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~ LLHC Status

eve s [N Ls2
13 TeV eV

splice consolidation LS 2
button collimators

R2E project 201 9'2021
Run i ¢

Run III
TODAY
2022-2024 o
/__‘_l_’,IA exper imhem u1pgrade " Il—i experiment upgrade

2027-2035

kS

> Despite of'theldifficulties, CMS keeps physics program and
detector upgrade
« Between 3~11 months delays in LS2 and Upgrade
activities
« Beam tests for Run 3 in Oct. 2021 done successfully
« Physics publications reasonably well

« KCMS are performing great jobs.



LS2 = Long Shutdown 2 since 2019 Strip tracker Work on HCAL Barrel (SiPM readout) completed in Oct. 2019
Collisions to return mid 2022 * kept cold to avoid reverse L. . Y S
~ annealing (but warmed during Muon activities completed in Dec. 2020 | (@,

beam pipe bake-out)

-HS:anpleuOn of Phase // Beam-pipe installation and bake-out completed in May 2021
”pgra‘fj iy Y Pixel detector Pixel Detector installation completed in June 2021
= | '/  replace first barrel | ,
Magnet | ‘ .IZL‘,’,Zﬁz ;ﬁSDc?)’E‘?cj,{\‘f;ners Yoke closed end of Sep 2021 (with some delays)

® at room temperature since mid 2020 ‘ )
* maintenance work: free wheel L4 Magnet restart (3.8T) and
thyristor, cryo-cooling, power, > Beam P"” R

~ * new version Phase-2 commissioning (beg. Oct 2021)

pumps, etc.
i 7 ‘4 of Oc
k,\N ! w w CRAFT - 24/7 (mid of Oct).
Muon system
* installation of GE1/1 * upgrade of RP and
,ﬁhpz:‘;je;ofcsc FEE to R | | moving ST CMS was ready for the pilot

sustain HL-LHC trigger rates
* shielding against neutron

beam test in October!

background (W A : r ?giéM/PLT efit
\ CMI engineering at P5 T ) , After Pilot Beam Test in Oct 2021
* prepare for Phase-2 7 F ¥ new'T2 tracker [~ e Ph 1 d trat
i;’ assembly and logistics ‘_;;_\<T l - ase-ll muon emogs r‘: ors
= | ™= installation
R o9,
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~ A crucial GMS LS2 milestone
biggest upgrade_tosthecexpériment'sbeam
vacuum m-since 2003

52 Activities
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Status with SM

35.9-137 o' (13 TeV)
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w Off-shell Higgs

Hoff-shell Higgs production to ZZ in 2|12v and 4l
ents: off-shell production for m(H*)>2m,,,

10

>‘ hefirstmeasurementof the Higgs boson width
esubmitted torNature HIG-21-013

: CMS Preliminary <138 b (13 TeV)

off-shell
pF

B - 10 12 14 16 18
2AInL

Higgs total width: 'y = 3.2+24_; ;Me




5]} S dega'ylng invisibly
7

SAnCH rJ]Jgs Sanvisible in the VBF Higgs production
> Obsenvedi(exp:)iupper limiton the Br: 0.17 (0.11)

HIG-20-003

138fh "' (13 TeV)

138 fb™' (13 TeV)

! 90% CL Limits

~—— Observed ! £ 107 B(H —inv) <015
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> The most stringent limits on Br(F=inv)
> Interpreted within Figgs-porial models




Oﬁservatlon of triple J/¥

servation of trlple parton scattering process
niofidouble parton scattering cross section
nderlymg dynamics ofiN-Parton scattering process

BPH-21-004

CMS Preliminary 133 fb™ (13 TeV)

CMS, Vs=13 TeV, JAp+Jp+Jiy

CMS, {s=8 TeV, Jhp+dhyp

Phys.Rept. 889 (2020) 1-106

ATLAS, Vs=8 TeV, Jp+Jiy

Eur.Phys.J.C 77 (2017) 2,76

LHCb, Vs=13 TeV, Jp+J/iy

HEP 10 (2017) 068

DO F =1 96 TeV J/q +Jhy

6 TeV, Jip+Y

6) 6, 062001

ATLAS, Vs=8 TeV, Z+b—J/y
NuclPhys.B916 (2017) 132-142

ATLAS, Vs=8 TeV, Z+J/yp

Phys.Rept. 889 (2020) 1-106

ATLAS, {s=8 TeV, W+J/y

Phys.Lett.B 781 (2018) 485-491

Oc(DPS)=2.7 =10 4 4(exp) 10415 mb




(KCMS) ArRiEl

> CMS: 55712, 2397l 7|2, 5373% 0] (KXl 2096%)
> KCMS: 107H2] #to7|zt

. Z=ry, Ao, mEich, M2, S AR

. MPTCH, NS, S, Feth, storh

O - -

> Ofl&F 51 Q151012: = 30.69%4 7, 122F
> MIACA 10217 2| AFE (2.4%)

2013 22.0

2016 22.5
2019 26.1

2020 28.86
2021 30.99
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=: SUSY Leptonic group convener (L3)
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KOREA CMS Collabaration %4
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‘authorship by KCMS:

16%

papers

15%
14%

12% 12%

10%

80
8%
)
» % 6%
40 4%
4%
20 2%
Target
) 0%
2013 2014 2015 2016 2017 2018 2019 2020 2021
=== CMIS papers 68 53 74 75 88 125 100 73 62
KCMS primary 3 3 ) ) 9 15 10 8 )
KCMS Ratio 4% 6% 12% 12% 10% 12% 10% 1% 15%



KOREA CMS Collaboration

SEC Bl At («21)

CMS talks and posters in 2021

Bl Talks N\ Posters

y ertie N S S S S S ——
Poland

"ok Rank: (4
New Zealand—
Talks in CMS Database

Montenegro—
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T
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Portugal
Colombia
Turkey

Mexico

Greece

Austria

Brazil

United Kingdom — |

Russian Federation—
Belgium N
France N
China

Switzerland N
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Germany N
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892 talks and 122 posters during this time period.

> 92 talks (7.2% vs M&O-A 2.4%)




Run 2 Performance
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(Data - Bkg) / Bkg

Igh mass resonances

in dilepton

2 w pro tuced combined limits and model
tres

JHEP 07 (2021) 208
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Events / bin

thplelgaugercouplings

137 b (13 TeV)

¢ Data Nonprompt y

WEW Zy ST,TTy,VV

WQCDZy g sp%=0.47 Tev* _
—F/A*=0.91TeV* :

0.15-04 0.4-06 06-08 08-1.0 1.0-1.2 1.2

m, [TeV]

PRD 104 (2027) 072007

> -
WiZproduction with photon
> WyRanoizy, progjc‘;]r” be used to constrain anomalous

»Allow to probeithe region of hi-pt photon and Vy mass

137 fb™ (13 TeV)

m Pileup < Data
Zy e-induced ¥y -
mTop/VV m Double nonprompt
Wy mNonprompt lepton
Pred. Unc. mNonprompt photon
y conversion

—Couun/A2=2TeV? -

1000 1500
Photon P, (GeV)

PRL 126 (2027) 252002



Neutral Current
EXO-20-006

Charged Current
EX0O-20-002

1
138" (13 TeV) 138 fb™ (13 TeV, Full Run2)

g)

=w==: Combined (exp.)
--------- Combined (exp. = =.d.)
Combined (obs.)
0AKS (obs.) mN =m,/2
1AKS (obs.) -
2AKS (obs.)

" Combined (exp.) CMS
p channel

=

== Combined (exp. + s.d.)

— Combined (obs.)
\“.

Resolved (obs.)
— Boosted (obs.)

. CMS 13 TeV
(resolved, 36 fb™)

95% CL upper limit on cross section/ Theory (g
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2, Sifor new particles
e » withjjets and MET

‘-"‘> Seanchiesior, d@ matter in MET channel with large MET

JHEP 11(2021) 188

137 fb~1, 2016-2018 (13 TeV)
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Pred./Data

OO0 -

Heavy lons
-

'rod‘xction in pPb collisions
urethe differentialiXsection: provides nuclear PDFS

Ewith nuclear effect shows an agreement with data

pPb (173 nb™, 8.16 TeV)

pPb (173 nb™, 8.16 TeV)
—&— Data

—*— Data "} 60< m,, <120 GeV et

[ lcma . '
= CT14+EPPS16
CT14+EPPS16 . CT144+nCTEQ W/Z

20 30 4050 100 200 300

m,, [GeV]

Pred./Data

Wom

JHEP 05(2021) 182



WOWIS Detector Upgrade

o —
EYEIS

s | sz KO
13-14 TeV

splice consolidation injector upgrade Jimit
button collimators cryo Point 4 inoraciion
R2E project Civil Eng. P1-P5 regions

Run Il mm 2020 > Run III
2015-2018 2022-2024

X I y
experlmeﬂt upgrade H—"k‘—l experiment upgrade
phase 1 phase 2

2027-2035

'O LS1 S RPC ("13~’14): 550kCHF
= RPC Gap & chamber
= Phase-1 RE4/2 installed ( )

JASS 1S2: GE11 : 592K
§

Iy Jl} = GE11 construction ( )
" w> LS3: GE21, MEO ('21~’24): 2,262K
= GE21 foil prod. ( )

> LS3: RE3/1, RE4/1 RPC gap: 400K

<4/ > LS3: MTD (*21~'26):1,000K(



GEMGE21 production
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i) LIC
KOREA CMS Collaboration

Hole Diameter Inspection

70 4
1 Step | Test Section 60 1
Surface Condition - Stain m“‘h@m
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RPC Upgrade

S RES/HRaNAIREA/ANdemo-chambers will be installed during
LSZieraperionmance s

bemonstratorrproduction .started after Jan. 2021
Gapsiwere producediand Quality Controls at Korea Univ.

New proce ceauresiior electrode washing, graphite and films
u@gnunn od i Korean companies

PET-film coating procedure (new)

w extrusion fa llis!ocPLT( ating @KODEL




New MID Project

> MiiDfund o 20221S allocated from NRF
< Planto ibute at the level of 1,000k CHF
> Kore plans to makeln three different area.

Lo "Avalanche Detector (LGAD) sensor
developmenta& test

« ASIC readout clm (ETTROC) development & test

ETROCl Test set up at KNU

o 4x4 clock tree, preamp
+ discriminator + TDC

o Goal: full chain front-
end with TDC, 4x4
clock tree

° This is the first full
chain precision timing
prototype

o Full array full chain ETROC1 charge injection testing at FNAL = results good
0 ETROC1 and 5x5 LGAD sensor bump-bonded

o Laser testing will be done

o Test Beam (Dec — Apr 2021)

|




1 Run/Event 194108 / 564224000 b

After a nggs Dglscovery
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evers Ls2 Ls3
13 TeV eV

splice consolidation injector upgrade

8 TeV button collimators cryo Point 4 cryolimit HL-LHC installation
(AL --aa— R2E project Civil Eng. P1-P5 \rr;troancsuon

Run Il m 2019 2020 l m : Run IV
2015-2018 2022-2024 |a 2027-2035

experiment experiment upgrade i experiment upgrade

beam pipes - phase 1 phase 2

Run |
2011-2012

3000 fb!



rl'll Jgs Physucs @ High-Lum

vation of di=Higgs production: 3o

3000 b7 (13 TeV)

Projection

wi Run 2 syst. uncert. (S1)
w' YR18 syst uncent. (S2)

wi' Stal. uncart. anly

0.01 (Stat); 0.02 (S2); 0.02 (
0.03 (Stat); 0.04 (S2): 0.04 (
0.05 (Stat); 0.06 (S2): 0.08 (S1)
al); 0.05 (S2). 0.07 (S1)
0.02 (Seat); 0.05 (S52). 0.06 (S1)

02 03,
Expected uncertainty

FTR-18-011

o (gg—HH) [fb]

CMS Phase-2 3000 fo ' (14 TeV)

Simulation Preliminary Assumes no HH signal

95% CL upper limits - Median expected
- bbbb « bbrtt
« bbVV(lviv) « bbyy
bbZZ*(4l) ~e- Combination
¥ Theoretical prediction




BSMiPhysics @ High-Lum
i
> Heavy Higgs

- - -18- . Projecti CMS-PAS-FTR-18-017
— PAS HRAS m 3000 1 (1 . TeV) (9:5222. e::iitceclioe,:(clusion: YR18 syst. uncert.
' JHEP 09(201 8)007 mmzlo +20
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A Researcher
at the Forefront of Particle Physics,
Leading the CMS Experiments

. jor con ributior;s to muon detectors (RPC, GEM, and
MTD), and on the right track for the upgrade project

» Very successfulin training students and postdocs
* Finishing Run2 analyses and preparing Run3 and HL-LHC
« Very Bright Future with New Leader: ZE{™



CMS Experiment at the LHC, CERN \
Data recorded: 2012-May-27 23:35:47.27%930 GMT A
Run/Event: 195099 / 137440354 ' "




