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Context

LHC HL-LHC

Ls2 13.6 TeV 13.6- 14 TeV
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e In this presentation H coupling
measurements with CMS Run 2 data
and perspectives for HL-LHC

e Run 3 ongoing — stay tuned for new
exciting results! 2
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Goal of Higgs boson measurements

Nature 607, 41-47 (2022)

Several open questions in particle physics call for a deeper

Dark
matter

understanding of the Higgs boson

Asymmetry of matter vs
antimatter in the universe

> Test compatibility with SM

o Precise measurements of the main H production XS and decay BR
o Search for rare H (and HH) processes

Hierarchy
of fermion
masses

> Measurement of H coupling to fermions and vector bosons
o Probe possible BSM effects inducing deviations from SM

> Probe properties of the H potential from H self-coupling
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H couplings to fermions & vector bosons  ,osonic coupling

VBF

Main H production
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H self-couplings INSM A =m, 2/ 22 with v

: ) e H vacuum exp. value
e HH production XS’s sensitive om exp

at LO to the Higgs trilinear
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Combination of Higgs boson measurements

e Combination of H production & decays ch’s to reduce

uncertainties & exploit ch’s complementarity

Analyses

Integrated lumi (fo)
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36(ttH) 77(VH) 138(agH)

H(11)

138

ttH multilepton
(11, WW, and Z7)

138

Hup)

138

H(invisible)

138

bb

ggH

Relative SM H
production XS’s

. SM H decay

\branching ratios

g

‘ SS

CcC

e Main H production and decay channels covered with up to
full Run 2 dataset (2016-2018)
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Test XS and BR compatibility with the SM

CMS 138 b (13 TeV) observed with CMS 138 b (13 TeV)
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> (Good compatibility with SM for main H production & decay

> Small excesses in Y, and in pzy—>interesting to see with
Run 3 data

> Evidence of H—Zy from the CMS+ATLAS Run2 comb.! 7
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Test XS and BR compatibility with the SM

e Compatibility with SM of inclusive H cross section

u = 1.002 + 0.057 [+ 0.036 (theory) + 0.033 (exp.) + 0.029 (stat.)]

> Systematics uncertainties crucial for H measurements

today and even more in future

o Reduce exp. uncertainties with new or improved approaches
o Need of more precise theory predictions
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kappa-framework

e Coupling modifiers k to quantify couplings deviations from
SM predictions

Factorize deviations of H production XS’s & decay widths
—2 — = 0; v
oi f)=a®5

Scalings inclusive XS’s & partial decay widths

Can account for invisible decays Alternative treatments of loop-induced
and undetected BSM decays production and decays
. g 000000) 9
() = 222 X -
" 1 — BRpswm 48 =--H "8
t,b
In future possibility of constrain I, from SRCLLLLI) °

off-shell H production Nat. Phys. 18 (2022) 1329 resolved loops effective COUP“”9~°9
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H couplings to fermions and vector bosons

Likelihood scan of (k, k) H couplings vs particle mass
_ CMS cCmMs 138 b (13 TeV)
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o Compatibility with SM within 10% o Agreement with SM for

masses within 0.1 - 200 GeV
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Events /1 GeV

Data - B

50— H —e'e, m,=125.38GeV § pauia —]

. o Search for H—e"e via ggH and VBF

40 . ------ B component —
arXiv:2208.00265 g 501 oo < s0x 10+ ]

arXiv:2205.05550(VH) & arXiv:2211.14181(ggH)

H coupling to electrons and charm quark

K_ likelihood scan
e SMBR(H—cc)=2.9% S c
9_ ch:rlzllltginary VH(CC) _ (SDI\t;IS:;\[;Z(ited
e Search for H—cc via ggH and " 95% CL obs(exp) intervals
VH mechanisms 2\11 <k < 5.5;[,|.kc| <3.4)
+ Constraints on k_ from p.(H) :
agH spectrum & H—-J/w+y

search
m__ distribution in a VBF
enriched category

cMms 138 fb T (13 TeV)

F VBF Tag 0 —— S4B fit

[ B3k E
[ J=*20

o Peak search in the m__ distribution

e Obs. upper limit on BR(H—ee) at
95% CLof 3.0-10™* — 6 - 10* x SM

More details in T. Orimoto talk 11
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H couplings under more general assumptions

e Assuming ggH, Hyy, and HZy effective couplings and
accounting for invisible and undetected H decays

CMS 138 b (13 TeV)
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Invisible and undetectable BR’s

compatible with SM
o SMinvisible: BR(H—ZZ—4v) = 0.1
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Constraints on the H trilinear self-coupling A

HH BR map with channels

e Constrain k, from combination _ . T
A included in the combination

of searches for HH in the most

1
sensitive decay channels b B vy) 5101
o More details in S. Nandan talk WW :
_10—2
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of H measurements 77
107
k, measurement from HH or single-H i | | | .g .
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Constraints on HHVV coupling LS T

e HH production via VBF sensitive to HHVV coupling c,,,

o Tiny SM cross section (1.7 fb) but for k,,, = 0 large XS & large p(H)

m(HH) distribution of signal (k,, k) likelihood scan from search
candidates in VBF HH(4b) cat’s for HH—4b in merged-jets final state
138 fb™' (13 TeV) 138 b (13 TeV) i
c 10T e 3 z 25 10%
o - CMS ¢ Dat [ [ele ] o 4=
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E'; 103?_ + | | -Bkgd ------------------------- 103 (\II
1 : g DY e ]
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T 00.150,200.15 7600 %00.12,200.16~7600 300 arXiv:2205.06667 "

> k,, = 0 excluded at >50 assuming k, =k =k, = 1

My, [GeV]
More details in

S. Nandan talk

> k,, = 0 excluded at >30 for any value of k, 14
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Evolution from the H discovery towards HL-LHC

cms N
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12F [ [ i > _ i el
- ﬂ_m-_lw _____ oo At HL-LHC high precision
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Summary

e H measurements are fundamental extensive tests of SM

e Presented H coupling measurements with CMS Run 2 data

o Good compatibility with SM predictions
o Precision better than 10% for most of the considered coupling
modifiers

e Statistical uncertainties comparable to systematics ones for
main H production and decay channels

e At HL-LHC high-precision tests of the SM

Rich and extensive Higgs physics program with exciting
future perspectives
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Test XS and BR compatibility with the SM

CMS 138 fb' (13 TeV)
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> Good compatibility with SM for main H production & decay
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Outlook for the future

Projection of ATLAS+CMS combination of
HH searches @HL-LHC and HE LHC
CERN Yellow report Vol. 7 (2019)
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H couplings from differential H XS measurements

HL-LHC projections for p.(H) measurements in
the ttH(yy) channel to constrain k,

CMS Phase-2 Simulation Preliminary 3ab’ (14 TeV)
S
8 —4—— Stat + exp. syst. + ggH+VH theo. uncert.
a 102 |— | Hadronic categories only
= — | Leptonic categories only
IQ_'_ B ML - AL - Expectation k; = 10
3 T e e Expectation x; =-5
- S 1 1 ol ttH+tH theo. uncert.
-
T
L 1 :
c I '
m . i
x 107" [ it - [ 1 T -
z B ' (p" > 350 GeV)/150 GeV
Lo I~ ' T
e B
°or :
- |Yf <25 R || i
- Hoyy: p; >20GeV, n'| <2.5 E
>=2 jets: p‘T > 25 GeV, Injl <4, at leastone b jet ;
107 ] 1 ] ] i
0 45 80 120 200 350
pH (GeV)

CERN Yellow report Vol. 7 (2019)



https://doi.org/10.23731/CYRM-2019-007.221

