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Introduction

2

๏ It’s 10 years since the Higgs boson discovery (2012):


๏ Measurements of its properties using full Run2 dataset (2015-2018) are 
in excellent agreement with the SM.

๏ Inclusive and Differential Fiducial Higgs measurements:


๏  Test the SM Higgs boson properties and probe for BSM contributions: 


๏  measured differential cross-sections distributions are compared to 
state-of-the-art SM predictions


๏  Less model-dependent measurements: small extrapolations and SM 
assumptions


๏  H→γγ channel measurements JHEP08(2022)027:


๏  No separation of production modes is aimed


๏Observables sensitive to New Physics, contributions of different 
Higgs boson production modes, CP-properties and QCD effects 


๏Cross-sections measured are used in the interpretation via EFT 
theory and setting limits on Yukawa bottom- and charm-quarks 
using di-photon pT shape information  

July 2012

July 2022

https://link.springer.com/article/10.1007/JHEP08(2022)027
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H→γγ analysis in a nutshell 
๏ Signature: two reconstructed isolated photons


‣ diphoton vertex: NN algorithm, improves mass resolution 


‣ kinematic selections:


‣ pT( ) > 0.35 ; pT( ) > 0.25

‣  (exclude 1.37-1.52 region)


‣ Jets: pT > 30 GeV, |y| < 4.4 


‣  

‣ Signal Modelling:


‣ double-sided Crystal Ball function: MC simulation

γ1 mγγ γ2 mγγ

|η | < 2.37

105 GeV < mγγ < 160 GeV

๏ Background sources and modelling: 


‣ SM  production (irreducible) and   and  (reducible ones):


‣ built background-only templates, GPR approach to smooth statistical 
fluctuations in low-yields templates


‣ choice of the background model: signal+background fits to  
background-only templates: 


‣ function’s choice uncertainty (‘spurious signal’)

γγ γ − jet jet − jet

mγγ

Fits to  to extract the signal yields mγγ
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‣ Fiducial region: defined to closely match the 
detector-level analysis and object selections


‣ Differential fiducial cross-section are measured in 
bins of the studied observable (bin i of a variable x)

✓  (measured signal yield): extracted signal 
events in data


✓  (bin width): choice based on significance (close 
to or greater than ) and minimize migrations


✓  (correction factor): accounts for detector 
inefficiencies and resolutions effects as well as 
migrations in and out of fiducial region


‣ MC response matrix

Nsig
i

Δx
2σ

ci dσi

dx
=

Nsig
i

ciΔxℒ
Differential fiducial 

cross-section

Measurement methodology 
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Fiducial cross-section measurement
Fiducial cross-sections measurements in regions enriched in various 

production modes

Diphoton fiducial cross-section = 
 67 ± 5(stat.) ± 4(sys.) fb

SM =  64 ± 4 fb

Diphoton fiducial region

‣ Measurement is statistical dominated


‣ Background modelling is the largest systematic uncertainty 
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Differential cross-section vs  and pγγ
T |yγγ |

 = 86% 
(default)

p(χ2)

‣ Low : sensitive to bottom- and charm-quark Yukawa 
couplings


‣ High : top quark coupling and BSM effects

pγγ
T

pγγ
T

pT(H) > 350 GeV: sensitivity to BSM effects

‣  is sensitive to light-quark Yukawa 
coupling and gluon distribution in the proton 
|yγγ |

 = 76% 
(default)

p(χ2)

Good agreement with the SM predictions whithin the uncertainties

default MC: Powheg 
NNLOPS, normalized to N3LO 

(QCD)+NLO(EW)
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Cross-section vs  and Njets Nb−jets
Good agreement with the 

SM predictions

  
 = 60% 

(default)

Nb−jets

p(χ2)
Inclusive  

 = 95% 
(default)

Njets

p(χ2)

‣ Inclusive  (pT > 30 GeV and < 4.4):


‣ sensitive to different Higgs boson production modes and QCD modelling (ggF)


‣ : at least 1 central jet and veto on electrons/muons (suppress ttH contribution)


‣ sensitive to Higgs production in association with heavy particles  

Njets |y |

Nb−jets
Jet-related systematic reaching up 
to 24% in highest jet multiplicities
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Differential cross-section vs ,  and pj1
T mjj Δϕjj

‣  : same range as  but within 
coarser bins at low pT


‣  = 78% (default MC)

pj1
T pγγ

T

p(χ2)

‣  : highest bin is most sensitive 
to the VBF production mechanism


‣  = 79% (default MC)

mjj

p(χ2)

‣  : sensitive to CP properties of 
the Higgs boson


‣  = 91% (default MC)

Δϕjj

p(χ2)

Good agreement with the SM predictions whithin the uncertainties
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Double Differential cross-section vs  and pγγ
T vs |yγγ | pγγ

T vs τC,j1

Good agreement with the SM predictions whithin the uncertainties

‣ 2D observables provides further look into the Higgs boson 
properties and correlations between the observables  



  = 75% (default MC)

pγγ
T vs |yγγ |

p(χ2)



  = 39% (default MC)
pγγ

T vs τC,j1
p(χ2)
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Interpretation using the pT spectrum information

๏   spectrum provides indirect measurement of 
the c- and b-quarks Yukawa couplings ( ): 

๏ shape-only and shape+normalization 
information are used for the fitting   

pγγ
T

κc and κb

shape only shape+XS+BR

๏ Limits on  are set from a profile likelihood method:

๏  Most sensitive region of  spectrum < 200 GeV

๏ Stronger constraints from shape+normalization

๏ Shape+normalization constrain on  is comparable to direct 
searches while  provides stronger constraints (a factor of 3 
more stringent for the observed result and a factor of 4 for the 
expected result)   

κc and κb
pγγ

T

κb
κc Direct search limits on   @ 95%CL:


observed: 

expected: 

κc
|κc | < 8.5

|κc | < 12.4
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ATLAS and CMS Run2 brief comparisons
๏ Comparison between the two analysis (diphoton fiducial region): 

‣ ATLAS/CMS unfolding: matrix response

‣ S+B unbinned fit to  (ATLAS); S+B binned fit to  (CMS)

‣ Signal Model: Double Sided Crystall Ball (ATLAS); Sum of Gaussians (CMS)

‣ Background modelling: from spurious signal studies (ATLAS); Discrete profiling method (CMS)

‣ Uncertainties: 


 statistical component: ~ 7.0% (similar)

 Systematic component: spurious signal is about 3.8% (ATLAS) and 0%(included in the statistical 
error) in CMS

mγγ mγγ

Diphoton fiducial cross-section = 
 67 ± 5(stat.) ± 4(sys.) fb

SM =  64 ± 4 fb

ATLAS
Diphoton fiducial cross-section = 

 73.40+6.1
−5.9 fb

SM =  75.44 ± 4.1 fb

CMS

CMS, submit. to JHEP 

https://arxiv.org/pdf/2208.12279.pdf
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Summary
✓  channel fiducial and differential cross sections measurements using full Run2 
dataset in ATLAS experiment have been presented:

๏ Higgs boson properties and probe to new physics contributions in many observables 
exploring Higgs kinematic and jet-kinematic activity in the events 


๏ Very good agreement between the measurements and SM predictions:

‣ Statistical uncertainty still the dominant uncertainty source 


๏  Interpretation of the measurements using pT(H) shape information to set constraints on 
charm- and bottom-quarks Yukawa couplings ( ): 

‣ No significant BSM contributions are observed


‣  limits are comparable to the direct searches  


‣ Stronger limits on  are set compared to direct searches

H → γγ

κc and κb

κb

κc

谢谢⼤家的关注！

Stay tuned for Run3 news!
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Back-up slides
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Fraction of signal process in fiducial regions
๏Baseline fiducial region (particle level):


‣ ; isolation requirements; 
 excluding transition region


‣ Sub-sets of the baseline fiducial region (sensitive to 
different Higgs boson production modes): selections are 
applied on the electrons, muons, jets and MET  


๏ VBF-enchanced region: at least two jets, 
, 

๏  region: additional charged lepton with pT > 
15 GeV. Sensitive to VH (V= W/Z), tH or ttH production 
modes


๏ High MET region: large MET > 80 GeV and 80 
GeV. Sensitive to VH and ttH production mechanisms and 
BSM effects (WIMPS)


๏ ttH-enchanced region: at least 1 b-jets/no leptons/4jets 
or at least 1 lepton and at least 3 jets

ET /mγγ > 0.35; ET /mγγ > 0.25
|η | < 2.37

mjj ≥ 600GeV |Δyjj | ≥ 3.5

Nlepton ≥ 1

pγγ
T >
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Differential cross-section vs  and τC,j1 ∑ τC,j

‣ Beam-thrust event-shape variable (hadronic observable): boost-invariant along the beam axis


‣  is the highest value of  among all jets in the event while  is the scalar 
sum of  for all jets with  > 5 GeV
τC,j1 τC,j1 ∑ τC,j

τ τ




m is the jet mass and  its rapidity 

τC,j =
p2

T + m2

2cosh(yj − yγγ)
yj



  = 27% 

(default)

τC,j1
p(χ2)




  = 39% 
(default)

∑ τC,j

p(χ2)

Good agreement with the 
SM predictions
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Systematic uncertainties in  and  binspγγ
T Njets

‣ Systematics uncertainties sources on the signal and background modeling


‣ Experimental and theoretical uncertainties uncertainties 
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Binning choice for different observables 
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Binning choice for different observables 
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S+B fits to  in different fiducial regionsmγγ

 test is used to evaluate the p-value 
compatibility between the measurements and SM 

predictions 

χ2

 computation includes full uncertainties in fitted 
cross-section and theory uncertainties from SM 

predictions

χ2
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Response matrices for  and  binspγγ
T Njets
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p-values: measured/predicted cross-sections
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Interpretation via Effective Field Theory (EFT)
๏ Strength and Tensor structure of the interactions of the Higgs boson: Effective Field Theory (addition 
of new interactions CP-even and CP-odd)


‣ Constraints derived for the variables: , N_jets, ,  and 

‣ BSM contributions probed as non-zero Wilson coefficients 


‣ Basis of parametrization SMEFT:  (Wilson coefficients); 
 (6d operators that introduce new interactions)  

pγγ
T mjj Δϕjj p j1

T

ci(CP-even)/c̃i(CP-odd)
Oi/Õi

interference-terms only

affect  Δϕjj

affect VH/VBF

Statistical interpretation:

‣  and  are the k-dimensional vectors from 
differential cross-section (k = 34, number of bins 
of the 5 observables distributions)


‣ C is the covariance matrix: sum of the statistical, 
systematic and theoretical covariances

σpred σobs


