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➢ LHC is a Higgs factory 
➢ About 8 million Higgs bosons produced by LHC during 

Run2 (s = 13 TeV) per experiment 

➢ H→  is one of the golden channels in the Higgs boson 
discovery and its property measurements, and also 
search for additional resonances (Benjamin’s talk)

Phys. Lett. B Vol.716 Iss.1

✓ Small branching ratio ~ 0.23 %
✓ Clean final state fully reconstructed with high energy resolution

and m resolution (1-2%)

Introduction

JHEP07(2021)027
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HIG-19-013 (PRL 125 (2020) 061801):
Full Run2 ttH(→ ) observation + CP

HIG-19-016 (JHEP07(2023)091 ):
fiducial cross section (XS) and 
differential fiducial XS

HIG-19-015 (JHEP07(2021)027 ):
signal strengths & Simplified 
Template Cross Section (1.2)

HIG-19-004 (PLB805(2020)135425): 

mass with 2016 data

Self coupling in non-resonant HH
HIG-19-018 (JHEP03(2021)257 ): HH→bb
HIG-21-014: HH→WW

HIG-22-012 (arXiv:2506.23012): HH→

HIG-16-040 (JHEP11(2018)185 ): 
signal strength with 2016 data

Roadmap of Run2 H→ measurements
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PRL 125 (2020) 061801
http://dx.doi.org/10.1007/JHEP07(2023)091
http://dx.doi.org/10.1007/JHEP07(2021)027
https://www.sciencedirect.com/science/article/pii/S037026932030229X?via%3Dihub
http://dx.doi.org/10.1007/JHEP03(2021)257
http://cds.cern.ch/record/2840773?ln=en
http://cds.cern.ch/record/2840773?ln=en
http://cds.cern.ch/record/2840773?ln=en
http://cds.cern.ch/record/2840773?ln=en
http://cds.cern.ch/record/2840773?ln=en
https://arxiv.org/abs/2506.23012
http://dx.doi.org/10.1007/JHEP11(2018)185


Including the latest H→ results released in last ~1 year

➢ HIG-23-014 (arxiv:2504.17755): H→ fiducial and differential cross section with Run3 data
✓ First Run3 H→ analysis/paper, released for ICHEP2024

➢ HIG-23-010 (arXiv:2503.08797 ): H(→)+c to probe Higgs-charm coupling with Run2 data
✓ First search for cH, H→ at LHC, released for ICHEP2024

➢ HIG-24-006 : Anomalous couplings in VH, VBF, ggH with H→ and Run2 data

Analyses covered in this talk

Very new: 
released for 

EPS2025 (July)
Many ongoing analyses with H→ :
✓ Run2 mass and width (HIG-24-007, HIG-

25-004)
✓ Run2 HHH->4b2 (HIG-24-015 ) to 

constrain self-coupling λ3 and λ4

✓ Run3 HH->bb to probe self-coupling λ3

✓ … (2016-2018, s = 13 TeV) (2022-2026, s = 13.6 TeV) 
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https://cms.cern.ch/iCMS/analysisadmin/cdspreprint?code=HIG-23-014&marc=yes&name=CERN-EP-2025-067
https://cms.cern.ch/iCMS/analysisadmin/cdspreprint?code=HIG-23-014&marc=yes&name=CERN-EP-2025-067
https://cms.cern.ch/iCMS/analysisadmin/cdspreprint?code=HIG-23-014&marc=yes&name=CERN-EP-2025-067
https://cms.cern.ch/iCMS/analysisadmin/cdspreprint?code=HIG-23-014&marc=yes&name=CERN-EP-2025-067
https://cms.cern.ch/iCMS/analysisadmin/cdspreprint?code=HIG-23-014&marc=yes&name=CERN-EP-2025-067
https://cms.cern.ch/iCMS/analysisadmin/cdspreprint?code=HIG-23-014&marc=yes&name=CERN-EP-2025-067
https://arxiv.org/abs/2504.17755
http://cds.cern.ch/record/2905239?ln=en
http://cds.cern.ch/record/2905239?ln=en
http://cds.cern.ch/record/2905239?ln=en
http://cds.cern.ch/record/2905239?ln=en
http://cds.cern.ch/record/2905239?ln=en
http://cds.cern.ch/record/2905239?ln=en
https://arxiv.org/abs/2503.08797
http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en


Trigger (Data-only)

▪ Diphoton HLT
▪ Single electron HTL for T&P
▪ Double Muon HLT for Z→μμ

Events

Correction & Weighting

▪ Energy scaling and smearing (S+S) corrections
▪ MC corrections (Run2 CQR, Run3 NF)
▪ Photon MVA ID

Analysis Workflow and Strategy

2021 JINST 16 P05014

Per object strategy 

Energy scaling and 

smearing: using Z→ ee

events with electrons 

reconstructed as 

photons

JHEP07(2023)091

Run2 CQR

Photon ID MVA 

trained to 

distinguish prompt 

photons from jets 

MC corrections to 
improve data/MC 
agreements
Run2: Chained Quantile 
Regression 
(arXiv:1211.6581, extremely 
complicated and time-
consuming)
Run3: Normalizing flow 
(arXiv:2403.18582)

JHEP07(2021)027

Validated on Z→ee
and Z→μμ data/MC

5

https://link.springer.com/article/10.1007/s10994-016-5546-z
https://doi.org/10.48550/arXiv.1912.02762
https://arxiv.org/abs/1211.6581
https://arxiv.org/abs/2403.18582


▪ Energy S+S correction
▪ NF MC corrections 
▪ -ID MVA
▪ Event classifiers

Trigger (Data-only)

▪ Diphoton HLT
▪ Single electron HTL for T&P
▪ Double Muon HLT for Z→μμ

Events

Pre-selection &
-ID MVA cut & 
electron-veto

Z→ee selection

Z→μμ selectionMass sideband selection

Validations

▪ Energy S+S correction
▪ MC corrections
▪ -ID MVA 

Validations

Validations

▪ -ID MVA (dedicated one 
in Run2, EGM one in Run3)

▪ Event classifiers

Correction & Weighting

▪ Energy scaling and smearing (S+S) corrections
▪ MC corrections (Run2 CQR, Run3 NF)
▪ Photon MVA ID

Apply

Apply
▪ Trigger efficiency 
▪ Preselection and -ID MVA cut SFs 

Tag & Probe

▪ Electron-veto SFs

Cut & Count

Control samples for validations, 

selection data/MC scale factors to 

correct signal MC …

Analysis Workflow and Strategy

Event categorizations

Event classifiers
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https://link.springer.com/article/10.1007/s10994-016-5546-z
https://doi.org/10.48550/arXiv.1912.02762


Trigger (Data-only)

▪ Diphoton HLT
▪ Single electron HTL for T&P
▪ Double Muon HLT for Z→μμ

Events

Pre-selection &
-ID MVA cut & 
electron-veto

Correction & Weighting

▪ Energy scaling and smearing (S+S) corrections
▪ MC corrections (Run2 CQR, Run3 NF)
▪ Photon MVA ID

diphoton BDT 

JHEP11(2018)185 ggH

di-jet BDT 

JHEP07(2021)027

VBF

Event categorizations

Event classifiers

Event categorization 
on production modes, 
mass resolution and 
S/B to improve the 
analysis sensitivity

Analysis Workflow and Strategy

JHEP07(2023)091

Best and worst resolution categories
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https://link.springer.com/article/10.1007/s10994-016-5546-z
https://doi.org/10.48550/arXiv.1912.02762


Trigger (Data-only)

▪ Diphoton HLT
▪ Single electron HTL for T&P
▪ Double Muon HLT for Z→μμ

Event categorizations

Events

Pre-selection &
-ID MVA cut & 
electron-veto

Signal/Background modeling

Statistical analysis: Results

Correction & Weighting

▪ Energy scaling and smearing (S+S) corrections
▪ MC corrections (Run2 CQR, Run3 NF)
▪ Photon MVA ID Event classifiers

Analysis Workflow and Strategy

Signal model derived 

from MC simulation, 

with corrections 

(trigger eff, data/SFs, …)

Bkg model 

derived from data, 

using the 

envelope method 

(discrete profiling 

method, 

2015 JINST 10 P0

4015) 
2015 JINST 10 P04015

MC for 
illustration

Sig and bkg modeling 

based on m

JHEP07(2023)091

S+B fit to extract the signal 
simultaneously in all event classes
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https://link.springer.com/article/10.1007/s10994-016-5546-z
https://doi.org/10.48550/arXiv.1912.02762
https://iopscience.iop.org/article/10.1088/1748-0221/10/04/P04015
https://iopscience.iop.org/article/10.1088/1748-0221/10/04/P04015
https://iopscience.iop.org/article/10.1088/1748-0221/10/04/P04015
https://iopscience.iop.org/article/10.1088/1748-0221/10/04/P04015
https://iopscience.iop.org/article/10.1088/1748-0221/10/04/P04015
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▪ Energy S+S correction
▪ NF MC corrections 
▪ -ID MVA
▪ Event classifiers

Trigger (Data-only)

▪ Diphoton HLT
▪ Single electron HTL for T&P
▪ Double Muon HLT for Z→μμ

Event categorizations

Events

Pre-selection &
-ID MVA cut & 
electron-veto

Signal/Background modeling

Statistical analysis: Results

Z→ee selection

Z→μμ selectionMass sideband selection

Validations

▪ Energy S+S correction
▪ MC corrections
▪ -ID MVA 

Validations

Validations

▪ -ID MVA (dedicated one 
in Run2, EGM one in Run3)

▪ Event classifiers

Correction & Weighting

▪ Energy scaling and smearing (S+S) corrections
▪ MC corrections (Run2 CQR, Run3 NF)
▪ Photon MVA ID

Apply

Apply

Event classifiers

▪ Trigger efficiency 
▪ Preselection and -ID MVA cut SFs 

Tag & Probe

▪ Electron-veto SFs

Cut & Count

Analysis Workflow Overview
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https://link.springer.com/article/10.1007/s10994-016-5546-z
https://doi.org/10.48550/arXiv.1912.02762


➢ First H→ analysis using CMS Run 3 data

➢ Inclusive and differential measurements of the 
fiducial cross sections (XS) aim at providing a set 
of model-independent results

➢ Use of novel and innovative analysis techniques 
✓ NN to improve  energy resolution 𝜎E

✓ Data/MC corrections of  shower shape, isolation and 
𝜎E via normalizing flows → reducing systematic 
uncertainties

➢ Three σm/m categories are employed to 
improve the sensitivity: [0, 0.0105), [0.0105, 
0.0130), and [0.0130,) Data-MC comparison before and after correcting 

𝜎E, propagating to the mass resolution

arXiv:2504.17755
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Fiducial cross sections with 2022 data

https://arxiv.org/abs/2504.17755


Results of Run3 fiducial XS
➢Fiducial volume

Run3 “geometric cut”

to improve perturbative 
convergence in the fiducial 
phase space [JHEP11(2021)220]

Run2

extrapolated to the 
entire phase space

HIG-23-014 

supplementary

σfid = 74 ± 12 fb =74 ± 11 (stat)+5
−4 (syst) fb

Prediction: 67.8 ± 3.8 fb = 67.8 ± 2.6 (scales) ±
2.3 (PDF + αS) ±1.4 (BR) fb

in agreement with the SM prediction

Fiducial XS

arXiv:2504.17755
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https://link.springer.com/content/pdf/10.1007/JHEP11(2021)220.pdf
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-23-014/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-23-014/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-23-014/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-23-014/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-23-014/index.html
https://arxiv.org/abs/2504.17755


Run3 differential fiducial XS
➢ Fiducial XS measured as a function of each of the 4 observables

In agreement with 

the SM prediction 

within ~1-2 of the 

uncertaintiesarXiv:2504.17755
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https://arxiv.org/abs/2504.17755


First search for cH, H→

c-tagging (CvsL) 

score>0.25 

arXiv:2503.08797

➢ Provide a unique opportunity to probe the Higgs boson-
charm quark coupling in production of Higgs

➢ Jet with the largest pT must be c tagged : CvsL score > 0.25

➢ Two BDT classifiers to distinguish cH and ggH, to 
distinguish cH and the continuous bkg

Events are divided into 9 categories for each 
year, according to BDT1 and BDT2 scores
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https://arxiv.org/abs/2503.08797


➢ Upper limits on the cH signal 
strength < 243 (355)  SM obs. 
(exp.) at 95% CL 

➢ Constraints on H-c quark coupling 
modifier |c| < 38.1 (|c|< 72.5) 
obs. (exp.) at 95% CL

➢ Dominated by the statistical 
uncertainty of data, sub-dominated 
by theoretical uncertainties on cH
signal and resonant bkg

arXiv:2503.08797
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Results of search for cH, H→

https://arxiv.org/abs/2503.08797


➢ Higgs boson confirmed to be spin-0, and consistent with 
CP++ since Run1

➢ Pure CP-odd state excluded ≠ CP-even state 

➢ Look for BSM contributions in the HVV, Hgg amplitudes 

Anomalous Higgs Interactions 
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Anomalous couplings with H→

➢ Discriminants are defined using several machine learning (ML) 
algorithms and the matrix element likelihood approach (*) 

➢ VBF+VH to probe anomalous HVV interactions (𝑓𝑎2, 𝑓𝑎3, 𝑓1, 𝑓
1
𝑍

), ggH to probe anomalous 

Hgg interactions (𝑓𝑎3
𝑔𝑔𝐻

, 𝑓𝐶𝑃
𝐻𝑡𝑡) in the top quark dominated loop *ttH already in PRL 125 (2020) 061801

✓ To enhance the separations between SM Higgs and anomalous 
coupling signal hypotheses, SM Higgs and bkg

✓ For event categorizations

HIG-24-006

VBF+VH 

ggH

fractional contribution of each anomalous Higgs boson coupling to the total cross section of a process

* Phys. Rev. Lett. 110 (2013) 081803
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PRL 125 (2020) 061801
http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en
http://dx.doi.org/10.1103/PhysRevLett.110.081803
http://dx.doi.org/10.1103/PhysRevLett.110.081803
http://dx.doi.org/10.1103/PhysRevLett.110.081803


H→ AC: HVV coupling parameters

68% CL intervals on HVV AC parameters

HIG-24-006

𝑓
1
𝑍

𝑓𝑎2 𝑓𝑎3

𝑓1
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➢ Compatible wrt SM prediction 
(𝒇𝒂𝒊=0)

➢ These represent some of the 
most stringent limits to date

Very new: released 
for EPS2025 (July)

http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en


H→ AC: Hgg coupling parameters

As systematic uncertainties largely cancel in ratios, all 
measurements are currently limited by the statistical precision 
and are expected to improve with additional LHC data

Results consistent 
with SM expectations𝒇𝒂𝟑

𝒈𝒈𝑯 𝒇𝑪𝑷
𝑯𝒕𝒕
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Very new: released 
for EPS2025 (July)



Summary

➢ Latest results of Higgs boson property measurements with 

H→ are presented
✓ Inclusive and differential fiducial cross section with Run3 (2022) data
✓ First search for H+c (H→) at LHC with Run2 data to probe Higgs-charm coupling
✓ Probing possible anomalous couplings of the Higgs boson to vector bosons and fermions 

with Run2 data

➢ All measured results are consistent with Standard Model prediction

➢ More Run2 (H→ Higgs mass and width, HHH->4b2, …) and Run3 
results (STXS, HH→bb, …) are coming … please stay tuned!
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Thanks for your attention!

20



Backup
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➢Fiducial volume

Run3 “geometric cut”

Efficiency of these criteria, as determined 
from simulation, is ≈51.8% with Run2 volume 
and ≈ 50.6% with Run3 “geometric cut”

Run2

H→ Run3 cross sections
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HIG-24-018: ttH(cc)

HIG-23-011: 
H(ZZ/bb)+
production with the 
boosted topology

arXiv:2503.08797

Search for cH, H→
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https://arxiv.org/abs/2503.08797


H→ AC : VBF, VH

HIG-24-006

Validations with Zee data/MC

diphoton system + additional 
final-state particles
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http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en


HIG-24-006

H→ AC : VBF, VH
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http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en


HIG-24-006

H→ AC : VH lep. + MET
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http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en
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HIG-24-006

H→ AC : ggH
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http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en
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Extraction of Anomalous couplings 

28
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The observed curve reaches a higher sensitivity than expected

➢ First, the fitted value of V is higher than expected (V ~1.37), mainly due to an over-
fluctuation in the VH channels, still compatible with the SM expectation

➢ Second, the categories with the highest sensitivity to BSM couplings exhibit an under-
fluctuation in the observed data

H→ AC : VBF, VH



30

➢The difference in shape between the observed and 
expected distributions arises from the fact that, by 
construction, the value of the negative log-likelihood 

at 𝒇𝒂𝟑
𝒈𝒈𝑯

= 1 is constrained to be the same

➢ These points correspond to scenarios where a2 = 
0 and a3 = 1, in which the BSM contribution is 
maximal

➢ The observed data appear to favour a value 
around 0.5, rather than 0 as predicted by the SM, 
which leads to the observed shape

H→ AC : ggH

𝒇𝒂𝟑
𝒈𝒈𝑯

HIG-24-006

http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en
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