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Introduction
The H(125) - SM Higgs boson

• Special place in the SM of particle physics - the 
only fundamental spin-0 particle in the SM 

• Responsible for the mass generation for the 
vector bosons (spontaneous symmetry breaking) 
and the fermions (Yukawa interaction) 

• Discovered in 2012 at the LHC, 11 years later:  

➡ Observed couplings with vector bosons, 3rd 
generation fermions, evidence for the 2nd 
generation 

➡ Higgs precision measurements 

➡ Probing the production of HH 



Aliya Nigamova (UHH) | 34th Rencontres de Blois | 15/05/2023 3

Introduction

• Special place in the SM of particle physics - the 
only fundamental spin-0 particle in the SM 

• Responsible for the mass generation for the 
vector bosons (spontaneous symmetry breaking) 
and the fermions (Yukawa interaction) 

• Discovered in 2012 at the LHC, 11 years later:  

➡ Observed couplings with vector bosons, 3rd 
generation fermions, evidence for the 2nd 
generation 

➡ Higgs precision measurements 

➡ Probing the production of HH 

The H(125) - SM Higgs boson

N
ature 607, 60–68 (2022)

This talk: summary of Run 2 measurements from ATLAS and CMS

https://www.nature.com/articles/s41586-022-04892-x
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I. Yukawa term, couplings with vector bosons: 

• Measure BR,  - framework, CP-structure, 
cross sections (fiducial, Simplified Template 
cross section)

κ

Overview
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II. Higgs potential: Higgs mass, self-interaction 

• Limits on HH production cross section, 
intervals for , κλ κ2V

Overview

𝖵(ϕ) =
𝟣
𝟤

𝗆𝟤
𝖧ϕ𝟤 + λνϕ𝟥 +

𝟣
𝟦

λϕ𝟦
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III. Search for the signs of BSM through the EFT 
formalism (e.g. SMEFT)  

• Introduce contact interactions and model 

them as additional terms in  (d=6), 

 measure  modifying effective vertices: 

ℒ ∝
1

Λ2

→ 𝖼𝗂

∑
𝖼𝗂

Λ𝟤
𝖮𝖽=𝟨

𝗂 + ∑
𝖼𝗂

Λ𝟦
𝖮𝖽=𝟪

𝗂 + . . .

Overview
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Overview

I. Yukawa term, couplings with vector bosons: 

• Measure BR,  - framework, CP-nature, cross 
sections (fiducial, Simplified Template cross 
section) 

II. Higgs potential: Higgs mass, self-interaction 

• Limits on HH production cross section, 
intervals for ,  

III. Search for the signs of BSM through the EFT 
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SM Higgs production and decay 
Production modes and decay channels of H(125) at pp 13 TeV @LHC.  

- Best sensitivity achieved by balancing large couplings in the initial (final) 
state with clear signatures in the final (initial) state. 

- Taking car of complicated backgrounds (final states with jets) 

- Gain sensitivity from new analysis and jet-tagging methods (ML)



Higgs boson properties
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Higgs mass measurement

ATLAS: Combined Run 2 + Run 1 measurement 
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CMS: Combined H  with  → ZZ → 4l H → γγ

Most precise channel: H  final state→ ZZ → 4l

Similar sensitivity with partial Run 2 + Run 1 
(stay tuned for the full Run 2 update)

P
hys. Lett. B

 805 (2020) 135425

https://arxiv.org/pdf/2207.00320.pdf
https://arxiv.org/pdf/2002.06398.pdf
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Higgs width measurements
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Can be accessed through the ratio of on-shell and 
of-shell production cross sections:  

 N
at. P

hys. 18, 1329–1334 (2022)

ΓH = 3.2+2.4
−1.7 MeVΓH = 4.6+2.6

−2.5 MeV

(4l + 2l2ν) (off-shell) + 4l (on-shell)

https://arxiv.org/abs/2304.01532
https://www.nature.com/articles/s41567-022-01682-0


Higgs couplings 
measurements
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Couplings summary 
from ATLAS 

• Full Run 2 for all single Higgs 
production and decay channels 

• Summarised in [Nature 607, 52–59 (2022)] 

- Precision of 10-12 % for H → γγ, 
ZZ, W±W∓, τ+τ−  couplings  

- Production processes: ttH, WH, ZH 
individually observed 

• Inclusive sensitivity:  

μ =
(σ × B)obs

(σ × B)exp
= 1.05 ± 0.06

Nature 607, 52–59 (2022)

https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04893-w
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Couplings summary 
from CMS 

• Full Run 2 for majority of single Higgs 
production and decay channels 

• Summarised in [Nature 607, 60–68 (2022)] 

- Precision of 10-12 % for H → γγ, ZZ, 
W±W∓, τ+τ−   couplings  

- Evidence of  H →  decay 
• Inclusive sensitivity:  

μμ

μ =
(σ × B)obs

(σ × B)exp
= 1.002 ± 0.057

Nature 607, 60–68 (2022)

https://www.nature.com/articles/s41586-022-04892-x
https://www.nature.com/articles/s41586-022-04892-x
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Higgs CP ( )H → ττ

   

Parametrise CPV with effective Yukawa Interaction : 

- Neural network based  reconstruction 
- Additional MVA (BDT) for classification 
- Observable:  X BDT to improve 

sensitivity to CP-odd vs. CP-even

τ

ϕCP

JH
E

P
06

(2
02

2)
01

2

https://link.springer.com/article/10.1007/JHEP06(2022)012
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Higgs CP ( )H → ττ

   

Compatible with CP-even hypothesis

H
IG

G
-2

01
9-

10
Parametrise CPV with effective Yukawa Interaction : 

JH
E

P
06(2022)012

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-10/
https://link.springer.com/article/10.1007/JHEP06(2022)012
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Higgs CP (H ff)→

   

CPV in tt̄H → bb̄
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Parametrise effective CPV with effective Yukawa Interaction : 

Compatible with CP-even hypothesis

CPV in multileptontt̄H →

arX
iv:2208.02686

https://arxiv.org/abs/2303.05974
https://arxiv.org/abs/2208.02686
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CPV in HVV couplings
C

M
S

-H
IG

-20-007MELA observable: use event kinematics, 
➡results in significant improvement in sensitivity

https://arxiv.org/pdf/2205.05120.pdf
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• Parametrise CP-odd effects by 
expanding the SM with dim6 SMEFT 
operators 

• Optimal observable constructed 
based on the BSM/SM matrix 
element ratio (back up) 

• SMEFT is considered for production 
and decay processes  

• Results from H → ZZ* → 4l analysis 
combined with the measurement in 
H  channel→ ττ

Higgs CP (SMEFT)

arXiv:2304.09612

https://arxiv.org/pdf/2304.09612.pdf


Cross section 
measurements and 
interpretations
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Cross section measurements

I. Fiducial differential measurements  
- Define fiducial region to minimise acceptance effects ( ), i.e. try to match 

experimental selection 

- Differential: Unfolded to particle level kinematical variables ,  … 

II.Simplified template cross section (STXS)  
- Aim to separate BSM sensitive region  
- Reduce the dependence on theory  
- Bins based on kinematic variables 

, ,  - ggF, VBF, ttH 

,  - VH 

A ≈ 1

pH
T mjj

Njets pH
T mjj

Njets pV
T

σ =
Nreco

(A × ϵ) L
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H  @13.6 TeV→ γγ

New: First Higgs measurement @13.6 TeV from 
ATLAS inclusive cross-section measurement in 
H  channel→ γγ

ATLA
S

-C
O

N
F-2023-003

https://cds.cern.ch/record/2853060
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Latest status of the measurements in the VH  channel: 

• ATLAS: V(H ) fiducial, H  resolved + boosted combination 
(SMEFT) 

• CMS: released full Run 2 STXS results

→ bb̄

→ bb̄ → bb̄

H  final state→ bb̄
CMS-HIG-20-001

ATLAS-CONF-2021-051

ATLAS-CONF-2022-015

https://cds.cern.ch/record/2827421?ln=en
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-051/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-015/
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• Low H  BR and challenging to reconstruct 

• V(leptons)H production produces a cleaner 
signature due to the lepton in final state 

• Challenging backgrounds: V+jets and VH   

• Relies on c-tagging algorithms  

• Analysis includes resolved and merged-jet 
topologies in CMS 

• Leading limit on  from CMS : 

→ cc̄

→ bb̄

κc

H  final state→ cc̄
CMS-HIG-21-008

https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-008/index.html
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• Low H  BR and challenging to reconstruct 

• V(leptons)H production produces a cleaner 
signature due to the lepton in final state 

• Challenging backgrounds: V+jets and VH   

• Relies on c-tagging algorithms  

• Analysis includes resolved and merged-jet 
topologies in CMS 

• Leading limit on  from CMS :  

• ATLAS:  

✴ Combined with VH

→ cc̄

→ bb̄

κc

→ bb̄

H  final state→ cc̄

arXiv:2201.11428

https://arxiv.org/abs/2201.11428
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STXS in H WW and H→ → ττ
• VBF and ggH cross sections measured in STXS 1.2 scheme 

• H WW cut based categorisation 

• H  DNN multi-classifier reduced correlations between 
STXS bins, improved sensitivity

→

→ ττ

[arX
iv:2206.09466]

VBF

ggH
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https://arxiv.org/abs/2206.09466
https://arxiv.org/pdf/2204.12957.pdf
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H WW final state→

ggF Run 2 differential analysis, targeting many 
observables, compared with Pythia8, Herwig 

       

VBF Run 2 differential analysis, Powheg, Madgraph 
predictions. SMEFT interpretation 

Differential measurements 
ar

xi
v:

23
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arxiv:2301.06822

https://arxiv.org/abs/2304.03053
https://arxiv.org/abs/2301.06822
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• Combinations of differential  H  and ZZ analyses, compared with different generators. 

• Constraints in  vs.  plane are extracted

→ γγ

κc κb

28

H , ZZ final states (ATLAS)→ γγ

[HIGG-2022-04]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2022-04/
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H ZZ final state (CMS)→

ggF Run 2 differential measurement in kinematical observables, angular distributions and 
ME observables 

Compared with different predictions: generators, parton shower models 

       

CMS-HIG-21-009

https://cds.cern.ch/record/2858768
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Run 2 combination of STXS 
in different Higgs final 
states  measurements

STXS combination 

Nature 607, 52–59 (2022)

https://www.nature.com/articles/s41586-022-04893-w
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• SMEFT combination including 

- Higgs STXS 

- EWK measurements  

- EWPO (LEP) 

• Complementarity of different 
observables 

• Constrained 6 operators  

• + 18 linear combinations 

Towards global fits
ATL-P

H
Y

S
-P

U
B

-2022-037

https://cds.cern.ch/record/2816369/files/ATL-PHYS-PUB-2022-037.pdf


Higgs potential:  
di-Higgs is essential

𝖵(ϕ) =
𝟣
𝟤

𝗆𝟤
𝖧ϕ𝟤 + λνϕ𝟥 +

𝟣
𝟦

λϕ𝟦

κλ

κλ =
λ

λSM

Nature 607, 60–68 (2022)

https://www.nature.com/articles/s41586-022-04892-x
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 from di-Higgs productionκλ
arxiv:211.01216

Significant improvement wrt. projection studies in di-Higgs analyses, due to the 
analyses techniques and particle identification. Combination of  

 with single Higgs measurements to extract the 
constraints on Higgs self coupling (+  vs. )
HH → bb̄bb̄, bb̄ττ, bb̄γγ

κλ κt

https://arxiv.org/pdf/2211.01216.pdf
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HH production at CMS

Multiple final states are already being probed:  
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https://www.nature.com/articles/s41586-022-04892-x


Aliya Nigamova (UHH) | 34th Rencontres de Blois | 15/05/2023 35

HH production at CMS

Multiple final states are already being probed:  

 excluded at 6.6 s.d.κ2V = 0
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https://www.nature.com/articles/s41586-022-04892-x
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Summary
• Highlights from Run 2 SM Higgs measurements are 

presented  

• Inclusive signal strength is measured with 6% accuracy 

• Couplings with bosons and 3rd generation fermions are 
established with precision ~10%  

• Differential and STXS measurements are published for 
the majority of channels 

- Stress-testing the precision with SMEFT (backup) 

• HH is being explored, many final states, sensitivity 
exceeding expectations from conservative projections 

• Run 3 is ongoing, first Higgs measurement from ATLAS 
  

• Next 10 years promise significant progress

s = 13.6 TeV



Backup
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Projections
Run 1,  Run 2, HL-LHC
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• Parametrise CP-odd effects by 
expanding the SM with dim6 SMEFT 
operators 

•

Higgs CP (SMEFT) arXiv:2304.09612

• Optimal observable constructed based on the BSM/SM 
matrix element ratio: 

https://arxiv.org/pdf/2304.09612.pdf
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c-taggingH  final state→ cc̄
CMS-HIG-21-008

https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-008/index.html
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[HIGG-2022-04]

H , ZZ final states→ γγ

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2022-04/
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H WW final state→
Differential VBF

       

VBF Run 2 differential analysis, Powheg, Madgraph 
predictions.  

SMEFT interpretation, including CP-odd operators 

arxiv:2304.03053

https://arxiv.org/abs/2304.03053
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CMS H  mass measurement→ γγ
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H ZZ final state→

       

CMS-HIG-21-009

https://cds.cern.ch/record/2839931/files/HIG-21-009-pas.pdf
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H ZZ final state→

       

CMS-HIG-21-009

https://cds.cern.ch/record/2839931/files/HIG-21-009-pas.pdf
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