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C; The SMdescribes thefundamental constituentsof matter and their interactions

Standard Model

EEEEEEEEEE

C TheSM of particle physics is the theory describBhgf the 4 known fundamental forces(electromagnetic,
weak and strong interactionsd excluding gravityin the universe and classifying all known elemengasticles
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Standard Model Problems: an incomplete

Unknown nature oDark Matter
Very small cosmological constanandvery weak gravity interaction
CP violation Cabibboi Kobayashii Maskawa (CKM) phase $mall ef
Particlel antiparticle asymmetry in theUniverse
Problem of neutrino masses, mixingpscillatio

Muon (g-2) € anomaly (3.50Y 4 . BNL):
CMD-30(202Y “+“-)Y newtheoretical calculation!
B-anomalies (4.5 )semkileptonic B-decays

CDF W-mass anomaly(70): new ATLAS result!

——

What Is a generationAVhy there are only §enerations? —

Whatis anature ofguark-lepton analogy?

theory
BNL +—t—1

fec)

FNAL Run-1 0 :
FNAL Run-2/3 =

FNAL Run-1 + Run-2/3 =8

4.2

BMW Lattice 2020 &
World Aver,

P - t)
Are there additional gaugesymmetries” CMD-3 based A._Qf;»

What is responsible for a formation of the Higgs potential?

Why gravity is so weak comparingto other interactiond? ™ ™ H0 T 200?535 A0 23

What is responsible for gauge symmetriesvhy charges are quanti
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To which accuracy the ChargeParity & Iime reversal symmetry(CPT) Is exact?




EPJ C 78, 110 (2018

§2 o 170107240 measurement of the W boson mass :7U from SMprediction £):
ANA-STDM-201924 PoSICHEP2022 (2022)898 Wi

. . . C CDF Il measure the W boson mass,Mising data corresponding&a® fbt
CDF Il Collaboration, High-precisionmeasurement of the W : : .. :
boson mass with theDF detectorPoSICHEP2022 (20221898 collected in protorantiproton collisions at .96 TeVwith the CDF Il detector at

sm the Fermilab Tevatron collider. A sample of approximati{$® W bosonis used

S - to obtainM ,=80433.56.4(stat)N6.9(syst) =80433/89.4 MeV. The
CELel sosse 4 o W bosonsareidentified using their decays te & O and the mass is measured |

N fitting/templatedistributionsof transverse momentum anthsSm; = \/2p§p;(1 ~ cos Ag)
L3 80270 = 55 —_— .
OPAL 80415 + 52 —e— C A comparison with th&M expectationof M ,=8035 N6 MeV, treating the
AEERT sosmo e uoted uncertainties as independent, yields a difference with a significaﬁﬁe 0
DO 11 80376 = 23 —— .
ATLAS 80370 + 19 —.— 7& The suggests are:
CDF II 80433 + 9 <> U the improvementsto the SM calculation or

1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | 1 1 1
79900 80000 80100 80200 80300 80400 80500
W boson mass (MeV/c?)

U of extensions to thesM

C SMresult includes thpublished estimates dfie uncertaintf4 MeV) dueto

—T T
ATLAS Internal

e e e /A missinghigherorderquantum corrections and the uncertai@yMeV) fromother
Do 2012 R0 = 23.0 Mev globalmeasurements uses inputto thecalculation
et euation 201 b o e U ATLAS Collaboration, Measurement of thé&/\WW-boson mass in pp collisions
ATLAS 2017 | _s0560 5+ 18 5 mev atas =7 TeV with the ATLASdetectorEPJ C 78, 110 (2018XPJ C 78, 898
LHCB 2021 B . © - 320 MoV (2018), arXiv:1701.07240 A measurement of the mass of the W boson is
CDF 1l 2022 64335 = 9.4 Mov presented based on prot@noton collision data recorded in 2011 at BV with
Conf Note 2023 —fiiase.3 = 15.6 MoV the ATLAS detector at the LHC, and corresponding 6 fb! of integrated
80350 80400 80450 80500 luminosity The selected dasample consistsf 7.8 10° candidates in the
The ATLAS Collaboration hasreporteda r!r:;gs[';:ren\;]nt WY O zhannel and.9 10° candidates ithe WY e ghannel.
| u
MW:8037(N7 (Stat)ﬁﬂ_l(systﬂn_(mod_ Syst):8037ﬂ19 MeV ATLAS/CMS RUﬂ-Z at 13 Te\ﬁS 139/137 fbl

~ ~ ~ Yuri Kulchitsky, JINR & IP NASB
M, =80850B=tat)NL5(syst) =803B6 MeV  ANA-STDM-201924 4



SMProduction Cross Section Measurements vs. Theory predictions
ATLAS  ATL -PHYS-PUB-2024011

Standard Model Production Cross Section Measurements 52
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ATL -PHYS-PUB-2024-011

SM Cross Section Measurements

Standard Model Production Cross Section Measurements

Status: June 2024

ATLAS/CMS Results

S 1om foaga ATLAS Preliminary Probing SM Theory ~ 1. Higgs boson discovery
ST “o V=15.7.8.13.13.4 TeVlr— . % 2. Systematic study of pp
F e Motivation LHC pp V5 = 13 Tev : processes at 0.9 13.6 TeV &
5 et o 25 Gev . . ata 3. 1 — H H
107 F s C Probinglifferent aspects Standard Mod® = "= * :  comparison with SM
™ s, = . PP Vs = e -
10* ¢ =3¢ Sensitivito New Physics BEE oot 202 2030 E predictions
: e : LHC pp V5 =7 Tev > 3. There wasnho discovery of
103 Ef > n=1 =0 o _ ata 45 — 4. ! = i
E ey o ¢ i;::; H productlon e ppDﬁ:iE’T;gfb the MSSM patrticles at 10
102 E =>° "51 S v Data 0.03 —0.3fb E TeV reg|on
100 b P e - Tri -boson ; 4. There wasno discoveryof
CF ) if? ‘el ® h g :II production :  exotic models particles
E n,é:t - He—bb a o o Lot = -
: T F i em= AL s : Conclusion:
107 " e oo D T No BSM physics at 10 Te\Mfegion
i o Mt - -
102 e I _ =g Vector Boson Fusion (VBF) &
.| Single bdgono, W, Z DI-ZOS?D B [ T o Vector Boson Scattering (VBS)
103 i w2 production b ae
: productio = i Review of ParticlePhysics,
- - > Phys.Rev.DL10 (2024) 3, 030001
PP Jets b4 w z tt t Vv H Hijj VH| ttv| ttH tEyWWV Vi :V‘.V?'t&E ry v;};ﬂww Wi Part 9 QCD’ F|gure 91
ATLAS : Summaryof SM and fiducial production crossection measuremeritsp p | nt er ac i = (J./JSM) « (B /BSM) :
7, 8, 13 TeVcorrectedor branching fractions;ompared to the correspondititeoreticakexpectations U 17
The inclusive Higgs boson production rate 10.056 +0.026 +0.039 , - 6
relative t& tHé°SM prediction is measured to b# = 1'023_0_053 = 1.023.£0.028 (stat. -0.025 (exp.) 003 12 theo.) +0.012 (bkg. theo.




Future colliders

ILC Candxdate snte in Kltakam| Tohoku

x ILC (Japan):

U Linearcollider withhigh {4
gradient superconductin =~ [ s o,
acceleration g

U Ultimate 0.51(?) TeV

U To secure fundingeduce cost
by startingat250GeV (H
factory)

x CLIC (CERN); B
G Linearcollider with high ;gm
gradient normatonducting 50km 4
acceleration
U Ultimate multi-TeV (3) e'e
collisions i
U Usetechnology tamvercome

challenges
U Stagesfor physics and funding

)

/- x Outliers:

U 90km ring with 16 Tmagnef#
i UseFCGChhtunnel fore'e [

collider :
i Technologyfor ee standard K

x CEPC/SppC

U Essentiallyan FCCeg thenhh
with
a. moreconservative
Qinhuangdao site
luminosity estimat— ,
b. in China

U N L ofwldo ( riagne
@FCC (?)
U MuonCollider(?)

CEPC: multiple candidate sites in China

Yuri Kulchitsky, JINR & IP NASB 7



FCCintegrated program

C Stagel: FCC-ee (Z, W, H,tt) as Higgs factory, electroweak & top factory at higheduminosities

C Stage2: FCC-hh (~100 TeV) as natural continuation at energy frontier, pp & AA collisionsg-h option

C Commoncivil engineering and technical infrastructurles,i i | di ng on and riefrastructrg
C FCC allowsthe start of anew, major facility at CERN within few years of the end ¢fL -LHC exploitation

FCC integrated program is fully documented in the three volumes of the Feasibility Studyeport. Vol.1: Physics,
Experiments& Detectors;Vol.2: Accelerators, Technical Infrastructures, SaféepnceptsyVol.3: Civil Engineering,
Implementation & SustainabilityJpdate posted at https:/jndico.cern.ch/event/1534205/

. . transfer lines proposed | |
\ PA (Experiment site) oer

n to be installed inside / ' . : ,
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— e " 3
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01.10.2025




Future Circulated Collider (FCC) performance

U
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Consequence omletectors o
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Cc:

FCC Infrastructure & Operation

Centerof mass energyt00 TeV
Peakluminosity ultimateO 3 G4 1 0
BunchCrossing<5 ns

Jura

1 Integrated luminosity ultimate1000 fb*

(average peyear)
25 yearsoperation, leadingp ~20ab e € 2

Boost ed waplojde®coverag¥

High pileup and fasBunchCrossing(BC) "N
very fast andyranulardetectors
Momentumresolutiona 1 5 &bp,=10 TeV

~1 nssharpBunchCrossingldentification 8CID)

Jura

2
P

Hadroncollider
16 TY 100TeVfor 100km
20TY 100TeVfor 80 km

Particleflow capability forcalorimeters witthigh Unit

Symbol cm?

granularity25 mrad? femtobarn

fb 10 3°9
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Key Features of the Civil Engineering

C 90.7km main tunnel with an internal diameterb m. S
C Depth varies betwees0 m and 560m. e
¢ 12shafts up to400m deepandl18 m in diameter.

C 2larger experiment caverns 85m span).

C 2 smaller experiment caverns (spar25m).

Survey galleries NN
Big elactrical alcoves NN

Small elactrical aleoves
Transport bays I

Klystron galleries
Machine aleoves in kiystron gallery IR
Injection tunnals EE———
Junction caverns IS

....

Booster RF system

J

! Smell Experimental
area

¢ >70small caverns.

C 5km transfer tunnel from the surface.
C 3 km of klystron gallery tunnels.

H

Collider RF ayatam

C Technical buildings on 8 surface sites
C Injector FCC-ee:high-energy linac at CERIRrevessirsiteg

[ Notto scale ]

CE Construction carbon footprint estimate(Al1 T A5):

Total CE: 530 000 - 1 184 000 tCQ(eq)
Assesssdtccordingto EuropearNorms (EN 17472, EN15804+A2)

1102090

Schematic Layout of the FCC et
Underground Structures

10
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Twenty Year from First Collisions

Phase 1 NI e 7
gl e T g -
2065 2075




FCCintegrated program

timeline

FCC Conceptual Design Studystarted in2014leading toConceptual DesigrReport in 2018

2028:

project approval
by CERN Council

2032:
construction
starts

2041:

2021-

29
Feasibility Study

HL- LHC ends

2070:

Operation of
FCC-hh

2045:

Operation of
FCC-ee

Tunnel, site and technical
infrastructure construction

FCC-ee accelerator and detector
consfruction, installation, commissioning

Feasibility Study m

Geological investigations, infrastructure
detailed design and tendering preparation
FCC-ee accelerator and detector R&D and technical
design
Superconducting magnets R&D

“Realistic” schedule taking into account:
past experience in building colliders at CERN

| approval timeline: ESPP, Council decision

Long model magnets,
prototypes, pre-series

FCC-hh accelerator
and detector R&D
and technical design

10 years

2o ] FCC-ge (
~ 15 years operation

FCC-hh, 70
0 25 o icr g

FCC-ee dismantling, CE
& infrastructure

adaptations FCC-hh_

High-field magnet
industrialization and
series production

FCC-hh accelerator and detector
construction, installation, commissioning

that HL-LHC will run until 2041
Canl(plel%azzg%elerated If more resources available

12
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FCCee main parameters and operation plan

parameter Z WWw H (ZH)
Collision energy as [ Ge| 88,91, 94 157, 163 240 340-350 365
synchrotron radiation/beam [MW] 50 50 50 50 50
beam current [mA] 1294 135 26.8 6.0 5.1
number bunches / beam 11200 1852 300 70 64
total RF voltage 400 / 800 MHz [GV] 0.08/0 1.0/0 21/0 21/7.4 2.1/9.2
luminosity / IP [1034 cms-1] 144 20 7.5 1.8 1.4
luminosity / year [ab!] 68 9.6 3.6 0.83 0.67
run time (including lumi rampup) [years] 4 2 3 1 4
total integrated luminosity [ab™] 205 19.2 0.9 0.4 2.7

8
total number of events 6 10127 zﬁglh(\)é\r/\{\;\\ll\g 6252k106 \?VTN v |_2| 106 Cﬁ; 23 7kOk Z\/'V_IW

%

=
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FCGee Programme

——CDR baseline runs (4IPs)
—— Additional opportunities

= Total
Z WW ZH it .
integrated
o(1) 40 125 40 30 19.2 5 10.8 0.4 2.7 luminosity
l ] (ab-1)
>
N I I | Energy
40 --- 60 88 91.2 94 125 157.5 --- 162.5 217 240 340 ... 350 365
(GeV)
Z lineshape W mass and width
QCD QCD - : top EW couplings
precision flavour electron N, Higgs mass Higgs couplings Miop Higgs VBF production Physics
studies rare decays Yukawa as g (T and Higgs couplings improved) highlights
dark sector flavour (e.g. Veb)
# events
13 a8 5]
0(10%) 0(109) 0(2x10) 0(2x109) a1y

C Higgs physics at FCC (mostly FCGee
C Electroweak physics and indirect sensitivity to newphysics
C Opportunities beyond the baselineplanis bel ow z, 125 GeV, 217 G
C Opportunitiego exploit FCC facility differently (to be studied more carefllly
U usingthe electrons from the injectors for bea@ompexperiments,
U extractingelectron beams from thmooster,
U relsingthesyrchrotron radiation.photons: » s

14



Circulated electron -positron collider (CEPC) C#E,

Potential CEPC Sit
LTB: Linac to Booster S e ’ ‘/

BTC: Booster to Collider Ring

.~ 7 changchun
RGN o
< Super Synchrotron, SS ] \ BIC P '«1' B o
/ Medium-Stage Synchrotron, MSS deieatiiee " gm el 4
IP4 Rapid Cycling Synchrotron, p-RSC PfOtO" Linac IP3 = :'i'.l'.' |

“© zhengzhou

Huzhou :

: P2 =
Y : e 7 "o
hC Colhder Ring —— Shenshan

x The CEPC was proposed by tHehinese HEP éoAmmun»ity IN2012
x The CEPC aims tostart operation in 203, as aHiggs/Z/W/top factory

X The CEPC to produceHiggs/Z/W/top for high precision Higgs, EW
measyrements studies oflavor physics & Q% R probhesof BSM physics .




CEPCHiggs Factory and SppC Layout

CEPC as a Higgs Factory: H, W, Z, upgradable to ttbar, followed by a SppC (a Hadron collider) ~125TeV
30MW SR power per beam (upgradable to 50MW , high energy gamma ray 100Kev~100MeV

R [mm)

ox o 0o

1060 o )
Z [mm]

TLOWITES LALIED SO 1IN O [T AN AR

CEPC booster ring (100km)

CEPC collider ring (100km)
CEPC TDR S+C-band 30GeV linac injector
: CEPC/SppC in the same tunnel

PSPAS: Positron source & pre-accelerating section

ESBS: Electron source & bunching system
FAS: First accelerating section SAS: Second accelerating section
EBTL: Electron bypass transport line TAS: Third accelerating section
EBTL DR: Damping ring
TAS

ESBS EAS B P SAS
11}

t 1 £ ] |

4GeV 200MeV 1.1GeV 1.1GeV
335.5m

S50MeV 1.1GeV

80.9m

1601.3m
1800.0m

01.10.2025 Yuri Kulchitsky, JINR & IP NASB



CEPC Project Timeline

CEPCPlanning and Schedule

2012-2015 2018-2020 2021-2025 2026-2030 2031-2035 2036-2040 2041-2045 2046-2050 2051-2055 C C E P C p I an S to S u b m It th e

Accelerator

Detector

International
Cooperation

Conceptual and Technical Design Reports
(COR & TDR)

Keytechnology RA0D afarence Detector TDR

Accelerator EDR

Civil engineering, campus construction

Construction and Instaliation and upgradedt oLl T of construction

accelerator

Conceptual Design Report (COR)

Detector TDR ¢

Construction, installation, upgrade and
commissioning

Experiments operation

International cooperation
Physics, detector and collider design

e
International Collaborations @

International experiment collaborations

5?8,,,

TOR(Q023 by proposal tahe central
. governmentNational
October 20y | 105EX Development and Reform
Engineering Design Report o o
(EDR) 2027 commission(NDRC) within
(~2027) D | | then 1 5t h f 1 vogFYy

C Forthis purposethe Chinese

Academy of Sciences (CAS)
organized studies amdviews
C CEPC was ranked by CAS as

- . x the™ 1lfor HEP & NP,
C We are waiting for the 2nd

| ¢ Waitingforthen c a | |
SEPC il &) o
International project _

end of thisyear

x the™ 2for Basic Science

review by CAS latethisyear

f

propo Isya\IIDRthJy the



CEPCPlanning & Schedule Y

C; CEPC will be aninternational project, following the HEP tradition

C Internationalization will distinguish CEPC from other proposals Mational Development
and Reform commission(NDRC), enhance theuccessful chance

C IHEP successfully organized large projects sucB@&SIll, Daya Bay, & JUNO with ~50%

non-Chinesemembersé& international in-kind contributions of ~5%, ~30%, & ~15%
U BESIII has >600 members from 84 institutions in 17 countries@gions
U DayaBay had >250 members from 40 institutions in 6 countrieg@mons
U JUNOhas >700 members from 72 institutions in 17 countries@gions

C Basedon the experience from above experimentfje plan for CEPC is thefollowing:

U Goal: international contributions at the level of ~10-30%
x Althoughthe management system is yet to be settled, most likHyP will be the hostlab

x A concept of the management structure has been endorsktteynational Advisory Committee (IAC)
X OnceCEPC is approved inChina (CDO in DOE),international collaboration can be formadtarted
V Discussionwith partners about thmanagement
V Formvariouscommittees
V Callfor detector proposals, and selpobposals
V Forminternational collaborations, deliver TDRs, sign MoUs, bd#étectorsé
C Civil construction and most of the accelerator constructiocan start after th€D3 approval byNDRC,

interfigtigializedonstruction of detectors and othner-accéleratér equipment may come a few years later 4



LE+03

10°;
—-CEPC(30MW) - FCC
= CEPC (50 MW) _ -+~ CEPC
LEH02 ~4=FCC-ee (50 MW, FS MTR) 0 =+ CEPC-Upgrade
o 102+ +ILC
E . +«+ ILC-Upgrade
3 Of ~- CLIC
o - -4+ CLIC-Upgrade
| >
w 10-
@ F
L= -
LE+00 g
| 0 400 -
L;
Eil L0 u gl
: LE-01 102 103
Center of Mass Energy (GeV \s [Ge
CEPC versu SFCC-ee 0 Thesyncﬂkr;re(r)c{roaris rgggflén (SR) powerof 30 MW perbea[mltv]canachlevea
.. : . : luminosity of 5e3*/cm?/s (integratedluminosity of 13/ab for 2 interaction
U Earlier data: collisions expected 035 (VS ~2045) points over a decadg producing2.6 million Higgsbosas.
U Largetunne| Cross Sectioree& pp Coexistence) 0 Increasing the SR power to 50 MW per beam expandsthe CEPC's
i Lowerconstructiorcost capabilityto generatel.3 million Higgsbosons
Operation mode
- - Statistic in 1(° events
CEPC versusLinear Colliders 5 7 w et
U Higher luminosity /precisionfor Higgs & Z CEPC (TDR. 30 MW) 5 115 16 0-5
.. . . CEPC (TDR, 50 MW) 8.3 192 26.7 0.8
. POte&qQMggrade fOIpp collider Yuri Kulehitskyge®lReX(#HS NATR, 50 Mw) > 5.0 140 20 1.25%9




Physics Goals of
& Super proton

Clrcular Electron -Positron Collider (cepc)

Circulated electron

-positron collider

-proton collider
CEPC-SppCwas proposed by Chinese scientistSapt.2012
after HBosonwas discoveredt CERN

/l\ g
’\‘f N i

*c’x« e

C 91 (2), 160 (WW), 240 (ZH), 360tf) GeV
C Higgs Factory (>1° Higgs bosons):

U Precision study of Higggm,,, main quantum

numbersJPC, couplings),

U Complementaryto Linear coIIiders,\nsf

U Looking for hints oBSM physics:
x Dark M atter,

110" 10%
: -+ FCC
110% ~+ CEPC
. -+ CEPC-Upgrade
]
£ -+ L
T 102; - ILC-Upgrade
108 =+ CLIC

x ElectroWeak phasetransition (EWPT),

«4+ CLIC-Upgrade

Luminosity [ 10%% cm™3s']

§ % g _ Lg 10
x Long-Lived Particles (LLP), B, 0ol 1 @
x 6 3 10
. Ce=7H 6% C
C Z&W factory >109Z): { S0
U Precision test of SM : B
0 Rare decays é 10; s ‘E/T’
C Flavor factory: b, ¢, t and QCD studies N T i ; | |
Super proton-proton Collider (SppC) 1 i i
C 10071 125 TeV 10-1_| ol W /1 MR BN N S[GeV]
Complementary to CEPC; 100 é"(‘(’;ev) 300 400 Complementarity

SPPC/FCCGhh has much stronger access toew physicsat

high-energyrange.
Precision test of SM

Yuri K

¢
¢
C

Cross sections for major SM physics
processes at the electron positron collider

between Clrcg)lar and
Linear colliders



Physics @ CEPC \CEP
The Higgs bosonhas aspecial rolein the questto answersome of the mogtrofound questions
X Thesequestions include the

U natureof the EW phase transitiorthat governedheevolution of the earlyUniverse

U why the gravitational force issoweakcomparedwith other forces imature.

U TheHiggs boson ine*e collisionsis practically free of systematic uncertaintieshat
limit the measurements at th#d -LHC

U Precise measurementsof the Higgs boson properties along with those of the
mediatorsof the weak interactionwill provide critical testsof the underlying fundamental
physicsprinciplesof the SM andarevital in the explorationof newphysicsBSM

C The CEPC will measurethe Higgs boson propertiesin greater detail and in a model
Independenivay, than atHL-LHC.

C The CEPC will alsoreacha newlevelof precisionfor the measurement®f the W, Z bosons
properties

C The cleancollision environmentof the CEPC will allow the searchfor potential unknown
decaymoces,thanatHL-LHC

C TheCEPC could uncoverdeviationsfrom the SM predictionsandrevealthe existenceof new

01.10.2025 Yuri KuIChItSf/ JINR & IP NASB 21

particlesthatare bevondthe reachesof direct searchesat the current experiments




CEPCOperation Plan and Goals

N
(
N

SR Lumi. per IP Integra.ted Total
. E 34 e D o] Lumi. Total no. of
Particle ( G‘;’E) Years | Power (10°*cms™) ber year Integrated L vents
. |
(MW) (ab-L, 2 IPs) (ab™%, 2 IPs)
H
Z o1 5 50 192%* 50 100 4.1 x 1012
30 1N 30 60 2.5 x 10%2
50 26.7 6.9 6.9 2.1 x 108
160 1
tt ‘ 6
360 S 50 0.8 0.2 1.0 0.6 x 10
30 0.5 0.13 0.65 0.4 x 10°

*  Higgs is the top priority. The CEPC will commence its operation with a focus on Higgs.
**  Detector solenoid field is 2 Tesla during Z operation, 3Tesla for all other energies.
*** Calculated using 3,600 hours per year for data collection.

PhyS|cswh|te é)apers Higgs physics,arxiv:1810. 090%? %Emsfh 55 %m

New Physms earch: arXiv.2505. 24810 Electroweak physics, ub |ssned QCD, to be published

43 2019)043002 Flavor physics,arXiv: 2412 19743



1D, RunNum = 0, EventNum = 5401 /
a ‘

ete” = ZH - g7 bb S ——
jb,ﬁ\fi\‘/ -‘/‘; 200: Total
Z‘ | \\Vw 150}
i\ B o E
© :2;,4." . - - b . o 50% | |
Asimulatedetd Y z HY ~ Feynman diagrams of the Higgs boson productiprocesses: : oo o ey

qad’ bbl' event reconstructed eedYZH (ZH

with the Arboralgorithm et Y 3 3 [(\MW fusion), e*€ Y e"& H (ZZ fusion)

a [resllton a Higgsstrahlung) and VBl 28 250 60 880 _ _ 500

o

Higgs Physics at the CEPC ¢

=2
=]

Production cross sectionse® Y Z H
ande*ed Y 3 3 lasifunctions oénergy

Decay mode

Branching ratio

Relative uncertainty

Process Cross section Events in 5.6 ab—?

Higgs boson production, cross section in fb

- - —
H =6 o114 +3.2%, -3.3% ete~ — ZH 204.7 1.15 = 10°
H—:’CE 291% +12%} _12% ete— — Vei'j"eH 6.85 3.84 =« 104
H—r14r 6.32% +5.7%, =5.7% ete” —sete  H 0.63 3.53 x 103
H-ptum 2.19x 10~ +6.0%, —5.9% Total 212.1 1.19 % 10°
H-SWW* 21.5% 14.3%. —4.2% Background processes, cross section in pb
77 9.64% +4.3%, —4.2% ete — E_'__E_ (+v) (Bhabha) 850 4.5 x 10:
4 5 0%, —4.9% ete™ —qgg () 50.2 2.8 <10
H=y 2.28x10 +o.07%, =2.9% ete”™ = putpu= (v) [or 777 ()] 4.40 2.5 x 107
H—Zy 1.53x 107° +9.0%, —8.8% ete— > WW 15.4 8.6 x 107
H—gg 8.57% +10%, —10% ete - ZZ 1.03 5.8 % 10°
ete” —sete Z 4.73 2.7 %< 107
Ly 4.07 MeV +4.0%, —4.0% ete” —wetvW—Jfe oW 5.14 2.9 %< 107
C In contrasto hadrorcollisions,e+ta ¢ o | | iusaffectadsdoy umderying events and pilaup effects.
C Theorgticakalculations aréess dependenon higher Q&%g@%p&w& corrections. 23

C More precise tests of theoretical predictioas be performed at tiigEPCandwill provide sensitive probes tSM.



Cross section (fb)

Higgs @ FCCee

T T T T T T T T € Subpercentprecisionfor most interestingcouplings often with
- 10.8ab'1:r @ 240GeV - . orderof magnitudeamprovemenbn HL-LHC expectation
MNC2.2x10HZ evts = ¢t - Hi | C Asses for the first time, secondgenerationquarks(H Yc |&
- : 65k WWY H evts —WW S H . H Y s)dhanksto cleanenvironmentand efficient flavour tagging
i : i algorithms
0 — Total - G Higgs width measuredd(1%) (modelindependen} Y absolute
i . normalisatiorof the couplings
- 7 C Massmeasuredto O(4) MeV (vs. 20MeV atHL-LHC).
150 — — C Possibility to getcloseto SM expectatiorfor HY e + @iniqueto
i i FCGeg
¥ - 68%CL relative precision & 95%CL upper bound
- ' m Coupling HI.-IL.HC FCC-ee
100 — | e (%) 1.3% 0.10
_ 3.12ab! @ 365 GeV 1 et Ve _rew (%) LS 0.29
: 370kHZevts i S [ 5T omlon
i 92k WWY iH evts T 3] Les o1e
50_ ' = e o — - .
e : . (6;’3 = 0 70:':} 87 |
i ” v, Fzy (90) 10* 4.3
L - € ’ e (Fo) 3.2* 3.1
- O PRI ETES SR L PR PR o (70) +ar o
0 | == I | 1= 11— J=1— == | Ll I-H-'Sl (%} _ ig?
20 220 240 260 280 300 320 340 30  3/0 400 T (%) — 0.78
Biny (<, 95% CL) 1.9 < 1072 * 5= 10—4
(s (GeV) Bum (<. 95% CL) 4 x 10—2* 6.8 x 10—3

H|ggsProgramme1ch|eveq In geriodof 8 years of Someof the measurements dimited by SM parametric uncertaintie
01.10.2025 operation (e.g.m,). Resultsshow precisiomwithout/with these uncertainties?4



C 3yearsata s

X 1

Higgs @ FCcee

240 Geélwv Y

2.2M ZH events & 65k VBFevents
C Syearsatas=3403 6 5

GeVah'3d. 12

x t+ 370k ZH events & 92k VBF events
NE 240 GeV 365 GeV
channel ZH WW-—-H ZH WW — H u
ZH — any +0.31 +0.52
vH — any +150
H — bb +0.21 +1.9 +0.38 +0.66
H — cc +1.6 +19 +2.9 +3.4
H — ss +120 +990 +350 +280)
H— gg +0.80 +5.5 +2.1 +2.6
H— 77 +0.58 +1.2 +5.6 (*)
H— pp +11 +25
H— WW* +0.80 +1.8 (%) +2.1 %) (i
H — ZZ* +2.5 +8.3 (*) +4.6 )
H— vy +3.6 +13 +15
H— Zv +11.8 +22 +23
H — vvvr +25 +77
H — inv. < 5.5 x 10~ < 1.6 =3
H — dd <1.2x 1073
H— un <1.2 x 1073
H — bs <3.1x 1071 _ . : .
H — bu <2.2 x 10—4 Permil sensitivity on Higgs U
H—sd <2.0x 107 coupling measurement
H — cn

<6.5 x 1014
F

A= = =rp= =

A\~ Ay —\ g —

1 .

Prospects in Electroweak, Higgs and Top physi¢<C4i, Contribution to the
European Strategy for Particle Physics Update 2012%

Féojected precision on Higgs measurementss
obtained from FC&eesimulations afs=240and

365 GeV.Experimental systematics include backgroun:
normalisatioruncertaintiesEfficienciesand luminosity
systematics are expecteda® negligible

Theentries preceded byNisign are relative
uncertainties (in %) od.,,I B anddiy,yy 4 B
(whereWWY H includesthe interference with
Z(33l)H) , whil e the eots
represent 95% CL upper limit &

Theprojected precision ot s 1l BH Y jj)
for the hadronic Higgs decay modgsHbb,c [, ¢
gg, ands I) is obtained from it where the
sighal strengths of these processeisacted
simultaneously

A ) indicates that the values are rescaled ftioenFCC

CDRto the baseline integrated luminosity 25

Yuri Kulchitsky, JINR & IP NASB



Evaluation of Uncertainties FCC note (J. Eysermanset al)

C Evaluation of Systematic Uncertainties
U Crosssectionuncertainties are statisticallydominated
U Sensitivity to detector performance tracking, vertexing, resolution, particle ID, etc.
C Systematic uncertainties considered
Background normalization
Appliedto dominant backgroundSM\W, ZZ, Z /) o
1% uncertainty, implemented as togrmal terms in the likelihoofit
Conservativassumptior® expected to improve with real data and theory advanceme
Canbe constrained in situ using control or sidebsegions
C Experimental uncertainties are expected to be negligible w.r.t. the statisticplecision
o Object calibration (efficiencies, flavour tagging calibration, jet energy corrections)
expected to be calibratedthin requiredprecision, thanks to control sampbasilable:
A Z / radiative return events 2840/365GeV
A Intermittentruns atZ pole (e.go n e d a y cleédnZ eVers)
o0 Absolute luminosity measurement determined uslog-angle Bhabhascatteringand
e'dY [T, well within the requiregrecision

01.10.2025 Yuri Kulchitsky, JINR & IP NASB

X X X X X
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FCC-ee simulation

Vs = 240 GeV, 10.8 ab™’

nggS Ma.SS FCC note (J.Eysermansetal) & 2
c% 181 wu- 8(m) = 4.74 MeV '
J - e‘e” S(mh) = 5.68 MeV
ﬁoday ~150 MeV{ =~ |HL-LHC ~20 MeV|~—»|FCC-ee ~4 MeV 161 Wi +e'e” &m) = 3.97 MeV
- . . ~ 1.4 Systematic
C Tight selection ofZ(Il)H events [ = ¢ , O v2f uncertal /// of | &
C Recoilmass inZ(ll)H events (withoutH decaying) b: f;;esrfgga;';egey 1
C Sensitivitydr 1 ven Dby as=24@a GeV,rsrno ensi v
as=365 GeV due to broadening of reahdtribution *°F
. 0.4}
C Thorough study of detector designmpact o :
U Largervariations from trackesolution P P oo i g
- _ _ _ o 124.99 124.995 125 125.005 125.01
U Highfield & lighter tracker beneficial | _m. (GeV)
Final state Muon Electron Combination
ormion ormaurston — (= o P
Robust prOSpectS Crystal ECAL to Dual Readout\ Inclusive 3.92(4.74) 4.95(5.68) 3.10(3.97)
to reaCh and even Nominal 2 T — fleld 3 T Degradation electron resolution 3.92(4.74) 5.79(6.33) 3.24(4.12)
go below the — WW—W
slcer —» | Silicon tracker ' 5.11(5.73) 5.89(6.42) | 3.86(4.55)

BES 6% uncertainty 3.92(4.79) 4.95(5.92) 3.07(3.98)
r_]at_ural 4.1 MeV Impact of Beam Energy Spread —— [, 1 rrs 2.11(3.31) 2.93(3.88) 1.71(2.92)
limit set by the SM Perfect (=gen-level) momentum —— > |ldeal resolution 3.12(3.95) 3.58(4.52) 2.42(3.40)

. . resolution Freeze backgrounds 3.91(4.74) 4.95(5.67) 3.07(3.96)
nggs Wldth tRemove backgrounds j3.08(4.13) 13.51(4.58) 12.31(3.45)

01.10.2025

Statistical (stat+sys) uncert@in

uri

represent thetatistical+systematiancertaintiesValuesare normalized to an integrated luminosity of 10.8%ab

/¢ ﬂsﬁnﬁﬂigg%&ass (MeV) for variofisconfigurations Thevalues in brackets
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C Total ZH cross section is the flagship analysis of evegre collider

Total ZH cross -section

U It gives direct access ), In a modelindependenivay
U Exploitsthe full statistics of all Higgs bosopsoduced
U Oncedetermined, normalizes all other couplings measured to abschl&

C Performed detailed analyses

u
0

0
0
0

0
0

Leptonic final state

Selected lepton pair originates from associated Z with high
efficiency

Tight selection to suppress backgrounds

Hadronic final state

More challenging due to overlapping my#t final Higgs decay:
and poor hadronic resolution w.r.t. leptonic

Profits of largeBR: 70% vs ~ 7% for leptonic

Combinationi orthogonality ensured between the different
channels

C Model-dependence of the results evaluated using bias tests

0

Improvements of results possible by relaxing assumptions ot
testsdsee later) Yuri Kulchitsky, JINR & IP NASB

FCC note (J.Eysermanset al)

Uncertainty on ZH (%)
Vs (GeV) 240 GeV 365 GeV
Leptonic 0.52 1.35
Hadronic 0.38 0.57
Combination | 0.31 0.52

28



(initial-state radlatlon retu)n edyY WW/ ZZ

etd Y e3W'/€ 3l

Crosssectionsof main SM
processe®f e'€¢ collisions
as functions of centerof-

massenergy

The calculations include

initial-stateradiation(ISR).

TheW &Z fusionprocesses
edYs3 3l
production

refer to
e'dY edH
respectively

Many of these processes

can lead to identical final
states and thus
interfere e dY eaW'Y
e3e3) & e dYeedzZyY
etd 33

of theW anZ:-bosons

can

have the same
final stateafter the decays

—
£
=

Higgs Physics:

8000

6000/
4000}

2000}

120

= CEPC Simulation
—S+B Fit

25 ' 135“"‘
M RECOH [GeV]

Background processes

Apart from the Higgs boson production, other SM processes inetedé e'€ (Bhabha scattering, ete’ Y Zo
( d iaswelkas theingle boson production efé Y e’ € Z &

1011

1010

-
(=)

# of evts for 5.6 ab”

g U
:“:‘. ‘*\:\
Q

f~

Higgsstrahlung event where the Z bosondecaysto a pair of

visible fermions(ff), the massof the systemrecoiling againstthe

Z boson,commonlyknown asthe recoil mass canbe calculated
assumingheeventhasatotal energy andzerototal momentum

Mrzccoil:(\/E_Eff)2 ‘Pfrf ZS—QEff\/g+m:}f

Here,E4, ps andmg arethetotal energy,momentumandinvariant
massof the fermion pair. The M ; distribution shouldshow a
peakat the Higgs bosonmassm,, for e'¢' Y ZH ande'd Y e'¢ H
processesand is expectedto be smooth without a resonance
structurefor otherprocessem the massregionaroundl125GeV.

0103
ete— ZH
10
1oé~ : 3 |
H1 0—1 B 1 L 1 1 L L ]
100 200 300 400
Vs (GeV)
........ 10000
> 1/ KEPC 2018 >
S 14000 2 -K 6 ab’, 250 GeV o
g ZX—-p'uX g
~12 = 8000
Py 000 - Py
5 ete” = Z H s
7110000} b

4000

2000

- —S+BFit

| - Background

e
= CEPC Simulation

rrrrrrrrrr

CEPC 2018
5.6 ab”, 250 GeV
ZX—e'e X

The inclusive recoil massspectra
| of e'¢Y¥Y ZX candidates for
. 1.zYOHAOand ZYe+td. No
15 rbS ‘S attemptto identify X is made The
| markersandtheir uncertaintiegtoo
small to be visible) represent
expectationdrom a CEPC dataset
of 5.6 ab 1, whereashe solid blue
curves are the fit results The
dashedcurves are the signal and

.................

I'\.auuu

;{Hsky, JINR&:

35 140

MRsigey]  PACKkgrounccomponents 29



nggs PhyS|cs ZH productlon with HY be Iccl/gg &EC

= L T L L L i B B L B B I R LS
8 2500 CEPC 2018 o 10000 - CEPC 2“13 5 CEPC Sumulatuon CEPC 2013 - 2 : = CEPC Simulation CEPC 2018
o | 5.6 ab", 250 GeV o 5.6 ab", 250 GeV ‘535000 L —S4BFit 5.6 ab", 250 GeV O14000F —s+BFit 5.6 ab", 250 GeV
o Zoe'g, Hoal o i Zop'w, Hoaq - E """ H—sbb Z—-aq, H-aqq f o H—sbb Z—vv, H—=ag
$2000]- 15 S % 8000 £30000F ~ Hoce 12000 Hoce
5 = 5 = I.- 4 2 3 .H_)w 1/2 I .H_)@
& 3 = CEPC Simulation | il ' = CEPC Simulation u.|25000 -~ Background 210000 [ Background
- i —S+B Fit 1 i ! — S4B Fit | - i
15001 iy e H—bb i ] Y & H->bb | i I 1
| :: '. - H—gg | . - H-gg . E
1000f P - Background 40001 - Background ] 15000~ 6000
; )\ I ! 1 10000} - L 4000
500 —“"-‘J’ T N 2000 R /2 I_b-K -K - A% 1 [
i B i 4 AR 5000[ o/ 2000
1204 P _..355 |J130rJl1é5JII'I140 155 — ..{lzjzlf)\,_ . ‘.._:l‘;a'."'?'"":';-I'é-g-'--'r"'- ------ 1 40 P SR o =T \ T It WA a s Sy Ssnns
35 35 i 100 110 120 130 140 _ 150 100 105 110 115 120 125 130 135 140
Mee** [GeV] M [GeV] My, [GeV] Mqq[GeV]

ZH production with HY bbl/cd /gg: the recoil mass = =
distributions of ZYete & zY &0; the dijet mass < decaymode H—0b H—cc H—gg

distributionsof Higgs bosoncandidatesor ZY qql & ZY Z —ete” 1.3% 12.8%  6.8%
3 B. The markers and their uncertainties represent Z =t~ 1.0% 9.4% 4.9%
expectationsfrom a CEEC datasetof 5.6 abb ! whereasthe 7 —qq 0.5% 10.6% 3.5%
splld blue curvesarethefit results The da_she_oburvesarethe 7 D 0.4% 3.7% 1.4%
signalandbackgrounccomponentsContributionsfrom other —

Combination  0.3% 3.1% 1.2%

decaysf theHiggsbosonareincludedin the background

CExpected rel ati )I/B@fopthlebl\'é bbls i © o tlebapsyfram &ZERC datasedf 5.6 ab?.
C Combininga | I Z bosp modes studi eBROofE3%r38% at

and 1.3% can be achieved for tié Y Clgltﬁgy/J”\clzR %Idg?:saBysg rgspectively 30

01.10.2025



<> Higgs Physics : ZH production with ZY 3 I3& HY WW Qqqq lql o7&

T T [ T T T T T T T T T T T '| T T T T '|

I T
% » CEPC Simulation CEPC 2018 :73 = CEPC Simulation CEPC 2018 .
Ogoool- —s+BFit 5.6 ab”, 250 GeV 1 Ogoool —s+BFit 5.6 ab”, 250 GeV - Z H ﬁn& ate PTE’CISIOH
o - Signal Z—svv, HSWW*5qaqq | Ny - - Signal Z-vv, H-WW*—qqqq

| ] - " / -
% [ Background % _ Background . _ Z _)\ €+€ H _) WW _> ﬁ/g y} fyqq 26%
216000 L6000 g /2 rb N 8

L-pt HaWW=blv, vy 247

HID ) IJIJ L-vi HaWW =g 15%

4000] 4000]
L-q7  H-WW* =g LTh
2000 2000} Combination 0.9%
o8 e . Expected relativerecision orthe
100 110 120 130 _ 140 _ 150 80 90 100 110 120 ¢ Y S
Magqq [GEV] MReclGey] U ( ZIB)R ( HY Wwheasuremerftom a

h CEPC dataset &.6 ab !
ZH production with ZY 3 Band HY WW?*Y q g qll: djstributions C The combinationof thesedecayfinal statedeads
of the visible massand the missing massof selectedevents The to a precisionof 0.9%
markersand their uncertaintiesrepresentthe expectednumberof R DR .
eventsin a CEPCdatasebf 5.6 ab 1, whereashe solid blue curves u Th's_'s likely aConservat_l_vestlmateasmanyqf
arethe fit results The dashedcurvesare the signal and background the final statesof the H Y WW* decayremain
componentsContributionsfrom otherdecaysof the Higgs bosonare to be explored Including these missing final

includedinithebackground vuri Kulchitsky, JINR & 1P NaStateswill no doubtimprovethe precision .
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Higgs Physics : ZH production withH Y ZZ° CEr

T I T T T T '|

> | CEPC 2018 S | = CEPCSimuaton | CEPC2018 .
G120 5.6 ab”. 250 GeV O | —s:BFi 56ab" 250 GeV - Z H final state Precision
S | Z-p', HoZZ*—vveg | NS0 - signal Z—w, H=ZZ' —u'uqq —
8100_ 1 - " a o Bf:ki}round 1 o Z_"!u-l_ﬂ_ H— 272" —viqq 7.2%
L1vor } o | . N\ _ _
e | 2ok x 1 & L ARy Zovi HoZZ =G 19%
TS| ' [ 1 i .
80 HrbN\qCL ) [ HrbK 4 Combination 4.9%
« CEPC Simulation | i -. -
i — S+B Fit - 30t ‘ : .
60| - Signal - - Expected relativerecision orthe
_ - Background 20 U ( ZIBR(HY Z Z) measuremerftom a
40 : [ CEPC dataset &.6 ab !
sl : 10} C The combination of these final states
[ _ [ SR [ [ resultsin a precision of about 4.9%.
12; e '1.;5,0‘ 22000 1;10 1o'b:':';'ﬂ'6;':-?.“':2'0' — .'“';--~--j121';..2..:.-;i.50 U The sensitivity canbe significantly improved
| consideringthat many final statesare not
M [GeV] M, [GeV] 9 y

included in the current study In particular,
the final stateof Z Ygql ,HY Z ZY g q gl
which accountdfor athirdofal ZHY Z Z .
decay is not studied Moreover, there are
further potential improvements by using
multivariate technigues The combinationof
thesedecayfinal statedeadsto a precisionof
0.9%. 32

ZH production with H Y ZZ?: the recoil massdistributionof theO + O1
systemfor Z YOO ; HY Z ZY 3 q I I'¢ the invariantmassdistribution

of theOO qgl systemfor ZY 3 3HY Z Z¥ OO qgl. Themarkersand
their uncertaintiesepresenthe expectednumberof eventsin a CEPC
datasebf 5.6 ab 1, whereaghe solid blue curvesarethe fit results The
dashedcurvesarethe signalandbackgroundccomponentsContributions
from otherdecayf the Higgsbosonareincludedin thebackgrounels ip nasB



Hiaas Physics : ZH production W|th H Y 29

cerl,
5 - imulation i ]

(% _ CEPC_?D1B D - CEPC Slmulanon CEPC 2018 ]
Ny 400 — S+BFit 5.6 ab™', 250 GeV . S 300 _ 5.6 ab'. 250 GeV N
— - ----- Signal Z—vv, H—yy | S — <+B Fit ZH—>ZZ~f—>vvqﬁT -
P Background 1 ®»__ | Signal

: wpn | B 1 Mo¥ ag

=

300 /) - 2 /2 | aq

) ]

200

HM -

200 150 g
: 100 3
100 N
I - 50
: g "w-\. i - P A |- B S S
116715 720 15 150 135 40 =% % NGev
AM [GeV
M,, [GeV] [ !
The distribution of the massdifferenceaM (Mg o1, Myqr & My 5

ZH production with H Y 2:othe diphoton invariant TM,, ) of the selectedetd YZHY Z Z 9 Y 3 3 [ cgngliiates
massdistributionfor theZ Y 3l'sdecay The markersand expectedn a datasetwith an integratediuminosity of 5.6 ab . The

their uncertaintiesrepresentthe expected number of signal distribution shown is for the correct pairings of the Higgs

eventsin a CEPCdatasebf 5.6 ab 1, whereasthe solid bosondecays

blue curvesarethe fit results The dashedcurvesarethe U Similar to the HY o aecay, the HY Z odecay in the SM is

signal anodll%aclg roundcomponentsA relative premsmm Ku|ch.t£DeJc|l|1|atedb -bosonand top-quark loops and has a branching
of 6.2% onu () 1B R ( Hd ranbeachieved ratio o 0. 33
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Physics at CEPC: Higgs boson 226

There IS not a completeunderstandingof the nature of the EW phasetransition.

C The discoveryof a spin zero Higgs boson the first elementaryparticle of its kind, hasonly sharpenedhese
guestionsand their resolutionwill necessarilynvolve newphysicsBSM.

U The precision measuremenbf Higgs bosonpropertieswill be a critical componentof any road map for high
energyphysicsin thecomingdecades

x BSM physicscanleadto observablaleviationsin Higgs couplingsrelative to SM expectations

v? VvandM p are the vacuum expectation value of theld & thetypical massscale of new physicdNeed to probe
0 = MQ new physics significantly beyond theH C 6 s req@rasaneasuring coulgllngs wﬂhsubpercentlevel ccuracy
NP OpEOVG th quremsmp
Precision of Higgs coupling measurement (7/-parameter Fit) recisl lectroweak N rements at the C PC

1 = U TheCEPC hasstrong

4+ — N Z H s N . 010 = Current accuracy 2 7
e ORI v~ 200V | canabilityin detecting + cerc. msemne s 0 W
| . m CEPC 240 GeV at 5.6 ab™" wi/wo HL-LHC . _
| — L=5.6 abl~10° H Invisible decays ofhe H 0.001
| | |t ForL=5.6 ab?, it can 10~
| improve the accuracyof % 5
| | | the measurement of thid & g 10
invisible branching ratio to 106
0.3%, more than 10 times
107 better than theprecision for 1o-7 . :
Mz [z Mw

Kp Ki| K¢ Kg Kw Ky Kz Ky HL-LHC R A FB N,

Higgscoupling extraction in thk-framework Projection for the precision ofthe Z—pole measurement
01.10. 2021 TI‘I Kulchitsky, JINR & IP NASB

A leptoncollider allowsmuch betterexclusive measurement of Higgs boson decay channél

e
<
ative Error

Relative Error

-
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Higgs boson as a portal to BSM physics &l

The Higgs boson can be an important portal tSM physics. 1 #9% CL uppriton seeced Figs ot Decay R
Suchnew physics could manifest itself through the exotic decays of
the Higgs boson if some of the degrees of freedom are light
The Higgs boson BSM decays have a rich variety of possibilities.!l"}
Two-particle decays of the Higgs bosomto BSM particles,
HY XX,, are considered, where the BSM partictesan

subsequentlgecay.

Theseprocesses are wathotivated byBSM modelssuch asinglet
extensions of the SMtwo-Higgs-doublet models SUSY
models, Higgs portals, gauge extensions of the S¥

For the Higgs boson decaying into londjved particles, novel
search strategies have to be developed ifutiee.

Selectedresults for channels, which are hard to constrain at the
LHC presented inFigure. In comparison with thélL -LHC , the ey Oty i, (e o, P, b Oy @hog W) @y ey iy
improvement on the Higgs boson exotic decay branching rat't?s ‘lishe 05%

significant,varying from one to four orders of magnitudefor
the channels considered.

1 HL-LHC
a CEPC(56ab™)
o CEPC* (56ab™)

BR({(h— Exotics )
=

_l
=
&
.

10

CL upperlimit on selectedHiggs exotic
decaybranchindgractionsatHL-LHC andCEPC
U Thered bars correspondo the resultsusing only

Forthe Higgs boson exotic decays itadronic final states plus )

missing energy bb+ME 1, jj+ME ; and UU+ME;, theCEPC leptonic decaysof the SpectatorZ-boson o

improves the HELHC sensitivity bythree to four orders of U The yellovv_ bars further Includgextrapolanonthh

magnitude, the inclusion of the hadronic decays of the
. I0. )
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new physics up to 10 TeV
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JINR contribution to the physics program N
(; Theoretical support:

U Development of physics program

U Calculation of radiative corrections

U Creation of advanced Monte Cattmls
C Contributions to the PhysicsProgram

X HiggS (using BSM models: singletextensions of the SMtwo-Higgs-doublet models SUSY models, Higgs
portals, gauge extensions of thEM)

x EW Physics
V precision EW at the Z peak and WiAfeshold
V High energy EW: dibosordifermion
V precisiontheoretical calculations
V Monte-Carlogenerators and fittinfprmulae

C Flavour physics:
X heavy quarks
X taulepton

C Top ¢ quark (includes theprecisiontheo rysky alculations, MC generators, fitting formulag),,
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HIGGS:JINR contribution to the physics program

C TheHiggs boson physics the main taskof the experiments at CEPC fibrefirst 10years

X The Higgs boson can be an important portal to BSM physics.

U HiggsbosonproductionatasD240 250GeV:e'eY Z H e'€ Y 33K, and €€'Y e'¢ H

U Higgsboson decaysdentified by their unique signatures, will be studied in the following
modesH Ybbleclgg HY WW HY ZZHY ZpHY UU,HY g¢-, HinvY

U Valuesof H-bosoncharacteristics ar® be obtained with accuracy an order of magnitude b
thanatHL -LHC

U TheHiggs boson BSM decays have a rich varietpadsibilities. Decays of the-bBloson into
BSM particlesH Y X X,, are considered, where the BSM particlesahsubsequently decay

U These processes are welbtivated by BSM models such siaglet extensions of the SM
two-Higgs-doublet models SUSY modelsHiggs portals, gauge extensions of thEM.

U For theH-bosondecaying intdong-lived particles, novel search strategies have to be
developed in the future, using also the latest advances in detector development.

U Forthe Higgs boson exotic decays into hadronic final states plus missing dyeriyET,
jj*MET and UU+MET, the CEPC improves the HLHC sensitivityby three to four orders
of magnitude.
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JINR's contribution to the development of detectors

ECAL: A Development of calibration methods for ECAL
A Participation on R&D on crystal units: joint efforts on cryst&aRM
A drystalSiPM nontlinearity effects: measurements and validation of MC model
A Participation in fullscale crystal calorimeter prototype creation and beam tests

A Irradiation studies on crystals aBtPM
GS-HCAL:

A Development of calibration methods for G&AL jointly with ECAL & separately
A Participation in optimizing GSiPM coupling and performance
A Participation in creation of fulize GSHCAL prototype and in beam tests

Muon: A Study strips up to 5m long, increase the light yield and light collection
A Participation in multiple modules creation for system testing
A Carry out the long term stability and radiation hardness testing
A Simulation of track reconstruction and low momentum measurement

TPC: A Development of Micromegas prototypes at JINR for pixelated TPC
A Participation in development of the full drift length prototype
A Gas parameters study: Drift velocity, Attachment coefficient, T/L Diffusion, etc
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CEPCComputing vs JINR , China IT collaboration
C JINR in Computing for the China HEP projects Strateglc Iongterm plan

V Tier-1 Centerfor JUNO Distributed Computing (realization MoU |
since 2022

V BESIII and JUNO grid development (DIRAC, grid monitoring
systemeto

C China-JINR Workshop on Software and Computing for

Future HEP Experiment (151 19 Sept 2024, Baikal lake)

V issues of cooperation between IHEP and JINR in the field of
computing and softwareBESIII, JUNO experimentglanned
experiments at CEPCand NICAcolliders

V R&D of new computational technologies in particle physics |. .

C CEPC Computing (JINR Side) in 20262027
V refining (fitting) the CEPC computing model
o0 data model, data processing model
0 requested resources and sites are involved in

lllllllllll

o workload, jobsubmission C Organizing a high-speed links between JINR anc
V' JINR obligations in CEPC Computing (to be discussed and china centers are being studied
elaboratel

o o _ V negotiationswith network operators in RF
o responsibility of JINR site, incl. pledges (CPU/disks/tapes) , fizommitmentof JUNO/BESII/NICA/BaikatGVD/?
0 site participation/part of CEPC distributed infrastructddey?) \, 5ctual interest of China scientific centers

0 participation in development afterwareand applied (physics)

SWhesoalgorithms, collaboration toolstd) | .o oo o NAé{Bital matter of JINR teams in China projegts



- Key Scientific Issues and Technological Route

Design & Implementation

Phy5|cs-}Detector-DMDI-bAcceIerator

-~

Detector Detector & Accelerator

Particle Flow

)

v Multi-purposed Acc.

High Precision
~1%

<« Higgs: 1%-0.1%

New Physics
~10 TeV

v Dark Matter

v' High Granularity
v Good Resolution
v Reliable PID

v New concept Detector
v Cost, added values
v Spill-over

v Extended Higgs v EN:0(10-10%) v Management

v Composite Higgs ¥e surnent v Collaboration

v Supersymmetry v Flavor -

High Lumi. *
> 103436 251 Accelerator
Operation mode Z 44 Higgs 2 IPS/ 100 km
Center-of-mass energy (GeV) 91 160 240 v Higgs: 20 ab!l <«=p
Operation time (year) 2 1 10 v Z . 100 ab_l v SWitChable Ope r'ati ons
Instantaneous luminosity/IP (10%*cm—2s71) 115 16.0 5.0 ‘._-_ v W 6 ab-1l v Upgradablhty
Integrated luminosity (ab—*, 2 IPs) 60 3.6 12 v TOp: 1 ab™? v Lle‘Qe Piwinski angle

Event yield (30 MW) 2.5x 102 1.0 x 108 2.5 x 105 with Crab-waist
Oliiv?\lf)t %%3%%(50 MW) 40x 102 16x10®% 40x10® o e 41
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