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Outline

• A sketch of the problem from the Higgs perspective

• Comparison of particle-level measurement approaches

• Results for Simplified Template Cross Sections (STXS)

• Results for fiducial differential measurements

• Material for reinterpretation

• Reinterpretation example
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A sketch of the problem
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A sketch of the solution
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A sketch of the solution
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Experimental uncertainties, 
theory uncertainties, 

unfolding uncertainties, …
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A sketch of the solution
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• Matrix generally cannot literally be inverted: nearly singular
• Fiducial/differential measurements directly attack this 

problem using unfolding and regularization techniques
• Simplified Template Cross Sections (STXS) modify “Run 1 

style” cross section ratio (“μ”) extraction techniques to use 
defined phase space and minimize theory uncertainties



“Traditional”
μ or κ fit STXS Differential

Binning Model parameters that modify 
total cross section or coupling

Cross section by production 
mode and kinematic bin Kinematic bins

Uncertainties
on Result

Experimental; 
theory, including overall xsec, 

migrations between bins, 
distribution within bins

Experimental; 
theory: migrations between 
bins, distribution within bins

Experimental; 
theory: migrations between 
bins, distribution within bins; 

unfolding: regularization

SM Prediction 1 exactly 1 ± overall xsec uncertainties σbin(1 ± overall xsec ± theory 
shifts between bins)

Typical extraction 
procedure

Simultaneous NLL fit of model 
parameters, e.g. µ, with one 
POI per inclusive process

Simultaneous NLL fit of model 
parameters, with one POI per 
process and phase space bin

Unfolding, possibly regularized, 
possibly applied after NLL fit of 

some intermediate POI’s

Strengths Relatively simple

Results close to measurable 
phase space; 

designed for later 
reinterpretation

Model-independent cross 
section measurement

Weaknesses
Needless phase space 

uncertainties and dependence 
on current theory cross section

Less “purely particle-level” 
because binning based on 

production mode also

Larger uncertainties, which 
include all modeling and 

regularization issues

Additional info to 
reuse/reinterpret

Correlations between 
parameters needed (but for 
example κ’s can be mostly 

orthogonal)

Correlations between 
measured parameters (not 

orthogonal), see slide 25 right

Correlations between 
uncertainties
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STXS Overview
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arXiv:1610.07922
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All split into central and forward |yH| bins
In practice only |yH| < 2.5 has any impact

• Close to Run 1 μ measurements by construction

STXS Stage 0
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STXS Stage 0
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STXS Stage 1 Binning
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• (+) are suggestions for 
merging in the case of 
limited statistics
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ATLAS: Reduced Stage 1
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arXiv:1802.04146

arXiv:1712.02304
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ATLAS: Reduced Stage 1

ATLAS-CONF-2017-047
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STXS Stage 1 Binning
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This is where H → bb measurements are most powerful

STXS Stage 1 Binning
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Fiducial/Differential Measurements

18

arXiv:1708.02810

• ATLAS 4 lepton: bin-by-bin correction factors

• Consistent between generators and with other unfolding methods, 
based on simulation studies, for current statistics and systematics
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Differential results: ATLAS 4
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arXiv:1708.02810
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Differential results: ATLAS 4
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arXiv:1708.02810
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Differential results: CMS diphoton

• Likelihood fit used to extract measured bin values
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Differential results: CMS diphoton
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Double differential: ATLAS diphoton

• arXiv:1802.04146

• Consistent between 
generators and with other 
unfolding methods, based on 
simulation studies, for 
current statistics and 
systematics
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ATLAS differential combination

24

ATLAS-CONF-2018-002

• Better statistical precision, but also more model dependence 
because of phase space extrapolation needed to combine
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Material for Reinterpretation

• Typically we provide correlation matrices
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Reinterpretation Example

• Les Houches 2017, arXiv:1803.07977, section IV.6.5 (N. Berger et al)

• Reinterpret toy (σggF,σVBF) measurement as (μggF,μVBF)

• Comparison of full likelihood scan to covariance matrix with different 
treatment of uncertainties:

• full (σggF,σVBF,μggF,μVBF) covariance matrix

• decomposed covariance matrix that keeps access to correlations of 
interpretation-stage uncertainties

• (σggF,σVBF) covariance matrix with interpretation-stage uncertainties 
assumed uncorrelated between measurement and interpretation

• Works well, especially if common uncertainties treated properly

26
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Can we reinterpret everything from STXS?*

• One example that 
came up in a 
meeting recently…

• pT(H) binning targets 
high-pT BSM physics, 
lowest bin [0,150] 
GeV

• Impact of anomalous 
trilinear Higgs 
couplings is actually 
largest at low pT(H)

• But STXS binning 
definitions are 
designed for further 
splits when statistics 
permit

27

Eur. Phys. J. C (2017) 77: 887

* Cf. B. Peon, "Is Hinchliffe's Rule True?" Print-88-0582

http://inspirehep.net/record/24148
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Conclusions

• Presenting Higgs cross section measurements in a manner 
suitable for reinterpretation is an area of active discussion

• Both differential and STXS measurements are useful (as 
are non-particle-level measurements like κ fits)

• Correlations needed for reinterpretation, and possibly 
additional information as well: studies of more complex 
examples important here

• Not yet uniform in practices between experiments or 
between analyses

• Very nice examples exist, e.g. with distributions, 
correlations, and Rivet analysis in HepData

• Hope to converge more fully at the end of Run 2

• Important not to stick permanently to one set of 
kinematic bins; as statistics increase, bin more finely where 
possible and potentially useful

28
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Extras

29
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STXS Stage 1
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