Higgs invisible decays
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Constraints from SMConstraints from SM ATLAS-CONF-2014-010ATLAS-CONF-2014-010

exclusions in plane of exclusions in plane of m(A)m(A) vs  vs tanβtanβ  
in a simplified MSSM modelin a simplified MSSM model

(no new decay mode other than SM's)(no new decay mode other than SM's)

exclusions in planeexclusions in plane
of type II 2HDMsof type II 2HDMs
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● Look for: invisible decays of a SM Look for: invisible decays of a SM 
Higgs produced in association of a Higgs produced in association of a ZZ  
bosonboson

● Signature: m(Signature: m(llll) close to ) close to ZZ boson, no  boson, no 
jets, jets, llll-system balances -system balances missing Emissing ETT  

● Strategy: fit on Strategy: fit on missing Emissing ETT template template

SM Higgs invisible decaysSM Higgs invisible decays Phys. Rev. Lett.Phys. Rev. Lett.
112, 201802 (2014)112, 201802 (2014)

set limits on inv. decay BR and on Higgs portal to set limits on inv. decay BR and on Higgs portal to Dark MatterDark Matter
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BSM signal searchesBSM signal searches
● MSSM MSSM h/H/A h/H/A → ττ→ ττ :  : 90 – 100090 – 1000 GeV GeV

● 2HDM 2HDM H → WW → μυ eυH → WW → μυ eυ :  : 135 – 300135 – 300 GeV GeV

● Resonance Resonance X → hh → bX → hh → bbbγγγγ :  : 220 – 500220 – 500 GeV GeV

● Resonance Resonance X → hh → bX → hh → bbbbbbb :  : 500 – 1500500 – 1500 GeV GeV
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MSSM MSSM h/H/A → ττh/H/A → ττ

● Look for: a neutral Higgs with narrow Look for: a neutral Higgs with narrow 
widthwidth

● Signature: two Signature: two τ τ in three final states, in three final states, 
lephad, hadhad, lepleplephad, hadhad, leplep

● Strategy: Strategy: 90 – 20090 – 200 GeV, leplep (fit  GeV, leplep (fit 
on on MMCMMC), lephad (fit on ), lephad (fit on MMCMMC), ), 200 – 200 – 
1000 1000 GeV, lephad (fit on GeV, lephad (fit on MMCMMC), ), 
hadhad (fit on hadhad (fit on MMTT))

Set limits on Set limits on tanβtanβ as a function of  as a function of m(A)m(A)

arXiv:1409.6064 [hep-ex]arXiv:1409.6064 [hep-ex]

LatestLatest
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MSSM MSSM h/H/A → ττh/H/A → ττ arXiv:1409.6064 [hep-ex]arXiv:1409.6064 [hep-ex]
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● Look for: a neutral heavy Higgs with Look for: a neutral heavy Higgs with 
narrow widthnarrow width

● Signature: two high Signature: two high ppTT leptons with  leptons with 
different flavors, large different flavors, large missing Emissing ETT, two , two 
channels (0 jet for channels (0 jet for ggFggF, 2 jets for , 2 jets for VBFVBF))

● Strategy: fit on ANN Strategy: fit on ANN NeuroBayesNeuroBayes® ® 

H → WW → μυ eυH → WW → μυ eυ ATLAS-CONF-2013-027ATLAS-CONF-2013-027

Signal hypothesis includes both Signal hypothesis includes both hh and  and HH  
leading to a simultaneous fit of the light and heavy Higgsleading to a simultaneous fit of the light and heavy Higgs
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H → WW → μυ eυH → WW → μυ eυ ATLAS-CONF-2013-027ATLAS-CONF-2013-027

Make exclusions in Make exclusions in cosαcosα vs  vs m(H)m(H) for different  for different tanβtanβ
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● Look for: a heavy neutral resonance with narrow widthLook for: a heavy neutral resonance with narrow width

● Signature: two isolated high Signature: two isolated high ppTT photons, two  photons, two bb-jets-jets

● Strategy: cut based, event countStrategy: cut based, event count

X → hh → bX → hh → bbbγγγγ arXiv:1406.5053 [hep-ex]arXiv:1406.5053 [hep-ex]

Set upper limits on Set upper limits on gg → X → hhgg → X → hh production production

A 95% C.L. upper limit on the x-sectionA 95% C.L. upper limit on the x-section
of of non-resonantnon-resonant Higgs pair production is set at 2.2 pb Higgs pair production is set at 2.2 pb
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● Look for: a heavy neutral resonanceLook for: a heavy neutral resonance

● Signature: four Signature: four bb-jets from two boosted dijets-jets from two boosted dijets

● Strategy: cut based, fit on Strategy: cut based, fit on m(bm(bbbbbbb))

X → hh → bX → hh → bbbbbbb ATLAS-CONF-2014-005ATLAS-CONF-2014-005

Set limit on Set limit on gg → X → hh → bgg → X → hh → bbbbbbb
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SM-like signal searchesSM-like signal searches
● H → γγH → γγ :  : 65 – 60065 – 600 GeV GeV

● H → WW → μυ eυH → WW → μυ eυ :  : 260 – 1000260 – 1000 GeV GeV

● H → ZZ → 4lH → ZZ → 4l :  : 200 – 900200 – 900 GeV GeV
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● Look for: a resonance with Look for: a resonance with 
narrow width narrow width 

● Signature: two isolated photon Signature: two isolated photon 
with high with high ppTT, three categories , three categories 
in low mass (65 – 110 GeV), in low mass (65 – 110 GeV), 
EETT(γ)/m(γγ)(γ)/m(γγ) cut in high mass  cut in high mass 
(110 – 600 GeV)(110 – 600 GeV)

● Strategy: cut based, fit on Strategy: cut based, fit on 
m(γγ)m(γγ)

H → γγH → γγ arXiv:1407.6583 [hep-ex]arXiv:1407.6583 [hep-ex]

No significant evidence observed for an additional signalNo significant evidence observed for an additional signal
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● Look for: a heavy Higgs boson with SM width or narrow width Look for: a heavy Higgs boson with SM width or narrow width 

● Signature: two opposite-sign high-Signature: two opposite-sign high-ppTT leptons with different  leptons with different 
flavors, large flavors, large missing Emissing ETT, high , high m(ll)m(ll), , bb-jet veto-jet veto

● Strategy: cut based, fit on Strategy: cut based, fit on MMTT(W)(W)

H → WW → μυ eυH → WW → μυ eυ ATLAS-CONF-2013-067ATLAS-CONF-2013-067

A heavy Higgs with SM width is excluded from 260 to 642 GeVA heavy Higgs with SM width is excluded from 260 to 642 GeV
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● Look for: a heavy Higgs Look for: a heavy Higgs 
boson with SM widthboson with SM width

● Signature: two opposite-Signature: two opposite-
sign same-flavor lepton sign same-flavor lepton 
pairs with high pairs with high ppTT  
lepton, three categories lepton, three categories 
((VBF/VH/ggFVBF/VH/ggF-like)-like)

● Strategy: cut based, fit Strategy: cut based, fit 
on on m(llll)m(llll)

● A heavy Higgs with SM A heavy Higgs with SM 
width is excluded up to width is excluded up to 
650 GeV650 GeV

H → ZZ → 4lH → ZZ → 4l ATLAS-CONF-2013-013ATLAS-CONF-2013-013
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Charged Higgs searchesCharged Higgs searches
● HH± ± → c→ css in  in tttt production :  production : 90 – 15090 – 150 GeV GeV

● HH± ± → → ττυυ in  in tttt or  or tt-associated production: -associated production: 80 – 100080 – 1000 GeV GeV

● 2HDM cascade : 2HDM cascade : 225 – 925225 – 925 GeV GeV
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● Look for: a charged Higgs that Look for: a charged Higgs that 
decays 100% into decays 100% into ccss

● Signature: one high Signature: one high ppTT lepton,  lepton, 
large large missing Emissing ETT, at least four jets, , at least four jets, 
at least two at least two bb-jets, two light jets -jets, two light jets 
with with m(jj)m(jj) close to  close to m(Hm(H±±)), , 
kinematic fitter for kinematic fitter for tttt system system

● Strategy: cut based, fit on Strategy: cut based, fit on m(jj)m(jj)

HH±± → c → css Eur. Phys. J. C, 73 6 (2013) 2465Eur. Phys. J. C, 73 6 (2013) 2465

set limits on set limits on BR(t → bHBR(t → bH±±))
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● Look for: a charged Higgs that decays 100% into Look for: a charged Higgs that decays 100% into ττυυ

● Signature: a hadronically decayed Signature: a hadronically decayed ττ, no electron, no , no electron, no 
muon, large muon, large missing Emissing ETT, at least four (three) jets for , at least four (three) jets for 
mass 80-160 GeV (180-1000 GeV), at least one mass 80-160 GeV (180-1000 GeV), at least one bb-jet-jet

● Strategy: cut based, fit on Strategy: cut based, fit on mmTT

HH±± → τυ → τυ ATLAS-CONF-2014-050ATLAS-CONF-2014-050

set limits on set limits on BR(t → bHBR(t → bH±±)) for low mass for low mass
and on and on σσ x BR(H x BR(H± ± → τυ)→ τυ) for high mass for high mass

LatestLatest
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● Look for: a charged Higgs involved Look for: a charged Higgs involved 
in a cascade of a in a cascade of a WW-boson pair and -boson pair and 
a a bbbb-pair-pair

● Signature: one high Signature: one high ppTT lepton, large  lepton, large 
missing Emissing ETT, at least four jets, at least , at least four jets, at least 
two two bb-jets-jets

● Strategy: fit on the boosted-Strategy: fit on the boosted-
decision-tree distributiondecision-tree distribution

HH±± cascade cascade Phys. Rev. D 89, 032002 (2014)Phys. Rev. D 89, 032002 (2014)

set limits on x-section as a function ofset limits on x-section as a function of
both charged both charged HH±± and neutral heavy  and neutral heavy HH masses masses
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● A large variaty of searches on BSM Higgs bosons (or heavy resonances) A large variaty of searches on BSM Higgs bosons (or heavy resonances) 
were performed with the ATLAS detectorwere performed with the ATLAS detector

● Indirect searching using SM Higgs couplingsIndirect searching using SM Higgs couplings

● SM Higgs invisible decaysSM Higgs invisible decays

● MSSM MSSM h/H/A → ττh/H/A → ττ :  : 90 – 100090 – 1000 GeV GeV

● 2HDM 2HDM H → WW → μυ eυH → WW → μυ eυ :  : 135 – 300135 – 300 GeV GeV

● Resonance Resonance X → hh → bX → hh → bbbγγγγ :  : 220 – 500220 – 500 GeV GeV

● Resonance Resonance X → hh → bX → hh → bbbbbbb :  : 500 – 1500500 – 1500 GeV GeV

● Heavy Heavy H → γγH → γγ :  : 65 – 60065 – 600 GeV GeV

● Heavy Heavy H → WW → μυ eυH → WW → μυ eυ :  : 260 – 1000260 – 1000 GeV GeV

● Heavy Heavy H → ZZ → 4lH → ZZ → 4l :  : 200 – 900200 – 900 GeV GeV

● Charged Charged HH±± → c → css in  in tttt production :  production : 90 – 15090 – 150 GeV GeV

● Charged Charged HH±± → τυ  → τυ in in tttt or  or tt-associated production-associated production: 80 – 1000 GeV: 80 – 1000 GeV

● 2HDM 2HDM HH±±  cascade : cascade : 225 – 925225 – 925 GeV GeV

● More are coming VERY SOON!More are coming VERY SOON!

SummarySummary
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Hvala!Hvala!



25

● Searched with 7TeV dataSearched with 7TeV data

HH±± → τυ  → τυ (previously)(previously) JHEP 03 (2013) 076JHEP 03 (2013) 076
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