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; Radiation:

 0.005% Chemical Elements:
iU, 5 (i}

(other than H & He) 0.025%

Neutrinos:
0.47%
Stars:
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gas 4%

Cold Dark Matter:

Dark Energy (A):
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*The Large Hadron Collider” .




The Environment: Collisions at LHC

7x10'? eV Beam Energy
10* cm?s!  Luminosity

2835 Bunches/Beam
104 Protons/Bunch
- T—_— -
ﬂ

7 TeV Proton Proton
collidinao beams
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CMS (compact muon solenoid) experi

vacuum chamber

= central detector

electromagnetic
calorimeter

hadronic

F’ e | " calorimeter

(S e = / i ]

1990: CMS concept
1992: LHC/CMS definition

1994: CMS TDR o o

1998: P5 excavation starts g\ W= —=x\ p—C =
2010: data taken B\ N = ‘ L
2041: End of run \

o /
#_, L ‘ \ | ’

Heaviest detector China =0 T—

Detector characteristics

Width:  22m RPC/ CSC | I

Weight: 14'500t GEM/Trigeer/ HGCal/MTD




CMS collaboration in 2024

L The CMS experiment has 5969 active members from 254 institutes coming from 58 countries.

A}

CMS members
216 Full Members
28 Associate Members

10  Cooperating Members

2070 1194 1354 985 251 110
Phd Physicists Physics Doctoral Students Non Doctoral Students Engineers Technicians Administratives
(401 women 1669 men) (327 women 867 men) (371 women 983 men) (148 women 837 men) (22 women 229 men) (70 women 40 men)
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New discovery at LHC: The Higgs
@ The Nobel Prize in Physics 2013
Francois Englert, Peter Higgs

The Nobel Prize in Physics
2013

500 &, (=0T L=53%'

Events /1.5 GeV

=

Al \

Photo: A. Mahmoud Photo: A. Mahmoud

" S/(S+B) Weighted

Francois Englert Peter W. Higgs
; : ATLAS 2011-12 (5=7-8 TeW Prize share: 1/2 Prize share: 1/2
8 '
A | -

The Nobel Prize in Physics 2013 was awarded jointly to
Francois Englert and Peter W. Higgs "for the theoretical
discovery of a mechanism that contributes to our
understanding of the origin of mass of subatomic particles,
and which recently was confirmed through the discovery of
the predicted fundamental particle, by the ATLAS and CMS
experiments at CERN's Large Hadron Collider"

— Ouserved  [EER] Expectedt Sgnal « 100
150 200 300 400 500
m, [GeV]
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ATLAS Spokesperson 2010-2012
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Joe Incandela

)
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Estimated worldwide audience

1,000, OOO 000 people!!
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masse
Laest dite

ior CERN researchar Albart de Roadk explains the Higgs
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https://mediastream.cern.ch/MediaArchive/Photo/Public/2007/0708002/0708002_01/0708002_01-A5-at-72-dpi.jpg

Higgs Physics opportunity at

Higgs Boson: Origin of mass

W RV

»>Higgs Mechanis

> Observed in 201
when discover H

> Fifth force

»>2018 observe
couple to 39 gen

Measurement Self > Sixth Force

of Higgs Mass, : :,;
| Coupl >HL LHC 2035

Width, CP etc S

p-p collision can not be extreme acc.



Stability
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Knowledge about Higgs

CMs 138 fb~' (13 Te
CMS 138 fb~' (13 TeV) N --—
£= my, = 125.38 Ge Wz
® Observed | +1s.d. (stat) ol .
5
m— +1 5.d. (Stat ® syst) L +1s.d. (syst) £» ’
- b
% .
— 12 s.d. (stat @ syst) ik a ]
..
— , Stat Sys-t $ Vector bosons
1 g
i Third-generation fermions
K - 1008 005 +0.05 100k § ]
w N 1.02 ’;_ i Second-generation fermions
— E --- SM Higgs boson
K; —G— 1.04 +0.07 +0.05 +0.05 1?':'-- N . T R B
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| H 10 1 10 102
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' L | T T T L) T T T L |
£ =r=1 —e— Observed = = ----- Median expected
Ky + 1.01 _+g:|la +0.07 +0.08 Ky =Koy = B 68% expected
: ----- 95% expected
— [
H — |
- bb ZZ
K, * +0.17 +0.12 :
b 0'99—0.16 012 -0.10 S’gﬁiﬁzg: gg
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_ . Multilepton
1 Expected: 19
Ob: d: 21
K. —— 0.92:0.08  40.06 +0.06 served:21 | ]
: bb vy
— N Expected: 5.5
1 Observed: 8.4
H — |
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K : 1+0.34 031 +0.14 Expected: 4.0
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- Mass: ~172.5 GeV; the heaviest particle

. . “l%ﬁ?&”
. Lifetime: ~4*10-2° Sec: “DEEA
] ] ] ) “3%%%”
= hadronization time ~3*1024 Sec e

= Decay before hadronization “BETA

Nobel Prize 2008

Makoto Kobayashi 1oshihide Maskawa

- Only place to study a “naked” quark properties

= Mass
= Spin

= Polarization ) w
- Vib N

= Charge N

Top quark is a laboratory to precise test SM

"for the discovery of the origin of the
broken symmetry which predicts the
existence of at least three families of
quarks in nature."

Leptons |




Top mass M, in GeV

Main uncertainties from Top-quark Mass

200 |
150 |
100 .

50

Instability
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e Stabili é
g
=
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_ <
0 50 100 150 200
Higgs mass M, in GeV

JHEP 08 (2012) 098
PRD 97, 056006 (2018)
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01} ATLAS é.l
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Particle-level Invariant Mass Range [GeV]

* Color-singlet ('g!") - attractive
— Peak below the tt threshold

> Color-octet ('S or 3s) - repulsive

— Suppressed below the tt threshold \

S
®
9
a
2
o
~
©

05

* Lineshape and width not exactly known
- but below experimental resolution

LI B B L L L

EPJC 60 (2009) 375-386 ]
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LHC Vs = 14 TeV

£

0 1 1
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Direct search
for new physics
signals

DEVVEL A 26.8%

DEVSTIN VA 68.3%

thermal freeze-out (early Univ.)

indirect detection (now)
-

DM SM

Leptons

direct detection

DM SM

Acc. Measurement
production at colliders | for deviation of SM
i, i T Why NP beyond SM? process

» Origin of flavor sym.

» Vacuum stability?

» Naturalness

> Dark Matter?

> CP violation?

) P Jan. 17, 2025 35




New physics opportunity at Energy Frontier

Big Questions

7 %
i, % % G B W

SUSY
Compositeness,
Extra dimensicns

Extended
Higgs Sector

Top
Fartrner

WhE
Minimal
Dark Matter

Hidden
Sector

Multiverse

Snowmass new physics working group report

14 TeV Center of mass energy(highest manmade) provide unique opportunity

Advanced detector is the key to catch up these physics
opportunity at LHC




Exellent physics outcome of CMS

CMS Preliminary

35.9-137 fb' (13 TeV)

May 2020

~ Theory prediction

, o [ph]

Production Cross Section

1072
10°°

Z Z Z CMS 95%CL limits at 7, 8 and 13 TeV

8 7 TeV CMS measurement (L < 5.0 ib™)
8 8 TeV CMS measurement (L < 19.6 fb
8 13 TeV CMS measurement (L < 137 fb")

CMS

Preliminary

—— QObserved 16

‘|| u combined 1o

10k

All results at: http:/cern.ch/go/pNj7 FET I i R 2 e

Overview of CMS EXO results
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ggH VBF WH ZH ttH
Th. Ag,, in exp. AG I"l'i
CMS September 2019
Dilepton . ,
JHEP 07 (2011) 049, 36 pb”' P S — Showall Total Exotica Standard Model  Supersymmetry Higgs Top  Heavy lons
Dilepton _.‘._. 17250 + 0.43 + 1.43 GeV
EPJC 72 (2012) 2202, 5.0 B and Quarkonia  Forward and Soft QCD  Beyond 2 Generation Detector Per
Aljots . 1347 collider data papers submitted as of
ERIC T4 R019) 2765, 350" 173494 0,60+ 121 GeV 22 e
Lej

JHEP 12 (2012) 105, 5.0 ™"
Dilepton

PRD 93 (2016) 072004, 19.7 "
All-jets

PRD 93 (2016) 072004, 18.2 0"

Lepton+jets

PRD 83 (2016) 072004, 19.7 b
CMS Run 1 legacy

PRD 93 (2016) 072004
Dilepton

EPJC 79 (2019) 368, 35.9 16"
Ley

EPJC 78 (2018) 891, 35.9 10"
All-jets

EPJC 79 (2019) 313, 359 16"

Lepton+jets, all-jets
EPJC 79 (2019) 313, 359 fb”"

Single jet, p, > 400 GeV/
TOP-19-005 (2019), 35.9 fo"

Tevatron combination
arXiv:1608.01881 (2016)

World combination
ATLAS, CDF, CMS, DO
arXiv:1403.4427 (2014)

173494 043+ 0,98 GeV

—— 172824 0.18+ 1.22 GeV

@~ 1723240251 059GeV
-.-. 172.35 % 0.16 + 0.48 GeV
- 17244 1 0.13 + 047 GeV
_.; 172332 024 *086 | o Gev
8- 17225200820626eV
= = 172.34 1 0.20 + 0.70 GeV
- 17226 1 0.07 £ 0.61 GeV'
—

17256+ 0412 2.44 GeV

174.30 £ 0.35 + 0.54 GeV'

@~ 173344027+ 071 GeV

220~

1347 papers

Secon f s o 35 L e e et e,
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CMS RNz mE RR9H

Scetch of a proton—proton collision
at high energies

€ jets
e pecton shower

Figure 1.16: High pileup event with 78 reconstructed vertices taken in 2012
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CMS detector

Particle flow rec.
lepton, hadron, jets

L y R
Légende: Muon
Electron
Hadron chargé (ex.Pion)
— — — = Hadron neutre (ex.Neutron)
------ Photon

Trajectographe
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LHC/CMS operation time line

LHC / HL-LHC Plan RILUM

LARGE HADRON COLLIDER

LHC HL-LHC

136 TeV Ls3 136 - 14 TeV

13 TeV energy
Diodes Consolidation
splice consolidation cryolimit LIV Installation . i .
7 TeV 8TeV  hutton collimators interaction . inner triplet ) HL. LH?
—— R2E project regions Civil Eng. P1-P5 pilot beam radiation limit installation
TAEICIETIIER)
ATLAS - CMS
experiment upgrade phase 1 ATLAS - CMS f nominsaImLLTr'r?i
beam | pipos 2 % nominal Lumi 2 x nominal Lun a0l
nominal Lumi ekl ALICE - LHCb I 1

75% nominal Lumi | / upgrade ' !
intedrated U8
m m m lumi§osity EULIE 'R

HL-LHC TECHNICAL EQUIPMENT:

DESIGN STUDY g PROTOTYPES / CONSTRUCTION INSTALLATION & COMM. PHYSICS

HL-LHC CIVIL ENGINEERING: H L' LH C
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CMS China
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CMS COLLABORATION RRB CMS-D 98-31

The European Organization for Nuclear R h (CERN)

and

Chinese Academy of Sciences (CAS), Beijing ? - ﬂ i ﬁ Eg .IjJ\ —I—
and (]
The National Natural Sci Foundation of China (NSFC), Beijing B ﬂ
declare that they agree on this Memorandum of Und ding *
For the original version as approved on 27 April 1998 by the CMS Resources Review Board 1 9 9 8 E N S F C*u ¢ ﬂ — 1t
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(cf.A.nnexuS,S,BA,c:.sA,9:B,9‘5B‘,andpageoofAnnax10, = Fﬁ ﬂ**ﬂ = t *m
as well as Annex 1, page 1 and Amnex 4, 2) m %
Done in Geneva, Switzerland on 28 April 1999 - = H b 7 \a E\ a
For C / L
0 Cdn mq&%ﬁﬂTﬂ&%\
R]. Cashmore
Director of Research

X FF-

29 April 1998 (revised 25 March 1999) Page9/9 Memorandum of Understanding
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Show all Total

B and Quarkonia
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