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BSM Physics with Higgs bosons 

• Precise measurements for h(125)  
• Searches for additional Higgs bosons 
• Searches for non-SM decays of h(125)  
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will be discussed 

• Recent ATLAS+CMS combination for h(125) 

• Curiosities in the searches for additional Higgs bosons 

• h(125)->mt  

 



Testing the compatibility of h(125)  
with SM: 

ATLAS+CMS combination   
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• ATLAS and CMS input: 

– analyses of gg, ZZ->4l, WW, tt, bb decays and ttH  
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ATLAS-CONF-2015-044 
CMS-PAS-HIG-002 



• Generic parameterisation of results with ratios 

– most model-independent  
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BRbb/BRZZ 

deviation more than 2 s from SM 



k Framework (in LHCHXSWG YR4, CERN-2013-004) 

• SM s and BR’s with Yukawa couplings modifiers, k’s 
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This framework allows 
to measure 

compatibility with SM 

Including higher orders QCD and EWK  and EWK, mh=125.09 GeV 



• k parameterisation assuming 
BSM in loops and in decays  

• h(125)->invisible 
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BRBSM < 0.34 at 95% CL (ATLAS+CMS) 

Interpretation in Higgs-portal Dark Matter model 
– following prescription from  paper A.Djouadi at al, arXiv:1112.3299 



• Parameterisation with Yukawa coupling ratios   
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kd/ku 

Higgs boson couplings to fermions and bosons in 2HDM 



Wrong sign Yukawa YhDD coupling scenario in 2HDM 

• from h(125) measurements: 

YhDD = -sina/cosb in Type II 
 
sin(b-a)=1  => SM like limit   
(alignment): kF=kV=1 
 
sin(b+a)=1  => kD=-1 (kU=kV=1) 
“wrong sign Yb limit; can be 
excluded with ~ 5 % accuracy 
of h->gg measurement” 

Ferreira et al, arXiv:1410.1926 

sin(b-a)=1  

sin(b+a)=1 
(a->-a) 

• bbA, A->tt (and gg->A, A->tt) cross-section can be very large in the “wrong sign 
Yukawa coupling (Yhbb) scenario for the ligh pseudoscalar boson, A (Gunion et al. 
arXiv:1412.3385, arXiv:1405.3584); Scans with BR(h125->AA) < 0.3 constraint: 

s(gg->A)/s(bbA) 
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2HDM specific analyses: bbA->tt 
mh=125 GeV; 24 GeV < mA < 80 GeV 

• wrong sign Yukawa coupling, Yb scenario is almost excluded for mA=[24-80] GeV 
• at Run II low mA analyses, gg->A and H->ZA will be complementary at low tanb 

 

• First 8 TeV analysis looking  
     at low mass tt+b data 
• Low mass mm+b analysis  
     at 8 TeV is on the way 
• Observation of light A will 

exclude MSSM 
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Curiosities in the searches for 
additional Higgs bosons 
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H → hh → ggbb 
• CMS search strategy: 

– looking for signal in mgg distribution 
for ggbb events selected within mbb 
and mggbb mass windows 

• ATLAS search strategy 
– looking for signal in ggbb mass 

window for ggbb events selected 
with mgg and mbb mass windows 
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ATLAS:  
excess at mH ~ 300 GeV 

Local significance 3.0 
with LEE 2.1 

CMS: 
does not see the excess 



Light charged Higgs boson from top decay, 
t->H+b with H+->cs decay 
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BR(H+->cs) in 2HDM, Mayumi Aoki et al, Phys.Rec.D80:015017,2009, arXiv:0902.4665 



• No Top mass uncertainty 

• with Top mass uncertainty 1 GeV 
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• No Top mass uncertainty 

Local significance 2.9; with LEE 2.4  

Local significance 2.1; with LEE 1.5 
Best fit BR (t->H+b)=1.2 %  



• CMS result • ATLAS result 
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CMS and ATLAS 
expected limits 

on one plot  



2HDM specific analysis: H->ZA, A->ZH 
mh=125 GeV; mh < mH < 1 TeV, 50 GeV < mA < 1 TeV 

• Recent CMS H->ZA, A->ZH analysis with llbb, lltt final states  
• Limits are shown for llbb analysis and interpretation  in 2HDM assumes 

mh=125 GeV (mH > mh) 

s x BR observed limit                             interpretation in 2HDM 
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222 < mllbb  < 350 GeV 72 < mbb < 114 GeV 



h(125)->mt 
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arXiv:1202.5704 



h(125)->mt 

CMS analysis: mte, mth 
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Event  
pre-selections 

• Loose event selections 

– mte 

• pTm > 25 GeV, |h|<2.1 

• pT
e > 10 GeV, |h|<2.3 

– mth 

• pT
m > 30 GeV,  |h|<2.1 

• pT
th > 30 GeV, |h|<2.3 

– Jets, pT > 30 GeV, |h|<4.7 
• 0, 1, 2 jet bins 
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• Final event selections 

– optimized with S/sqrt(S+B) 

• Background from miss 
identified leptons 

– W+jets, multijets 
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- for 2 jet category: 
    mjj > 550 GeV, Dhjj > 3.5 
    no b-jets in mte channel 
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CMS result on h(125)->mt search 
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Excess significance 
2.4 

(p=0.010) 



h(125)->mt 

ATLAS analysis: mth 
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Signal and control regions 
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W           Top 

SR1 
SR2 



• multijet background estimation with Same Sign data 

 

 

  

• mth mass in Signal Region 1 and 2 
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SR1 
SR2 

Local significance 
2.2 standard  
deviations 



ATLAS result on h(125)->mt search 
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Local significance 
2.2 standard  
deviations 



Conclusions 

• Not everything is “compatible with SM” in 
the h(125) measurements  

– BRbb/BRZZ is outside of two s 

• Excited excesses in the searches for  

– H+->cs, H->ZA, h->tm 

• Will be carefully looked at it again with Run II 
analyses 
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THE END 
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