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Higgs boson

€ Higgs boson is responsible for the masses of elementary particles. One
decade has passed since its discovery by ATLAS and CMS in 2012
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Discovery of Higgs boson opens a new era of particle physics
—— measure propertied of Higgs precisely!
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Productions and decays of Higgs boson
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(pp and cc: small BR but access to Yukawa coupling with 2" generation
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Invisible channel: probe the phase space sensitive to BSM 3




Input analyses
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Global signal strength

< 8 _l_ T | T 1T T | L T ]
< ~  ATLAS — Tola ]
Q\| 7 — E =13 TeV, 36.1 - 139 fb_1 Remove Background Theor_\%
| | Remove Signal Theory |
- my,=125.09 GeV, IyHI <25 ... Statistical ]
OF py,=a0% E
5 E
4—— ——
Cliy E
21 E
1 ————
O : | | | | 1 1 | “ " 1| | | | I I | | 1| :

09 09 1 105 1.1 115 1.2
L

2022/8/9

26

1o

@ For a specific production process i and decay mode f, a

signal strength is defined as

_ [ i SM
I‘lif - <G$M> (Bf/Bf )
i

assuming a global u = all u;¢, measured to be

u=1.05+0.06
=1.05+0.03(stat.) +0.03(exp.) £ 0.04(sig. th.) £ 0.02(bkg. th.).

@ The precision reaches to 6%, improved by ~30% compared
with 79.8 fb~!partial Run2 dataset (u = 1.11750a) Phys.
Rev. D 101, 012002 (2020)

€ Experimental and theoretical uncertainties almost a factor

of 2 lower than Runl 5


https://journals.aps.org/prd/pdf/10.1103/PhysRevD.101.012002

Production cross-sections and BRs
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K frameworks

Interpret cross-sections or decay width as function of kappa modifiers that represent Higgs coupling to various SM particles.

Kappa modifiers to different productions and decays
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The effective couplings of loop-induced processes

are resolved in terms of fundamental SM couplings.
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Resolved modifier
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Total decay width of Higgs boson
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BRs of invisible (ZZ* —» 4v, DM
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Non-SM decays
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Ky VS Kr

Ky = Ky = Kz , Kr applies to all fermions (leptons, quarks)

@K, and K assumed to be positive. p-
value of SM compatibility is

@ Large positive correlation 39%
between them due to most sensitive
input measurements involving ggF
production with decays into vector
bosons

Combined result:

k, = 1.035 + 0.031
kp = 0.95 4 0.05
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Effective couplings of loop contributions
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Direct couplings to SM particles

The coupling of Higgs to each SM particle treated
independently: with following assumptions:
@ All the modifiers are positive
@ Only SM particles contribute to loop-induced processes .
@ Invisible and undetected decays not considered
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Generic kappa model
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STXS measurements (36 kinematic regions)

ATLAS Run?2
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» Simplified template cross-sections (STXS)
partitions Higgs production phase space into a

set of kinematic regions defined by properties

of Higgs or associated jet, W/Z boson

» The goal is to provide sensitivity to BSM

effects, avoid large theory uncertainties in
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these predictions, and minimize the model-

dependence of acceptance extrapolations

» All the measurements compatible with SM

predictions, with a pgy, of 94%
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Summary

€ An unprecedented number of Higgs production and decay processes are combined,
where almost all input measurements upgraded to full Run2 dataset. The
measurements of Higgs properties and couplings show pretty good agreement with
SM, with an unprecedented precision.

€ Much progress made w.r.t Run1!

€ All major production modes and decays observed with larger significance.
& Hints of rare Higgs productions and decays seen.

@ The coupling strength modifiers to SM particles measured with a higher precision,
and the constraints on BR of non-SM decays improved significantly as well.

€ Look forward to even more precise Higgs coupling measurements in LHC Run3!



