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Abstract

InJuly 2012, the ATLAS and CMS collaborations at the CERN Large Hadron Collider
announced the observation of a Higgs boson at a mass of around 125 gigaelectronvolts.
Tenyears later, and with the data corresponding to the production of a 30-times larger
number of Higgs bosons, we have learnt much more about the properties of the Higgs
boson. The CMS experiment has observed the Higgs boson in numerous fermionic and
bosonic decay channels, established its spin—parity quantum numbers, determined its
mass and measured its production cross-sections in various modes. Here the CMS
Collaboration reports the most up-to-date combination of results on the properties of the
Higgs boson, including the most stringent limit on the cross-section for the production of
a pair of Higgs bosons, on the basis of data from proton—proton collisions at a centre-of-
mass energy of 13 teraelectronvolts. Within the uncertainties, all these observations are
compatible with the predictions of the standard model of elementary particle physics.
Much evidence points to the fact that the standard model is a low-energy approximation
of amore comprehensive theory. Several of the standard model issues originate in the
sector of Higgs boson physics. An order of magnitude larger number of Higgs bosons,
expected to be examined over the next 15 years, will help deepen our understanding of
this crucial sector.
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CMS

Precision Measurements
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Higgs Boson Stats: Mass

H > ZZ - 4¢ [Run 2]
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Iiggs Boson Stats: Decay Modes
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CMS
z Search for H->upu
JHEP 01 (2021) 148
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Z Search for H>Zy

CMS PAS HIG-19-014
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Search for H—cc

CMS PAS HIG-21-008
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-ablished Production Modes
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CMS

= Fit for six Higgs coupling modifiers:
Ky Kz Ky Ky, Kpy K
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= Challenging: In SM,
oc(HH):0(H)~1:1000

" Three most sensitive decay modes:
= HH— (bb)(bb)
= HH—> (bb)(t7)
* HH= (bD)(vy)

" Production modes tags:
= VBF
= Untagged (ggF)

= Results (95% CL limits):
= HH production signal strength pu<3.4
= HHH coupling: —1.2 <k, <6.5

= VVHH quartic coupling: 0.7 <k,, < 1.4
= k,,=0 excluded at 6.60(!)

Next Step: Higgs Self-Coupling
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Next Step: Higgs Self-Coupling
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CMS

Direct Searches Beyond SM

= Many scenarios of new physics under investigation at CMS:
= Non-SM couplings: t - gH
= Unaccounted BSM decay modes: H width, H — invisible, H =
£¢’(CLFV), H — BSM particles

= Additional (pseudo-) scalars: heavy higgs H - h(125)h(125) or
h(125) - aa
= Or new heavy particles, e.g. graviton: X - HH
» Charged Higgs: Ht, Ht+
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= For full details, see TEER S T
= https://twiki.cern. Ch/tWIkI/bIn/VIEW/CMSPUb|IC/Phys|csResu|t5H|G



CMS :
\é Conclusions

= Transition to the true higgs boson precision
measurements era is well under way

= Accuracy of coupling measurements is under 10% for most
couplings
= Combined invisible BR<16 % at 95% C.L.
= Focus on comprehensive understanding
= Requires combined analysis of multiple complementary
measurements

= Progress in self-coupling measurements is much ahead
of earlier preliminary expectations

= Many improvements in data analysis techniques

= Further improvements in precision with the large
increases in the size of the datasets following Run-3

= Better understanding of systematics will be important as
statistical uncertainties go down




E Run 3 status

= Energy: 13.6 TeV
= 2022 (start-up year): 38 fb—1 (recorded, 92% efficiency)

Data up to 2022-11-28 2022 (pp 13.6 TeV)
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= 2023 — 2025 (main period): 300 fb—1 by 2025 (planned)

= 2023 (war realities): LHC running time has been cut from 20 to
13 weeks due to the energy crisis

= New projection for Run 3 lumi: wait and see
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