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EXPERIMENT

Higgs Boson Self-Coupling (why Higgs pairs?) ATLAS
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Higgs boson pair-production measurement
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HH production cross sections ATLAS

EXPERIMENT

Jets: 10 kHz

Standard Mode! Production Cross Section Measurements Status: February 2022
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HH production modes ATLAS

; Non-resonant production modes probed in ATLAS
103 L o(pp — HH +X) [fb] gg —HH (NNLO, 5N
: M, = 125 GeV l— .
gluon- gluon fusion
PDF4LHC15
102 9 2008 > e H 9 H
; v Ki R
\4 ,,ﬁ,,,::
10 Kt <
9 e -6 H 9 H
1
-1
10k § -
: Reviews in Physics 5 (2020) 100045
10~ - : : —
20 30 50 70 100

Vs [TeV]

Using the k framework to parametrize BSM physics

Assumption: New physics only modifies SM couplings,
where « is the coupling strength modifier

;{HHH ] . > k,: Higgs trilinear coupling strength modifier
K,= ———| -~ k,#1 = new physics 2 i
SM 1 K= . .
yl i M x,: VVH coupling strength modifier
HHH % k,,: VVHH coupling strength modifier
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HH decay modes
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Channels probed in ATLAS

ATLAS

EXPERIMENT

e Exploit all decays channel with at least one bb pair in
the final state - comparatively higher BR than
without bb

e Different production modes
(non- resonant: ggF, VBF; resonant production)
exploited

e 3 main channels & their production modes probed in
ATLAS:
o bbbb - highest BR, large background (ggF, VBF, VHH)
o bbyy - small background, low signal yields (ggF, VBF)
o bbrtr - balance of both (ggF, VBF)
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HH-bbbb (largest signal) LAS

& gﬁ\lgﬁm Event selection: 4 b-tagged jets
Analysis strategy:

®  Higgs reconstruction: jets paired to minimize AR for p_ leading dijet system

e |An,,|and X categories to improve , and k,,, sensitivity

®  Background estimate:

o  Data from 2b region reweighted to 4b SR (defined in m - m ,, plane) using NN
Signal extraction: Limit from fit to m, distribution
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https://arxiv.org/abs/2301.03212

EXPERIMENT

HH-bbyy (clean signature) ATLAS
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.052001

HH-bbrt (balance of both)

EXPERIMENT

[HEP 07 (2023) 040

Event selection:
e 2 hadronicts (t
e 2 b-tagged jets
Analysis strategy:
e  Signal region definitions: 3 regions
(@)

had Thad)

OR 11+ 1e/p (rleprhad); m_> 60 GeV using MMC

L
ad” had X .
O Ty, Tyuy SLT - single lepton triggers

O TyTha LTT - lepton - 1 triggers
e  Signal extraction:
O Tyihad .cha'nn-el: BDT; ¢, 7, , channel: NN
o  Final discriminant: MVA score
o  combine 3 channels - bins ofloglO(S/B)
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Results (combination) ATLAS

Limits on p ., x, and «,,,, at 95% CL
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Combining 3 most sensitive channels increases sensitivity

Phys. Lett. B 843 (2023) 137745
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https://www.sciencedirect.com/science/article/pii/S0370269323000795?via=ihub

H+HH combination

ATLAS

EXPERIMENT

Single Higgs boson production is also sensitive to A through loop corrections. Examples (ggF and VBF):
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VHH production ATLAS

Sensitive to ZZHH and WWHH separately as opposed to VBF

Probed in the bbbb final state
Event selection:
e 4 b-tagged jets (from HH)
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Effective Field Theories (EFT) ATLAS

Parametrise new physics without strong model dependance
Two common frameworks in HH: SMEFT and Higgs EFT (HEFT); HEFT € SMEFT
Effective operators can modify gg>HH production in various ways

HEFT coupling parameters
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Effective Field Theory (EFT) interpretations for HH
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Cluster analysis: define groups of different
HEFT models (with specific values for the 5
HEFT coupling parameters) according to their
impact on the shape of m_, distribution
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Run 3 improvements ATLAS
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High Lumi - LHC prospects for HH ATLAS

HL-LHC conditions: Frospects studied for bbbb, bbyy and bbtt channels
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Conclusions ATLAS

e No new physics so far, HH search - useful next step if BSM physics exists
e No single golden channel = parallel searches and combination are necessary
e Can easily be extrapolated to BSM heavy resonance searches

e HH in ATLAS during Run 2: enhanced results with combining 3 most sensitive
channels, adding single Higgs contributions provides additional constraints

e Run 3: Higher centre-of-mass energy, improved detector hardware, software
(triggers, reconstruction algorithms etc.)

e HL-LHC:20 X current luminosity, run 2 extrapolation very promising (3.46
significance expected)
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