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clearly, we (we = both experimentalists and theorists) 
want to make the most out of the Higgs results
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motivation

• The fact that the Higgs mass is about 125 GeV is quite lucky, as it allows to 
observe the Higgs signal in a variety of channels. Gives a comprehensive picture 
already from LHC run 1:  it is a (very SM-like) Higgs!  

• Tests of the Higgs’ properties have been performed by the ATLAS and CMS 
collaborations, following the recommendations of the LHC HXSWG.            
(c.f. talk by Michael Duehrssen; new approach in next talk by Tilman and Kyle)

• Moreover, there has been a boom of phenomenological studies making use of 
the experimental Higgs results, investigating their implications for new physics 
(EFT approaches, 2HDMs, SUSY, strongly-coupled theories, etc., etc.)  

• Given the absence, so far, of any direct signal of new physics, the Higgs data             
and their interpretation have become a major guideline for BSM theories.

• It will be of great value if the experimental results are presented                          
in a way that maximizes the impact and usability for the whole                            
high-energy-physics community.  
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PhD comics
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using the experimental results

• In BSM theories, the Higgs production cross sections, decay branching ratios, 
kinematic distributions, and even the number of Higgs particles may differ    
from SM predictions. 

• We have to distinguish between two classes of models by whether or not the 
selection efficiencies and detector acceptances for the various channels are 
independent of the model parameters.

4

• Same tensor structure as in the SM,              
no new production modes*                                  
→ signal strength modifiers

• New tensor structure, new prod. modes: 
MC simulation to compare with exp. data                                              
→ differential distributions, form factors                        
→ fiducial cross sections

• See suggestions “On the presentation of 
the LHC Higgs results” in 1307.5865.

* see e.g. Dumont, Gunion, Jiang, SK, arXiv:1405:3584
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signal strengths

• The likelihood in terms of µ(X,Y) allows for reinterpretation of the results in 
models where the efficiency and acceptance for each (X,Y) is approximately 
unchanged with respect to the SM → SM tensor structure

• In experimental practice, the data related to a single decay mode H→Y are 
divided into different categories (or “sub-channels”) 𝑰,  in order to improve 
sensitivity or discrimination among the production mechanisms X.

Example: for 𝛾𝛾, these include “untagged”, 2-jet tagged, and lepton tagged categories, designed to be     
most sensitive to ggF,  VBF, and VH, respectively.
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µ(X,Y ) ⌘ �(X) BR(H ! Y )

�(XSM) BR(HSM ! Y )

fundamental production mode 
such as gg fusion (ggF), VBF, etc.

decay mode (𝛾𝛾, WW, ZZ, bb, 𝜏𝜏, ...)

(note that µ(Y) is not sufficient because BSM contributions 
may affect different production modes differently!)
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using sub-channel information

• The likelihood in terms of µ(X,Y) can be approximately recomputed combining 
the 𝝌2 of all categories 𝑰 using an efficiency-weighted sum:
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µI(Y ) =
X

X

µ(X,Y )T (I,X)�(XSM) BR(HSM ! Y )

selection efficiencies for each production mode, 
normalized to one. 

• Approach adopted by HiggsSignals (see talk by Sven & Georg)

• It is crucial that for each of the categories 𝑰 the selection efficiencies          
(and uncertainties thereon) be provided for all production modes !

• NB difficult to take into account correlations, e.g., from systematic uncertainties 
that lead to migration of events between categories; these uncertainties can 
dominate over the statistical ones.
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2D likelihoods for µ

• It has basically become standard that for each decay mode the experiments 
present 68% and 95% CL contours in the µ(ggF+ttH) versus µ(VBF+VH) plane:

• Also other µ(X,Y) vs µ(X’,Y) combinations, e.g. WH vs. ZH for H→bb

• Fundamental production modes are already “unfolded” from the experimental 
categories.
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VH=WH+ZH

Approach followed e.g. by Lilith (see talk by J. Bernon)
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a step forward

• It is of great advantage* to have the full likelihood information in the µ(ggF+ttH) 
vs µ(VBF+VH) plane ... or other relevant planes

• Preferably this information should be directly available in numerical form       
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from CMS-PAS-HIG-13-001 
(H→𝛾𝛾)

*) If only 68% and 95% CL contours are given, one first needs to reconstruct 
the likelihood, typically by fitting a 2D Gaussian.
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a leap forward

[....] the ATLAS collaboration has taken an important step forward by   
making the likelihood function for three key measurements about the Higgs 
available to the world digitally.  [K. Cranmer, QuantumDiaries, 12-Sep-2013]
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Figure 7
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cite this!

Figure 7
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• Eventually, we want to test ggF, ttH, VBF, ZH and WH separately, which means 
that we need a more detailed break down of the channels beyond 2D plots.

• Moreover, the dependence on the Higgs mass is important information

• We would thus like to advocate that for each final state Y the experiments   
give the signal strength likelihood in the 6D form

• This way, a significant step could be taken towards a more precise fit in the 
context of a given BSM theory.

• The likelihood could be communicated either as a standalone computer library 
or simply as a grid data file → HepData / INSPIRE.

• Open point: final state correlations → covariance matrix ?

future directions -1-
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L(mH , µggF, µttH, µVBF, µZH, µWH)

arXiv:1307.5865
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additional Higgses

• In searches for additional Higgs(like) states ϕ above or below ~125 GeV, the 
contributions from the SM-like Higgs boson at 125-126 GeV should be treated 
like any other SM background.

• This injection of the Higgs boson at 125-126 GeV as additional background 
could be based on the expectations for a 100% SM Higgs.

• Results should always be reported as bounds on σ×BR for any ϕ !                     
Of course, specific model interpretations (e.g. tanβ vs mA limits in the MSSM) are also interesting. 
However, they should be given only in addition to the σ×BR bounds.

• It is reasonable to assume at this stage that the width Γ(Φ) is small as compared 
to the mass resolution. Nevertheless the effect of varying this width is 
interesting and relevant.                                                                                          
Could be presented e.g. as 95% CL limit on the cross section in the (MΦ versus ΓΦ/ΓHSM) plane

12
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• Differential distributions of decay products in Higgs n-body decays (n>2) carry 
valuable information about the tensor structure of the Higgs couplings. 

• For example, for H → V V* → 4f decays, assuming massless fermions,  

At 0th order,                (constant) and                     , with             in the SM. 

At order(p2),                    and                                    . 

• Constraints on these and analogous form factors can help probe the structure 
of the HVV couplings.

• Differential distributions of the associated jets in VBF as well as polarization and 
kinematic distributions of the vector bosons in VH production, also carry 
important information.

→ agree on form factors, set of EFT dim-6 op’s  (needs clear definitions!)

differential distributions
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see talk by Veronica Sanz
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f iducial cross sections

• In situations in which the kinematic distribution of the signal depends on model 
parameters, simple scaling of production cross sections and decay branching 
ratios (relative to the SM) is not sufficient → one must account for the change 
in the signal selection efficiency.

• In order to address this broader class of theories, in arXiv:1307.5865 we 
advocate the measurement of fiducial cross sections, i.e. cross sections (total  
or differential) for specific final states within the phase space defined by the 
experimental selection and acceptance cuts. 

• Fiducial cross sections can be interpreted in the context of whatever model, if 
a) the model and b) the selection criteria defining defining the “fiducial volume” 
can be implemented in a MC generator. 

• Also has advantage of largely separating experimental and theoretical errors. 

• NB this is meant in addition to, not instead of, signal strength modifiers µ.  
Complementary to each other, both provide very valuable information in their own right.
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—  fiducial cross sections were heavily discussed at Les Houches 2013
—  effort is required also from the theory community to develop the necessary tools

�fid

i =
X

j

Ath

ij ⇥ �tot

j

fiducial volume acceptance
↑
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f iducial cross sections

• A step in this direction for the inclusive H→γγ cross section:  ATLAS-2014-031

15

“Fiducial Cross-section limit applicable to a wide range of models
– will be released in HepData format, together with a RIVET routine, to 
make comparisons with theory easier”  

[N. Berger, GDR Terascale meeting, 3 June 2014]



S. Kraml LHC Higgs Cross Section WG, CERN, 12 June 2014

future -2-

• Whenever possible, provide kinematic event selection criteria that can 
approximately be reproduced by MC event simulation 

It is understood that this typically requires simplified versions of the analyses, which are sub-optimal. 
However, apart from measurements of form factors, this provides at present the only practical means for 
BSM interpretations of the experimental results involving models with altered matrix element structures 
(leading to altered kinematical distributions) or additional production modes.

• The desired information is: the complete cut flow, estimated number of 
background events, expected event yields for all the SM Higgs processes, and the 
observed number of signal events (plus uncertainties).

• For MVA-based analyses, it would be of great value if a simplified version of the 
final MVA could be given. 

• In addition to model-dependent interpretations of the data (signal strengths), a 
long-term goal should be to develop a consistent scheme for publishing fiducial 
cross sections, σfid×BR, as done conventionally for SM processes.

16
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why it matters
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take this wonderful peak
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it reveals its complexity as you climb it
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besides ... it’s truly a beautiful peak ...
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but the full picture may have much more



backup
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On the presentation of the LHC Higgs results

Abstract:
We put forth conclusions and suggestions regarding the presentation of 
the LHC Higgs results that may help to maximize their impact and their 

utility to the whole High Energy Physics community.

arXiv:1307.5865

Conclusions and suggestions from the workshops 
“Likelihoods for the LHC Searches”, 21-23 Jan 2013 at CERN, 

“Implications of the 125 GeV Higgs Boson”, 18-22 March 2013 at LPSC Grenoble,  
and from the 2013 Les Houches “Physics at TeV Colliders” workshop.
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F. Boudjema, G. Cacciapaglia, K. Cranmer, G. Dissertori, A. Deandrea, 
G. Drieu la Rochelle, B. Dumont, U. Ellwanger, A. Falkowski, J. Galloway, 

R.M. Godbole, J.F. Gunion, A. Korytov, S. Kraml, H.B. Prosper, V. Sanz, S. Sekmen 
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using sub-channel information

• Reconstruction of 68 and 95% CL contours from sub-channel info (black/grey) 
and comparison to official ATLAS/CMS results (blue)

• NB important correlations may be missed in this approach. In particular, some 
systematic uncertainties lead to migration of events between categories, and 
these uncertainties can dominate over the statistical ones. 
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µ(ggF+ttH) vs. µ(VBF+VH): limitations

• µ(VBF+VH) assumes custodial symmetry.

• If only 68% and 95% CL contours are given, one first needs to reconstruct the 
likelihood. Simplest solution is fitting a 2D Gaussian:
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Gaussian fits (red/orange contours) to signal strengths in the µ(ggF+ttH) vs µ(VBF+VH) plane
and comparison to official ATLAS and CMS results (in blue).

In each case, we approximately reconstruct the likelihood by fitting 
a bivariate normal distribution to the 68% CL contour given by the collaboration
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summary of recommendations
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summary of recommendations
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arXiv:1307.5865
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summary of recommendations
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arXiv:1307.5865

NB the document is open to discussion.
→ your input can help to extend and improve it.


