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Higgs Couplings to the SM particles

• In the standard model the Higgs mechanism provides mass to vector 
bosons

- Fermions acquire mass via Yukawa interactions with the Higgs boson

• The SM predicts coupling between Higgs and bosons (fermions) 
proportional to MV2/v (Mf/v)
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Higgs Couplings to Fermions

• What we know so far:

- By a single experiment Higgs was  
observed in decays to vector bosons

- Higgs mass is measured to be ~125 GeV  
with 0.2% unc.

- Pure scalar is favored with width less 
than 20 MeV at 95%CL

- Our best knowledge of couplings  
as of at the end of Run I

• Direct decay to fermions allow to  
probe Higgs Yukawa coupling  
independently from loop effects 

- Measurements of Higgs to fermions  
couplings are challenging

- Any deviation from the SM prediction would hint to new phenomena

Particle mass [GeV]
1−10 1 10 210

vV
m V

κ
 o

r 
vF

m F
κ

4−10

3−10

2−10

1−10

1
W

t
Z

b

µ

τ

ATLAS+CMS
SM Higgs boson

] fitε[M, 
68% CL
95% CL

Run 1 LHC
CMS and ATLAS

3

arXiv:1606.02266
JHEP08(2016)045

https://arxiv.org/abs/1606.02266
https://link.springer.com/article/10.1007/JHEP08(2016)045


• Coupling to top quark can be 
probed via indirect and direct 

• Use different decay modes

- Multilepton: H→WW,  ZZ, 𝛕𝛕, 
where 𝛕→ℓνν

Higgs Coupling to Top Quark
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• Events are categorized by number of leptons

- BDT is used to extract signal in high stats regions

- Simpler approach is used in statistics limit 4ℓ category
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ttH with Multilepton Final State

(ttH)µBest fit 
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Category Observed µ fit ±1s Expected µ fit ±1s
Same-sign di-lepton 1.7 (�0.5) (+0.6) 1.0 (�0.5) (+0.5)
Three lepton 1.0 (�0.7) (+0.8) 1.0 (�0.7) (+0.8)
Four lepton 0.9 (�1.6) (+2.3) 1.0 (�1.6) (+2.4)
Combined (2016 data) 1.5 (�0.5) (+0.5) 1.0 (�0.4) (+0.5)
Combined (2015 data) [42] 0.6 (�1.1) (+1.4) 1.0 (�1.1) (+1.3)
Combined (2015+2016 data) 1.5 (�0.5) (+0.5) 1.0 (�0.4) (+0.5)

Combined results correspond  
to observed (expected)  

significance of 
3.3σ (2.5σ)
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ttH with 𝛕h in final state

• Dedicated search involving 𝛕h

- Categories: 1ℓ2𝛕h, 2ℓ1𝛕h, 3ℓ1𝛕h

- Using BDT or ME to discriminate 
between signal and backgrounds
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Boosted H→bb

• Using boosted Higgs to directly  
probe top Yukawa coupling from  
gluon-gluon fusion production

- Sensitive to new physics contribution
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Boosted H→bb
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H→bb Decay

• H→bb decay

- Largest decay rate

- Direct probe of coupling to  
down type quarks

- Best probe is using VH production 

• At the end of Run I
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VH, H→bb

• Consider only leptonic decays  of vector bosons for better background rejection

• Categorize events by pTV and number of jets
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• Using BDT discriminator in each signal region

• Use number of background yields from control samples together with final 
distribution in signal region to perform simultaneous fit

 outputVHBDT
1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1

Ev
en

ts
 / 

0.
13

10

210

310

410

510 Data 
=1.20)µ Vbb (→VH 

Diboson
tt

Single top
Multijet
W+(bb,bc,cc,bl)
W+cl
W+ll
Z+(bb,bc,cc,bl)
Uncertainty
Pre-fit background

 20× Vbb →SM VH 

ATLAS Preliminary
 -1 = 13 TeV , 36.1 fbs

1 lepton, 2 jets, 2 b-tags
 150 GeV≥ V

T
p

 outputVHBDT
1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1D

at
a/

Pr
ed

.

0.5
1

1.5

VH, H→bb

)2,b
1

R(b∆

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

Ev
en

ts
 / 

0.
25

100

200

300

400

500

600

700

800

900 Data 
=1.20)µ Vbb (→VH 

Diboson
tt

Single top
W+(bb,bc,cc,bl)
Z+(bb,bc,cc,bl)
Uncertainty
Pre-fit background

 10× Vbb →SM VH 

ATLAS Preliminary
 -1 = 13 TeV , 36.1 fbs

0 lepton, 2 jets, 2 b-tags
 150 GeV≥ V

T
p

)2,b
1

R(b∆
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5D

at
a/

Pr
ed

.

0.5
1

1.5

) [GeV]
2

(b
T

p
20 40 60 80 100 120 140 160 180 200

Ev
en

ts
 / 

20
 G

eV

50

100

150

200

250

300

350
Data 

=1.20)µ Vbb (→VH 
Diboson
Z+(bb,bc,cc,bl)
tt

Uncertainty
Pre-fit background

 50× Vbb →SM VH 

ATLAS Preliminary
 -1 = 13 TeV , 36.1 fbs

2 leptons, 2 jets, 2 b-tags
 150 GeV≥ V

T
p

) [GeV]
2

(b
T

p
20 40 60 80 100 120 140 160 180 200D

at
a/

Pr
ed

.

0.5
1

1.5

12

ATLAS-CONF-2017-041

http://cds.cern.ch/record/2273847


VH, H→bb
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VH, H→bb

• Di-jet mass based analysis

- Adjust final selection criteria to better discriminate signal from background
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VH, H→bb @ CMS

• Categorize events with number of leptons and pTV

• Define background control sample for each category and each 
type of background
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VH, H→bb @ CMS

• Distribution of b-tag discriminator of the second jet in 
background control sample is used in simultaneous fit in 
combination with final observable in signal region
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VH, H→bb @ CMS

• Use most sensitive variables to build event BDT

- Mjj, b-tag discriminator for the second jet from Higgs, ΔRjj,  
number of additional jets, etc.
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VH, H→bb @ CMS

• Evidence of  VH, H→bb signal   • Observation of VZ, Z→bb signal
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H→𝛕𝛕 Decay

• Largest leptonic decay  • At the end of Run I

Significance Observed Expected

H→𝛕𝛕 5.5 5.0
W/Z
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q
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q
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q

q

g

g

H
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H→𝛕𝛕 Decay

• Different decay modes  • Di-tau mass reconstruction

- Using kinematics of tau decay 
products and imbalance of 
transverse momentum
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H→𝛕𝛕 Decay

• Categorize events in number of jets

• Identify two sensitive variable per category
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H→𝛕𝛕 Decay

• Use unfolded di-𝛕 mass distribution to extract signal
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H→𝛕𝛕 Decay
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H→𝛍𝛍 Decay

• Search for narrow M𝛍𝛍 mass peak

- Use BDT to select VBF-like events

- Remaining events split pT(𝛍)-based 
categories 

• Fit M𝛍𝛍 with analytical S+B model
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Summary
• Both ATLAS and CMS experiments have made significant move 

forward with Run 2 data

- There is substantial progress towards establishing fermion couplings

- The first evidence of ttH production by the CMS experiment

- The evidence of  VH, H→bb signal independently by the ATLAS and CMS 
experiments

- The first observation of H→𝛕𝛕 signal by the CMS experiment

- Improved limits on H→𝛍𝛍 signal strength by the ATLAS experiment; 
More data needed until the first evidence of this process

• Already ~10 fb-1 of luminosity was delivered in 2017

• Stay tuned for more exciting results in near future!

25



BACKUP



ttH with Multilepton Final State

• Events are categorized by number of observed leptons
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• Very similar search was performed by ATLAS using part of 2016 
dataset

- Including additional category with one hadronic tau: 2ℓ1𝛕h

ttH with Multilepton Final State
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tHq Production

• Relative sign of coupling to boson and fermions could be still affected 
by some statistical fluctuations

• Single top and Higgs production is sensitive to sign of Yt coupling
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due to distractive interference of  
t-channel productions  
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tHq Production

• Using multivariate technique to distinguish low cross-section tHq 
and tHW signal from backgrounds in ee, e𝛍, and 3ℓ channels
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VH, H→bb @ CMS

• Final yields in the 20% most-sensitive region of BDT

• Effect of each source of uncertainty on signal strength

CMS-PAS-HIG-17-044



VH, H→bb @ CMS
• Signal strength
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