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Fiducial Cross Sections
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• Motivation: preserve measured results over years to allow 
comparison to future new theories 

• Aim: achieve almost complete factorisation of theoretical 
and experimental uncertainties
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Inclusive Cross Section Fiducial Cross Section

the measurement, performed with limited 
acceptance, is extrapolated to the full phase space

the measurement is corrected only for 
reconstruction efficiencies and to revert resolution 
effects and migrations inside and outside the 
fiducial region

to compare data to a new model the extrapolation 
would need to be repeated, involving de facto a 
repetition of the analysis 

the comparison is defined within an experiment 
dependent fiducial volume of acceptance and phase 
space without repeating the analysis 



Differential & Fiducial Cross Sections vs STXS
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An alternative approach to explore the properties of the 
Higgs boson wrt the STXS one:  
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CERN–2017–002-M 

• partitioning of the phase 
space in terms of production 
processes  

• singling out regions with 
different prospects in terms 
of theory uncertainty and 
regions with enhanced BSM 
sensitivity 

• can use MV techniques 
extensively 

• same binning adopted by the 
two experiments

STXS

https://cds.cern.ch/record/2227475/files/CERN-2017-002-M.pdf


Differential & Fiducial Cross Sections vs STXS
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An alternative approach to explore the properties of the 
Higgs boson wrt the STXS one:
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• easy to reproduce phase 
spaces 

• no need to define orthogonal 
phase-spaces 

• extraction of model 
independent quantities 

• easy to collect results in 
persistent form (HepData, 
Rivet) 

• No MV techniques 

FXS

define fiducial  
volume FV

extract signal

reverse detector  
effects

compare to  
model in FV

https://hepdata.net/
https://rivet.hepforge.org/


Differential & Fiducial Cross Sections vs STXS
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An alternative approach to explore the properties of the 
Higgs boson wrt the STXS one:
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• easy to reproduce phase-
spaces 

• no need to define orthogonal 
phase-spaces 

• extraction of model 
independent quantities 

• easy to collect results in 
persistent form (HepData, 
Rivet) 

• No MV techniques 

FXS

Kinematics

Reconstruct pTH and |yH|-sensitive distributions to probe 

QCD modelling and PDFs

https://hepdata.net/
https://rivet.hepforge.org/


Differential & Fiducial Cross Sections vs STXS
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An alternative approach to explore the properties of the 
Higgs boson wrt the STXS one:
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• easy to reproduce phase-
spaces 

• no need to define orthogonal 
phase-spaces 

• extraction of model 
independent quantities 

• easy to collect results in 
persistent form (HepData, 
Rivet) 

• No MV techniques 

FXS

Kinematics

Jet activity

jet multiplicity (Njet), transverse momentum and rapidity 
distributions of the leading and subleading jets, sensitive 
to  modelling and relative contributions of the different 
prod. mechanisms 
   

https://hepdata.net/
https://rivet.hepforge.org/


Differential & Fiducial Cross Sections vs STXS
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An alternative approach to explore the properties of the 
Higgs boson wrt the STXS one:

Domizia Orestano HC2017

• easy to reproduce phase-
spaces 

• no need to define orthogonal 
phase-spaces 

• extraction of model 
independent quantities 

• easy to collect results in 
persistent form (HepData, 
Rivet) 

• No MV techniques 

FXS

Kinematics

Jet activity

Spin and CP 

Angular observables, reconstructed 
from decay kinematics or from the 
two leading jets are sensitive to the 
spin and charge conjugation and 
parity properties of the Higgs boson 

   

https://hepdata.net/
https://rivet.hepforge.org/


Differential & Fiducial Cross Sections vs STXS
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An alternative approach to explore the properties of the 
Higgs boson wrt the STXS one:
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• easy to reproduce phase-
spaces 

• no need to define orthogonal 
phase-spaces 

• extraction of model 
independent quantities 

• easy to collect results in 
persistent form (HepData, 
Rivet) 

• No MV techniques 

FXS

Kinematics

Jet activity

Spin and CP 

Prod. 
mechanism 

Selections can be used to enrich the 
sample in specific production 
processes 

   

https://hepdata.net/
https://rivet.hepforge.org/


Definition of the fiducial phase space
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the measured cross-sections are unfolded to the particle level:

• the fiducial volume is defined to be as close as possible to the 

experimental one, to minimise the corrections in order to ensure minimal 
model dependence in the final results 


• its definition should have as little impact as possible on the phase space 
available for BSM searches 


• detector acceptance, trigger thresholds and analysis cuts are applied at 
particle level to stable particles 


• leptons and photons are identified using an isolation criterion which can 
be mimicked at particle level. Leptons are “dressed” with FSR


• jets are reconstructed with the anti-kt algorithm from the individual 
stable particles, excluding neutrinos 
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Unfolding
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• selection related efficiencies are reverted to extract fiducial cross-sections 
from fitted yields


• migrations due to finite resolution are reverted to extract fiducial rates and 
differential distributions from the measurement. Different approaches are 
possible:


• inverting the migration matrix, y=Rij
-1 x  (reduces systematic bias, but 

gives larger statistical variance) 


• using bin-by-bin correction factors, yi=Ci xi  with Ci=yi
MC/xi

MC  (smaller 
stat. unc. but larger systematic bias)


• using regularised unfolding


• contributions from reconstructed events (“nonfiducial signal”) not originating 
from the fiducial phase space must be subtracted before unfolding
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Template fiducial volumes (examples from YR4):
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Jets reconstructed with the anti-kt algorithm 
with radius parameter 0.4 
pt > 30 GeV and |eta| <4.4

CERN–2017–002-M

CERN–2017–002-M

https://cds.cern.ch/record/2227475/files/CERN-2017-002-M.pdf
https://cds.cern.ch/record/2227475/files/CERN-2017-002-M.pdf


BSM 
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• global analyses of several distributions can 
probe BSM physics, either within a given BSM 
model or in an effective field theory


• example: charm quark Yukawa coupling effect 
on Higgs pT distribution,  Phys. Rev. Lett. 118, 
121801 (2017) (Bishara, Haisch, Monni, Re)


• example: Wilson coefficients from ATLAS 8 
TeV diphoton differential cross sections  Phys. 
Lett. B753 (2016) 69
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.121801
http://www.sciencedirect.com/science/article/pii/S0370269315009272?via=ihub


Overview of Run1 Fiducial and Differential 
measurements
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reference experiment
sqrt(s) 
[TeV]

decay 
channel

Lint 

[fb-1]
HepData

 JHEP 09 (2014) 112 (& Phys. 
Lett. B753 (2016) 69) ATLAS 8 ữữ 20.3 yes

Eur. Phys. J. C76 (2016) 13  
CMS 8 ữữ 19.7 soon

Phys. Lett. B738 (2014) 234 (& Phys. 
Lett. B753 (2016) 552) 

 

ATLAS 8 4l 20.3 yes

 JHEP 04 (2016) 005  
CMS 7 & 8 4l 5.1+19.7 soon

JHEP 08 (2016) 104 ATLAS 8 WW 20.3

 JHEP 03 (2017) 032  CMS 8 WW 19.4 soon

Phys. Rev. Lett. 115, 091801 (2015) ATLAS 8 γγ+4l * 20.3

* requires extrapolation to the inclusive phase-space

in this presentation

http://link.springer.com/article/10.1007/JHEP09(2014)112
http://www.sciencedirect.com/science/article/pii/S0370269315009272?via=ihub
https://link.springer.com/article/10.1140/epjc/s10052-015-3853-3
http://www.sciencedirect.com/science/article/pii/S0370269314007126
http://www.sciencedirect.com/science/article/pii/S037026931500996X?via=ihub
https://link.springer.com/article/10.1007/JHEP04(2016)005
http://link.springer.com/article/10.1007/JHEP08(2016)104
https://link.springer.com/article/10.1007/JHEP03(2017)032
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.091801


Overview of Run2 Fiducial and Differential 
measurements
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reference experiment
sqrt(s) 
[TeV]

decay 
channel

Lint 

[fb-1]
HepData

ATLAS-CONF-2017-045 

ATLAS 13 ữữ 36.1

CMS PAS HIG-17-015  

  CMS 13 ữữ 35.9

arXiv:1708.02810  

 

ATLAS 13 4l 36.1

arXiv:1706.09936  

  CMS 13 4l 35.9  

ATLAS-CONF-2017-047 ATLAS 13 γγ+4l * 36.1

* requires extrapolation to the inclusive phase-space

in this presentation

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-045/
https://cds.cern.ch/record/2257530/files/HIG-17-015-pas.pdf
https://arxiv.org/abs/1708.02810
https://arxiv.org/pdf/1706.09936
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-047/


H to di-photon - Fiducial Cross Sections - Run 2
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ATLAS-CONF-2017-045

Classification enhancing the different production mechanisms

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-045/


H to di-photon - Fiducial Cross Sections - Run 2
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ATLAS-CONF-2017-045

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-045/


H to di-photon - Fiducial Cross Sections - Run 2
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CMS PAS HIG-17-015 

fiducial region: 
pT of the photons > 1/3 (1/4) of the di-photon mass  


pseudorapidity of the photons < 2.5

total hadronic energy < 10 GeV in a cone of DR<0.3

https://cds.cern.ch/record/2257530/files/HIG-17-015-pas.pdf


H to di-photon - Fiducial Cross Sections - Run 2
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in each kinematic bin, the signal is extracted splitting the events in three 
categories according to a diphoton mass resolution estimator.

CMS PAS HIG-17-015 

https://cds.cern.ch/record/2257530/files/HIG-17-015-pas.pdf


H to di-photon - Fiducial Cross Sections - Run 2
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ATLAS-CONF-2017-045

ATLAS-CONF-2017-045

CMS PAS HIG-17-015 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-045/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-045/
https://cds.cern.ch/record/2257530/files/HIG-17-015-pas.pdf


H to di-photon - Differential Cross Sections - Run 2
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ATLAS-CONF-2017-045 CMS PAS HIG-17-015 

default for ggF: Powheg NNLOPS  normalised to N3LO with KggH = 1.1

p-value 57%

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-045/
https://cds.cern.ch/record/2257530/files/HIG-17-015-pas.pdf


H to di-photon - Differential Cross Sections - Run 2
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CMS PAS HIG-17-015 

CMS sensitivity to different  
production mechanisms  

comes from this measurement

https://cds.cern.ch/record/2257530/files/HIG-17-015-pas.pdf


H to 4 leptons - Fiducial Cross Sections - Run 2
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ATLAS arXiv:1708.02810  

https://arxiv.org/abs/1708.02810


H to 4 leptons - Fiducial Cross Sections - Run 2
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ATLAS arXiv:1708.02810  Classification by lepton flavour 
signal yields extracted from  
fits to the 4l invariant mass

https://arxiv.org/abs/1708.02810


H to 4 leptons - Fiducial Cross Sections - Run 2
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no use of matrix  
elements  

discriminants 

CMS arXiv:1706.09936 

Fiducial volume 

https://arxiv.org/pdf/1706.09936


H to 4 leptons - Fiducial Cross Sections - Run 2
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CMS arXiv:1706.09936 

https://arxiv.org/pdf/1706.09936


H to 4 leptons - Fiducial Cross Sections - Run 2
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ATLAS arXiv:1708.02810  

arXiv:1706.09936 arXiv:1708.02810  

https://arxiv.org/abs/1708.02810
https://arxiv.org/pdf/1706.09936
https://arxiv.org/abs/1708.02810


H to 4 leptons - Differential Cross Sections  - Run 2
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arXiv:1706.09936 arXiv:1708.02810  

Higgs boson’s pT

https://arxiv.org/pdf/1706.09936
https://arxiv.org/abs/1708.02810


H to 4 leptons - Differential Cross Sections  - Run 2
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arXiv:1706.09936 arXiv:1708.02810  

Number of jets

https://arxiv.org/pdf/1706.09936
https://arxiv.org/abs/1708.02810


H to 4 leptons - Differential Cross Sections  - Run 2
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arXiv:1706.09936 arXiv:1708.02810  

pT of jets

https://arxiv.org/pdf/1706.09936
https://arxiv.org/abs/1708.02810


H to 4 leptons - Differential Cross Sections  - Run 2
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arXiv:1708.02810  

Higgs boson’s rapidity Subleading dilepton pair mass

https://arxiv.org/abs/1708.02810


H to 4 leptons - Differential Cross Sections  - Run 2
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arXiv:1708.02810  
cosine of the decay 
angle of the leading 

lepton pair in the four-
lepton rest frame with 

respect to the beam axis

https://arxiv.org/abs/1708.02810


H to 4 leptons - Double Differential Cross Sections 
Run 2
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arXiv:1708.02810  

increasing jet multiplicity

https://arxiv.org/abs/1708.02810


H to 4 leptons - Double Differential Cross Sections 
Run 2
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arXiv:1708.02810  

https://arxiv.org/abs/1708.02810


H to 4 leptons - BSM Searches -  Run 2
interpretation within the pseudo-observables framework of the 
measured differential cross-sections

contact terms affect the invariant mass spectra and not the angular 
distributions -> fit to m12 and m34 distributions 

Domizia Orestano HC2017 arXiv:1708.02810  
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H to WW - Fiducial Cross Sections - Run 1
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JHEP 08 (2016) 104 ATLAS

theory:

http://link.springer.com/article/10.1007/JHEP08(2016)104


H to WW - Fiducial Cross Sections - Run 1
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JHEP 03 (2017) 032 CMS

theory:

https://link.springer.com/article/10.1007/JHEP03(2017)032


H to WW - Differential Cross Sections - Run 1
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JHEP 03 (2017) 032 JHEP 08 (2016) 104

https://link.springer.com/article/10.1007/JHEP03(2017)032
http://link.springer.com/article/10.1007/JHEP08(2016)104


Summary & outlook

• Fiducial cross sections are defined in order to provide model-
independent measurements with a longer lifetime 


• Run 2 statistics allows the measurement of a large number of differential 
cross sections, which can be used to probe QCD modelling, PDFs but 
also Higgs boson’s properties and to constrain BSM extensions


• The measurements are still statistically limited and will certainly benefit 
from being combined across channels and across experiments. 
However so far fiducial volumes and binning are optimised 
measurement by measurement and the two experiments are providing 
complementary information.


• It is planned to converge on a set of common observables with common 
binning. Fiducial volumes are harder to harmonise due to detector 
differences.
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Thank you for the attention
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& good luck for future data / model comparisons



additional material



H to di-photon - Differential Cross Sections - Run 2
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ATLAS-CONF-2017-045

orthogonal component of the diphoton momentum when 
projected on the axis given by the  difference of the 3-

momenta of the two photons  

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-045/


H to di-photon - Differential Cross Sections - Run 2
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ATLAS-CONF-2017-045

cosine of the angle between the beam axis and the 
 diphoton system in the Collins–Soper frame, sensitive 

to the Spin of the H boson  

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-045/


H to 4 leptons - Differential Cross Sections  - Run 2
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arXiv:1708.02810  

leading jet pair properties

https://arxiv.org/abs/1708.02810


H to WW - Differential Cross Sections - Run 1
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JHEP 08 (2016) 104

http://link.springer.com/article/10.1007/JHEP08(2016)104


H to WW - Differential Cross Sections - Run 1
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JHEP 08 (2016) 104

http://link.springer.com/article/10.1007/JHEP08(2016)104


FXS vs STXS

ATLAS-CONF-2017-045

ATLAS-CONF-2017-045

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-045/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-045/


Uncertainties
ATLAS-CONF-2017-045

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-045/


Uncertainties

arXiv:1708.02810  

https://arxiv.org/abs/1708.02810


Correction factors

arXiv:1708.02810  

https://arxiv.org/abs/1708.02810


Migration matrices

CMS PAS HIG-17-015 

https://cds.cern.ch/record/2257530/files/HIG-17-015-pas.pdf


Resolution effects

JHEP 03 (2017) 032

https://link.springer.com/article/10.1007/JHEP03(2017)032

