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Introduction
• Measurement with fermion 

decay channels
• Establish Higgs Yukawa couplings

•  Quite challenging
• b-quark pairs (BR ~58%):  

largest decay mode
• dominated by b-jet background
• need good b-tagging

• tau-lepton pairs (BR ~6.3%):  
largest leptonic decay mode

• main background from multi-jet or  
Z events

• need good trigger and tau identification
• µ pairs (BR ~0.022%): clean signature

• extremely small coupling

mH=125 GeV
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Introduction
• Important production modes

• gluon-fusion (ggF) (+jets)
• experimentally accessible  

with leptonic decay modes: 
• background suppression,  

trigger
• presence of extra jet lead to  

boost of H
• vector boson fusion (VBF)

• exploitable topology for background suppression:
• decay products between “forward” jets

• associated production  
with vector boson (VH)

• use signature of associated vector boson for background 
suppression, trigger: 

• lepton(s), missing energy
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Introduction
• Cross section measurements

•                 (run-1)
•                         (8 TeV)
• VBF,                (8 TeV)
• VBF+𝛾,                (13 TeV)
•                          (13 TeV)
•                   (13 TeV)

• Expressed in terms of signal 
strength µ
 

• results  can  be  interpreted  as  coupling 
strengths (in decay and/or production)

H ! ⌧⌧

V H,H ! ⌧⌧

V H,H ! bb̄

H ! µµ

V H,H ! bb̄

V H,H ! bb̄

µ =
� ⇥ BR

(� ⇥ BR)SM

ATLAS-CONF-2015-044
CMS-PAS-HIG-15-002 
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• Full run-1 dataset (4.5+20.3 fb-1)
• Using all tau decay modes: leplep, lephad, 

hadhad
• leptonic modes: isolated leptons
• hadronic modes: tau lepton identification using 

MVA
• Background modelling with data-driven 

methods
• most important background                :   

using                 events and replace µ with simulated 
tau and tau decay

• Mass reconstruction with 2-4 neutrinos in 
final state (MMC)

• reconstruct mass from most probable kinematic 
configuration of neutrinos using matrix element 
probability

H ! ⌧⌧
H ! ⌧⌧

H ! ⌧⌧

Z ! ⌧⌧
Z ! µµ

JHEP 04 (2015) 117
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• Event categories  
optimised for  
VBF and ggF+jet production

• multivariate analysis: maximum likelihood fit 
to boosted decision tree (BDT) outputs

• for each center-of-mass energy, signal/
background region, channel and category

• Evidence for                 decay with  
4.5𝜎 significance  
 
 

• Combined ATLAS+CMS run-1 result 
5.5𝜎 significance

H ! ⌧⌧
JHEP 04 (2015) 117

H ! ⌧⌧

(mH=125.36GeV)
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               VH,
• Full 8 TeV dataset (20.3 fb-1)
• Exploit leptonic decay modes (l=e,µ) 

of W and Z
• background suppression and triggering of event

• Analysis channels WH or ZH / lephad or hadhad 
with dedicated selections:

• for                    : opposite-charge, same-flavour leptons
• for                      : one lepton, b-tag veto
• for                 hadhad: opposite charged taus
• WH, lephad: same charge e+µ, opposite charge tau
• ZH, lephad: 3 same-flavour lepton: opposite-charge and 

same-flavour pair (Z), 3rd lepton (H) opposite charge to tau
• Mass reconstruction

• MMC (ZH) or M2T (WH): lower-bound on 
transverse tau-tau mass

• Fit to mass variable
µ =2.3 ± 1.6, µ < 5.6 (exp. 3.5) @95%CL

Phys. Rev. D 93

H ! ⌧⌧

H ! ⌧⌧

Z(! ll)H

W (! l⌫)H
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             VBF,
• Full 8 TeV dataset (20.2 fb-1)
• Selection of  

2 jet + 2 b-jets events  
with VBF topology 

• one or two b-tags required for  
triggering

• high pT of the      system
• Multivariate analysis: BDT

• fit to         invariant mass spectrum in 
four categories defined by MVA

• More data beyond Run-1 needed 
to reach SM sensitivity

µ=-0.8 ± 2.3 and µ<4.4 (5.4) @95%CL

bb̄

mbb̄

JHEP 11 (2016) 112

H ! bb̄

(mH=125GeV)
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         VBF+𝛾,
• Run-2 13TeV using 12.6 fb-1

• Better background suppression by 
additional high-pT 𝛾 requirement

• photon for triggering
• suppression of non-resonant background

• destructive interference of initial and 
final state photon radiation diagrams

• Event selection of 2 b-jets and 2 jets 
with high invariant di-jet mass

• Multivariate analysis: BDT
• perform fit on           in three regions by 

defined by BDT output 
                                    and µ<4.0 @95%CL  µ = �3.9+2.8

�2.7

ATLAS-CONF-2016-063

mbb̄

H ! bb̄
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              VH,
• Run-2 13TeV using 13.2fb-1

• Maximise sensitivity by  
event categorisation  
in events with 2 b-jets and

• 0, 1 and 2 leptons (e, µ)
•       >150 GeV for 0, 1 lepton events
• two categories separated by       =150 GeV 

for 2 lep
•        =           ,  pT(          + lep), pT(2 lep) 
• zero or one additional jet (inclusive for  

2 lep events)
• Multivariate analysis (BDT) in each 

category

| ~Emiss
T | ~Emiss

TpVT

pVT

ATLAS-CONF-2016-091

pVT

H ! bb̄
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• Simultaneous fit of all BDT outputs from all categories
• Fit for signal strengths in each lepton category, for WH and ZH and 

all combined  
 
 
 
 
 
 
 
 
 
 
                                                 with significance of 0.42 𝜎 (exp. 1.94 𝜎)  
                                                  and µ<1.2 (exp. 1.0) @95%CL

ATLAS-CONF-2016-091

              VH, H ! bb̄

All discriminant bins combined



H ! µµ
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• Run-2 13TeV using 36.1 fb-1

• Search for opposite charged 
dimuon resonance in VBF and 
ggF production mode

• New for run-2: selection of VBF 
events with MVA (BDT)

• Events with b-jet veto 
categorised 

• in two VBF categories with BDT 
targeting VBF topology

• in six ggF categories according to  
pT(µµ) and 𝜂(µ) 

• Most sensitivity from VBF tight 
category

ATLAS-CONF-2017-014

H ! µµ

VBF tight
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• Parametric functions for signal 
and background pdfs for  
mµµ distributions:

• signal: Crystal-ball + Gaussian
• purely data-driven background: 

exponential + BW + Gaussian for Z
• Simultaneous fit of mµµ 

distributions in all eight 
categories

µ=-0.07 ± 1.5 with µ<3.0 (3.1) @95%CL  
 

• In combination with run-1 result:  
µ=-0.13 ± 1.4 with µ<2.8 (2.9) @95%CL  

ATLAS-CONF-2017-014

H ! µµ
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Summary
• Measurement with fermion decay channels still quite challenging
• New result with run-2 data on 

•              , still no evidence with first run-2 (13 fb-1) data 
• improved limits on               
• improved measurement  for                in near future 

• 13 TeV data expected to at least double this year

Summary of all measurement µ’s and limits @95%CL shown here

H ! ⌧⌧

H ! µµ

V H,H ! bb̄
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H ! ⌧⌧
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H ! ⌧⌧
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H ! ⌧⌧
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H ! ⌧⌧
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H ! ⌧⌧
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H ! ⌧⌧
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H ! ⌧⌧
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               VH, H ! ⌧⌧
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               VH, H ! ⌧⌧
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               VH, H ! ⌧⌧
yield
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             VBF, H ! bb̄
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         VBF+𝛾, H ! bb̄

 https://arxiv.org/abs/hep-ph/0702119

https://arxiv.org/abs/hep-ph/0702119)
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              VH, H ! bb̄
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              VH, H ! bb̄
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              VH, H ! bb̄
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H ! µµ


