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Does the Higgs(-like) state at 125 GeV couple to 
fermion pairs proportionally to their mass as 
predicted in the SM?!
!Production and decay can both be either due to the 
fermonic or gauge boson couplings:

Observation of gg production relies on Htt coupling, 
but we would like to directly observe H → ff decays
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First evidence for H→ bb came from Tevatron, 2 Jul 2012

• CDF + D0, 10 fb-1!
• Three channels:!

• WH → lν bb!
• ΖΗ → ll bb!
• ΖΗ → νν bb

• Result: excess with more 
than 3σ significance at 
135 GeV!

• Two days later: 5σ from 
each LHC experiment at 
125 GeV…(γγ, ZZ, WW)
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Final combined Tevatron result with all channels:
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At hadron colliders, gg fusion mode very challenging;  
rely on associated production and VBF modes!
!
Efficient b-tagging and good  
dijet mass reconstruction  
crucial to separate signal  
from background!
!
CMS uses, for example, a!
BDT to improve mass !
resolution
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CMS result: 2.1σ excess at 125 GeV 
Can split into ZH, VH, and final states μ= 1.0±0.5
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CMS result: 2.1σ excess at 125 GeV 
Can split into ZH, VH, and final states μ= 1.0±0.5
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• Search for H → ττ at LHC can utilize all four modes!
• Require excellent tau ID efficiency and jet rejection!
• Use sophisticated tau pair mass algorithms !
• In situ calibration using Z → ττ irreducible background
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• Search for H → ττ at LHC can utilize all four modes!
• Require excellent tau ID efficiency and jet rejection!
• Use sophisticated tau pair mass algorithms !
• In situ calibration using Z → ττ irreducible background
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Three channels:  eτ  μτ  ττ    (τ = tau had. decay)!
Two categories:  VBF   Boosted!
Train BDT using mass and kinematics !
Strategy: fit (initially blinded) BDT output for signal!
Most sensitive channels: l + τ!
!

ATLAS-CONF-2013-108

ATLAS-CONF-2013-079
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CMS: many categories!
covering gg and VBF 
production !
!
Also: VH production  
in the final states 

! ZH → l lττ 
          → l l lτ 
   WH → l± l±τ      !
          → l ττ          
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Most sensitive channel: μτ!
!

In this and all other channels CMS studies multiple 
kinematic distributions to reveal systematic 
uncertainties and modeling issues; leave m(ττ) blind
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Most sensitive channel: μτ!
!

Unblinded, post-fit mass plots show excellent control of 
backgrounds and reveal hint of signal:

gg VBF
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Strongest channel ZH→llLL; sensitivity at ~2x SM
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    μττ = 0.78 ± 0.27
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no anomalies among!
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down somewhat

CMS paper submitted to JHEP today!
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Resolution: 1.6 - 2.5 GeV Observed limit: 7.4 x SM!
Expected limit: 5.1 x SM

H → μμ 
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H → ee 

Need 1.2 ab-1 for 5σ on μμ

No flavor universality in H(125) decays!

No signal in H → ee 
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Fit$to$data$
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What about ttH?  CMS multichannel search yields 

μttH = 2.5 ± 1.0!
  !

⟹ One to watch for in Run 2! 
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ATLAS	


sig	

   

CMS 
sig  

ATLAS  
μ

CMS 
μ

bb -	

 	

      2.1σ 1.0±0.5

ττ 4.2σ 
(3.2σ exp)

3.2σ 
(3.7σ exp)

0.8±0.3

bb+ττ - 3.8σ - -

+0.7
-0.60.2

+0.5
-0.41.4

LHC Η→bb,ττ summary
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•Strong evidence at the 3.8σ and 4.2σ levels for 
H→bb,ττ in CMS and ATLAS, respectively 
(expected 3.7σ and 3.2σ for 125 GeV SM Higgs)!
!

•Confirms the Tevatron results, but bb at LHC still at 
the 2σ level in each experiment!
!

•No evidence for H→μμ, ee   
        ⇒ H decays to leptons not universal!

•At 14 TeV we can begin precision measurements!

Summary
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Backup
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ATLAS Uncertainties on μττ 
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