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• The “Low Higgs mass” subgroup of the LHC HXS WG in charge 
of providing recommendations related to the Higgs properties 
measurement 

• An interim document addressing the characterization of the 
coupling structure has been issued.   
– Recommendations for JCP/tensor structure analysis being finalized 

• A set of benchmark parameterizations to be used to fit the 
data are defined 
– Common ground (same notation, apple-to-apple comparison) for 

experiments and theoreticians 

– Endorsed both by ATLAS and CMS, Higgs properties fit results are 
presented in such frameworks    

 

Introduction (1) 
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• Data are fit for the SM Higgs, seeking for deviations, possibly 
to exclude the SM Higgs 
– Other scenarios are not assessed 

– (Standard) Model dependent fits (LO approach) 

• Next step consists in implementing a full parameterization of 
new physics effects following either an Effective Field Theory 
or an Anomalous Couplings approach 

 

• DISCLAIMERS: 
– Focus is on the description of the physics models rather than the 

statistical analysis related aspects 

– Will not discuss likelihood implementation (effectively the 
recommendations can be implemented in a simple c2 fit) 

 

Introduction (2) 
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• Introduction 

• The physics framework  

– Assumptions 

– Definitions of scale factors 

– Further assumptions 

• The benchmark models with results from the 
experiments 

• Official versus phenomenological fits 

• Items for discussion  

Outline 
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• Document available at: 
https://twiki.cern.ch/twiki/pub/LHCPhysics/HiggsLightMass/LHCHXSWG-2012-001.pdf 

• Edited by theorists and experimentalists 

• Content discussed in the LM LHC HXS meetings : 
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/HiggsLightMass#Meetings 

 

 

Interim recommendations 

5 

https://twiki.cern.ch/twiki/pub/LHCPhysics/HiggsLightMass/LHCHXSWG-2012-001.pdf
https://twiki.cern.ch/twiki/pub/LHCPhysics/HiggsLightMass/LHCHXSWG-2012-001.pdf
https://twiki.cern.ch/twiki/pub/LHCPhysics/HiggsLightMass/LHCHXSWG-2012-001.pdf
https://twiki.cern.ch/twiki/pub/LHCPhysics/HiggsLightMass/LHCHXSWG-2012-001.pdf
https://twiki.cern.ch/twiki/pub/LHCPhysics/HiggsLightMass/LHCHXSWG-2012-001.pdf
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/HiggsLightMass


• No specific assumptions on new physics 

• Just one single narrow resonance  

• Higgs Width GH is negligible, zero-width approximation is 
used: 

 

 

• (For the moment) Only modifications of the coupling 
strengths are allowed, the SM tensor structure is assumed 
– The signal is a CP even scalar    

Assumptions 
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Coupling scale factors 
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• A set of k to scale the SM production cross sections and decay 
widths 
– SM predictions as from the LHC XS Yellow Reports (arxiv:1101.0593)  

 

 

• Partial widths not detectable at LHC via proxies to detectable 
ones 

• Scaling for couplings through loops defined either 
– As function of scale factors for the fields in the loop  

– As additional free parameter 

• Total width can be either take as the sum of the partial widths 
or as additional degree of freedom 
– In the latter case one of the original free parameter gets redefined as: 

• kX -> kXkX/kH   



Coupling scale factors 
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Production modes Detectable decay modes Undetectable decay modes 



scale factors for loops 
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• In the case of coupling via loops scale factors are functions of 
the other scale factors 

• Example: the gluon fusion cross section scaling:  

 

 

• Where sggH
tt,bb is the square of the top and bottom 

contributions and sggH
tb is the square of the interference 

terms 
– Interference term is negative for MH<200 GeV 

• Similar expressions implemented for other loops (gg, Zg) 
– VBF is also expressed as combination of kW and kZ  

• Alternatively the dependency on other scale factors can be 
discarded and treat the loop scale factor as additional free 
parameter 



• NB: the document addresses the integrated luminosity 
envisaged for 2012 run => estimations are statistically limited 

• Theoretical uncertainty: 
– Th. Uncertainties will directly affect the scale factors determination 

• Zero width approximation 
– 1% effect in the low mass range 

• Signal interference effects 
– H->ZZ->4f analyses correctly rely on BR(H->4f), at 125 GeV 10% effect 

w.r.t BR(H->ZZ)xBR(Z->2f) 

– H->ZZ and H->WW data are however scaled with kZ and kW 

• Treatment of light fermions 

– G for electrons, up and down quarks are neglected 

– Proxies used for the undetectable ones 

– Light flavors also neglected in the loops 

Further assumptions 
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BENCHMARK MODELS 
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• Same as usual m parameters, but for the square (consistency 
in the uncertainties w.r.t the other models) 

• High experimental precision, but little informative on the role 
of the Higgs candidate.. 

1 common scale factor 
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• Straightforward extension to 2 parameters fit  

• Fermion universality and custodial SU(2) are assumed 

• Loop structure as predicted by SM 

• (As for the other models) to be implemented with no 
assumption on the total width too 

Bosons and Fermions 
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Bosons and Fermions 
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• Main parameter is lWZ=kW/kZ 

• SM predicts small violation of custodial SU(2), Dr>1 

Custodial Symmetry 
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Custodial Symmetry 
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• Group the fermions in up and down type, main parameter is 
ldu=kd/ku  

Fermion sector (1) 
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Fermion sector (1) 
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• lll 

Fermion sector (2) 
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• Group the fermions in leptons and quarks, main parameter is 
llq=kl/kq  



Fermion sector (2) 
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• Look for violation in the loop couplings using the relative scale 
factors (kg and kg) as parameters for the fit 

• Undetectable/invisible decay are constrained by additional 
parameter in the total width (BRinv,undet)  

BSM 
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BSM 
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• Results from HCP (CMS) or ICHEP (ATLAS) datasets 

• For each models the standard set of likelihoods (but for the 
Parameters Of Interest) are exploited 

• Both for 1D and 2D results, the likelihood is scanned along the 
POI(s) domain. Nuisances (and possibly remaining POIs) are 
profiled at each point of the grid 
– If nuisances not profiled, contours get much smaller 

• Contours/bands are computed assuming c2 distribution 
around the minimum, e.g. for a 2D fit: 

– 1s: -2DLogL=Qc2 (0.6827,n=2)    

ATLAS and CMS fits 
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Fits comparison 
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• Theorists perform simple c2 fits taking published signal 
strengths as inputs 
– Correlations typically not taken into account 

– Some corrections when mentioned in exp papers (e.g. gluon fusion 
contamination in VBF) 

• Results are often very much comparable 
– Analyses are still very much statistically limited    



• Given the many BSM models, no plans to use any as 
benchmark  
– This is already problematic/not true when studying JPC  

 

• Are the proposed frameworks useful for theorists to check 
their preferred BSM scenario? Are there proposals for 
additional schemas? 
– “c6” already used (HCP results and projection studies, see backup) 

– Discussion at next LM working group meeting Feb 1st . 

 

• How do we best  report experimental results (with the goal of 
allowing more detailed/accurate studies)?  
– More detailed info on paper? 

– Full likelihoods (RooDatasets)? 

Up for discussion 
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• The interim recommendations proposed by LHC XS WG 
adopted by ATLAS and CMS and used to study the Higgs 
properties 

• So far, everything is consistent with the SM predictions. Need 
to go forward both with the analysis and the fitting framework 
to pin down possible small deviations 

 

Summary 
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BACKUP 
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• Anomalous couplings: 

– ☺ Only requirement is Lorentz symmetry 

– ☺ Agnostic on new physics (can be light) 

– ☹ Born contribution only 

– ☹ Large number of extra couplings 

– ☹ Possibly violates unitarity, yet (model dependent) form factors can 
be included. 

• Effective field theory: 

– ☺ Based on all the symmetries of the SM. 

– ☺/☹ New physics is heavier than the resonance itself : Λ>MX 

– ☺ Renormalizable (order by order in 1/Λ) 

– ☺ Number of extra couplings reduced by symmetries and dimensional 
analysis 

– ☹ Valid only up to the scale Λ. 

• Overall moderate preference for EFT 

EFT vs AC (Maltoni) 
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C6 (CMS) 
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Projections 
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