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The Higgs boson interactions

Nature 607, 52 (2022)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-23/

Higgs potential and Higgs boson self-coupling

Nature 607, 41 (2022)

Higgs field value
In our Universe

An alternative
potential

Standard Model
potential

Current
experimental
knowledge

Measured: my; =~ 125 GeV, v = 246 GeV

1

— A = mé/ 207 not verified experimentally!

— Ay = AU trilinear Higgs self-coupling constant
(can be probed through HH production)

Measurement of A could help answer questions about:

e Vacuum stability

 Dynamics of electroweak phase transition
(connection to electroweak baryogenesis)

* Connection between the SM and a more
complex world of particles


https://doi.org/10.1038/s41586-022-04899-4

HH production at the LHC

gluon-gluon fusion (ggF)
---ﬁ'-( GggFZBIOS fb

vector boson fusion (VBF)
ooy = 1.72 fb

VHH production covered in Matteo's talk

Processes parameterised using

- -
X \\ coupling modifiers:
g “H
- SM
Ky = Agun! Agpy

_ SM
Ky = Cylcyy


https://indico.cern.ch/event/1334055/contributions/5799245/
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HH branching ratios

Searches for non-resonant HH production

Most recent ATLAS results

ATLAS-CONF-2023-071 (bb7)
PRD 108 (2023) 052003 (bbbb)
JHEP 01 (2024) 066 (bbyy)

arXiv:2310.11286 (bb£?)
PLB 843 (2023) 137745 (H + HH combination)
ATL-PHYS-PUB-2022-053 (HL-LHC projections)

Most recent CMS results

DRL 129 (2022) 081802 (bbbb resolved)
PRL 131 (2023) 041803 (bbb boosted)

DB 842 (2023) 137531 (bb17)
JHEP 07 (2023) 095 (multilepton)

JHEP 03 (2021) 257 (bbyy)

JHEP 06 (2023) 130 (bbZZ)
CMS-PAS-HIG-21-005 (bbW W)
CMS-PAS-HIG-21-014 (W Wyy)

Nature 607 (2022) 60 (Comb, HL-LHC projections)
CMS-PAS-HIG-23-006 (H + HH combination)

CMS-PAS-HIG-22-006 (VHH, bbbb)
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Combined results: HH signal strength limit

Nature 607 (2022) 60 PLB 843 (2023) 137745
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- Several individual results have been updated since these combinations
- Comparable sensitivities between ATLAS and CMS (3.5 - 5 times better than the 36 fb-1 combinations)


https://www.nature.com/articles/s41586-022-04892-x
https://www.sciencedirect.com/science/article/pii/S0370269323000795?via=ihub

Combined results: Constraints on self-coupling
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- Quoted limits are based on the assumption that all other couplings are as predicted by the SM
- More generic limits 6% (CMS) and 18% (ATLAS) less stringent < Ky, K, K, K, (+ Ky, K, for CMS) profiled
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State-of-the-art: ATLAS HH — bbrtr

ATLAS-CONF-2023-071
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State-of-the-art: ATLAS HH — bbyy
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State-of-the-art: Resolved HH — bbbb

PRL 129 (2022) 081802
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https://link.aps.org/doi/10.1103/PhysRevD.108.052003
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.081802

State-of-the-art: CMS boosted HH

large-radius jets (R = 0.38)
(merged b-jets AR ~ 2my/py p)
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- ParticleNet GNN H — bb tagger used to identify the bb-initiated large-radius jets
- Mixture of several triggers, challenging turn-on modelling
- ggF and VBF categories based on the kinematics of non-central jets in the event

- Three ggF SRs defined based on the ParticleNet scores and large-radius jets masses

(obtained using a GNN regression)

— bbbb

PRL 131 (2023) 041803
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C M S Supplementary
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30 x better than previous result

Expected sensitivity to k
similar to the resolved analysis

Theory
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.041803

State-of-the-art: CMS boosted HH — bbbb (k)

large-radius jets (R = 0.38)
(merged b-jets AR ~ 2my/py p)

- Boosted analysis provides excellent sensitivity to variations in ¢,,

- VBF categories defined according to ParticleNet scores and miy
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K,y = 0 excluded at 6.30

(Assuming all other couplings to be
as in the SM)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.041803

Trigger challenges

- ggF HH production via the Higgs self-coupling
mechanism yields a very soft plTLI spectrum

’ p—— v - Challenging especially for bbbb and bbr, 7,
YitH H ~‘~
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300 400 500 OO F00 €00

mwr[Ge V]
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Trigger developments for Run 3: HH — bbbb

BJetTriggerPublicResults
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Improvements w.r.t. Run 2 in ATLAS

3-b-jet triggers with asymmetrical prt thresholds

2-b-jet triggers with asymmetrical pr thresholds in the
“Delayed trigger stream”

GN2 b-tagging at the trigger level (added in 2023)
Similar developments for HH — bbtt
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Improvements w.r.t. Run 2 in CMS

- ParticleNet b-tagging at the trigger level

- Lowered threshold on the scalar sum of jet transverse

momenta in the event from 360 to 280 GeV using the
“Data Parking” strategy

2022
Run 2

15
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HL-LHC projections

CMS Nature 607 (2022) 60
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Expected discovery significance in the baseline scenario for the

evolution of systematic uncertainties, assuming SM signal: 3.4¢

In the same scenario: k;, = 17

ATLAS + CMS combination could potentially yield So

16


https://www.nature.com/articles/s41586-022-04892-x
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-053/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-053/

Resonant HH production
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Resonant HH production
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https://arxiv.org/abs/2311.15956
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G#Summary_of_public_Di_Boson_resul

Interpretations, X — Y searches
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryResultsHIG

Summary and outlook

Impressive Run 2 limits on ygy

- ATLAS: 2.4 (exp. 2.9) + updates from bbyy and bbrzt

- CMS: 3.4 (exp. 2.5) Quartic Higgs boson self-coupling much more

difficult to probe.

Experiments, however, started considering probing

Allowed k, ranges HHH production
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