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The Higgs potential and searches for HH  «="griia

» Despite Its significance the shape of the Higgs potential remains largely unconstrained

What the SM predicts vs  what we know experimentally
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» The shape Is probed through determining the strength of Higgs boson self-interactions A
in searches for HH production [in SM: A ~ 1/8]

» pp>HH->bbTT: rel. high BR (~7.3%) and multijet rejection from di-T system
- one of the most sensitive channels
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The search for pp~>HH->DbbTT

» Two analysis channels, depending on the T decays: ThadThad and TiepThad
TlepTiep IS included in the pp>HH->bbll analysis, arxiv:231011286]
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> Existing Run 2 analysis: compromise between resonant and non-resonant [JHEP 07 (2023) 040]

» New: re-analysis of the Run 2 data set focusing on the non-resonant part [public page]
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https://arxiv.org/abs/2310.11286
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-40/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-071/

Fvent selection

» Extended categorization to improve constraints on HHH and HHVV coupling

ThadThad  TienThad (SLT) TiepThad (LTT) muy categorization to improve the K, constraint
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« Separate training against enhanced A signal In
low-mpy region
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https://arxiv.org/abs/1910.00012

ooF HH vs. VBF HH categorization BDT

Introduction of a dedicated VBF HH SR to improve the Koy

constraint and to reduce the correlation with the ky
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A BDT Is trained to separate ggF HH from VBF HH on events
with 4 jets (two VBF-jet candidates + two H->bb)
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Main backgrounds and how to control them

Main backgrounds: Control region
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» 4 x more MC statistics for main backgrounds ”
« Control region kinematically closer to signal region - less reliance on extrapolation unc.
Signal Is extracted through a joint fit to all SRs and the CR 0
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» HH signal scaled to combined signal strength included in both the stack and the ratio
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HH signal scaled to combined signal strength included in both the stack and the ratio
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LimIts on enhanced pp—>HH cross-sections

No significant excess observed above the SM prediction (p=1)
Observed limit higher than expected due to a stat. fluctuation in the TiepThad SLT high mun region
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Constraining anomalous self couplings

Anomalous HHH coupling: Anomalous HHVV coupling:
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» Little correlation between the two modifiers (-12%)
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HEFT Interpretation

» Using the analysis to constrain 6 add. muyy shape benchmarks within the HEFT framework

[LHCHWG-2022- 004
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https://cds.cern.ch/record/2843280

Towards Run 3

> Ongoing performance improvements will benefit future analyses In this channel
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TauTriggerPublicResults
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2023-01/

summary and conclusion

pp->HH->bbTT re-analysis of the Run 2 data set with focus on non-resonant part
[similar to what has already been done for pp>HH-=>bbyy, arXiv:231012301]

Expected improvements of 20% on signal strength ATLAS Proliminary o Observed | mmsto
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Run 3 awaits with further improvements : . . |
1 10 10°
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Exciting times ahead!
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