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Introduction

• Since the observation of the Higgs boson 
almost 9 years ago in  and 

:  
- Efficient b(c)-tagging 
- More statistics  
- Improved analysis techniques  
➡ Allowed the measurements of 2nd and 3rd 

generation couplings 

• Most recent CMS results  
on partial Run 2 data: 

- tH ( ) 
- ttH ( ) 
- VH ( ) 
- VH ( , 20 times lower BR than )  
- ggH ( )

H → γγ
H → ZZ*

H → bb̄
H → bb̄
H → bb̄
H → cc̄ H → bb̄

H → bb̄
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 ( ) 
L=35.9 @13 TeV
tH H → bb̄

fb−1
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 ( )tH H → bb̄

• tH processes very rare in SM 

- Destructive interference between top 
and W couplings  

• Can be greatly enhanced in BSM scenarios 

- Sensitive to the relative phase between 
top and W couplings  

- Sensitive to the value and the sign of   

- Inverted top coupling leads to 10x 
increase in production

yt

Overview

[Phys. Rev. D 99, 092005]

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.092005
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 ( )tH H → bb̄

• Categorisation: 

- 3 and 4 b-tag SR,1 lepton, MET 

- 2 b-tag CR, 2 leptons, MET 

• Jet Assignment BDT (tHq vs. tt vs. tHW) 

- Kinematics and b-tag as input 

• +jets: +LF, + , + , +b, +2b 

• 2 BDTs: 

- tHq vs. +jets and ttV (SC-BDT) 

- +bottom vs. +light (FC-BDT)

tt̄ t t̄ t t̄ cc̄ tt̄ bb̄ tt̄ t t̄

t t̄

t t̄ t t̄

Analysis strategy

[Phys. Rev. D 99, 092005]

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.092005
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 ( )tH H → bb̄

• The  ( ) 35.9 analysis upper limits are set at 6.88 pb  

• Not sensitive enough to observe the channel, but important for constraints on  

•   Entered the combination paper: 
 excluding  < -0.9, -0.5 <  < 0.9,  > 2 at 95% C.L.

tH H → bb̄ fb−1

κt

κt κt κt

Results

[Phys. Rev. D 99, 092005]

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.092005


 ( ) 
L=35.9+41.5 @13 TeV
tt̄H H → bb̄

fb−1
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 ( )tt̄H H → bb̄

• The best production mode to directly 
measure the top-Higgs coupling  

• Rare process (~1% of Higgs events), 
but clean  signature 

•  largest BR (58%) 

Results in a complex final state: 

‣ Split to 3 channels by W decay 
modes: FH, SL, DL 

‣ Important background: 

‣ +Jets (FH, SL, DL) 

‣ QCD multijet (FH)

tt̄

H → bb̄

tt̄

Overview
Fully Hadronic 
channel (FH)

Semileptonic 
channel (SL)

Dileptonic 
channel (DL)

[CMS PAS HIG-18-030]

https://cds.cern.ch/record/2675023/files/HIG-18-030-pas.pdf
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 ( )tt̄H H → bb̄

Full hadronic channel: 

• 6 categories: jet (7, 8, 9) and b-tag (3, 
4) multiplicities 

• Major QCD multi-jet background 
estimated from data  

• Signal extraction: Matrix Element Method 

Dileptonic channel: 

• 5 categories: jet (3,4) and b-tag (2,3, 3,
4) multiplicities 

• Major  + jets background (tH 
categorisation) estimated from simulation 

• BDT trained for each category

≥
≥

≥
≥

tt̄

Analysis strategy
Semileptonic channel: 

• 3 categories: (4, 5, 6) jets and at 
least 3 b-tagged jets 

• Major  + jets background 
estimated from simulation 

• Further categorisation via multi-
class NN: 1 signal node and 5 
flavour-dependent nodes for  + 
jets  

• ANN output used as final 
discriminant

≥
≥

tt̄

t t̄

[CMS PAS HIG-18-030]

https://cds.cern.ch/record/2675023/files/HIG-18-030-pas.pdf
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 ( )tt̄H H → bb̄
Results

[More post-fit plots]

• Excellent agreement with the SM! 
• Limited by systematic uncertainties: theory uncertainties of signal and +HF tt̄

[CMS PAS HIG-18-030]

https://cds.cern.ch/record/2675023/files/HIG-18-030-pas.pdf


 ( ) 
L=35.9+41.5 @13 TeV
VH H → bb̄

fb−1
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Analysis strategy
 ( )VH H → bb̄

• 3 channels are considered:  

- 0-lepton (Z ),  

- 1-lepton (W )  

- 2 lepton (Z ) 

• Higgs decay:  
-   AK4 b-tagged jets (DeepCSV discriminator), DNN based regression [link] 

• Background normalisation is obtained from control regions:  

- ; V + Heavy Flavour (HF) jets; V + Light Flavour (LF) jets 

• Signal is extracted using DNN, + multi-output DNN in HF Z  and  W
 categories 

• 2 cross-check analyses: VZ( ) measurement and mass based analysis

→ νν
→ lν

→ μμ /ee

tt̄

→ νν
→ lν

bb̄

[Phys. Rev. Lett. 121, 121801]

https://link.springer.com/article/10.1007/s41781-020-00041-z
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.121801
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Results
 ( )VH H → bb̄

• The observation analysis for  
( ) process 

• The partial Run 2 analysis was 
combined with Run 1 
measurement  

• Consistent with the SM and 
statistically dominated [details] 

•

VH
H → bb̄

[Phys. Rev. Lett. 121, 121801]

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.121801
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Results
 ( )VH H → bb̄

• The observation analysis for  
( ) process 

• The partial Run 2 analysis was 
combined with Run 1 
measurement  

• Consistent with the SM and 
statistically dominated 

• Enters the combination with 
other production modes 

• Full Run 2 measurement is on 
the way! 

VH
H → bb̄

[Phys. Rev. Lett. 121, 121801]

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.121801


 ( ) 
L=35.9 @13 TeV
VH H → cc̄

fb−1
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• So far only the coupling to the 3rd 
generation observed (recent evidence of 

 from CMS in Silvio’s talk) 

•   

- Relatively small BR (2.9%) 

-  is a background in this search 

- Heavily relying on charm-tagging  

- Heavily contaminated with hadronic 
backgrounds 

H → μμ

H → cc̄

H → bb̄

Overview
 ( )VH H → cc̄

• VH production mode provides clean event 
signature (triggering and QCD suppression)

[ J. High Energ. Phys. 2020, 131 (2020)]

https://indico.desy.de/event/28202/contributions/106036/
https://link.springer.com/article/10.1007/JHEP03(2020)131
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• 3 decay channels:  

- 0-lepton,1-lepton, 2 lepton  

• 2 Higgs decay topologies (two 
complementary analyses) 

- 2 resolved jets (R=0.4); 1 merged jet 
(R=1.5) 

• V+jets one of the major background 

- Using control regions to constrain 
different V+jets flavours as well as  

• Signal extraction 

- BDT in resolved analysis;  

- Higgs candidate mass in boosted, 
using additional kinematic BDT

tt̄

Analysis strategy
 ( )VH H → cc̄

[ J. High Energ. Phys. 2020, 131 (2020)]
[M

ore post-fit plots]

https://link.springer.com/article/10.1007/JHEP03(2020)131
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No overlap because of mutually 
exclusive resolved-jet and merged-jet 
analyses 

➡ Combined to improve sensitivity 

• Compatible with SM 

• Expect improvement with full Run 2 
analysis

Results
 ( )VH H → cc̄

[ J. High Energ. Phys. 2020, 131 (2020)]

https://link.springer.com/article/10.1007/JHEP03(2020)131


 ( ) 
L=136.2 @13 TeV
ggH H → bb̄

fb−1
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• Alternative approach to probe  

• Analysis targeting inclusive in 
production mode high  Higgs 

- sensitivity to BSM 

• ggF is the dominant ~ 50% (55% 
after selection) 

• [previous CMS result] 1.5  (0.7 ) 
wrt bkg. only

yt

pT

σ σ

Overview
 ( ) ggH H → bb̄

[J. High Energ. Phys. 2020, 85 (2020)]

LH
C

H
XSW

G
-2019-002

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.071802
https://link.springer.com/article/10.1007/JHEP12(2020)085
https://cds.cern.ch/record/2669113/files/LHCHXSWG-2019-002.pdf
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Analysis strategy
 ( )ggH H → bb̄

[J. High Energ. Phys. 2020, 85 (2020)]

• Higgs reconstructed in boosted 
topology 

- new DeepDoubleBTag (DDBT) 
algorithm (1.6x signal efficiency)  

• Signal model updated wrt. previous 
search, HJ-MiNLO 

• QCD bkg. estimated using CR, 
populated with events failing DDBT 
selection. 

- Transferred to SR (Rhalphabet) 

• Higgs candidate mass is fitted for 
signal extraction

https://link.springer.com/article/10.1007/JHEP12(2020)085
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Results

[J. High Energ. Phys. 2020, 85 (2020)]

 ( )ggH H → bb̄

Other processes are fixed to SM prediction: 
• 2.5  wrt. bkg only, 1.9  wrt. SM 

• For differential measurement STXS bins are used; 2.6  local significance (H) > 650 
GeV

σ σ
σ pT

2.6   
(local, HJ-MINLO)

σ

https://link.springer.com/article/10.1007/JHEP12(2020)085
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Summary

• Covered recent results on Higgs cross section measurement in 
 and  final states 

- Based on partial (tH, ttH, VH ,VH ) and full 
(ggH ) Run 2 data 

- All in agreement with the SM 

- Plenty of room for improvement (more statistics, better 
techniques) 

★ Stay tuned for more full Run 2 results!  

- Expect improvement in the UL for  ( ) 

- More granular measurements of  final state

cc̄ bb̄

H → bb̄ H → cc̄
H → bb̄

VH H → cc̄

H → bb̄



Backup 
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DeepCSV 
[CMS-PAS-BTV-20-001]

http://cds.cern.ch/record/2758866?ln=en
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DeepCSV
c-tagging

JINST 13 P05011

https://iopscience.iop.org/article/10.1088/1748-0221/13/05/P05011
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DeepCSV
b-tag SF



Aliya Nigamova, EPS-HEP 2021 
Measurements of Higgs production and decay in final states involving quarks 28

B-jet regression
VHbb

[link]

https://link.springer.com/article/10.1007/s41781-020-00041-z
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ttH selection
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ttH FH, DL, SL
Post-fit 

SR

CR
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ttH Impacts
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MEM ttH



Aliya Nigamova, EPS-HEP 2021 
Measurements of Higgs production and decay in final states involving quarks 33

ttH FH QCD rejection
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ttH MVAs
DL BDT

SL ANN
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tH selection, tt+jets categorisation
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tH yields
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tH BDTs



Aliya Nigamova, EPS-HEP 2021 
Measurements of Higgs production and decay in final states involving quarks 38

tH FC-BDT
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tH SC-BDT
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tH post-fit
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VHbb systematics and DNN post-fit
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VHcc systematics
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VHcc BDT
Resolved
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VHcc BDT
Boosted 
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VHcc c-tagging and BDT in boosted 
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VHcc post-fit
Boosted
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VHcc post-fit
Resolved
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VHcc ATLAS

ATLAS-CONF-2021-021

https://cds.cern.ch/record/2771724/files/ATLAS-CONF-2021-021.pdf
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DeepDoubleB
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ggH 
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ggH systematics
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ggH detailed results
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ggH cross-check


