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Introduction

> Self coupling is a fundamental property of the SM Higgs field

 To understand if observed Higgs boson is really SM, must measure this coupling as well 
as its coupling to other particles 

> Self-coupling strength can be determined by measuring Higgs pair 
production cross-section

 Destructive interference between diagrams with and without self-interaction

> NB Analysis is not currently optimised specifically for sensitivity to λ
HHH

 Focus on extracting a signal
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Self Coupling at HL-LHC

> Total (SM) NNLO cross-section 40.8 fb-1

 Need large HL-LHC data sample to have a good chance of measuring this process

>  A wide variety of final states available

 High branching fraction modes are largely swamped by backgrounds

 bbγγ chosen as promising mode for study due to clean γγ signature

> Final measurement will use combination of final states

 bbττ, WWττ and others are also under study 
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HL-LHC performance & object definitions

> Full simulation not available for signal plus all backgrounds under HL-
LHC conditions

 Performance parameterisations extracted from benchmark samples, and applied to 
generator-level particle 4-vectors

 ATL-PHYS-PUB-2013-009, ATL-PHYS-PUB-2013-004

 Momentum smearings, efficiency functions, fake rates, etc...

> Probabilities for e→γ fakes not described in notes

 After discussion, took assumption that performance will be ~similar to today

 Apply 2/5 % for barrel/endcap 
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Monte Carlo Samples

> Signal under several self-coupling scenarios

 Unless otherwise stated, talking about SM scenario

> 4 main background categories

 irreducible continuum, reducible continuum, top, and single Higgs
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Kinematics

bb system γγ system
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Kinematics

bbγγ system
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Selection Criteria

> The following event selection was arrived at following an optimisation

 Mostly optimised S/sqrt(B), but tried to avoid overly tight cuts on parameters where it 
could reduce sensitivity to self-coupling through restricting the phase space 
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Results

> Split events into barrel/endcap categories

 If one photon has 1.37<|eta|<2.37, endcap  

> Overall significance 1.3 σ

 ('total' column means 'only one category')
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Limit Setting

> Based on these results, we should be able to exclude values of the self-
coupling strength larger than 8.7xSM, and smaller than -1.3xSM
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Summary

> Projected signal significance ~1.3 σ in this channel, for 3000 fb-1 of 14 
TeV p-p data

 Significantly more realistic analysis than was previously available

 Not very inspiring on its own, but can form a component of a measurement that uses 
multiple channels (perhaps combining results across ATLAS and CMS)

 Work is ongoing on these other channels

> Number of places where we can improve matters

 Different b-tagging working points (including specialization for c-jet rejection)

 Look at Multi-Variate Analysis techniques; very preliminary look suggests ~30% 
improvement

> Full documentation was recently approved as a PUB note for ECFA 
workshop

 ATL-PHYS-PUB-2014-019
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