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Aim: measure pp → H → X properties

Production Decay
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Introduction

Tools: γγ channel (0.2% BR but good efficiency/resolution); 36 fb-1 of 13 TeV data

Aim: measure pp → H → X properties

Area of mγγ peak 
= Higgs signal yield
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Introduction

Method: range of most ↔ least model dependent measurements

Direct test 
of SM

Model 
independence

Couplings:    μ ggH, μ VBF, κg, κγ  etc

:    σ prod (kinematic region)  × BR(H→γγ) 

Fiducial:    σ (final-state phase space, differential)

Simplified Template 
Cross Sections (STXS)

Tools: γγ channel (0.2% BR but good efficiency/resolution); 36 fb-1 of 13 TeV data

arXiv:1802.04146 Inspire/1654582

Aim: measure pp → H → X properties

https://arxiv.org/abs/1802.04146
http://inspirehep.net/record/1654582
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1. Couplings

Likelihood fit  to  mγγ  in  31 object based  categories using  SM templates 
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2. Simplified Template Cross Sections (STXS)

Production mode x-sections in simplified fiducial phase spaces

Fewer  assumptions,  specific  phase space regions,  easy to  combine decay channels

ggH (0 jet)

ggH (1 jet, pTH < 60 GeV)

ggH (1 jet, 60 ≤ pTH < 120 GeV)

ggH (1 jet, 120 ≤ pTH < 200 GeV)

ggH (≥ 2 jet)

qq → Hqq (pTj < 200 GeV)

ggH + qq → Hqq (BSM-like)

VH (leptonic)

top
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3. Fiducial & Differential Cross Sections

Fiducial / differential x-sections  defined by  final state objects,

corrected for detector effects with  minimum SM assumptions

18 differential observables5 dedicated fiducial 
phase spaces
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4. Effective Field Theory

Provide correlations to allow after-the-fact 
constraint of models using multiple distributions

Constrain effective dimension 6 couplings  using  differential measurements

Scan of  CP-even/odd  H V V 
Wilson coefficients
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Summary

H → γγ measurements targeting a range of model dependence and SM sensitivity 

• Couplings: model dependent measurement of SM rates / kappas 

• STXS: SM x-sections in simplified fiducial phase spaces, easily combined 

• Fiducial x-sections: minimal model dependence, differential, re-interpretable 

• EFT interpretation: limits on dimension 6 effective vertex strengths 

Stat dominated, no clear deviations from the SM

arXiv:1802.04146 Inspire/1654582 36 fb-1 @ 13 TeV

https://arxiv.org/abs/1802.04146
http://inspirehep.net/record/1654582
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Background
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Uncertainties

Stat limited,  systematics depend on measurement

E.g. fiducial cross sections

E.g. signal strengths
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Signal Model
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Double-sided Crystal Ball function Signal peak modelled by DSCB

Gaussian core with power-law tails

{ μCB , σCB , αlow , nlow , αhigh , nhigh } are determined per-
bin using signal MC and fixed in data fit
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Couplings & STXS Categories
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Presented STXS Regions
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Couplings: VH and tH+ttH signal strengths
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Couplings: prod mode σ (|yH|<2.5)  × BR(H→γγ) 
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Couplings: ratios
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Couplings: kappa framework
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Fiducial Cross Sections
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Fiducial Cross Sections

Detector level Particle level
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Differential Cross Sections + more in paper
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Differential Cross Sections + more in paper

Note that SM VH 
predictions might 
need updating in 

some plots
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EFT: overview

Additional effective CP-even and CP-odd 
dimension 6 operators in SILH basis

Οg —> ggH 
ΟHW —> HWW, HZZ, HZγ 
ΟHB —> HZZ, HZγ

(probe with ggH)

(probe with VBF/VH)

Operators are modulated by ci and modify 
rate + shape of differential distributions

Construct templates for different ci with 
FeynRules+MadGraph+Pythia8+Rivet 

and interpolate with Professor

Constrain ci by maximising likelihood
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EFT: effect on shape
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EFT: 1D scans
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Signal strengths from elsewhere

ATLAS + CMS Run-1 
JHEP08(2016)045

ATLAS yy+4l Run-2 
ATLAS-CONF-2017-047

~2.4σ

<1σ
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Signal strengths from elsewhere

CMS γγ Run-2 
CMS PAS HIG-16-040

CMS 4l Run-2 
CMS PAS HIG-16-041

<1σ 1σ
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Signal strengths from elsewhere

ATLAS 4l Run-2 
arXiv:1712.02304


