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Outline

* HH: motivation and phenomenology

» Survey of CMS results with 13 TeV data
 NEW result with 13 TeV data

* Run-3 prospects

e Summary



Higgs pair production

A direct probe of the Higgs self-interaction (1)

Protons 2 Higgs

Protons ‘x Higgs



Higgs pair production

A direct probe of the Higgs self-interaction (1)

Protons ' Higgs

Protons ‘x Higgs

* This term helps to map out the shape of the Higgs potential

The SM prediction of V: B
(expansion at the minimum) V(h) =

Mass Term HH production HHH production
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HH production predictions

» Goal is to accurately and precisely measure «, = i /Ay, = |
 HH small at the LHC: ~1000x smaller than H
» Destructive interference between diagrams, for example in ggHH:
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HH production predictions

» Goal is to accurately and precisely measure «, = i /Ay, = |
 HH small at the LHC: ~1000x smaller than H
» Destructive interference between diagrams, for example in ggHH:
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HH production beyond the selt-coupling

* HH pairs also probe other couplings
» For example: VBF production probes HHVYV interaction, «,,
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Differences still
relevant at high pr


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG/index.html

Survey of HH results by CMS

» Higgs boson decay branching ratios result in rich set of final states
» "Big 3" final states driving the sensitivity

bb WWo_1yWW,y, v ZZ VY bbbb:
_ ggFHH, VBFHH:
bb (Boosted) Phys. Rev. Lett. 131, 041803
(Resolved) Phys. Rev. Lett. 129, 081802
WW_o_i, 1134% | 1.3% VVHH: arXiv:2404.08462
WWas T116% | 1.1% | 2.1% bb7T:
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TT 7 .3% 1.4% 1.2% | 0.39% Phys. Lett. B 842 (2023) 137531
R // 3.1% | 0.6% | 0.2% | 0.33% [0.069% bb}/}/
arer ggFHH, VBFHH:
decay Y7 1 0.26% | 0.05% | 0.04% |0.028% 0.012%- JHEPUS (2021) 257
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https://link.aps.org/doi/10.1103/PhysRevLett.131.041803
https://link.aps.org/doi/10.1103/PhysRevLett.129.081802
http://arxiv.org/abs/arXiv:2404.08462
https://www.sciencedirect.com/journal/physics-letters-b/vol/842/suppl/C
https://link.springer.com/article/10.1007/JHEP03(2021)257

Survey of HH results by CMS

» Higgs boson decay branching ratios result in rich set of final states
» "Big 3" final states driving the sensitivity
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https://link.springer.com/article/10.1007/JHEP07(2023)095
https://link.springer.com/article/10.1007/JHEP06(2023)130
http://arxiv.org/abs/arXiv:2403.09430
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https://cds.cern.ch/record/2893031

Survey of HH results by CMS

» Higgs boson decay branching ratios result in rich set of final states
» "Big 3" final states driving the sensitivity
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG/index.html

The “big 3” channels

bbbb:

4 b-tagged jets
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The “big 3” channels
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The “big 3” channels
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The “big 3” channels
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Sensitivity to SM HH

Run-2 so tar: relative sensitivities
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryResultsHIG

HH (bb VV): all-hadronic

» Unexplored final state at the LHC LMS-PAS-RIG-23-012
* Includes W(qq), Z(qq) decays: BR = 13%

* Focus on “boosted” regime, high pr
« QCD background dominant, but reduced
» Study ggF and VBF production: target kov modifications at high mun

Merged large-radius jets
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG/index.html

HH (bb VV): tagging

* Alikely” VBF HH(bb VV) event:

CMS Experiment at the LHC, CERN

Data recorded: 2016-Jun-03 22:34:09.632903 GMT
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https://arxiv.org/abs/1902.08570
https://arxiv.org/abs/2202.03772
https://arxiv.org/abs/2202.03772

HH (bb VV): tagging

* Alikely” VBF HH(bb VV) event:

_ CMS Experiment at the LHC, CERN
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Extra challenge: calibrate
signal efficiency per subjet W
(see LundPlane poster)
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https://arxiv.org/abs/1902.08570
https://arxiv.org/abs/2202.03772
https://indico.cern.ch/event/1291157/contributions/5876625/
https://arxiv.org/abs/2202.03772
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HH (bb VV): results
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» Data-driven background
 Parametric “transfer factor” from QCD
enriched region
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HH (bb VV): results
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The imminent “tuture”: Run-3
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Trigger improvements:

ML in trigger: ParticleNet, DeepTau
Added data streams (“Parking”)

Lower pT threshold for bbbb, bbrt

Reconstruction improvements:

Jet pr regression with ParticleNet

improves response resolution by ~15% (after calibration)
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Improvements applicable for other bbXX channels (e.g. bbyy, bbVV)
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http://DP%20NOTE
https://cds.cern.ch/record/2868787/files/DP2023_050.pdf
https://cds.cern.ch/record/2904704?ln=en

Summary

» Extensive study of HH production with Run-2 data

» Exploring "new” channels:
» Less sensitive but potential in combination
» Boosted regime: powerful constraints of koy

« Measurement of «, is a cornerstone of HL-LHC:

» Well-established search channels
» Critical to overcome limitations from hadronic triggers and reconstruction

» Exciting prospects for Run-3, and 13.6 TeV data!
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