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Motivation
 New ~125 GeV boson observation in July of 2012 driven by bosonic final states
 Increasing consistency with the SM predictions seen since then
 Couplings to bosons established: γγ, ZZ, WW
 Establishing Higgs couplings to fermions is essential to conclude if we are 

seeing the SM Higgs boson
 Challenge: Fermionic decays are in general less sensitive to SM Higgs

◊ Different fermionic decays are accesible at CMS for different production modes:
◊ bb: high BR, very large backgrounds
◊ ττ: relatively high BR, large backgrounds
◊ μμ: Good resolution but very small BR
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OutlineOutline

 ttH searches in fermionic decays: 
H→ bb/ττ 
◊ ttH combination also including 

bosonic decays

 H→bb (VH) search (legacy)
◊ Also VBF H→bb search

 H→ττ (legacy)

 Fermionic Combination (H→bb  
and H→ττ)

 H → μμ/ee searches
Most of the analysis use full 7 and 8 TeV 

datasets
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ttHttH: Overview

τ
h
τ

h
-semileptonic 

channel

bb-dileptonic 
channel

 Allows to probe directly the top Yukawa coupling
 Very small cross section (~130 fb for m

H
=125 GeV at 8 TeV), complex 

final states with jets, MET, leptons from tt 
 Interest in ttH → anything with large enough BR

◊ H→bb is a very important channel for this mode
◊ Recently also included H→τ

h
τ

h

bb-semileptonic 
channel

CMS-HIG-13-019CMS-HIG-13-019
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ttHttH, H → bb / τ
h
τ

h
: Analysis Strategy

 Further categorization based on number of jets and b-tags
◊ 16 categories, S/B increases with  Njet, Nbtag 

 Main background: tt + jets
◊ Backgrounds are modeled using MC
◊ Data in low S/B bins are used to constrained them

 Signal is extracted by fitting BDT discriminators
◊ BDT inputs: kinematic, b-tagging and event shape variables 

bb-semileptonic τ
h
τ

h
-semileptonicbb-dileptonic

4 jets
3 b-tags

≥ 4 jets
2 b-tags

≥ 3 jets
≥ 3 b-tags
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ttHttH, H → bb / τ
h
τ

h
: Results

 95% CL Upper Limit on σ/σ
SM

 at 125 GeV: 5.2 observed (4.1 expected) 

for μ=0

Only 8 TeVOnly 8 TeV

 μ=0.85+2.5

-2.4
 

◊ Using  19.5 fb-1 at √s=8 TeV
◊ √s=7 TeV ttH, H→bb analysis using 5.1 fb-1also 

used in ttH combination shown next

U.L. at 125 GeV



30th April 2014 Jesus Vizan 7

ttHttH, Combination
 ttH with H→γγ or H→Multi-leptons (WW, ZZ, ττ) 

analyses using full 8 TeV datasets included as well 

H→bb/ττ @8 TeV CMS-HIG-13-019CMS-HIG-13-019
H→bb @7 TeV CMS-HIG-12-025CMS-HIG-12-025
H→γγ @8 TeV CMS-HIG-13-015CMS-HIG-13-015

H→Multi-leptons @8 TeV CMS-HIG-13-020CMS-HIG-13-020

 95% CL U.L. on σ/σ
SM

 at 125.7 GeV: 

4.3 observed (1.8 expected for μ=0)

 couplings 
consistent 
with SM

 Excess significance is 2.7σ (1.2σ exp.) 
◊ 1.6σ relative to μ=1 

 μ=2.5+1.0

-1.1
 Reached 1xSM sensitivity in μ(ttH) (was

2.6 x SM at Moriond’13)
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H→bb: Overview
 Direct access to “down-type” fermion couplings
 Largest BR at low mass, but too large backgrounds to probe ggF

 “Legacy result” using full 7 and 8 TeV datasets for VH production
◊ 6 channels: ZH→llbb (l=e,μ), ZH→ννbb, WH→lνbb (l=e,μ,τ)

Phys. Rev. D 89, 012003Phys. Rev. D 89, 012003

 Also VBF search using 8 TeV dataset
◊ Brings additional sensitivity to H→ bb 

despite large QCD background

HIG-13-011HIG-13-011
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VH→bb: Analysis Strategy

 Further categorization based on P
T
 (V) 

 BDT based b-jet regression to improve bb 
mass resolution

 Use of data control regions to normalize 
backgrounds: V+jets, Top, VV

 Signal extraction from simultaneous fit to 
final  BDT discriminators corresponding 
to 14 signal regions

post-fit BDT Z(νν)bb
(only VH enriched region)

 Main systematics from MC statistic, b-
tagging and data driven background 
normalization

 Search validated  with VZ→Vbb serch
◊ Result consistent with SM expectations
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VH→bb: Results

 95% CL U.L. on σ/σ
SM

 at 125 GeV:      

1.89 observed (0.95 expected) for μ=0

 μ=1.0±0.5

 2.1σ excess seen at m
H
=125 GeV

◊ Very good agreement with SM 
prediction (2.1σ exp.)



30th April 2014 Jesus Vizan 11

VBF H→bb search

 95% CL U.L. on σ/σ
SM

 at 125 GeV: 

3.6 observed (3.0 expected) for μ=0
 μ=0.7±1.4
 Valuable contribution to H→bb CMS 

program

 Fully hadronic final state (and trigger)
◊ 2 b-tagged and VBF light jets
◊ High QCD background

 Likelihood fit for best b-pair mass to 
extract signal
◊ Regression to improve resolution
◊ Quark-gluon discriminant
◊ 4 categories based on ANN (no 

strong correlation with m
bb

)
◊



mbb fit (most signal-like category)
Signal x 10
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H→ττ: Overview

 “Legacy result” using full full 7 and 8 TeV datasets
 Covers 3 leading production modes, ggF, VBF, VH

 All ττ decay modes included, defining following 5 channels 
for non-VH analysis:
◊ lep-had: eτ

h
 + μτ

h

◊ lep-lep: eμ; μμ + ee
◊ had-had: τ

h
τ

h

ggF VH VBF

arXiv:1401.5041 arXiv:1401.5041 
Submitted to JHEP Submitted to JHEP 

(Jan 2014)(Jan 2014)

 Combined with VH channels using 
dedicated analysis strategies
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H→ττ: Analysis Strategy

post-fit mττ
(different channels 
weighted)

 Further categorization based on Njet and boost of the system
◊ 0-jet: Use to constrain backgrounds
◊ 1-jet: Exploits boost of the Higgs system. Sensitive to ggF
◊ 2-jet: Low statistics but high S/B. Sensitive to VBF

 Data-driven techniques used to normalize and/or model dominant 
backgrounds when possible: Z→ττ, Z→ll, W+jets, QCD

 Di-τ mass reconstructions improved using likelihood-based method (SVFit)
◊ Used for signal extraction (for most of the channels)
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H→ττ: Results

U.L. for μ=0

background-only includes H→WW (for m
H
 = 125 GeV)

U.L. for μ=1

 Clear excess of events compatible with SM expectations

 μ=0.78 ± 0.27 at 125 GeV
 3.2σ observed  (3.7σ exp.) at 125 GeV

Evidence for H→ττEvidence for H→ττ
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H→ττ: Results
Scan vs  m

H
 

(H
125

→WW included as background)

 m
H
 = 122 ± 7 GeV

◊ Compatible with ZZ/γγ results

Scan vs  κ
f
 and κ

V

 
(H

125
→WW included as signal)

Scan vs  m
H
 

(H
125

→WW included as background)

Scan vs  m
H
 

(H
125

→WW included as background)

 Compatible with SM expectation
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H→bb/ττ Combination
 Combination of H→bb (VH only) and H→ττ

◊ Combined significance of 3.8σ (4.4σ  exp.)
◊ μ=0.83±0.24 

arXiv:1401.6527arXiv:1401.6527
Submitted to Nature Physics Submitted to Nature Physics 

(Jan 2014)(Jan 2014)

Evidence for H→fermionsEvidence for H→fermions
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H→μμ (and ee)
 BR for H→μμ is ~2x10-4 for 125 GeV (around 10 times smaller than γγ)
 Search using full 7 and 8 TeV datasets

◊ Also performed H→ee search (BR around 2x10-5 smaller) for 8 TeV
 ggF and VBF categories (further categorization based on ημ, p

T

μμ)

 Fit m
μμ

 with signal and background shapes

CMS-HIG-13-007CMS-HIG-13-007

 7.4 σ
SM

 observed (5.1 σ
SM

 exp.) U.L. for 

H→μμ at 125 GeV
 Interesting channel for Run II and HL-LHC

 0.038 pb 
observed U.L. for 
H→ee at 125 GeV

H → μμ

H → ee
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Summary

 Very important progress in SM Higgs fermionic 
searches since July 2012

 ttH combination (2.7σ excess, 1.6σ for μ=1), with 
important contribution to sensitivity from H→bb/τ

h
τ

h
 

 VH, H→bb, 2.1σ excess, μ=1±0.5
 Evidence of H→ττ of 3.2σ, μ=0.78 ± 0.27
 Evidence of H→fermions of 3.8σ, μ=0.83±0.24
 First H→μμ and H→ee searches. Interesting for the 

future
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BACK UP
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ttH categories 8 TeV analysis
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ttH systematics
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ttH individual channel 8 TeV analysis

ttH, H → bb lep + jet

ttH, H → bb dilepton

ttH, H → tau tau
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ttH, multileptons
ttH, H → multileptons categories
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ttH, combination
ttH, limits for each channel
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H → tautau channels
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H → tautau categories
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H → tautau systematics
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H → mumu categories
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H → mumu 14 TeV projections
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