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CMS status

- 2022'4 7E 18%¥Y Run 3 Physics Run Al %}
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Run 3 status

- °xj| Ol ECH= 22 34 fpb~1 FE2| Lo =5
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Data up to 2022-11-15 2022 (pp 13 6 TeV)
CMS - LHC Dellvered 36. 24 fb!
a0 . [ CMS Recorded: 33.25 fb ! |
Online
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Korea-CERN Program

« 2006 : CERN-Korea Collaboration Agreement

st s8dESAME AGRECMENT CERN
F-CERN
= == TS R e el
Sh=od 7 &f ct
|
| | | |
CMSAIE ALICEA & O|E=2 s=sd+ CERN & &2|0|8=

MEati, 450, =4y, Qlstol, T4,
MEAIZLDH, M2, MZc, AACH, ek =2z
Mo, M-S0, sk, MEL, Z25Fd, (1574 Z[ &, Sh= o XY

A3s|olf, AMCH S50, 82l 16E ZEH0d)
(1074 Z|&, 122" Zfod) (870 7|2, 50H ZHoq)
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otat-CMS (KCMS) &
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=L, Zolt, 22{CH, A=CH, MSA|ZCH, do2ko,
A1I CH, HAMICH, ™ =CH, oFFCH
= A

e | e | SAN | as | esw |ogwas | 0% | o

3 2013 22,0 13 18 36 10 77 {AS % /rDagjeon
- Daegu

4 2016 22.5 15 20 46 5 86 GwangjuK

5 2021 30.6 17 23 73 9 122 /

6 2022 334 17 27 68 8 120 sagy b

- X cMs ARAM 2 2.4%

MEO| R - 10HMZE 2 1
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CMS Experiment at the LHC, CERN

Data recorded: 2011-Jun-05 09:01:21.346043 GMT(04:01:21 CDT)
Run/Event 166512 /337493970

(c) CERN 2011, Al rights reserved.
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10 years after Higgs discovery
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« Combination of multiple results fitting
for coupling modifier

bb 27
Expected: 40
Observed: 32

Multilepton
Expected: 19
Observed: 21

bb vy
Expected: 5.5
Observed: 8.4

T
Expected: 5.2
Observed: 3.3

bb bb
Expected: 4.0
Observed: 6.4

Combined
Expected: 2.5
Observed: 3.4

Nature volume 607, pages60-68 (2022)

« Combination of HH results for the three
most sensitive channels (4b, 2b2t, 2b2y)

« Reaching ~3Xxsensitivity, expect SM sensitivity

with HL-LHC

cms 138 fb~ (13 TeV)

T T — T
o, =Ky =1 —e— Observed ~ ----- Median expected
Ky =ty = B 68% expected

_____ 95% expected

1 10
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bb 1t

T
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[ 68% expected
\:l 95% expected
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Search for heaw neutrino JHEP 04 (2022) 047

« Search for a right-handed W boson and a heavy neutrino in proton-proton
collisions at 13 TeV

« my, < 4.7 (4.8) and 5.0 (5.4) TeV for electron and muon channels are excluded

. 138 fb™ (13 TeV) 138 fb™ (13 TeV)
/_a 10 | T T T T T T T T | T T T T | T T T T | T T T T ? — T T T TT I TTTT I TTTT I TTTT TTTT I TTTT I TTrTT I TTTT I TTTT I T A_,
€ CMS E % ~ - Combined (exp.) CMS 0 9
I~ 2
|55_ 10 my = 0.2 TeV = L_/ 5 [—-'-' Combined (exp. + s.d.) ee channel 2
E . 3 B P
g u Combined pp channel 7 < ~ —— Combined (obs.) S
3 10°¢ < S B 1 2
T g 3 4 |—— Resolved (obs.) =
o N 7] = =
; 10 = L —— Boosted (obs.) 2
= 2 3 C ___CMS13TeV 1071 §
B . -1
;a: 15_ 3 — (resolved, 36 fb™) é)
C B G
T 10'E - - 107 S
Q_ E .. 3 2 — =
o - ——— Observed limit ] L =
"b’ 102 e Expected limit - o =
= [N 68% expected 3 B -3 g
of 95% expected . 1= 10 Q
107 ——— Theory(g.=g) E 3
C - (@]
1 0—4 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 10_4 I?o\o
1 2 3 4 5 6 1 15 2 25 3 35 4 45 5 55 o
my, (TeV) m,, (TeV)



Search for four-top production
CMS-PAS-TOP-21-005

 Evidence for 4 top production

* Using events that have zero, one or two opposite-sign charged electrons or muons with full
Run 2 data

* The observed significance 3.7 o (1.5 o expected)
« Combined with published CMS results in other final states, the significance is 3.9 o (3.2 0)

g C:\:iPmﬁminary hsdicillidis g %0 C-h:,s,: sl sl CMS Preliminary 138 fb~! (13 TeV)
3" [enacn | 1400 Gev e i O MR Expected
gm el g |- 1.40 Bl Observed
"‘“: g m _— 1.40
190 ol _L
—— 100} —4 All-hadronic
) = : - _— —— 2,50
§ =t g |
% ol ' : : — é ok ' ‘ . . 558'3&6&4“&; 270
15 l 18] arXiv: . 260
g, e S g -;_+—_+_+—-+- e
= 3 ks % | il Combine 777/7/77/77.>°
® Mn ' E | B4 - oh 1 Mt; Y 04 06 04 : 1 resu 3.90
: BDT discriminant BDT discriminant G 1 S L 4‘1 .

Expected and observed significance of tttt



Flavor changing neutral current

JHEP 02 (2022) 169

« Search for flavor-changing neutral current interactions of the top
quark and the H — bbbar at 13 TeV

« Observed (expected) Upper limit
Br(t—-Hu) < 0.079 (0.11)% and Br(t—Hc) < 0.094 (0.086)%

0.05

137 fb™' (13 TeV)
T T T | T T T T

3
= -
w

T | T
95% CL upper limits
------- Expected
[ Expected + 1 std. dev.
Expected + 2 std. dev.
——— Observed

1 1 | 1 1 1 1
0.2 0.25
B(t—> Hu) (%)

0.08

0.06

0.04

0.02

137 fb”" (13 TeV)
T T T T T T | T

MS

T

T | T T T T T T | T T T
95% CL upper limits

------- Expected

P Expected * 1 std. dev.

——— Observed

Expected * 2 std. dev.

0.04 0.06

0.08 0.1 0.12 0.14
KHut
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Run 3 result

 First measurement of the top quark pair production cross section in
proton-proton collisions at 13.6 TeV

Tevatron combined 1.96 TeV (L < 8.8 fb™) ..
CMS combined ey, l+jets 5.02 TeV (L = 27.4-302pb™) CMS Preliminary Sep 2022

CMSen7TeV(L=5f0")
CMS I+jets 7 TeV (L=2.3fb™)
CMS all-jets 7 TeV (L = 3.54 tb™ —
CMSeu8TeV(L=19.7 ™

CMS I+jets 8 TeV (L = 19.6 fb™
CMS all-jets 8 TeV (L = 18.4 b™)
CMSepn13TeV (L=35917

CMS all-jets* 13 TeV (L =2.53 fb™)
CMS t+e/pn 13 TeV (L=35.9fb™)
CMS I+jets 13 TeV (L =137 fb™)
CMS leptons* 13.6 TeV (L= 1.2 fb™)

* Preliminary
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Inclusive tt cross section [pb]
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Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 ]

| NNPDF3|.O, m,, = 172.5|GeV, ag(M,) = cl).1 18 + 0.001 [*0,,(M)=0.113] 5
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>

LS1 : RPC
= RPC Gap & Chamber

- Phase-1 RE4/2 installed 98

LS2 : GE11, GE21, iRPC

» GE11 construction (complete)
= iRPC gap production
= GEZ21 foil production

LS3 : GE21, MEO

= GE21, MEO foil production

RPC X&Hd =7
GEM 7| N HXE =7

LS Long Shut down
ME Muon Endcap

DT

C8Ca
B RPCs

bon 2 Staton 3 Staton 4

W IRPGs
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GE1/1 8%| %! 2F

g & = o CERN Euopean Organization for Nucear Research _ camuscsan
" ‘.‘ - Organisation européenne pour la recherche nucléaire

-

Breaking news:
GEM (GE1/1) installation
completed last week.
First phase2 detector installed!

Y Important milestone for
« CMS collaboration as the
first complete Phase Il

= Upgrade detector, with a
F. brand new detector
technology, the GEMs,
complementing the

Muon system
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2nd delivery




MTD R&D

« X1Z% Timing ZZ7| Phase Il &12{|0|E A0 EHo{E A=

-

« Two major areas

» Low Gain Avalanche Detector (LGAD) sensor development & test
= ASIC readout chip (ETROC) deviopment & test

ETROC1 Test set up at KNU | LGAD Sensor testing using laser at KU

trig

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

o ETROC1
ico- d
o 4x4 clock tree, preamp . I;;lscsrsecon
+ discriminator + TDC - __ Large Scanning TCT
n Feb

¢ arrlve\
W
\ Y E

° This is the first full
chain precision timing
prototype

remote position
controller

board. LGAD sensor
s

a 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)
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Workshops and Conferences
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KCMS-Theory Joint Workshop
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trangeness Quark Matter

* 13-18 June 2022, Busan in Korea

:osem2 22

The 20th International Conference on

13-18 June 2022, Busan republic of Korea

Scientific topics

+ Strangeness and heavy-quark production in nuclear collisions and hadronic interactions
+ Hadron resonances in the strongly-coupled partonic and hadronic medium
- Bulk matter phenomena associated with strange and heavy quarks

- QCD phase structure

- Collectivity in small systems

- Strangeness in astrophysics

- Open questions and new developments

" i Advisory Ci

—— Jbrg Aichelin
Federico Antinori

- Francesco Becattin
Marcus Bleicher
Peter Braun-Munzinger
Helen Caines.
Andrea Dainese

Wojclech Florkowski
Tetyana Galatyuk
Marek Ga dzicki
Paolo Giubellino.
Boris Hippolyte

Maria Paola Lombardo
Christina Markert
Berndt Miler
Azwinndini Muronga
Grazyna Odyniec
Dennis V. Perepelitsa
Johann Rafelski
Claudia Ratti

Lijuan Ruan

Chihiro Sasaki

Fugiang Wang
NuXu
Zhangbu Xu
Pengfei Zhuang

apctp

1UPAP

[ ———

T ——
Techical Uity Oamstad G5 Gsmary

o S ——

st Gomers
[ETT——

[

[T —————

4. Goete UiersyFardot 65 Gomery
Gonthe Uity Fandu G5_Gamary
B o

HFHF

= Regional Organizing Committee

Sadhana Dash
Heng-Tong Ding.
Shinichi Esumi

Masakiyo Kitazawa
Lokesh Kumar

Feng L
Bedanga Mohanty

Subrata pal R —
Victor Roy

Kenta Shigaki I——

Qun Wang uste o

Yaping Wang. cow cim

Yife zhang uste e

Local O G

Sungtae Cho 1w
Eun-Joo Kim v
MinJung Kweon v
Sanghoon Lim v
Inkyu Park. s

Minjae Kwon . sar

Information

Byungsik Hong 1o cocnar

In-Kwon Yoo s

Bong-Hwi Lim st

@ https://sqm2022.pusan.ac.kr
@ https://indico.cern.ch/e/sqm2022
& sqm2022@hipex.phys.pusan.ackr

Beomkyu Kim s

Seungil Nam 1
Jin-Hee Yoon .

RGNS

(&
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AEPSHEP2022

- 108 5% - 10 18, &l
sk

- 297l LI2}0|M 96|
15 lectures and 6 discuss

AlO} 2| =
xF

ion leaders

AEPSHEP

Asia-Europe-Pacific School of HEP

Scientific Programme

Statistical Techniques
Nicolas Berger (LAPP)

Prospocts at LHC in Run-3 & HL-LHC
Sarah Demers (Yolo)

Q & A Session
Fabiola Glanotti (CERN)

Fiold Theory & the E-W Standard Modol
Rohini Godoole (IiSc, Bangalore)
Instrumentation
Ingris-Maria Gregor (DESY)

Flavour Physics & CP Violation
Xiao-Gang He (SITUNTU)

Takaaki Kagta (U. Tokyo)
Neutrino Physics.
Sin Kyu Kang (Seoul Tech)

HEP Outiook
Young-Kee Kim (U. Chicago)
Higgs Physics & BSM
Ryuichiro Kitano (KEK)
Hoavy-lon Physics
Yen-Jio Loo (MIT)

Cosmology (incl. Dark Matter)
Hitoshi Murayama (IPMU)

N N O N

Qco

Vajravelu Ravindran (MSc, Chennd)
Gravitational Waves

Jo van den Brand (Nikhet)

Hadron Spectroscopy

Alexei Zhemehugov (JINR)

Discussion Leaders

Faisal Akram (Punjab U) | Yu Secn Jeong (Chung-Ang
U) | Suchita Kulam (U, Graz) | Jia Liu (PKU) | Hua-
Sheng Shao (LPTHE) | Takahiro Terada #8S)
Committees

Intornational Advisory Committoo
A Bondar BINP) | A Dghe (TR | K.
Hocmenann DESY) | K. »

Yang [Soout Natcest U) | 3. Yoo farea U} | LW
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Schedule

2021 2022 2023 2024 2025 2026 2027 2028 2029
JIFMAM|]|J|A|S|ONID|] AMJ[JIA|S AM|J|J]A[S|IOINID AM|J|J]A[S|ON|D|] AM|J[J]A|S AM|J|J|A|S|OIN|D|]|FIM/AM[]|]|A|S|OIN|D[]|FIMIAM|]|]|AISION|D|J |[FIMAM[]|]|A|S
L Run 3 [ Long Shutdown 3 (LSB)‘
203 203 2032 203 2034 203 203 2037 203
FIM/AM|]|]J|A|S|O|N|D|] AM[]|]|A|S AM[]|J|A|S|ON|D| AM[]|J|A|S|ON|D|]|FIMAM|]|]|A|S AM|]|J|A|S|ON|D|]|FIM|AM|]|]|A[S|O|N|D|] [FIM|AM|]|]|A|S|O|N|D[]|FM|AM[]|] |A|S
/ Run LS4 Run5

Ions

Shutdown/Technical stop
Protons physics

Commissioning with beam
Hardware commissioning/magnet training

Last updated: January 2022
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Should look ahead at least 20 years

Need to train younger generation

It is getting more important to communicate between theory and experiment

Data will guide us to the future
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