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138 fb"' (13 TeV)

Events / 4 GeV

500

my = 125.38 T 0.14 GeV/

51" (7 TeV) + 19.7 fo' (8 TeV)
15.9 6" (13 TeV)

== Total 'Stat, Only

Total (Stat. Only)

un 1 Hoyy 124.70 £ 0.34 ( + 0.31) GeV

un1H-2Z- 4l 126.59 + 0.46 ( £ 0.42) GeV

un 1 Combined

125.07 + 0.28 ( £ 0.26) GeV
125.78 + 0.26 ( + 0.18) GeV
125.26 +0.21 ( + 0.19) GeV

125.46 + 0.16 ( + 0.13) GeV

125.38 £ 0.14 (£ 0.11) GeV

> Higgs mass: 125.38 V with 0.1% precision
»> Couplings to the SM particles: consistent with the SM predictions
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" ~Very.successful SM
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»> Good agreement, mostly in V, VV. channels
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Neutrino oscillation between three generations

» Evidence for be jJIJJ SM (BSM)
* Dark ma r.::r, uws.sr—-:m.]:nas.ar asymmetry, neutrino mass
*  Higgs mass stability



Opportunity at LHC

HL-LHC

Run 2 [ Run3

LS1 EYETS LS2 LS3
13 TeV 13- 14 TeV 14 TeV
—_—_— _—_— Diodes Consolidation —_— _——
splice consolidation LIU Installation HL-LHC
button collimators
R2E project 11 T dipole coll. Iinstallation
Civil Eng. P1-PS

ATLAS - CMS

radiation
experiment upgrade phase 1 damage
beam pipes

upgrade
. TR 3000 fb-1
190 fb S 4000 (ultimate)

CMS Integrated Luminosity Delivered, pp

5to 7.5 x nominal Lumi
nominal Lumi 2 x nominal Lumi i ALICE - LHCb 2 x nominal Lumi

Data included from 2010-03-30 11:22 to 2018-10-26 08:23 UTC

w2010, 7 TeV, 45.0 pb !
— 2011, 7 TeV, 6.1
m— 2012, 8 TeV, 23.3 1"
w— 2015, 13 TeV, 4.2 fh !
s 2016, 13 TeV, 41.0 !
2017, 13 TeV, 49.8 !

2015, 1 TeY, 670 Events at CMS in Run 2 (~ 137 fb~1)

W bosons 27000 x 10°
~ Zbosons 8000 x 10°
/ t quarks 130 x 10°

¥ H bosons 8 x 106
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> LHC High Energy Beam (5% of the data taken so far)
> A factor of 20 more data
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BSM Searches
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« KK excitations Dark
* Quantum black holes Matter

New heavy quarks:

- Vector-Like Quark
- Excited quarks

New heavy lepton
- Vector-Like Lepton
- Excited lepton

Heavy Neutral Lepton AR
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BOSONS

GAUGE

Extended Higgs sector:
- 2 HDM
- NMSSM ...

Extended gauge sector:
-W,Z

Leptoquarks
+ ...



Leptons Quarks
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Force carriers Higgs boson
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Nature 607, 52 (2022)



Two fundamental pieces were missing:
« the top quark:
m, <200 GeV (indirect LEP 1) ; m, > 77 GeV (CDF)
« the Higgs boson:
my, > 44 GeV (LEP 1); m, <1 TeV (Theory : WW scattering unitarity)

W

» No lose theot
to ~1TeV

» Higgs boson
» New force beyond the SM

m: a machine is able to probe WW scattering up

Post-Higgs
>
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Two-Higgs-Doublet models (2HDM) such as in SUSY: fivz rligys vusorns
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Find additional Higgs bosons
Find non-SM decay of h(125) particle
Precision measurements of h(125) particle

YV VY

Neutral Higgs Production Charged Higgs Production




LESSNeutraliliggs, o(H/A)— 7 T

- arXiv:2208.02717
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rllejefs _ig,ggF ana'VBF production in a mass range:
SSioroiorat 650 GeV (only VBF) and 2.6 0 (ggF) at 950 GeV
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essisr8 g at (my, m,) =(650, 90) GeV

CMS Preliminary

138 b (13 TeV) CMS Preliminary
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CMS Preliminary

K> m, = 300GV (x10) pp—X—HY—yybb (Spin-0)

138 fb" (13 TeV)

e =360 GoV (10 . Expected limit + 2 std. deviatio
- I Expected limit + 1 std deviation

S5 5, = 400 GeV (x10%) Expected 95% upper limit

e ™, = 450GoV (x10") o Observed 95% upper limit

= =™ « 500 GeV (x10™)
m, =550 GeV (x10%)
my = 800 GeV (x10")
m, = 650 GeV (x107)
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m, =800 GeV (x10%
m, =850 GeV (x10%)
My = 800 GeV (x10%)
= 560 GeV (x10Y)
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> Search fo

> This cha

> Dischminatingvaniable: m(WZ)
» Largeste 2.8 gat375 GeV.
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eavy Neutrinos
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GIVIS'Search Strategy

Large mass with/large coupling:
" nigh mass resonance in the tail

Weakicoupling (DIViSiractonalic
SIMAINMAass
Congeriieune

ISR jet with large MET
Long lived particle (displaced track, jets)
Boosted particle/jet (jet substructure)

15



SM

~  Standard Model Total Production Cross Section Measurements
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Xsection

Measurement: 10.2 + 2.0 fb

Prediction at LO: 9.1 + 0.6 fb

P

» Higgs boson: cancel divergence in
calculatio@of VBS process: a good

May 2022 CMS Preliminary
CMS EW measurements vs. 7 TeV CMS measurement (stat,stat+sys) ——o—+
Theory 8 TeV CMS measurement (stat,stat+sys) ——e——i
13 TeV CMS measurement (stat,stat+sys) e
" Nomprompt qgW bte 0.84+0.08 +0.18 19.3fb"
QCD-induced WW qqW e 091+0.02+0.09 359fb"’
qaZ ol 093+0.14+032 5.0fb?’
Z,<1 qqZ o 0.84 +0.07 +0.19 19.7 fo"
qaZ o 0.98+0.04+010 359fb"
WV e 0.85+0.12+0.18 138 fb'
Ty—WW - - ' 1.74+0.00+074 19.7fb
aqWy — — 177 £+067+056 19.7 fb’
aqqWy e 0.88+0.11+0.15 138 fb™"
os WW e 1.12+0.15+0.17 138 fb"
ss WW e+ 0.69+0.38+0.18 194 fb"
- ss WW e 120+0.11+£0.08 137 fb"
I qaZy — o — 148+065+048 19.7fb’
15E qqZy e 1.20+0.12+0.13 137 b’
qqWz — 1.46+0.31+0.11 137 fb"
o— qqZZ T 1.19+0.38+0.13 137 fb"
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0 2 3 4
All results at: Production Cross Section Ratio: Gy, / Oy,



/ Fhys Es\With non-isolated muons
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2. Displaced muons

CMS-EXO-17-004: delayed W's
CMS-EXO-16-022: ep

1. Nominal muon

CMS-EXO-19-002: multilepton
CMS-SMP-17-001: DY
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\ 3. High pT muon
\ CMS-EXO-19-019: 7'l
\ CMS-MUO-17-001: Reco & ID
I

What's next?

\
“Non-isolated muop”

4. Boosted muon pair
CMS-EXO-14-006: Z'—=>@@—4l

\
AN

leptons inside a jet

- large lepton isolation
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&,ﬁlylode dent’'search using muons inside jet
> HeavyiilavourrbB/Distudiesiinside b-jets

35.9 fb' (13 TeV)
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search and heavy flavour
SINg hon-iso. muons

35.9 b (13 TeV)

+ data
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~ [C]acosingle by

I acp(others)

- ttbar
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Dimuoen charge asymmetry
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[Event yields w.r.t SS dimuon mass] [Asymmetry]
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> Z+betXisettion
» bl/bbar pdfiasymmetry
inside proton?

€c0SOrecoil

CMS Preliminary Working in progress
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Congider as b

' in b-jet

Runll
138 fb™' (13 TeV)
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Di-jet pairs
‘ -

138 b (13 TeV)
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