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Introduction
● The Higgs boson discovery has marked the LHC Run 1

2Benedetta Camaiani - ICHEP 2024July 18, 2024

● LHC Run 2 and 3 are the eras of precision 
measurements of the Higgs boson

● A wide variety of final state has been 
explored 
○ Each channel probes a different 

phase space and brings 
complementary information

● All main production modes have been 
measured
○ Significance of 5σ or larger

“A portrait of the Higgs boson by the CMS experiment ten years after the discovery”, Nature 607, 60-68(2022)

https://doi.org/10.1038/s41586-022-04892-x


Fiducial and differential measurements

● Fiducial differential measurements play a key role
○ The most model-independent way to measure Higgs boson production cross section
○ Sensitive to BSM effects
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● Differential: the cross section is measured in bins of some observables (pT
H , #jets, …)

○ Provides more information than inclusive measurements

● Fiducial: the extrapolation of the result is limited to a 
restricted phase space defined close as possible to the 
experimental selection
○ Minimizes the theoretical assumption for 

extrapolation to full phase space
○ Easy comparison with different theories

Analysis selection

Full phase space

Fiducial Volume



STXS measurements
● Simplified Template Cross Sections (STXS) framework

○ Complementary to differential measurements
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● The cross section is measured in pre-defined 
template bins per production mode
○ Reduces theoretical uncertainties
○ Enhances sensitivity to possible deviations 

from the SM

● No fiducial phase space defined (|yH|< 2.5)
○ Larger extrapolation uncertainties but 

possibility to combine different decay modes



Some recent highlights from CMS  
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Decay channel Data set Results

H→WW Full Run 2 Eur. Phys. J. C 83 (2023) 667

H→ττ Full Run 2 CMS-HIG-21-017 (sub. in PLB)

H→γγ Full Run 2
Run 3 (2022) 

JHEP 07 (2023) 091
CMS-PAS-HIG-23-014 

H→ZZ Full Run 2
Run 3 (2022)

JHEP 08 (2023) 040
CMS-PAS-HIG-24-013 

H→bb
Full Run 2
Full Run 2
Full Run 2

(STXS VH(bb)) Phys. Rev. D 109 (2024) 092011 
(Boosted Hbb) CMS-PAS-HIG-21-020 (sub. in JHEP)

(ttH(bb) ) CMS-PAS-HIG-19-011  

H→cc Full Run 2 Phys. Rev. Lett. 131 (2023) 061801

Combination & 
Interpretation Full Run 2 in process

Covered 

in this
 talk

New 
for ICHEP2024

https://link.springer.com/article/10.1140/epjc/s10052-023-11632-6
https://cds.cern.ch/record/2868084?ln=en
https://link.springer.com/article/10.1007/JHEP07(2023)091
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-014/index.html
https://link.springer.com/article/10.1007/JHEP08(2023)040
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-24-013/index.html
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.092011
https://cds.cern.ch/record/2904054
https://arxiv.org/abs/2407.10896
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.061801


● Full Run 2 fiducial measurement targeting the production 
of a boosted Higgs boson  pT

H > 250 GeV
○ First H→ττ measurement in a boosted regime
○ Test BSM effects to which inclusive measurements 

could be insensitive, especially Higgs boson 
couplings with massive particle

Boosted H→ττ 
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● τ leptons are produced spatially closed with 
their decay products overlapping
○ Dedicated algorithm is developed to 

reconstruct the boosted τ leptons 

● Multiclass NN used to discriminate signal 
from major backgrounds in each final state

Overview

● Four final states targeted: µτh, eτh, τhτh, eµ



Boosted H→ττ 
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● Results dominated by 
statistical uncertainty, 
especially in the 
highest-pT bins

Results

● No significant deviations with respect to the SM predictions, probed large-pT phase space extended 
to region beyond 600 GeV

Higgs boson transverse momentum Leading jet transverse momentum

● Leading systematic 
uncertainty in the 
boosted τh  candidate 
identification

● Cross section of the four 
main production modes 
measured in bins of pT

H 
and pT

j1 



● Search for a boosted Higgs boson  pT
H > 450 GeV  via vector 

boson fusion (VBF) and gluon gluon fusion (ggH) using the 
full Run 2 data set
○ ggH becomes less dominant, direct probe to Higgs 

bosons couplings to vector bosons 

Boosted H→bb 

July 18, 2024

Overview

● Higgs boson identified by two-prong substructure and 
using a multivariate jet tagger [1]

● VBF-jets are used to distinguish VBF from ggH production
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● Signal extraction using soft-drop mass of Higgs-jets

8

https://cds.cern.ch/record/2839736


9Benedetta Camaiani - ICHEP 2024July 18, 2024

Results

9

Boosted H→bb 

● Largest uncertainty:
○ Uncertainty on the background estimation
○ Theory uncertainty on Higgs boson production
○ Uncertainty on the jet tagger selection

● VBF  and ggH cross sections are measured in bins of 
mjj of VBF-jets and pT

H respectively



● Full Run 2 measurement targeting the Higgs boson 
production via vector boson associated production 
(VH) using full Run 2 data
○ 3 analysis channel based on the decay of the 

vector bosons

STXS H→bb 
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Overview

● Dedicated category:
○ boosted topology: large-radius b-jet, BDT used for 

signal extraction
○ resolved topology: 2 b-tagged jets, DNN used for 

signal extraction 

● Performed within the STXS framework



First Run 3 results at √s=13.6 TeV 
2022 data set (34.7 fb-1)

11Benedetta Camaiani - ICHEP 2024July 18, 2024



H→ZZ→4ℓ & H→γγ 
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● Fiducial measurements of the 
Higgs boson production cross 
section using 2022 data (34.7 
fb-1) at √s = 13.6 TeV 

● Quoted both inclusive and 
differential cross sections

Overview

New 
for ICHEP2024

● Low BRs but clean final state 
topology  

More details on the analysis strategy in Jan Lukas’ talk

https://indi.to/M32QV


H→ZZ 
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● Differential results 
are consistent with 
the SM prediction 
and dominated by 
statistical 
uncertainty

Results

Higgs boson transverse momentum Higgs boson rapidity

New 
for ICHEP2024

● Differential 
measurements as a 
function of pT

H and  
|yH |  
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Results
H→γγ 

● Differential results as a function of pT
H,  |yH | and Njets agree with the SM predictions 

New 
for ICHEP2024

● Systematics dominated by photon scale/resolution



Conclusions
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● Recents results from the CMS Collaboration have been presented, including the very first 
measurements with Run 3 data

● So far, all measurements are consistent within the uncertainties with the Standard Model expectations 

● The LHC Run 2 made it possible to conduct an extensive set of fiducial and differential Higgs boson 
cross section measurements 

● Precision in measurements is still largely statistically limited

● The LHC Run 3 will allow even more precise measurements with more granular binning



Back up
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H→ZZ @ 13.6 TeV
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● Fiducial measurement in the 4 leptons final state (H→ZZ→4l, l=e,µ) using 2022 data (34.7 fb-1) at 
√s = 13.6 TeV 
○ Low BR but clear signature, large S/B and 

final state kinematics fully reconstructed

● Inclusive results in agreement with the SM expectation

● Main backgrounds are non-resonant ZZ production 
and Z+X

● Signal extraction through a fit to the m4l distribution, 
unfolding embedded in the likelihood fit

Overview

New 
for ICHEP2024



● Fiducial differential Higgs boson cross section measurement using 2022 data (34.7 fb-1) 
at √s = 13.6 TeV
○ Small BR but excellent energy resolution, narrow peak over a smoothly falling background 

H→γγ @ 13.6 TeV 
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Overview

● Clean final state:
○ Signal is reconstructed by two energetic photons
○ Main backgrounds are QCD γγ production and γ+jets 

● Signal extraction through a fit to the diphoton invariant 
mass spectrum (mγγ)

● Unfolding embedded in the likelihood fit

● Inclusive cross section statistically limited and systematic 
uncertainty dominated by per-photon energy resolution

New 
for ICHEP2024



Boosted H→ττ 
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Multiclass NN

Multiclass NN that separates 
the signal from DY and mis-ID 
backgrounds

Observed and expected NN 
distributions in the 
signal-enriched region, after 
combining all four pT

H bins



Boosted H→bb 
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ggF category



Boosted H→bb 
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Measured signal 
strength



H→bb 
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Strategy

● Stage 1.2 scheme with some modifications:
○ Merge 𝑞𝑞𝑍𝐻+𝑔𝑔𝑍𝐻 bins
○ Merge 𝑊𝐻 150−250 (0𝑗𝑒𝑡+>0𝑗𝑒𝑡𝑠) bins
○ Bin with normalisation fixed to SM 

expectation
● For each category, one SR and 3 CRs enriched in 

the main background processes are defined

Reco-level categories in pT (V) and #jets



H→bb 
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Strategy



H→bb 
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Resolved topology



H→bb 
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Resolved topology

Input variables of 
the DNN trained in 
resolved SRs Most 

discriminating 
variables



H→bb 
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Boosted topology



H→ZZ
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● Full Run 2 fiducial measurement considering the 4 leptons final state (H→ZZ→4l)
○ Clean final state, excellent mass resolution and large S/B

● Extend the measurement with respect to 
the previous Run 2 analysis 

● Inclusive results in agreement with the SM expectation and measured with overall precision of 10%

● Set of 31 observables
○ Production and decay variables, jet 

related variable,..
○ Matrix element (ME) discriminant 

sensitive to anomalous couplings in 
the HVV vertex

○ Double differential results

For the 

first time!

● Signal extraction through a fit to the m4l distribution

Overview

https://link.springer.com/article/10.1140/epjc/s10052-021-09200-x


H→ZZ 
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Higgs boson kinematics ME discriminant

● Differential results are consistent with the SM prediction and dominated by statistical 
uncertainty

Results


