Higgs boson coupling measurements
focus on HWW, HZZ, HHH




Foreword

All the studies shown have been done in a contest of a 4 months M2 internship
that | have supervised.

The goal was to put in place a full analysis chain from the generation of the
samples through the selection of candidates to the statistical analysis.

There are many caveats (results are on the optimistic side)

= The centrally produced samples are (yet) not used

= Not all the systematics uncertainties are included
-> Only main backgrounds are considered, less selection cuts so higher
signal efficiency
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Inclusive analyses @240 Ge

Exploited few Z decays, using the recolil techniques
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Inclusive analyses @240 GeV

Exploited few Z decays, using the recoll techniques
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Study the VBF production @365 GeV
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W boson fusion: ee—veveH(bb)
-« H -

FCC-ee simulation (IDEA - Delphes)
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2. Adaptive BDT to further reduce the backgrounds

= 17 input variables
-> trained with a 20k signal events and 100k background events
-> 800 trees with a minimum node size of 1%, a maximum depth of 3
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X ' BDT variables and correlations

Correlation Matrix (signal)
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. Final discrimination variable

|
N The missing mass after preselection and BDT cuts

Vs =365 GeV, L = 1.5 ab™
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Z boson fusion: ee—=eeH(bb)
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2. BDT to further reduce the backgrounds
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Combination of orthogonal analyses

For each analysis the signal strength I1s parametrised as

r_ 0i. BRI

=== HiX Y
- (0i . BR)sMm
Combining
-> inclusive analyses : measure of pzH H
-> an exclusive analysis Z(l)H(bb) : measure of pbb SM 1
-> two VBF analysis for H(bb) : measure of pvsrww and pverzz = .,

This analysis can be easily extended with more decay channels

;_ - FCC-ee (240 + 365 GeV)
B — 1o (stat. only)
— Production | . Decay
— l | |
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Does the Higgs boson interact with itself?

A self-interacting Higgs (as SM predicts) would be unlike anything yet seen
In nature. All other Interactions change particle identity.

The Higgs boson cubic (/13SM) and quartic (/lfM) couplings are

the keys to check the EWSB. The Higgs boson potential is -
2

7 c ";” h2 — ASMyp3 — ASMp
Link with the cosmology

Deviation from SM Higgs boson self-coupling cause _
modified potential that allows strong first-order Eisf
electroweak phase transition and hence an explanation =
of the observed matter vs anti-matter asymmetry!
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: A3 @ FCC-ee
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“u Higher-order corrections to single-Higgs processes

Aunn does not enter single-Higgs processes at LO but it
affects both Higgs production and decay at NLO.

Linear correction to the vertex Quadratic corrections
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The NLO corrections to an observable 2

2INLO =

A3 effect
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Conclusions

Preliminary results based on the work done during a M2 internship have been
shown.

The analysis chain has been put in place to measure few Higgs boson couplings
(HZZ, HWW, HHH) profiting of two energy points.

The analyses will repeated using the centrally produced samples, add all the
needed systematics, ....

More Interested people are joining the effort.
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