CMS Highlight

200]14X| 2]

k

-
o
L

20254

(@)
LN
(@\|
()
Al
E
jol’
)
0
v




Is the world’s
biggest laboratory
 for particle physics.
B is to understand
"3 the most fundamental
x particles and laws

of the universe.




A laboratory for people around the world

Distribution of all CERN Users by the location of their home institute

Geographical & cultural diversity

Users of 110 nationalities
23.7 % women

Member States (7704)

Austria 88 — Belgium 142 — Bulgaria 49 — Czech Republic 250 - ,
Denmark 50 — Estonia 27 — Finland 88 — France 856 — Germany 1260 -

Greece 101 — Hungary 84 — Israel 75 — Italy 1657 — Netherlands 174 -

Norway 88 — Poland 363 — Portugal 110 — Romania 110 — Serbia 42 -

Slovakia 72 — Slovenia 29 — Spain 448 — Sweden 103 — Switzerland 409 -

United Kingdom 1029

Associate Member States (602)

Brazil 141 — Croatia 35 — Cyprus 12 —India 158 —Ireland 11 - Latvia 22

Lithuania 21 — Pakistan 35 — Tirkiye 151 — Ukraine 27

Observers (2330)

Japan 229 — United States of America 2101

Data as of 31 December 2024

S X} A . H
Cooperation Agreements (1770) o= O A7kt 1848

Albania 7 — Algeria 1 — Argentina 17 — Armenia 28 — Australia 31 — Azerbaijan 2 — Bahrain 10 — Canada 203 -
Chile 58 — Colombia 25 — Costa Rica 8 — Cuba 3 — Ecuador 4 — Egypt 22 — Georgia 36 — Hong Kong 17 — Iceland 3 -
Indonesia 8 — Iran 18 — JINR 305 — Jordan 2 — Kazakhstan 8 — Kuwait 2 — Lebanon 12 — Madagascar 1 - Malaysia 1 -
Malta 3 — Mexico 66 — Montenegro 4 — Morocco 22 — New Zealand 1 — Nigeria 1 — Oman 1 — Palestine 1 -
People’s Republic of China 472 — Peru 3 — Philippines 1 I Republic of Korea 184} Saudi Arabia 4 — South Africa 73 -
Sri Lanka 7 — Taiwan 49 — Thailand 17 — Tunisia 3 — United Arab Emirates 14 — Vietnam 1




CERN develop technologies in three key areas

ACCELERATORS




What is the universe made of?

We study the elementary building blocks of matter and the forces that control
their behaviour
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1 thousand million years

300 thousand years

The bigDM
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CMS detector High-granularity detectors

(100 Million channels 3D Digital Cameras)

4 Tesla

Muon detectors e ,
superconducting magnet

Inner Tracker
silicon pixel and silicon strip

Electromagnetic calorimeter
lead tungstate crystals



CMS Collaboration CERN (5.3%)

USA
(32.1%)

Italy (13.6%)

248 Institutes
from 58 countries/regions

6 311 CMS active members (23% ¢)

® 2 102 PhD physicists (20% )

® 1198 doctoral students (27% ?)

® 1594 non-doctoral students (27% 9)

® 1019 engineers (15% ?)

e 287 technicians (8% 9) DMS

Germany (7.3%)

(4.3%)
United Kingdom

France (3.6%)

. ilNR i Switzerland (2.2%)
. rmenia
2 270 CMS authors * Georgia
e ® Czechia
o 1625 PhD physicists PR e
® 645 doctoral students
OosC
¢ Tirkiye Other CERN MS « spain
e New: 10 new institutes (India, Pakistan, ¢ Croatia * Belgium
N : 10n in u ( e Latvia OS. BB i OS A ¢ India YD * Greece
Turkiye) * Cyprus 2 Mr:::co * Korea (2.6%) ‘. A * Hungary
e In process: 7 institutes (Germany, Greece, : E,?zﬁ;n,a L gzillc:nbia : %:w;n . ;:;\r'fl?:m
Korea, Nigeria, Oman, Pakistan, Romania, * Ukraine G Eiiiadkis ® lIran * Austria
. e Kuwait * Pakistan ¢ Poland
Ukraine) * Ireland * Srilanka e Bulgaria
e Left: 11 institutes from Russian Federation e g : 3‘52323, p 2’:{2:,13
.

New Zealand 8
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HiLumi

LARGE HADRON COLLIDER

LHC

HL-LHC

Today

st 13 Toy IR 13.6 TeV LSS 13.6-14TeV
Diodes Consolldation : gy
splice consolidation fimit LIU Installat| : 3
7 TeV 8 TeV_ hutton collimators ﬁ'le_orargnon R _ inner tiplet _HL-LHC
———— R2E project regions Civil Eng. P1-P5 pilot beam radiatign limit installation

o Liom L o [l o 3

ATLAS -CMS :
experiment UPSTRS piiaas 3 : ATLAS - CMS X nomlnsalt(ﬂgn?n

beam plpes H HL upgrade
nominal Lumi 2 x nominal Lumi ALICE - LHCb i 2 x nominal Lumi :

75% nominal Lumi / : upgrade d 1
luminosity JEIIE{+R

HL-LHC TECHNICAL EQUIPMENT:

DESIGN STUDY - PROTOTYPES CONSTRUCTION INSTALLATION & COMM. PHYSICS

HL-LHC CIVIL ENGINEERING:

DEFINITION EXCAVATION BUILDINGS CORES
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CMS Operations

120.0 fb-1

= 120.00
Q 2025 z 1
= 24.8 b~ - 30.0 fb- 15.5 fb-" 29.8 b~ 110.0 fb-
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£ - 0 < =
E g 2o 2 3
o 80.00 2
o E
= 6000 & )
5 Smooth operations 3
S =
e 110 kHzrate at L1T
#0:00 o 91.5% data taking efficiency
certifieation = 92.8% 93.4% e Dead time under control
20.00
Era B EraD EraE Era F
0.00 | T T T T T T T I I T I T I
Apr 28 May 12 May 26 Jun 9 Jun 23 Jul 7 Jul 21 Aug 4 Aug 18 Sep 1 Sep 15 Sep 29 Oct 13 Oct 27
Only few non-critical problems, mostly related to ageing infrastructure T
last meeting today
Apr 28 Oct 27
LHC (CMS) Records Run-3 today Targets 2025
1.7 (1.5) fb=1in 1 da -
CJ ) y ° 31 4 (289) fb_1 ® 70 fb 1 for MD2 \/ Sep 1

(
o 9.2(8.4)fb~" in 1 week LHC today e 100 fb-1for MD3 v Octb
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Multiple Data Taking Strategies

Fill from
June 2025

Scouting Stream

- reduced data format

- event size reduced by 100x
- event rate increased by 30x

- based on reconstruction at HLT

(no offline reconstruction)
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CMS Data &5 si&h
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CMS Publication

Total integrated luminosity (fb™)

100

500 - - - - ; - - - - -
CMS LHC Delivered Integrated Luminosity (pp) 110
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i
ol LS2 Yy
50
100 | s /
i AR EE—
Run 1 LS1 Run 2 LS2 Run 3
Number of CMS Papers Submitted per Year Total = 1413
Run 1 Run 2 Run 3
808 22
2010 2022

Seven Physics Reports

« Stairway to discovery: CMS programme of cross
section measurements ¥

® Top quark mass measurements ¥

» Searches for Higgs boson production through
decays of heavy resonances %

¢ High-density QCD studies %

e Dark sector searches %

» Searches for vector-like quarks, vector-like
leptons, and heavy neutral leptons %

« Enriching the physics program of the CMS
experiment via data scouting and data parking %

A balanced research program of searches for
new phenomena and precision measurements

Higgs Standard Model
\ /

~ Top and Flavour

~
Searches

\

\ Hl and QGP
Detector and techniques

15



CMS Publication
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123
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s
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100 i ) i /
Run 1 LS1 Run 2 LS2 Run 3
Number of CMS Papers Submitted per Year Total = 1413
Run 1 Run 2 Run 3
583 I I 808 22

2022

BREAKTHROUGH

2025

to the ATLAS, CMS,
ALICE and LHCb
Collaborations

“For detailed measurements of Higgs
boson properties confirming the
symmetry-breaking mechanism of mass
generation, the discovery of new strongly
interacting particles, the study of rare
processes and matter/antimatter
asymmetry, and the exploration of
nature at the shortest distances and
most extreme conditions at CERN's
Large Hadron Collider”
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BREAKTHROUGH

Photos & Design by Michael Hoch@cern.ch/ CMS - KIT / 2025
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BREAKTHROUGH PRIZE AMENTAL PHYSICS
THE 2025 BREAKTHROUGH PRIZE IN FUNDAMENTAL PHYSICS ISAWARDED TO

Chang-Seong Moon

AND COLLEAGUES IN THE CMS COLLABORATION AT THE LARGE HADRON COLLIDER AT CERN

For detailed measurements of Higgs boson properties confirming the symmetry-breaking mechanism of mass generation,
the discovery of new strongly interacting particles, the study of rare processes and matter-antimatter asymmetry, and
the exploration of nature at the shortest distances and most extreme conditions at CERN’s Large Hadron Collider.

APRIL5,2025

Pete Worden
Chairman
Breakthrough Prize Foundation




Recent studies of the Higgs boson at CMS

Comprehensive study of Higgs boson production and decay

Combination of 16 CMS published Run-2 analyses

e 6 production modes

e 7 decay channels

e Up to 100 cross-section measurements, 1k categories, 10k parameters

CMS Preliminary 138 fo~' (13 TeV)
o Observed . 68% CL (stat)
- 68% CL (stat @& syst) 1 68% CL (exp)
— 95% CL (stat @ syst) . 68% CL (theory)
muy = 125.38 GeV N p:68% CL (stat & syst) | SM expected
Psu = 0.80 (inclusive)
psu = 0.02 (per-prod. mode) Total  Stat Exp Theory
e
v 101508 668 008 2
e SETIECIEE I
pVer 0873 AR B B
pwH R R R
pz 13508 437 4l da
e SR A
i | : [ 587 58— B —o 85—
0.5 1.0 1.5 2.0 25 3.0 3.5 4.0
Parameter value

ology =1.014 0025 (total) =1.014+0.028

5.4%

CMS Preliminary

138 fb~' (13 TeV)

o Observed
— 68% CL (stat @ syst)
—  95% CL (stat & syst)
W p:68% CL (stat & syst)
my = 125.38 GeV

. 68% CL (stat)
68% CL (exp)

= 68% CL (theory)
| SM expected

psu = 0.33 Total Stat Exp Theory
112:38 306 %8 0%
103:518 B8 B BE
0.99:0% 82 B8 8%
0.84:018 408 B8 0%
1.02:018 418 08 6%
1508 4% X 8
. 2.45:3 3504 S5 L S )
0.5 1.0 1.5 2.0 2.9 3.0 3.5
Parameter value

(stat.) 10923

|
\oLc

2.5%

) Z0.024 (€XP.)

3.9%

+0.040
Z0.039(theo.)

CMS-PAS-HIG-21-018 @

14 Apr 2025

/ Run-2

CMS Preliminary 138 fb~' (13 TeV)
E> |> 100 B | 'l | | fral
> E my = 125.38 GeV wZ /
= [ psw = 0.12 ]
- -1 |
s 107 ;
eb | ]
3 2 i |
10” 3 O Observed 3
E I 68%CL(stat@syst)
: | 95% CL (stat & syst) ]
-3 —— SM prediction
10 v B Vector bosons E
E/ mm 39 generation fermions
E l I 2" generation fermions |
1 ‘5 I T L] LR I 1 T L LI I 1 TTTrTrTT ] T
i 11 h
= i -
n C 1l
Je) § Al i
= 10 — 10 ﬁ
s H ML
oc
- 0.9 .
0.5 n L Lol 1 Ll Lo aaanl 1
101 100 10’ 102
Particle mass (GeV)
8% 12% 5-6% 5%

68%CL intervals on ki coupling modifiers
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Higgs Decay to Charm

First search for H — cc in the ttH production channel

’ cCMS Simulation Preliminary 13 TeV
5 B 5 % 0.1% 0.01
z fiH(H—cE) events, B4 39% 0.1% 0.01% ]
Q pr>25GeV,In| <24 1
g — b jets & efficiencies (%) B3 10% 0.2% 0.02%
3 0.8l — clets & etniciencies (%)
5 : udsg jots & efficiencies (%) |B2 9.2% 0.7% 0.1%
3 )
@
'g B1 10% 2.2% 0.2%
Sos ‘ et 4
w |[co |c1
3.8%(3.7%|6.0% |
s 15% 16 ‘v [ !
75% |10% 0% B0 10% 6.9% 0.5% N
0.4
0.2 C2 56%
Z R
73 1.7%
% ) > 055 1T
80 0.2 0.4 06 0.8 1.0

FarticleNet SCOre Pg.c

CMS Simulation Preliminary 13 TeV
5 . T 1 1 1 I 1 T
§ HH(H -cC) events, pr > 25 GeV, [n| < 2.4 20
< 10 udsg jets ParticieNet
2 - cjets [ Deeplet 2
E N b jets
&, e

o Dynamic Graph Convolutional NN

(ParticleNet)

e Multiclass event classifier-based
(ParticleTransformer)

CMS Preliminary 138 fb~' (13 TeV) CMS Preliminary 138 fo-' (13 TeV)
2 ‘ : @ ‘ T T T
§'°°' ¢ Data mm tHH-CE) (pn= - 1.6) S ¢ Data . tiH(Hbb) (g =0.91)
@ | 1 Background - tH(H-CE) (P =1.0) @ 108} ) Background W tiH(H—bb) (psw=1.0)
108} 7~ Bkg uncertainty ] 777 Bkg uncertainty
—— R
— [ E
e 10%} | e
. |
| s
10° ‘ 10°F 4
e e ! -
= g .
o ttHH — cc) . | ttH(H — bb) .
1 “
e 12 'g A I T T
Sk fHH-C) (pn = - 1.6) + Big ) 5 p|. = HH(H-bb) (px=0.91) + Bkg
g . HH(H-¢Z) (s = 1.0} + Bkg Y 1 @ tiH(H-bb) (5w = 1.0) + Bkg
3 SiE ¢ 2R g
%0.9 2 31 @l %
= 45 40 35 30 25 20 15 §-30 25 2.0 15 10 05 0.0
o logio(S/B) O log1o(S/B)
ttZ(Z — bb)
CMS Preliminary 138 fb~' (13 TeV)
Expected (stat @ syst) +1 8D (stat)
- Observed (stat @ syst) Bl +1 SD (syst)
Miziz-05) = 1.47:847 (53 syst, 33 stat)
Combined —“——
oL — e
1 —?—
A —————
05 00 05 10 15 20 25 0 2 4
Hiiz(z-bb) Significance

CMS-PAS-HIG-24-018

7 Apr 2025

CMS-HIG-21-008
PRL 131 (2023) 061801

A result that illustrates the tremendous
progress made through the use of
advanced Al/ML techniques

CMS Preliminary 138 fb~' (13 TeV)

68% expected
95% expected

¢ Observed
Median expected

Combined

Exp.5.6
Obs. 9.3

ttH(H-cc)
Exp. 8.7
Obs. 7.8

VH(H-cc)
Exp. 7.6
Obs. 14

0.0 25

100 1256 150 175
95% CL upper limit on Py

50 75

Combination: |y, /y>M| < 3.5 (2.7) obs. (exp.)

Incredible progress over the past years
Opens possibility of evidence at HL-LHC
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Observation of tWZ Production

Simultaneous extraction of ttZ and tWZ
e Using ParticleTransformer to separate signals and background

b/b

g 00—

200 " (13 TeV and 13.6 TeV)
T i T 1
Wz miz

w Y

T 600 CMS W24
Q | Preliminary  EIWZ+b W Nonprompt ltZq
W 500 SR, tWZ WX WMv(v) WG

Postfit Unc.

+ Data

e L oa e s

:
©
o
0.8 0.7 08 09 1
tWZ output node
1
P 2005 . . 20?!0 (I13TeVar'\?l3.5rTve\'/JJ
c 200:- CMS mwz mtz BWZy 3
Q 00 preiminay  MIWZ+b MiNonprompt M1Zq 3
W 180 sR, X MWVv(v) mXG

+ Data Postfit Unc.

3
éj
|

O V.4
12
- b 4 o
8 o8 f
060170203704 050607 0809 1
tWZ output node

4

twz

3.5

200 fb ' (13 and 13.6 TeV)

N T I T T T I T T T ] T T T l T T T ] T T T B
- CcMs —tocL
- Preliminary —25CL
r -=3cCL
n ¢ SM B
C + Best fit 7
= C %
: 1 l 1 1 1 l 1 1 1 1 1 1 1 l 1 1 1 1 1 1 1 :
0.6 0.8 1 1.2 1.4 m 1.6

ttz

200 b (13 TeV and 13.6 TeV)
se— L MU LA ALL)
Wz Wiz mwWzZ4j 3
BWZ+b liNonprompt litZq

@ 400" :
c OOE CMS ]
Q 3505 Preliminary E!
W Cspuz WX WVV(V) mxGg 1
300 4+ Data ~ Postfit Unc, 1

-

Data/MC

3
;
!

05 06 07 08 09 1
ttZ output node

CMS-PAS-TOP-24-009

10 May 2025

@:—2 @:—3

2022-23

CMS Prelimina

Rundf | ——e— | u=1659%-
2023} . b=1.61'3%-
2022 . b=1.45:98
Run25— TR P=1-82f83£-;
2018} e p-270798
2017f—e b =0.61:98
ool TR Rl

0 1 177 3 4 5

é/OSM

ROWZ) = 1. 77 £0.23 {stat) £ 0.22 (syst)

e Observation of tWZ
o Still tension with SM prediction
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Light lon Run: pO, OO and NeNe

Proton-Oxygen (pO) collision

o For the astroparticle community: Study pO
interactions to improve on cosmic ray simulations

Light ions (Oxygen-Oxygen, Neon-Neon)

o Study bulk particle production as a function of
system size

o Use hydrodynamics to test hypotheses of nuclear
structure

o Study parton energy loss in small systems

7 TTTY T T <“‘Ylll T T TTTITmT T T 1IIIHI
PP (PP) NSD  Central AA PA NSD
L nCMS m CMS pPb CMS P ICMS 2]
6 [~ A ALICE ALICE pPb ALICE TOmnay
® CDF ATLAS dAu PHOBOS
o . YUA5 ¥ BRAHMS  pA Inel.
"5 5 eual +PHENIX  YPPbE178
= ¥ STAR ¥ STAR ® pAu NA3S
S PP (PP) Inel. 4 pPHOBOS 5
B 41 moms * NAS0
= [ AALCE ® 00 0-5% v
\'D/ 3_ ¥ UAS (This work) ‘}V N
- ¢ PHOBOS & } ] -~ -
/z\i . ann f x g0 * g Central OO reaches
< 5 i sl multiplicity par
i " _rt_, PR : participant nucleon
1 b X R 2T =¥ P
= "i"’ ¥ ] comparable to Heavy
E lons
0 L1 l 1 1 | Jlll 1 1 11 11 1 11 llltl
10 10° 10° 10°*

\'rTNN (GeV)

CMS Experiment at the LHC, CERN
Data.recerded: 2025-Jul-05 02:50:13.306688 GMT
Run/Event / LS: 394153 / 243679213/ 100

Di-jet event in oxygen-oxygen
collisions at 5.36 TeV

Excellent light ions data-taking

Luminosity targets exceeded
pO: x17; OO: X11; NeNe: x9
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SEUXIS 2| H A (CERN) CMSAH O A S EH EHM

AS=20| FHEWNZE S A4E SHEHEH LHCO| A S = 20| ddE = VS
o ASSHEML T LHCOIA B D Qs MEL 22| 5 7P T2 R0}

Velocities %" ¢." 4w
of galaxies - " i wo’

: o ¥ -
in clusters| =& *" -

Evidence for Dark Maﬂgr ‘

Rotation of
galaxies

Velocities of [# S g = Hot QCIlS in
stars in dwarf S galaxy

galaxies | i1 T 4 clusters ‘

/  Galaxy e
’. interactions G | Collisions of
: 7 o galaxy
PRT - e, 2 clusters
'« M * 4" Gravitational lensing

Total Weight 1 14,500 t.
Overall diameter: 14.60 m
Overall length : 21.60 m
Magnetic field : 4 Tesla
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Journal of High Enerqy Physics 09 (2025) 141

Physics Reports 1115 (2025) 219


http://dx.doi.org/10.1016/j.physrep.2024.11.007
http://dx.doi.org/10.1007/JHEP09(2025)141

KCMS 2025 CH&

T8 L&:

CMse| d=2H
anglez &8¢
=™0 &893 PDF Sys

asymmetry@t W/z 42t tHHA CiOJE S OlR % 371|
S0 MA z|lno 2RE 5 :

A LEPI} SLD &7 =
7t Mot {fo 2 ;x—l-c',-|.0:| TrE

sin? 0L = 0.23156 + 0.00024

Physics Reports (Impact Factor: 29.5)0f &% of %

| CMS = HICHEE O O|H 282 B mixing angle
§7§3' 2 (*1§EH + Rochester + DESY Ely:

sin? Beff = 0.23152 + 0.00031

CERN Press Release. (2024 48 3¢!):
Phys. Lett. B 866 (2025) 139526

Hadron colliders 2 &0j|A x| HUE 25

0.23221 = 0.00029

0.23098 = 0.00026

0.23221 = 0.00046

0.23095 % 0.00040

B2 HO| weak mixing angle= HLH
HUuL =X 43 (arXiv:2508.18022)
ME2C] MEi 227|, A. Bodek (Rochester)
0.23110 £ 0.00010 2HDM
LEP A%" ——
SLD APR
CDF 1.96 TeV —a—
DO 1.96 TeV
ATLAS 7 TeV

LHCb 7+8 TeV

CMS 8 TeV

LHCDb 13 TeV

CMS 13 TeV

This analysis 13 TeV

—

0.230 0.231 0.232 0.233

sin? 8l

0.23080 = 0.00120

0.23142 = 0.00106

0.23101 = 0.00053

0.23147 = 0.00050

0.23152 = 0.00031

0.23156 = 0.00024

Z| 19|
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* Observation of WZy production and constraints on new physics

scenarios in proton-proton collision at /s =13 TeV (SMP-22-018)
(B 234, 73, dX|& - with PKU)

- EIM HMEfF.
« 2t ZAUX S| k" 7|8t THY ApH MEHd | ES AF
- 0| F Sofl ot A =2 A0 AM:
—WZV A|_|§9_| JSH; } Ol A A E|-EI:|I-| §7g
- H[E&H AFS 71|0|7< 7Eﬂ'd(aQGc:) EFA
- E3ZY A2 H2 YA (Photophobic ALP) 22 EfAH =2l
- Fd Zdnt:
« CMS Run-2 T K| G|O|E{(137 fb" 1)E 2 g,

wzy 18z = 25 24 (3AH |2 0|9 5.40)

« SYE 4 ©EHY 548 fb, EERY O =2 2K Hel L{0IIA

- St OIHJIE MEd 7|=Z 0|84
135 Xp&l-8 EFT(aQGC) HALXO| LB 95% AME|=FE 7|2 &t 4
« photophobic ALP 22 o| Hak A%} utzto| °|§-3-7*01| CH5H
95% ME|F=F 7[Z ot MA|

PHYSICS REVIEW D 112, 012009

.

q w* g W
Wi
Z v/
q voq Y
q Wi—
(wzy 4 1Hd 0| 7t
Observed limits Expected limits Unitarity bound
Operators [TeV—] [TeV—] [TeV]
Fro/A* [-2.60, 2.60] [-2.52, 2.52] 1.32
Fri/A* [-3.28, 3.24] [-3.18, 3.14] 1.48
Frap/A* [-7.15, 7.05] [-6.95, 6.85] 1.35
Frs/A* [-2.54, 2.56] [-2.46, 2.50] 1.55
Frg/A* [-3.18, 3.22] [-3.08, 3.14] 1.61
Fr7/A* [-6.85, 7.05] [-6.65, 6.85] 1.71
[==E aQGC Xt@l-g HALKLO| CHTt 7(2f &2t ]

EMS

138 fb' (13 TeV)
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https://journals.aps.org/prd/abstract/10.1103/cm24-665b
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2—
 Study of xc production in pPb collisions at /sNN =8.16 z
TeV with the CMS experiment (HIN-22-003) 3
MSCH 284, d8=) 5
« CMS Heavy ion G| O E{0f| A{ *IXE chi_c &AtE =785t ’
—.t”QFO._WE =74 l0], P-wave &E{O|A 2| charmonia”t
H=2 PN =8 = ot ’—?78%*
. EEOF 7| MOZE= p+Pb B 01|*1 e+e- A2 &5
MoK EXE S8 = Ul AS 222 g5

Search for new physics using single-lepton events with
high jet and b jet multiplicities in proton-proton collisions
at/s=13TeV

(2T RAH, SET)_
HNEQ bNETL B
2214 M

Bt R tbs2 S1|5t= =F
Hi -4 AL ttbar, QCD, Wiets
100% KCMS $5 etﬁxl (2224 CH)
m_g~ < 1 9 Tev & N
PAS = (2025/07) =

Ed

—

. I'%1 =l

1, METZt &

MEAH
oo

>

0|

S
o

o
=2 =y

= 2%t CWR

pPb 175 nb™" (8.16 TeV
T T | T T T T | T T T T

0.45~ ——
M§CMS =
}2; 0.35 Preliminary =
© 03F =
0.25F =
0.2 =
0.15)~ % @ lyl<2.4, 6.5<p <30 GeV E
01 f_ Jz(xm):o’ Jz(X02)=0 _f
- Unpolarized ]
0.05 - —
E -H-H+ ICEM, pPb, unpolarized .
0 - PR PR T T T T TN T SO SO SN SN SN ST WA SO N S S N
0 5 10 15 20 25 30
P, (Jp) [GeV]
CMS Preliminary 138 fb" (13 TeV)
<)
§ 108 3 —e— Observed 95% CL limit
‘:r‘ -------- Expected 95% CL limit
‘%’ - Expected + 1 5.d
‘é 102E Expected £ 2 s.d
T N Theory £ 1 s.d.mew (NNLO+NNLL)
g |
°
10

. | i
2000
m; [GeV]

N R
1500
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e X|Lt6CHAH| &£ 21THO| =X X} =2
« CMS233H =22| 9% &% (Btat cMS 21 H 2 FA|| cMS 2| 2.4%)

CMS =&

KCMS =MAt === 8 9 5 8 8

. Stz QH: 223 (=3 X| 79H): MA|| 500 B H, 6THA| M A| 5% §X|
—
CMS Bt H == 1580 1569 1655

KCMS A& 2 H= 89 70 64
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* CMS 2024 Award (awarded in 2025)

= O|=2 (2 2{CH): “ “For his leading role in preparing and operating online the trigger menus for the
Run-3 Heavy-lon program”

MS Nm' 2mlems, m‘ 2Md|Cms 7§ emdcms % 2mdlems, m MOICMS
= | swn\vcwre g‘é swa‘cwa M Swo JM Swo|cn? M R[N

~_ The Compact Muon Solenoid Collaboration  *

conferg on

.
|
I

éﬁwg\( wa\s
A
o |
EéMﬂ CMS?

| Soohwan Lee
Korea University - Korea

OMQ2024 Auerd

For his leading role in preparing and operating online the trigger menus for
~|the Run-3 Heavy-lon program

I
|

[\emd|cms/ | [\emd] 77,
\M SWD|CWe ol

emd|ems /|
W2 M Swo|cw?
[\emd[cms 7§ amoems/ | 7§
. M SwWo|cwi2 g,é SW.)‘(;W?

3 . The Cdﬂabéraﬁpn Board Ohairgemon 3 T " \\ T il The Exbérimérﬂ $pokespemon g
. (Eligabetia Callo) W (Qautier Hamel de Monchenautt
K' &o calena 901200 C%O\
7,2} X ”
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Quark Matter 2025 &t2| Poster award (6 - 12
April 2025) - Top 1-2%
» O| =2t (1 2{LH): “Flash talk: Study of double charm s tak Avarcs

hadron production in pPb collisions at 8.16 TeV with -
CMS”

“Charged energy correlators in small systems with ALICE™ (#544)

“Renormalization Group Consistent treatment of NJL Color Superconductivity” (#756)
“Study of double charm hadron production in pPb collisions at 8.16 TeV with CMS” (#962)
“Heavy flavor angular correlations as a direct probe of the glasma” (#19)

“SPHENIX Performance of the Intermediate Si tracker” (#871)

“Characterizing the bulk properties of photonuclear collisions with ATLAS measurements
of inclusive and strange particle production” (#450)

tan  “Exploring the QCD EoS with Al: Constraints from Current Data and tools for
Future Experiments” (#1108)

“Charmonium production in Pb-Pb collisions at forward rapidity in ALICE " (#199)
“Quasi-normal modes of non-thermal fixed points” (#1092)

‘Charm hadronization with LHCb fixed-target" (#1035)

“Production of light nuclei in Au+Au collisions with the STAR BES-Il program” (#816)

« LHCP 2025 t2| Poster award (5 - 9 May oy
2025) . ",'SBf’”,’i’n,
» O] X| & (M2 A|IRLH): “Background Rate of the >
GE11 Detector in the CMS Experiment”

Jeewon Heo, University of Seoul
for the poster entitled
“Background Rate of the GE1/1 Detector
Chair of International in the CMS Experiment”
Advisory Committee International Co-Chairs 3 2

) \’M/Llh Doz

Federico Antinori Sarah Demers

Guy Wilkinson



KCMS 2025'3 Key Leadership

Chang-Seong Moon

Jason Lee

Yechan Kang
Sezen Sekmen

Soohwan Lee
Junghwan Goh
lan Watson
Ece Asilar

Seulgi Kim

Faculty
Faculty

Postdoc

Postdoc

Student
Faculty
Postdoc
Postdoc

Postdoc

Level-2 (L2)

Committee member of Collaboration Board Advisory Group
GEM PM Deputy (L2)

GEM DPG Deputy Coordinator (L2)

SUS PAG coordinator (L2)
LHC BSM Reinterpretation subgroup convener

FOG (Field Operations Group) (L2)
RPC DPG Coordinator (L2)

GEM DPG Coordinator (L2)

RPC Trigger coordinator (L2)

GEM Production Deputy Coordinator (L2)

O| At pPosition

2025.9~Present
2025.9~Present

2025.9~Present
2024.9~Present

2024.9~Present
2017.5~Present
2025.2~Present
2022.9~Present

2023.3~Present
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CMS Key Leadership
Level-3 (L3) Position

Seunggyu Ha Postdoc  JME contact for Top PAG (L3) 2022.9~Present
Donghyun Kim Postdoc  GEM foil production 2023.9~Present
Woojin Jang Postdoc = GEM DPG (L3) 2024.9~Present
Guk Cho Student  GEM Pre-production + Box preparation (L3) 2025.9~Present
Woojong Kim Student GEM Ageing Test (L3) 2025.9~Present
Dongwoon Kim Student GEM DQM (L3) 2025.9~Present
Junbin Lee Student GEN MC Validation convener (L3) 2022.9~Present
Jin Choi Student  GEN MEFG-A convener (L3) 2023.9~Present
Won Jeon Student  Muon HLT convener (L3) 2023.9~Present
Junghyun lee Student  NPS JME contact (L3) 2024.9~Present
Jieun Choi Student BTV HLT contact (L3) 2023.9~Present

Sanghyun Ko Student  EGM reconstruction convener (L3) 2024.9~2025.2



CMS Phase-2 Upgrades

w— 2011,7 TeV, 6.1 fo'
— 2012,8 TeV, 233 fb™'
w— 2015, 13 TeV, 4.3 fb™'
2016, 13 TeV, 416 b
w2017, 13 TeV, 49.8 fb™'

— 2022,13.6 TeV, 415"
m— 2023,13.6 TeV, 32.7 b

2025, 13.6 TeV, 102.9 fb™' /

500
CMS = 2010,7TeV,450pb"
o 400
2
"
(o]
g 300 — 2018, 13 TeV, 67.9 fb™!
=)
T 200 — 2024, 13.6 TeV, 122.2 fo"
o
o
£
©
° 100
'—

1] — /
2010 2011 2012

2015 2016 2018

LHC
550 fb-1

J

2022 2022

A bold and ambitious program

@®
®
@®
@®
@®
@®

Higher geometrical coverage
Higher resolution

Higher granularity

Precision timing

Radiation hardness

Higher data rate

/

2024

2026

High-Luminosity LHC
3000 fb-1

The Phase2 Upgrade of CMS

2030 »2041

Several paradigm shifts
e Track trigger at Level-1
e PF and ML at Level-1

e Imaging calorimetry

® Sub-100 ps timing

e etc.
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Phase 2 upgrade 7|0 Sigh

GEM11: 592 kCHF (7| ¢ 2t &)

GE21, MEO (2024~2026): 2.262 MCHF
= 456(GE21), 666(MEO) foils: 2064 KCHF
= Glass mask (5 pairs): 198 kCHF

iRPC Upgrade: 400 kCHF (7|0 &t &)
= RPC GAP: 286 kCHF (in-kind)

Luminosity [cm™2s]

® Peak luminosity ~ =Integrated luminosity

—— 3500
'3 ‘ 3000
/ - 2500
- 2000
P - 1500
e - 1000

T s00

221 26 30 P9 30313233343536373 42

Integrated luminosity [fb™]

= Shipping + chammber compoents (114kCHF)

Common Fund (MoU)
= 729 kCHF (2018-2026)

MTD upgrade: 2.2 MCHF (MoU: done)
= LGAD sensor and Bumpdonding, etc.

Total contribution with MTD on the Phase 2: ~6.2 MCHF




RPC (x-| 'gl-rlﬂ- 7:'!%7') AC->|J-|_|. Installation ofxthe RE3/1 Céqber §

e MoU O|li&tR

« 2024 728 RE3/1, RE4/1 RPC gap = 250CHE CERNO]
eselr

« CMS AT A|Z 0|2 MEF Mot A=7| (RPC) =
100% =2 cMS 0| A 7| &t
« Phase 2 RPC & X|

« 2025 1& YETS (Year End Technical Shutdown) 7| Z+0]|
Phase2 2 RE31 A=7|E CMSAZE7|0| EX| 2=

. RPC #:2| B @ : HZ7| 444 Q1244 X
=
=

/ =
 O/2§ 7t7| E 2%t R&D (DRD1 &= 9 )




« GEM Foil 4t
« GE2/1 LY. 364/456 2=
o HAHO7E =Y 927
« MEO ZY:612/666 2t=
« CMSGEMO||A =7t ME0 =L 747 2 F
« O GE2/1 ZLZE CHA Bl B
« 6THA = HX| O & MoU O H

- =0l Toj| = M 27 E 0f
« CMSGEMe| F7t XU @H /s 1R ==




IRIS €A 20258 CMS At 8l mE LA A

RIS(Z0| 27}& 7| ¢ LAY CMS
As Do HEJ|8 TZA GEM
Z O AALY| T3 222 20254

o)

=
g Llllllll

CMS 4 S TEY &2 =aieh. ISy, ¢ BT SN

&
2 ([T

CMS GEM Production in IRIS

- Production of CMS GEM in IRIS(~2025)
- Future collaboration in R & D

Korea-CMS GEM Foil QC & Production siti
- L Y -~ 4
- N T .- 4 ' F

irst MEO GEM foils
-9 |- =~ R
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|8t LGAD $il0|1] =X
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hﬁﬁ%ﬁﬂggi‘;ﬁ:i‘; 1) UBM process using electroless plating 1) ?_'I I:'l b||=|-I E |]'|I EEI-EI'O X'" OI ﬁ(UBM)
reparation = = O OAS
1}or:UFI’3Mton UBM O: _l__l_ol_l- IH-Izll-a_:!J_'l'l- AI_Iil
LGAD Al pad — A it o o)
’ 8 Ae S HT 43 EEe

2) Zincation
for good
electroless
plating

L ol cintete B
plating
3) €F0le a5ks
o 1H HH C OALC 19O
4) LGAD wafer dicing 3) Al metallization on LGAD backside 2) Wafer back-grinding -F” Ol 'LL-I L A|-O| — O~/ E 0O — PCB
for wafer thinning E%ﬂl‘?_l xl_'l 7| I_'ll E 7E:| (9"0 O‘I = 'él)
BG Tape Applicaton G Final Wafer % -CI')'l _6|- OEI-_?_ I:I | I_E_ %% % é-)l -6|-E
N O] ol
SiO2 insulator )
Back grinded Si substrate t
N 4) LGAD ¢l0] x| Z T
& = Backgrind Process Sf)"” OlfL‘I jé-l El-% I:||_|-Ex-” '?:” OlfL‘I% 7H

r

A L icoo= moerol ooy

. ‘ =
“g” 5171 Sl 2

¥\

Invert Wafer

o

2 v
d‘u«fg / Vi

[Diced wafer]

DI Spin Rinse Dry



MTD: LGAD % ETROCE 0O|&8%¢t & H= 2l

; : & ol (=
[1. Solder bumping by laser reflowed solder ball] 1) Solder bumping (balling) - El = EI|I=I-I"'C">I( E)k%al)

|_ — &0 Ha2 Ha 293 JtsstA ot7| o A2l & iE
e | | (LGAD % 1 ETROC)Oﬂ IJIHI*P £4 =2 4= 8.
2) Solder bump bonding - &0 H= &2 ¢l
=] SO ¥T 22 2YY BYOZ &0 HIE 2|E290
|\ e 0l LGAD MM 9} ETROC & 7t M7IH7| AN Azg Byt

Sensor dummy

[2. Solder bump bonding [Concept of bump bonding]

process with LGAD sensor s Qd
and ETROC chip]

¥ Solder

Sensor dummy

No-Contact Joint 3 | “Good” Joint
(cold solder Joint)

SiO2 insulator

ds, Circul: Au pads, Circular
i r
Ay d“. oval ads, Oval

Sensor dummy

Solder missing

SiO2 insulator

ETROC dummy

ETROC dumm
[Photo image of bump bonded sample]




KCMS ETL A28 HIAE 3L &F (2025)

=M H2E™ 23F A du}

=0 X O

Py

RPC——==1

=
K=

32 DESY (5 ¥)53, 928 CERN SPS (29| 2) & 3At2]| H A EH &0
S 4N Hetd0| M LGAD + ETROC2 50| E2|E H& S8t 7t

o/ME/FAHE SN U LAM LA

(
it N2 (-20)0 M ~40 ps =T 2| A[ZF =0l

ETROC2, A|AHI OFHMH Ol HIT 2E

LY A|AH HAE 33}

_— O

0Z

— I

ESY HAE EJ
Il —a YL /A

= HIAOl IV, Cv, A9, $ETE S5 5 = 78 PRR* 5210 7|0/

: s0||, WEF 0|8 % 2 Wl As
=g) A 25 A NAg s (+ AR BIAE) FTL Phase-2 < 71
LGAD + ETROC2

* PRR: Procurement Review Readiness
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KCMS Summer Workshop (&5 & Ll =hat off Fufstul 5 &)

+ KCMS Workshop= S0l A Ctet HIO|E] 24 Sl HE 7| 7H ”a*01| figtus =08 N3 A EESR
At o e

2Al 2025L379‘1 BE 4 ZSATHS U St

L 7th KCM$ Workshon & Svmnosmm
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2025 = L{Of| A = A| ste| 7H %

=
=]

- H|182| & # A =2l X K=
» 2K 20258 9 22%U~06

2 A oLl 7H Z

E

o —

» BRI 8 A 30FE (1995H) 7| E MM

18th Inter

D )
| 0!’ (4 \RN | 6 September 2025

HiT 6t 1o
2|

v/ Hanyang University, Seqy(
~26 September 2025

- 18]
(@gg INTERNATIONAL WORKSHOP
v ONTOP QUARK PHYSICS

TOP 2025° ©
SEOUL

Hanyang University | 21-26 September 2025




Re m Ote C M S Wee k A-I % 7H EI After Run 3 operation, N

You can share excitement from

- 2N

'7 o B — ’ \S s
¥4 Y f L~ i e e = \ 5
@) _I ¢ ‘ q;; 1 ".'f‘v‘.‘,;f-f") gl idy B "‘ ™y R
+ 2025 128 §L~12 e | L T U SRR chimaei
-~ : - : 456 Ay - \j\ f S e \

. KbA
JWHE[HE SU= 230 ME
- St 0| A| 7 [ St= CcMS Week 2| 0]
s FHEM 28 S 0|M A= E2l= CMSWeek O S
* CMS Collaboration T A7} N FL =2 ot=x= L FoI0 Ol R 41 SR %t
O] & &.
- o ATV A ALKNES LE = U= =H4H 2ot FLO Y.
- Tl RIAtZE| ARFLE[Q B[S HA[St D =& Ql X|X|ZE =2 2.
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Status of DRD (Detector R&D) Collaborations at CERN

- & 87ll DRD CollaborationO] CERN2| Q2 &
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CERN= 21 DRD & &X| &5 5= 7| 23 CERN) 2t Sz M(Mou) BIEH S MS S
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« KCMS AR Of|A MOu H|-E 7<I Aol Eaeh
DRD1 DRD2 DRD4 DRDé6 DRD5 DRD7 DRD8
Liauid DR
Al Photon state
Ex RD51 Ex RD50, RD42
e a N
v
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Participation of the DRD Project from Korea

| Project | nsttwe Representative

Osong Medical Innovation Foundation Won-Kyu Lee

DGIST Gain Kim
Hanyang University Tae Jeong Kim
Seoul National University Do Won Kim
Jason Lee

University of Seoul
Dong Wook Kim

Chang Seong Moon
Minsuk Kim
Byunggu Chun
Jae Hyeok Yoo

Yonsei Cancer Center
Kyungpook National University
Gangneung-Wonju National University
Hanyang University

Korea University

Kyungpook National University Sehwook Lee

Pusan National University Sanghoon Lim

Sungkyunkwan University Beomkyu Kim

University of Seoul Jason Lee
Yonsei Cancer Center Dong Wook Kim
Hwidong Yoo

Yonsei University
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