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 0.005% Chemical Elements:
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CMS (compact muon solenoid) experi

vacuum chamber

= central detector
: , \ electromagnetic
| 7 = e calorimeter
7 e et hadronic
F’ i o " calorimeter
1990: CMS concept g
1992: LHC/CMS definition
1994:. CMS TDR —

1998: P5 excavation starts 3

2010: data taken e\ YN —— nducting
2041: End of run B \ 2= L.

Heavi S =

eaviest detector China = muo

Detector characteristics

Width:  22m RPC/ CSC | I

Weights "~ 14500t GEM/Trigeet/HGCal/MTD



CMS collaboration in 2024

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

N o

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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Higgs Physics opportunity

Higgs Boson: Origin of mass

+ (EDY +he
T4 kﬂlj*j¢*k(.

\ YRV

»Higgs Mechanis

»>Observed in 201
when discover H

> Fifth force

»>2018 observe
couple to 3@ gen

Measurement L
Self »Sixth Force
of Higgs Mass, . :>
Coupl >»HL LHC 2035
Width, CP etc SR

. - iln (( FCOY)
p-p collision can not be extreme acc. e Q=



= T T v
Vo) € 1FarLasand cmus 200 | Instability
2 LHC Run 1
S > P
&> 10f : 8 1507 s z
VS £ N2 g
.~ ~
S 3
102k 4 § 100 H_~ Stability é
= g
4 ATLAS:iCMS | g 2
S N SM Higgs boson | = 50+ <
— [M, g] fit E
[ 68% CL
. [ J95%CL 1 0 : : ; :
107E, N 0 50 100 150 200
107" 1 10 102 17
Particle mass [GeV] Higgs mass M), in GeV




Top quark opportunity: the only *

+ Mass: ~172.5 GeV; the heaviest particle Nobel Prize 2008

“1%ﬁ/j§”
. Lifetime: ~4*10-2° Sec: “DEFA”

= hadronization time ~3*1024 Sec BERA
UERA

= Decay before hadronization “BEEA

Makoto Kobayashi 1oshihide Maskawa

- Only place to study a “naked” quark properties

= Mass "for the discovery of the origin of the
. broken symmetry which predicts the

= Spm existence of at least three families of

= Polarization ) quarks in nature."

. Vib \/

= Charge

Top quark is a laboratory to precise test SM

Leptons
BlEEEE T 200 xkema@sysu I8




Ttbar entanglement and threshold str

V) = la1)a ® |b1)B + |a2)a ® |b2) B

Observe Quantum entanglement

. ATLAS

Particle-level D

éol

/s=13TeV, 140 fb’

—.— Limit (Powheg + HerwigT) ]
---- Limit (Powheg + Pythia8)
B Theory Uncertainty

@ Data

@ Powheg + Pythia8 (hvq)

[ Powheg + Herwig7 (hvq)

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

> Color-octet ('S or 3s) - repulsive
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— Suppressed below the tt threshold \\‘

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

340 < my < 380 380 < my < 500 my > 500

Particle-level Invariant Mass Range [GeV]
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EPJC 60 (2009) 375-386 ]
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color-octet ]
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direct detection

DEVVEL A 26.8%

DEVSTIN VA 68.3%

thermal freeze-out (early Univ.)

indirect detection (now)
-

DM SM

Leptons

DM SM

production at colliders

Why NP beyond SM?

» Vacuum stability?
» Naturalness

> Dark Matter?

> CP violation?

» Origin of flavor sym.

Direct search
for new physics
signals

Acc. Measurement
for deviation of SM
process
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Exellent physics outcome of CMS

(18T
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Running jobs: 365644
Active CPU cores: 807139
Transfer rate: 21.54 GiB/sec

= WLC G
gﬁip Tﬁ@SYS Worldwide LHC Computing Grid
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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

Légende: Muon

Electron

Hadron chargé (ex.Pion)
— — — = Hadron neutre (ex.Neutron)
------ Photon

Trajectographe
au silicium

Calorimétre Solénoide

Y hadronique  syperconducteur Culasse de retour de I'aimant
avec des chambres a muons Ut il
Om m 2m 3m 4m 5m 6m 7m
| 1 1 1 1 1 1 1
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LHC/CMS operation time line

LHC / HL-LHC Plan

LHC

HiLumi

LARGE HADRON COLLIDER

HL-LHC

EVETS 13.6 TeV LS3 13.6- 14 TeV
13 TeV — ENErQY
Diodes Consolidation
splice consolidation cryolimit LIV Installation . i .
7Tev 8T8V button collimators Inaraction . iner et _ Hlt.a :il-ltc
— R2E project regions Civil Eng. P1-P5 pilot beam radiation limit Installation
e | oes | o | s | e | v e | e | oo [ ]
ATLAS - CMS
experiment upgrade phase 1 ATLAS - CMS f nominsaImLLTr'r?i
beam pipes ] ’ ’ HL upgrade
nominal Lumi 2 x nominal Lumi ALICE - LHCb I 2 x nominal Lun |
75% nominal Lumi upgrade

=
EXd

HL-LHC TECHNICAL EQUIPMENT:

DESIGN STUDY PROTOTYPES

intedrated EINURI
lumifosity REULVE R

/

HL-LHC CIVIL ENGINEERING:

DEFINITION EXCAVATION

CONSTRUCTION INSTALLATION & COMM. PHYSICS

HL-LHC

BUILDINGS

CORES

Now
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RESIMCMSELES

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
Done in Geneva, SwB&hn#BniO April 1998
For CERN (3
s e § = h[E 5CERNZITCMS &
Vol
é ié & ¢.
Poerof ot 1?%&.\% o HE —E@*ﬁ
For the revisions to the original version R — A
(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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