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ATLAS HZZ4ℓ, full 13 TeV data set, final results  
Eur. Phys. J. C 80 (2020) 941 
 20 differential observables  
 8 double differential observables 

 Material in this talk 
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ATLAS Hγγ, full 13 TeV data set, preliminary results  
ATLAS-CONF-2019-029 
 6 differential observables  

CMS HZZ4ℓ, full 13 TeV data set, preliminary results  
CMS-PAS-HIG-19-001 
 4 differential observables      

CMS Hγγ, 2015-2016 data set 
JHEP 01 (2019) 183 
 21 differential observables  
 One double differential observable 

CMS HWWeνμν, full 13 TeV data set, final results  
Sub. JHEP arXiv:2007.01984 
 2 differential observables  
      

Both experiments introduced several improvements  
to the reconstruction and identification of the physics objects 
to cope with the increased pile-up conditions in LHC Run II 

27/10/2020 

https://mmm.cern.ch/owa/redir.aspx?C=kuxKvpQt92iH5tBHp5dq3oA8Jop_zoYRQK53NIFI9GI3dnVZ2nHYCA..&URL=https://link.springer.com/article/10.1140/epjc/s10052-020-8223-0?wt_mc=Internal.Event.1.SEM.ArticleAuthorIncrementalIssue&utm_source=ArticleAuthorIncrementalIssue&utm_medium=email&utm_content=AA_en_06082018&ArticleAuthorIncrementalIssue_20201015
https://mmm.cern.ch/owa/redir.aspx?C=kuxKvpQt92iH5tBHp5dq3oA8Jop_zoYRQK53NIFI9GI3dnVZ2nHYCA..&URL=https://link.springer.com/article/10.1140/epjc/s10052-020-8223-0?wt_mc=Internal.Event.1.SEM.ArticleAuthorIncrementalIssue&utm_source=ArticleAuthorIncrementalIssue&utm_medium=email&utm_content=AA_en_06082018&ArticleAuthorIncrementalIssue_20201015
https://cds.cern.ch/record/2682800
https://cds.cern.ch/record/2682800
https://cds.cern.ch/record/2682800
https://cds.cern.ch/record/2682800
https://cds.cern.ch/record/2682800
https://cds.cern.ch/record/2682800
https://cds.cern.ch/record/2682800
https://cds.cern.ch/record/2668684?ln=el
https://cds.cern.ch/record/2668684?ln=el
https://cds.cern.ch/record/2668684?ln=el
https://cds.cern.ch/record/2668684?ln=el
https://cds.cern.ch/record/2668684?ln=el
https://cds.cern.ch/record/2668684?ln=el
https://cds.cern.ch/record/2668684?ln=el
https://cds.cern.ch/record/2668684?ln=el
https://cds.cern.ch/record/2668684?ln=el
https://link.springer.com/article/10.1007/JHEP01(2019)183
https://arxiv.org/abs/2007.01984
https://arxiv.org/abs/2007.01984


Introduction – Fiducial cross sections    
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  LHC Run I   Discovery of the Higgs boson 
  LHC Run II  Entrance to the era of precision measurements in the Higgs sector 
 Inclusive Higgs boson measurements are limited by systematic uncertainties 
 

     To improve the comparison of the experimental measurements with SM predictions 
and increase sensitivity to BSM physics   

  

 Inclusive and differential fiducial cross sections measurements 
 Largely model independent 
 The same measurement can be compared with many theories and models 
o Restricted to compare one or two variables at a time 
o Not easy to combine many channels  
     w/o extrapolation to full phase space   

Full phase space 

Fiducial phase space 

Analysis acceptance   Focus to HΖΖ, γγ and WW 
 Differential cross section measurements exist also for the fermionic 
decay channels but they address mainly Higgs pT and have been covered 
in Elisa Fontanesi ‘s presentation 
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https://indico.cern.ch/event/900384/contributions/4059044/
https://indico.cern.ch/event/900384/contributions/4059044/
https://indico.cern.ch/event/900384/contributions/4059044/
https://indico.cern.ch/event/900384/contributions/4059044/
https://indico.cern.ch/event/900384/contributions/4059044/


Example of definitions from ATLAS  
Evident proximity of fiducial phase space with analysis criteria  
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Analysis selection Fiducial phase space requirements 

Similarity of the definition of the fiducial phase space to the analysis criteria can be observed in all fiducial measurements 
(see backup slides)    
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Introduction – Differential measurements 

Interpretation  
Comparison with theoretical models  

Initial distribution Signal Extraction and Unfolding Fiducial differential cross section 

Detector response matrix 

Signal shape from MC 

27/10/2020 



EPJC arXiv:2004.03969 

HΖΖ4ℓ - Inclusive fiducial xs  
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CMS-PAS-HIG-19-001 

Fully reconstructed final state   BR ~ 0.0124%  -   S/B ~ 2 
  4 low-pT isolated leptons (electrons / muons), originating from the PV 
  Main background: ZZ continuum, shape from MC & normalization from data sideband (ATLAS) 
  Data driven estimated reducible backgrounds 
 Fit on m4l (simultaneous fit on all decay final states for the differential distributions) 
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EPJC arXiv:2004.03969 

HΖΖ4ℓ - fiducial xs in different decay channels   
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Compatible  
with SM 

CMS-PAS-HIG-19-001 

Main differences   
ATLAS                     CMS    
|η|<2.7       -       |η|<2.5 
pℓ

T>5 GeV   -    pe
T>7 GeV 

                          pμ
T>5 GeV 

(SM relative BRs assumed) 

(Simultaneous fit with BRs allowed to flow) 
27/10/2020 



Fully reconstructed final state    
BR ~ 0.2%  -   S/B <0.1 
  Two isolated photons 
  Background: γγ continuum, 
γ j and j j estimated from data 
sideband 
 
 Multivariate methods to 

estimate the γγ vertex 
 Subcategories according to di-

photon mass resolution (CMS) 
  Estimation of fraction of each 
background component for each 
cross section bin using sidebands 
(ATLAS) 
 Fit to mγγ spectrum  

Hγγ - Inclusive fiducial xs   
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JHEP 01 (2019) 183 
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Main differences 
ATLAS |η|<2.37 excl. 1.37<|η|<1.52         
CMS    |η|<2.5 
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HΖΖ4ℓ, Hγγ : yΗ 
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γγ 

4ℓ 

Negligible correlation between signal bins 

Statistical uncertainty dominant  
both for 4ℓ and γγ 

Some difference between data and 
expectations can be observed … but 
not really significant 

 Sensitive to BSM effects 
 Sensitive to pQCD Higgs production modeling 
and PDFs 

27/10/2020 



HΖΖ4ℓ : N jets 
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Compatible with predictions 

Correlation matrix 

Statistical uncertainty dominant 15-40% 

 Probe relative contribution from different Higgs production mechanisms 
 Sensitive to pQCD radiation 

27/10/2020 
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Hγγ : N jets   

Break down of uncertainties 

Compatible with predictions 

27/10/2020 



HWWeνμν : N jets   
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Not fully reconstructed final state but large BR 
Fully leptonic final state with different flavor leptons 
Backgrounds WW, top quark, non prompt leptons 
 2D template fit of mll and mT 

 Subcategories according to lepton flavor and pH
T  
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JHEP arXiv:2007.01984 
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HΖΖ4ℓ, Hγγ : pj
T 
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4ℓ 

γγ 

Statistical uncertainty dominant  

 Probe relative contribution from different Higgs 
production mechanisms 
 Sensitive to pQCD radiation 

Compatible with predictions 

27/10/2020 



HΖΖ4ℓ : m12(Z1) vs m34(Z2) 
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1d distributions 2d pre-fit distribution 
binning such that stat. unc. ≤ 20%  

Det. response matrix 
Very small migration 

between bins 

27/10/2020 



HΖΖ4ℓ : m12(Z1) vs m34(Z2) 
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Differential fiducial cross section 

Compatible with predictions 

Flavor universal contact terms 

Interpretation in terms 
of pseudo-observables 

to constrain BSM  
contact terms 

Flavor non universal  
vector contact terms 

Contact terms are 
assumed equal for e 
and μ, but can be 
different for left- and 
right- handed leptons 

Lepton-flavour 
universality is not 
assumed. The helicity 
structure of the BSM 
couplings is fixed to 
be vector 

Pseudo-observables 
affecting the angular 
distributions are set to 
zero 

27/10/2020 



Summary 
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 With the run II of LHC, Higgs physics entered the era of precision measurements 
 

 Both ATLAS and CMS improved a lot their analyses to cope with the high pile-up conditions 
 

 To be as model independent as possible a lot of fiducial measurements have been performed by ATLAS and CMS 
both inclusive and differential, which can easily be compared to theoretical models 
 
 Up to now, despite small differences, theoretical expectations are shown to be compatible with the data 

 
 Part of the inclusive and most of the differential measurements are dominated by statistical uncertainties, thus 
results from the run III of LHC are anticipated anxiously  

Thank you 
for your attention 
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Back up slides 
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HΖΖ4ℓ 

Fiducial phase space definition in CMS 

27/10/2020 
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Hγγ 

Fiducial phase space definition in ATLAS 

Objects Fiducial definition 

Photons |η|<2.37 (excluding 1.37<|η|<1.52), Σpi
T/pγ

T <0.05 

Jets anti-kt, R=0.4. pT>30 GeV, |y|<4.4 

Diphoton Nγ≥2, 105 GeV < mγγ < 160 GeV, pγ1
T/mγγ > 0.35, pγ2

T/mγγ > 0.25 

Objects Fiducial definition 

Photons |η|<2.5, Σpi
T <10 GeV 

Jets anti-kt, R=0.4. pT>30 GeV, |y|< 2.5 (4.7) 

Diphoton Nγ≥2, 100 GeV < mγγ < 180 GeV, pγ1
T/mγγ > 1/3, pγ2

T/mγγ > 1/4 

Fiducial phase space definition in CMS 
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HΖΖ4ℓ 

Fiducial cross section measurements in ATLAS 
In specific decay final states and inclusive 

27/10/2020 
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HWWeνμν 

Fiducial phase space definition in CMS 

Observed signal strength modifiers, uncertainties and 
cross sections in fiducial Njet bins 

27/10/2020 
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HΖΖ4ℓ   
Definitions of observables for which differential cross sections are measured in ATLAS 

27/10/2020 
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Hγγ 
Definition of the binning for the fiducial differential cross sections measured in CMS 

27/10/2020 
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Hγγ   

27/10/2020 
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HΖΖ4ℓ: m12 and m34   

m12 and m34 single fiducial differential cross section measurements in ATLAS 

 Sensitive to higher-order electroweak corrections to the Higgs boson decay 
 Sensitive to BSM contributions 

27/10/2020 
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HΖΖ4ℓ : θ*, θ1, θ2, φ, φ1   

 Probe spin-CP properties 
 Sensitive to the properties of 
the decay products 

27/10/2020 
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HΖΖ4ℓ: 2d differential xs measurements 

27/10/2020 
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Systematic uncertainties 
ATLAS 

HΖΖ4ℓ 

ATLAS Hγγ 
Inclusive fiducial cross section 
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