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Introduction

1507.04548gH ii
→κi⋅gH ii

Interpretation of most Higgs results: “kappa” framework:
– allow each coupling to be scaled by a constant value:

 

Pros:
– simple representation of data compatibility with SM
– easy comparison between experiments
– can be used to test BSM models in which strength of Higgs boson couplings are 

modified

Cons:
– does not test the structure of the Higgs boson couplings
– data cannot be easily used to test models with different couplings structure and 

kinematics

http://arxiv.org/abs/1507.04548
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H→γγ analysis

Two well identified and isolated photons
– E

T
γ1 > 0.35*m

γγ
, E

T
γ2 > 0.25*m

γγ

γγ purity: 77±3% at 8 TeV

Signal+background fit of m
γγ

Number of expected signal events and 
measured background

– window with 90% of signal
signal background S/(S+B)
421.8 13196.4 0.037+8 TeV

Phys. Rev. D. 90, 112015 (2014)

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.112015
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H→γγ differential cross-sections (1)

Extract signal events from fits of m
γγ

 in 
bins of variables of interest

Unfold to fiducial volume:

– C
H
 = detector correction factor

– L = integrated luminosity

Get fiducial cross sections:

σ fid . BR=
Nsig ,obs

CH . L
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H→γγ differential cross-sections (2)

JHEP09(2014)112
Variables sensitive to 

– Higgs boson kinematics → p
T

γγ, yγγ

– Jet activity → N
jets

, p
T

j1, yj1, p
T

j2, H
T

– spin/CP → cosθ*, Δφ
jj

– VBF-sensitive → m
jj
, Δy

jj
, Δφ

γγ-jj

Data corrected for detector effects and preserved in HEPDATA

Rivet routine provided to allow theorists to easily compare with the data

In order to perform a simultaneous fit on several distributions, need the 
correlations between them (same events used)

http://link.springer.com/article/10.1007/JHEP09%282014%29112
http://hepdata.cedar.ac.uk/view/ins1306615
http://rivet.hepforge.org/analyses#ATLAS_2014_I1306615
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Correlations between distributions

Almost all of the statistical uncertainty originates from background pp→γγ

Used to estimated the stat correlations 
between distributions by applying  
bootstrap procedure

i - assign each event of the pp→γγ 
events a Poisson weight from P(ν = 1)

ii - reconstruct the five observables 

iii -re-extract the Signal yields

Full table will be provided 
in HEPDATA

Can be use to test 
Higgs EFTs

1508.02507

http://arxiv.org/abs/1508.02507
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Higgs effective lagrangian (1)

Parameterise BSM physics using an effective lagrangian that supplements 
the dim-4 Standard Model with all relevant dim-6 operators

– Original paper: JHEP  0706 (2007)045
  

Choice for the analysis: Higgs Effective Lagrangian
– contains 39 relevant operators in a specific basis
– Strongly Interacting Light Higgs formulation: dim-6 CP-even operators + 

corresponding CP-odd operators 

H → γγ sensitive to operators that affect the Higgs boson interaction with 
gauge bosons

– relevant terms in the Lagrangian: L= c̄gOg + c̄γOγ + ¯cHW OHW + c̄HBOHB

+~cgOg + ~cγOγ + ~cHW OHW + ~cHBOHB

http://iopscience.iop.org/article/10.1088/1126-6708/2007/06/045/meta;jsessionid=02244DCDDE329AFA5098F1C4E18762E5.c4.iopscience.cld.iop.org
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Higgs effective lagrangian (2)

Effect on the distributions for a few examples:
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Fits to differential cross sections

Example of distributions pre-fit:

Fit the 5 differential cross sections, taking into account the correlations

Limits from χ2 function:

Confidence Level for each mass point:
χ

2
=( ⃗σdata− ⃗σ prediction)

T C−1
( ⃗σdata− ⃗σ prediction)

1−CL=∫
χ

2
(c i)−χmin

2

∞

dx χ
2
(x ;m)
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Results: c  
g
-c  

γ

Additional gg→H and H→γγ contributions
– all other coefficients are 0 

Additional interactions can interfere constructively or destructively with the 
corresponding SM interactions

dest. interference:
BR(H ) = 0→γγ

dest. interference:
σ(gg→H) = 0
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Results:c  
g
 - c  

g

Additional gg→H contributions
– all other coefficients are 0 

Better constraint on c  
g
 than c  

g
 thanks to Δφ

jj
 (distinguishes the CP-conjugate 

contributions)
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Results:c  
HW

 - c  
HW

Additional W/Z couplings
– all other coefficients are 0 

Fix c
HW

=c
HB

 to ensure BR(H→Ζγ) is the one of SM

18% improvement when using 5 variables instead of Δφ
jj
 only
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Conclusion

Use full potential of H→γγ differential cross section measurements
– with correlations between distributions

Illustrated by fits with parameters from an Effective Lagrangian 
– summary of limits on coefficients: 

Higgs cross section measurements still limited by statistical error (20-60%)
– looking forward for Run 2 results!
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