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Summer 2012 : ATLAS/CMS experiment made great success, !
“Discovery of Higgs boson with mass ~125.5GeV“!

Observation by “only” Bosonic mode : H→γγ , H→ZZ , H→WW!
Result of property measurement compatible with SM Higgs.

t

t
t

γ

γ

0H

Z/W

Z/W
0H

Important question: Does discovered Higgs boson couple to fermion?
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Higgs-Quark coupling!
　Indirectly confirmed by H→γγ and gluon fusion Higgs production.!
　Direct measurement is necessary: Yt , Yb!
Higgs-Lepton coupling!
　Only possible by direct measurement : Yμ , Yτ

Yt

Yq Yl
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Higgs Boson Searches in Fermionic channels!

‣ VH (H→bb)̅ Search with 7 + 8TeV (2011+2012) data!
! ! ATLAS-CONF-2013-079!
‣ ttH̄(H→bb)̅ Search with 8TeV (2012) data!

! ! ATLAS-CONF-2014-011!
‣ H→μμ Search with 8TeV (2012) data!

! ! ATLAS-CONF-2013-010!
‣ H→ττ Search with 8TeV (2012) data!

! ! ATLAS-CONF-2013-108

 Other Higgs Talks!
‣ Higgs Properties by James Saxon & Kathleen Whalen!
‣ BSM Higgs by Daniel Pelikan
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Higgs “Phenomenology” in LHC
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Gluon Fusion

Vector Boson Fusion

W/Z associated

top pair associated

channel σ×B.R [pb]

H→ττ ~1.3

VH→bb ̅ ~0.1

ttH̄→bb ̅ ~0.07

H→μμ ~0.0002

Gluon Fusion (ggH) : most dominant production, H→ττ/μμ!
Vector Boson Fusion (VBF) : !

! good separation by 2 forward jets, main channel in H→ττ!
W/Z associated (VH) : !
! main channel in H→bb,̅ clean signature by lepton from W/Z!
top pair associated (ttH) : !

! important channel for top Yukawa(Yt) with H→bb ̄decay
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VH (H→bb)̅ : Overview
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2 lepton : ZH→ll+bb!̅
0 lepton : ZH→νν+̄bb ̅

1 lepton : WH→lν+bb ̅
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ATLAS Preliminary
 -1Ldt = 4.7 fb0 = 7 TeV s

 -1Ldt = 20.3 fb0 = 8 TeV s
1 lep., 2 jets, 2 tags
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Associated production with W/Z boson 
decaying leptonically.!
Define 3 channels according to the 
number of leptons.

2 lepton 1 lepton 0 lepton

Process ZH→ll+bb ̅ WH→lν+bb ̅ ZH→νν+̄bb ̅

Event!
selection

2 b-tag jets!
2 or 3 jets!

2 OS leptons

2 b-tag jets!
2 or 3 jets!
1 lepton!

MET

2 b-tag jets!
2 or 3 jets!
Large MET

Main 
background

Z+jets top,W/Z+jets top,W+jets

Categorization by bins of Njets and pTV to 
maximize sensitivity.!
Search signal excess in invariant mass of !

　 2 b-tag jets (Mbb)̅ for each category.!
Simultaneous fit in 26 signal regions and  !

　(26 1 b-tag + 5 top) control regions.!
　→ normalize background & constrain systematics
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ATLAS Preliminary
 -1Ldt = 4.7 fb∫ = 7 TeV s

 -1Ldt = 20.3 fb∫ = 8 TeV s
0+1+2 lep., 2+3 jets, 2 tags
Weighted by Higgs S/B

VH (H→bb)̅ : Result
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Total uncertainty
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95% CL limit @125 GeV: observed (expected) 1.4 (1.3) × σSM!
Signal strength μ (=σ/σSM) @125GeV:!μ =0.2 +0.7 -0.6

Current result is consistent with S+B and B-only hypotheses
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ttH̄(H→bb)̄ with one or both W boson decaying leptonically.!
Possible to probe 2 fermionic coupling at the same time in 
both production (Yt ) and decay (Yb).!
Categorization depending on Njet and Nb-jet.
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channel lepton+jets di-lepton

Event Selection
exactly 1 lepton!
4 , 5 , ≥ 6 jets !

2 , 3 , ≥ 4 b-tag

2 OS lepton!
Z mass window cut!

2 , 3 , ≥ 4 jets!
2, 3 , ≥ 4 b-tag

Backgrounds tt+̄jets (especially tt+̄bb)̅

Choose 6 signal regions(high S/B), perform Multi-Variate 
Analysis: Neural Network(NN) to maximize sensitivity.!
Optimize input variables for each category!

! Event kinematics : HT , Mbbm̄inΔR , Centrality , …!
! 10 inputs for each NN.!

Other regions (control regions) are used to normalize 
background and to constrain common systematics.!
! → Total 15 regions for simultaneous fitting.

signal likebkg like

Yb
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=125 GeVH at mSMm/m95% CL limit on 
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Combination

Lepton+jets

Dilepton

ATLAS Preliminary -1L dt=20.3 fb0=8 TeV, s

m 1±Expected 

m 2±Expected 

Observed

=1)µExpected (

ttH̄ (H→bb)̅ : Result
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No significant signal excess is observed over predicted backgrounds.!
　- 95% C.L σ×B.R limit@125GeV : observed (expected) : 4.1(2.6)×σSM!

　  - Signal strength μ (=σ/σSM) @125GeV : μ = 1.7 ± 1.4!
! → Systematics part is improved by simultaneous fitting with control regions.!
Other Higgs decay modes (H→γγ/ττ/…) can improve the sensitivity for Ytop.

Current results consistent with S+B and B-only hypotheses
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H→μμ : Overview & Result
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Signal Region:!
110 < MH < 150GeV

H→μμ is only channel to measure coupling of 
2nd generation fermions in ATLAS.!
Final State is very clean, but challenging. !
! small B.R and large Z→μμ background!
Select 2 isolated opposite sign muons.!
Categorize 2 signal regions: !
! central / non central!
Fit Mμμ with signal + background shape.!

! Signal : Crystal-Ball + Gaussian!
! Background : Breit-Wigner + Exponential!

No significant excess, set 95% C.L σ×B.R 
limit@125GeV : !
　observed: 9.8×σSM / expected: 8.2×σSM
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H→ττ : Strategy & Selection
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H→ττ is most sensitive mode in fermionic(leptonic) channels."
Perform analysis with 3 channels according to τ decay.

ℓ= e or μℓ= e or μ

Large B.R"
High multi-jet background"

2 OS hadronic τ

Large B.R"
Clean Signature"

1 lepton + 1 hadronic τ (OS)

Small B.R"
Very Clean Signature"

2 OS leptons

2 categories according to signal topology"
VBF : 2 jets with large pseudo-rapidity gap"
Boost : High Higgs(ττ system) momentum"
Use BDT(Boosted Decision Tree) to 
maximize sensitivity.

τ

jet 1 jet 2
large rapidity gap

τMET
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H→ττ : Strategy & Selection
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Background estimation!
Z→ττ (main) : Embedding technique"
" Directory taken from Z→μμ data"
" Replaced μ to simulated τ"
Fake τ : Multi-jet , W+jets"
" Data driven method (Fake rate / template fits)"
Others : Z→ee/μμ , top , di-boson "
" Normalized to data by dedicated control regions.

BDT strategy!
Different BDTs for each channel/category."
Optimize ~10 input variables for each BDTs"
" Resonance properties : Mττ , ΔR(τ,τ) , …"
" Event topology : MT, MET , centrality …"
" VBF topology : Mjj , Δηjj , …"
Most important input variable : Mττ  is reconstructed "
by Missing Mass Calculator (MMC)"
    → Precise mass estimator by kinematic likelihood (σ~15%)

lep-had VBF

had-had Boost
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H→ττ : Result
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Significance weighted mass

Significant excess is observed in all channel at high S/B region.!
" Observed (expected) significance @MH=125 GeV: 4.1σ(3.2σ)"
" Signal strength µ = σ/σSM =1.4 +0.5 -0.4"
" The mass is comparable with discovered Higgs (MH = 125GeV)

Direct evidence of the Higgs boson in the fermionic channel !

3 channel combination

3 channel combination
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Conclusion
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Higgs search in fermonic channels is one of 
most important in ATLAS Higgs analysis and 
has high activity!"
H→μμ:"no excess over background observed"

" observed (expected) limit: 9.8 (8.2) ×SM"
VH (H→bb)̅: no excess over background observed"

" observed (expected) limit: 1.4 (1.3) ×SM"
" signal strength μ = 0.2 +0.7 -0.6"

ttH̄(H→bb)̅: no excess over background observed"
" observed (expected) limit: 4.1 (2.6) ×SM"
" signal strength μ = 1.7±1.4"

H→ττ: "
! observed (expected) 4.1 (3.2) σ evidence !
! signal strength μ = 1.4 +0.5 -0.4

Stay tuned ! There are some rooms to improve, will be 
updated by papers.
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H→ττ : Event Display
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Run: 214021
Event: 269834309

2012-11-05 09:48:46 UTC

electron
hadronic τ

jet 2 jet 1

MET

H→ττ , lepton-hadron channel , VBF category
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VH→bb ̅: Selection & Control Region
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VH→bb ̅: Control plots
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VH→bb ̅: VZ(→bb)̄ cross check
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