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The Higgs field, heart of the SM
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The SM: predicts and interprets almost all the
experimental data at accelerator experiments

Standard Model Production Cross Section Measurements

Quantum gravity era
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The challenges to the SM

*|nflation

* Mass hierarchy

* Neutrino Mass

* Matter-Anti matter asymmetry

*Stability of the Universe: depends on the Particle Mass
* Dark Matter: nature & origin of mass...

*Dark Energy, Inflation: nature...
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Higgs boson: a portal to new physics
= Early Universe

= EW

Electrowt

= Naturalness

symmetry breaking

=

Origin of
EW symmetry

breaking
Ry~
Higgs

hysics
i @ Early

Universe

An alternative EW phdse
potential ege
Transition
Standard Model
potential Or|g|n o‘F
20) Virr (H, @) matter

Higgs field value,

in our Universe

s e = Origin of mattér -

4

Current
......... experimental
........ knowledge
T
0 1 ""**b Quantum tunneling /7//99
@ = Bubble nucleation \f
Continuous Crossover First Order Phase Transition : >
Ordinary
= EW Phase Transition s

Inflation

—_

28 ¥LYW VA 2gigg
S\ 6 Of

@
@
€ \‘
G .

WY04 SNOI1DAN

W), & ¢

e

——— Dark

Matter

€
€ e

@

€

&

= Higgs portal to DM

<
L

— WNO4EDIN

’s

<



Higgs discovery to precision measurements
~30 fb-! ~150 fb1 ¢ ~300 fb-1 HLLvc | ~3000 fb-l

LS2 13.6 Tev IRAE LS3 13.6 - 14 TeV

13 TeV : energy
Diodes Consolidation
splice consolidation cryolimit LIV Installation B
7 TeV 8 TeV_ putton collimators interaction inner triplet e
— R2E project reg|ons Civil Eng. P1-P5 pilot beam radiation limit installation

ﬁmmmmm‘
New milestone afterl10 years of the Higgs discovery
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2020 UPDATE OF THE EUROPEAN STRATEGY
FOR PARTICLE PHYSICS'

Global Consensus on Higgs Factories
The scientific importance and strategical value of e*e- Higgs factories is clearly identified.

2013, 2016: China Xiangshan Science Conference
concluded that CEPC is the best approach and a
major historical opportunity for the national
development of accelerator-based high-energy
physics program.

2017: Japan Association of High Energy Physicists
(JAHEP) proposes to construct A 250 GeV center
of mass ILC promptly as a Higgs factory.

2020: European Strategy for Particle Physics,

An electron-positron Higgs factory is the highest
priority next collider. For the longer term, the
European particle physics community has the
ambition to operate a proton-proton collider at the
highest achievable energy.

2022, ICFA “reconfirmed the international
consensus on the importance of a Higgs factory as
the highest priority for realizing the scientific

goals of particle physics”, and expressed support
for the above-mentioned Higgs factory proposais@ LR

P5 report, USA, 2023

Decipher Explore llluminate
the New the
Quantum Paradigms Hidden
Realm in Physics Universe

Elucidate the Mysteries
of Neutrinos

Reveal the Secrets of
the Higgs Boson

Search for Direct Evidence
of New Particles

Determine the Nature
of Dark Matter

Understand What Drives
Cosmic Evolution

Pursue Quantum Imprints
of New Phenomena

Exploring
the
Quantum
Universe

Recommendation 6

Convene a targeted panel with broad membership across particle physics later this
decade that makes decisions on the US accelerator-based program at the time when
major decisions concerning an off-shore Higgs factory are expected, and/or significant
adjustments within the accelerator-based R&D portfolio are likely to be needed. A plan
for the Fermilab accelerator complex consistent with the long-term vision in this report
should also be reviewed.

The panel would consider the following:

1.The level and nature z{f US contribution in a specific Higgs factodincluding an evaluation
of the associated schedule, budget, and risks once crucial information becomes available.

2.Mid- and large-scale test and demonstrator facilities in the accelerator and collider R&D
portfolios.

3.A plan for the evolution of the Fermilab accelerator complex consistent with the longterm
vision in this report, which may commence construction in the event of a more favorable
budget situation.



CEPC has strong advantages among mature
ete” Higgs factories (design report delivered)

Versus FCC-ee
o Earlier data: collisions expected in 2030s (vs. ~ 2040s)

o Large tunnel cross section (ee & pp coexistence)
o Lower construction cost

Luminosity / IP [ 10%* cm2s]

Comparison of Higgs factories: Circu

lar vs Linear

III T T II\I\I‘ 1} T

—#— FCC
—e— CEPC (30 MW)
-=®-- CEPC (50 MW)
ILC-Baseline (Snowmass 2021)
=—4— CLIC-Baseline (Snowmass 2021)

-
i
1 \II\IIl

%;

Versus Linear Colliders

o Higher luminosity / precision for Higgs & Z
o Potential upgrade for pp collider

3/2/25



A brief introduction to CEPC

* CEPC: an e*e” Higgs factory producing H and W/ Z bosons and top quarks
aims at discovering new physics beyond the Standard Model

* CEPC + SppC complex proposed in 2012 right after the Higgs discovery
» Conceptual Design Report delivered in Nov. 2018, 1st for circular ee Higgs factory
* R&D reaching maturity, accelerator TDR published at 2023, high-impact innovations

* Proposed to commence the construction in ~2026
to deliver Higgs data in 2030s

CEPC circumference ~ 100km

Seminar@LLR
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CEPC Major Milestones

CEPC-SPPC Kickoff (2013.9)

CEPC CDR Released

(2018.11)
n

First CEPC IAC Meeting (2015.9)

Conceptual Design Report

Conceptual Design Report

Volume | - Accelerator
Volume Il - Physics & Detector

arXiv: 1809.00285 arXiv: 1811.10545

The CEPC Study Group
August 2018

11



CEPC Accelerator TDR
released in December, 2023

‘ ) IHEP-CEPC-DR-2023-01
CEPC Accelerator TDR Review

June 12-16, 2023, Hong Kong IHEP-AC-2023-01

CEPC

Technical Design Report Distribution of CEPC Project TDR
cost of 36.4B RMB (~4.6B Euro)

Table 12.1.2: CEPC project cost breakdown, (Unit: 100,000,000 yuan)

CEPC Accelerator TDR Cost Review Accelerator
Sept. 11-15, 2023, Hong Kong

Total 364 100%
A Project 2 3 0.8%
arXiv:2312.14363
Conventional facilities 101 28%
‘Gamma-ray beam lines 3 0.8%
1114 authors y
40 11%
2 7 8 i n st it u tes Contingency (8%) 27 7. 40,:

(159 foreign institutes)
38 countries
1090 pages

 Project management
® Accelerator

= Conventional facilities
= Gamma-ray sources

® Experiments

The CEPC Study Group
December 2023

= Contingency

9t CEPC IAC 2023 Meeting
3/2/25 Oct. 30-31, 2023, IHEP
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CEPC Physics Program

* Measurements of Higgs, EW, flavor physics & QCD
at unprecedented precision

 BSM physics (e.g. dark matter, EWPT, LLP, ...) up

1

0

# of evts for 5.6 ab™

to ~ 10 TeV scale
Operation mode ZH Z W*W- tt
Vs [GeV] ~240 ~91 ~160 ~360
Run Time [years] 10 2 1 ~5
L /1P [x103% cm-2s] 5.0 115 16 0.5
30 MW | [ Ldt[ab™, 2IPs] 13 60 4.2 0.6
Event yields [2 IPs] | 2.6x106 | 2.5x1012 | 1.3x108 | 4x105
L /1P [x103% cm2s-1] 8.3 192 26.7 0.8
50 MW | [Ldt[abT, 2 IPs] 22 100 6.9 1
Event yields [2 IPs] | 4.3x108 | 4.1x10%2 | 2.1x108 | 6x105

13
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CEPC: Higgs Properties

» CEPC has significantly better precision on Higgs properties than that of HL-LHC

240 GeV, 20 ab™!| 360GeV, 1 ab™!
ZH vvH ZH | vwH | eeH
inclusive 0.26% 1.40%| \ \
H—bb 0.14%| 1.59% [0.90%|1.10%|4.30%
H—cc 2.02% 8.80%| 16% | 20%
H—gg 0.81% 3.40%|4.50%| 12%
H-WW 0.53% 2.80%4.40% 6.50%
H—ZZ 4.17% 20% | 21%
H— 7T 0.42% 2.10% (4.20%|7.50%
H = vy 3.02% 11% | 16%
H — pp 6.36% 41% | 57%
H - Zy 8.50% 35%
Brypper(H — inv.)|0.07%
Ty 1.65% 1.10%

Relative Error

Seminar@LLR

101

1072

102

Precision of Higgs coupling measurement (kappaO fit)

m HL-LHC $1/82

m CEPC 240 GeV @ 20/ab / + 360 GeV @ 1/ab

IE 22n 2
e 23

Kp K¢l Ke Kg Kw K; Kz Ky
Precision of Higgs coupling measurement (kappa3 fit)

{Precision Higgs Physics at CEPC)
Chinese Physics C, 43 (2019) 043002



CEPC: Electroweak Measurements

» CEPC has better EW precisions than current value by 1-2 order of magnitude

W, Z and Top
Observable | Current Precision | CEPC Precision
My 9 MeV 0.5 MeV
Ty 49 MeV 2 MeV
Mop 760 MeV O(10) MeV
My 2.1 MeV 0.1 MeV
Iz 2.3 MeV 0.025 MeV
Ry 3x 107 2x10*
R. 1.7 x 1072 1 x 1073
R, 2 x 107 1 x10*
R: 1.7 x 102 1 x10*
Ay 1.5 x 102 3.5x107
Ar 43 x 107 7.0 x 107
Ay 2 x 1072 2x10*
N, 2.5 %107 2 x10*

3/2/25

LEP combination
Phys. Rep. 532 (2013) 119
DO

PRL 108 (2012) 151804

CDF

Science 376 (2022) 6589

LHCb

JHEP 01 (2022) 036

ATLAS

arxiv:2403.15085, subm. to EPJC

CMS

This Work

CDF (2022) :80433.5 + 9.4 MeV
CMS(2024) : 80360.2 + 9.9 MeV
SM Prediction : 80354 + 7 MeV

CMS Preliminary
L T X [ T T
my in MeV I

- 80376 + 33 |—;—o—| —
- 80375 + 23 F—o—( —
| 80433.5 + 9.4 : —
- 80354 + 32 |——L—1I ]
|- 80366.5 + 15.9 Ij—o—(l ]
|- 80360.2 + 9.9 rll-—i —= EWfit 1

P R | I T
80300 80350 80400 80450
my (MeV)

» CEPC: expected W mass resolution < 1MeV

Seminar@LLR
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CEPC: Flavor Physics

3 CEPC:Tera-Z
Z — ppXiny T = pee 3 CEPC:Higgs
e I Current
TSR [ZZ1 Estimation
Z - wtan® — @ Fast simulation
Z 5 Iy XA Full simulation(stat. only)

T — eee
Z — pe
T ey
Z e

T
Z—>Tp w

Z 5 py 7 — pXiv

Z —bs Tl

Z —bd BY — ¢t

Z —cu B® 5 K*0rtr—
Zorsd Bt - Ktrtr~
H—ep
B? - rt7-
H — pr
B° — 7%7°
H—er
B® - ntn~
H — ue

+ 4,0
e Bf - ntx

H—db B? — ¢vw

H —sb B.— v

101“‘ 10‘,9 10'**‘ 10u*7 10'*G 10"S 10‘*“ 10'*3 10"2 10L9 10L7 101*5 10'4 10'*‘
BR BR
See the non-seen: i.e, Bc—tauv, Bs—Phivv
Orders of magnitudes improvements (1 — 2.5 orders...).

Access New Physics with energy scale of 10 TeV, or everrabove? LR
3/2/25

3(|Vasl)
(from WW — lgq)

d(m- [MeV])

(from = — incl.)

o(7+ [fs])
(from = — incl.)

(&) [mrad]™*
(from BY — J/1¢)

o(ATy) [ns] ™"
(from B? — J/4¢)

(L) [ns]™
(trom B2 - J/ )

R, (relative)
(from Ay — A.lv)

R (relative)
(from B2 — Dly)

R y(relative)
(from Be — J/ylv)

1073

1072
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CEPC: BSM Physics

95% C.L. upper limit on selected Higgs Exotic Decay BR

1612:09284

m HL-LHC
'|m CEPC (20 ab™")
[1CEPC" (20 ab™")

BR(h-Exotics)

10-12f = Gigaz i1012
101 1712.07237 e s
i = HL-LHC}
10-9§ ?10-9

4: SUSY 1078} = N i . : 1078
10771 ‘ : i107

g : i lll :
10-5¢ 2 110-5
1074 104
1073} l i10-3
1072} 1072
107'F 107!

] i

Seminar@LLR
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Higgs: Dark Matter Portal

Higgs-portal DM

Standard

h

H S[;i;l;r h — dede

o 1 0_43 E T T uy, 1 T T T T T T | ; &
e o **~\..[LHC BR(h—>inv) < 24% (3.5%) 5 X
o B eseilar o {1 CEPC BR(h—inv) < 0.31% = 1oL
— - NG E
c 107 e, " g
'-o(-_) 45 C CEPC :F’ 1075 L
= = E
$ 10 E oa E
(2] C 46
N 1 10°F
510E :
c 47 LG 107
<_5> B ] it
- - =
? 10 48 :iC—EP-C-ferm\or\ 3 10 ) - -
o F - = ~~ "DarkSide-Argo (proj) 1
= 10_49; \530 txyr-x(;no-n_- 104 i j i
= E — E E
E -1 . . E Higgs Portal model -13
% - CDR 5.6 ab Coherent Neutrino Scatterlng% E e af eaneviies, Bofcrana B CDR 5.6 ab-1]
/)] 10'501 : : : 5‘ L | 20 3‘0 4‘0 ! 6‘0 107%° £ Collider limits at 95% CL, direct detection limits at 90% CL 3
1 10 10? 10°
WIMP mass [GeV] m, [GeV]

3 —XENON1T

PRL 121 (2018) 111302

_- — PandaX

PRL 117 (2016) 121303

3 —Lux

PRL 118 (2017) 021303

4 = DarkSide-Argo (proj.)

DarkSide-Argo EPPSU submission
DARWIN-200 (proj.)

JCAP 11 (2016) 017

7 = HL-LHC, BR<2.6

Higgs PPG, arXiv:1905.03764

J E=HL-LHC+LHeC, BR<2.3

Higgs PPG, arXiv:1905.03764

] == cepc, Focee,,, ILC,, : BR<0.3%

Higgs PPG, arXiv:1905.03764

3 — FCC-eeleh/hh, BR<0.025

Higgs PPG, arXiv:1905.03764

’ )
European Strategy;

= CEPC has significantly better detection sensitivity for DM than HL-LHC
= Complementary to direct DM search experiments for mass below 10 GeV

3/2/25
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Higgs: EW Phase Transition

= CEPC can study EWPT via hZZ coupling measurement which may help
to understand the matter-antimatter asymmetry, its detection sensitivity
is about one order of magnitude better than that of the HL-LHC.

: )Sffndard Model predictié;}:: e SM + new physics allow?;; Real Scalal' Slnglet MOdeI
" 1 CDR 5.6 ab-1

current

Potential Energy in (100 GeV)*
e 2 = 2 =

Potential Energy in (100 GeV)*
s o o ° Y
2 2 s s P

0.100

|Ghzz/ Gy — 1
T

~ 0.010

: Orange: first order PT
Blue: strong first order PT

hZZ coupling
o
S

ECRRAIE AT nrsasng o gm g Red: strong first order PT+ GW
SM expects Higgs New Physics 107 O ©
potential has Quantum tunneling 0.5 1.0 15 2.0 2.5
smooth crossover First order hhh coupling: Az/Az sm

Seminar@LLR
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Design of experimental facility and technical requirements

Off-axis injection _

Common tunnel for
booster/collider & SppC

3/2/25

for Collider

Booster

650MHz 2-cell SRF cavity n

3CMs g 30/50 MW Mode 3 CMs
Is] ode

Circular collider: Higher luminosity than a linear collider
100km circumference: Optimum total cost, good also for SppC
Shared tunnel: Accommodate CEPC booster &collider and SppC
Switchable operation: Higgs, W/Z, top

Off-axis inject

1.3GHz 9-cell SRF cavity
for Booster

Outer Ring 160 m

B
Higm

I8}
8 m— 160 m

Tnner Ring 10 CMs

Booster

W30EMW & 4

710 MW Mode "FCM
B
18]

Outer Ring

Tner Ring 10CMs

Switchable Operation for Higgs

W and Z

s

Seminar@LLR

Cost optimization vs.. circumference

1800

1600

1400

top (100million)

1200

1000

800

total cost H/ Z/

600

400

Main Parameters: High
luminosity as a Higgs Factory

80 100 120
Graumference (kim)
D. Wang et al 2022 JINST 17 P10018

o— 50MW_1M higgs-T Z
41P_30MW _2M higgs AT Z
—e— 30MW_2M higgsATZ
o 30MW_IM higgsHTZ
—e—4IP_30MW_2M higgs1TZ41M top
—e— 30MW_2M higgs1T Z4IM top
30MW_1M higgs-+HT Z+M top
—e— 50MW_1IM higgs-+.T ZHM top(S0MW)

140 160 180 200 220

Higgs | w | VA | ttbar
Number of IPs 2
Circumference [km] 100.0
SR power per beam [MW] 50
Energy [GeV] 120 80 45.5 180
[Bunch number 415 2161 19918 59
Emittance (ex/ey) [nm/pm] 0.64/1.3 0.87/1.7 0.27/1.4 1.4/4.7
[Beam size at [P (ox/cy) [um/nm] 15/36 13/42 6/35 39/113
[Bunch length (SR/total) [mm] 2.3/3.9 2.5/4.9 2.5/8.7 2.2/2.9
[Beam-beam parameters (£x/Ey) 0.015/0.11 | 0.012/0.113 | 0.004/0.127 0.071/0.1
RF frequency [MHz] 650
[Luminosit; r
1111[ oo /I:]e 8.3 27 192 0.83

20




Status and maturities of the CEPC technologies

State-of-the-art: Key Components 100km Acc. Alignment & Installation R&D

\ T T
o bil ". ---;..:......,., i GPS receiver
* e '
! b4 ’:: ’? 3 Bedrock pile Embedded board
R '?’-
‘ * /ést point
b e R BEEE : """"""""" 7, %
o It Rk H !
s ;
120K
5 10 15 30 35 40 45
E,o(MV/m)
[ 5 7 8 9 10
Ve(MV)

| 20.0% Power vs. Efficiency

0.0%
70 80 90 100 110

Efficient alignment scheme + instrumentation R&D
to guarantee the installation within 4 years

Seminar@LLR
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CEPC R&D: High Q SRF CaVItles

» 1.3 GHz 9-cell SRF cavity for booster: Qo =3.4E10 @ 26.5 MV/m
» 650 MHz 2-cell SRF cavity for collider ring: Qo = 6.0E10 @ 22.0 MV/m
» 650 MHz 1-cell SRF cavity for collider ring: Qo = 6.0E10 @ 31.0 MV/m

6E10 . . ' , . . , Vertical test of 650 MHz 2-cell cavity

L)

A

1.0E+11 Q
S SSSsat 00000000000000 2
s . .
5E10 F &2 . . 3 o
, s . DD> ¢ F
38 e='s) 1,“5 §o« Q Multipactin
“ > o oSy
IR e | ‘ a w0y 4 rawew CEPCs ecfor
4E10 | A EEE :'.2 Yoy v neEP | ] P
{4 f 2 E==s S NTED vemqal test
3% 3B L m e
T .
v
2

CEPC spec

«=nee X SRF cavities exceed CEPC specifications

LCLS-II-HE spec

Q

3E10F &

ie
2E10 F : e R pUE 650S4: @ Mid-Tbaking, ® Cold EP
v LTSN R + Nismar 650S5: A Mid-T baking, A Cold EP
S raEes e Y% CEPC spec
B0 F Note: stainless steel flange loss corrected EXF;ALVSWC + :; ‘- *"_c speo. At 2K 20K
TS s 2 s s w0 Lo 4 ! ' ‘ L A I I R
E o (MV/m) 0.00 500  10.00 ‘ 15.((;2\”"‘) 2000 2500 3000 E,.. (MVim)
acc
Medium-temperature (Mid-T) annealing N-infusion adopted to reach Cold-EP and Mid-T baking
adopted to reach Q, = 3.4E10 @ 26.5 MV/m Q, = 6.0E10:@22.0 MV/m Q, =6.0E10 @ 31 MV/m
3/2/25
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CEPC R&D: 8 x 9-cell High Q Cryomodule

CEPC Booster 1.3 GHz SRF R&D and industrialization
in synergy with CW FEL projects

Horizontal test| CEPC Booster LCLS-II, SHINE LCLS-II-HE

Parameters
results Higgs Spec Spec Spec

Average usable CW E, .. (MV/m) 23.1 3.0x10" @ 2.7x10" @ 2.7x10"° @

Average Q, @ 21.8 MV/m 3.4x%10'° 21.8 MV/m 16 MV/m 20.8 MV/m

3/2/25

Seminar@LLR
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CEPC R&D: High Efficiency Klystrons

The 1st Klystron prototype, achieved efficiency ~ 62%
The 29 Klystron prototype was tested in Feb. 2024, achieved efficiency ~ 77.2%

The 3 Klystron prototype (MBK) with manufacture underway, design efficiency is ~ 80.5%
High efflclency Klystron helps to reduce electricity consumption

2 CEPC at 800 RMB/MWh and 6000 hours/year The 3rd multi-beam Klystron
& 7 Save M Lo Re (MBK) under fabrication
ne
E o, | Save Money 1 year .
] S s \ 0MRME

m/muu i S ] T~
g A
Y 200 W@ =
> T T O ¥ O ¥ IS"
3 100 80 T T T T T T T
g o —+—TEST i
& 0% 45%  50%  55%  60%  G5% 0% 75% | 80%  85%  90%  95%  100% e EMSYS-2.5D ; ‘/; e

The 2nd Klystron (tested) Efficiency, % [~ T3P

=3
S
T

Efficiency (%)
&
T

Test results of the 2nd |
klystron prototype

60
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CEPC R&D: Accelerator Key Technologies

v Specification Met

> Key technologies R&D span over all components listed in CDR.
> About 10% remaining (eg. RF power source, control, alignment, v/ Prototype Manufactured

SC magnets, machine integration) to be completed by 2026. | Accelerator | Fraction |
v Magnets 27.3%
v Vacuum 18.3%
v/ RF power source 9.1%
v/ Mechanics 7.6%

v Magnet power supplies 7.0%

v SCRF 7.1%
v Cryogenics 6.5%
V Linac and sources 5.5%
v Instrumentation 5.3%
v/ Control 2.4%

v Survey and alignment 2.4%

v Radiation protection 1.0%
v/ SC magnets 0.4%
v Damping ring 0.2%

i Bl
Seminar@LLR
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High Energy Photon Source (HEPS)

To be completed in 2025, great tralnlng and preparatlon for CEPC = towards a green accelerator

~ ' Experience at HEPS

" m Solar panel:10 MW = 10% saving
B Permanent magnet: 5.6 GWh saving/year
B Hot water (13 MW @ 42 0C) for heatlng

3/2/25



CEPC Accelerator EDR
CEPC Accelerator EDR tasks start with 35 WGs aiming for key issues.

CEPC Accelerator Main EDR Development: SRF

CEPC Accelerator Main EDR Development: Klystrons

Kiystron No. 2 D Parameters Value
Efficiency 77% -
e Fre 5720 MHz
==:. “ S0MW
25us
Kiystron No. 1 Kstrono.3 “o
Efficiency 65% 100Hz
e 202 Gain s4d8
Pulsed RF Mode (30% duty factor, 60ms/5Hz) 70.5% @ 630kW. c
High Voltage vs. Power&Efficency e . “ Efficiency 7%
. o \ 3dB bandwith +5MHz
- e Beam voltage 420KV
.
\g Beam current 403 A
) Focusing field 0287

CEPC collider ring ¢50viHz klystron development in TDR phase
B L /}Z.Z‘Zlﬁf i 01555205 Vim
’ = [EEHETES T — C band 5720MHz $0OMW
The collider Higgs mode for 30 MW SR power per beam will use 32 units of 11 m-long collider cryomodules will = [T =  Beam Current= 390 A Klystron design progress
contain six 650 MHz 2-cell cavities, and therefore, a full size 650 MHz cryomodule will be developed in EDR m— J Jeigmilng

; Perveance =14OpP

[ € band 5720MHz 80MW Kystron |

CEPC Magnets’ Automatic Production Lines in EDR

Massive Production Line of NEG Coating Vacuum Chambers in EDR

v . The coating device A: Vacuum chambers are connected in parallel to 6 groups, each group of G
To reduce the fabrication cost of the magnets of CEPC, automatic magnet “

length should be lower than 3.5m, outer diameter is about 0.47m;
production lines will be demonstrated in EDR and used du: fruction The coating device B: Antechamber are connected in parallel to 4 grouns

.\ should be lower than 1.5m, due to its discharge dlfﬁculty
1 % Two setups of NEG coating have been built for vac: c"\o

ne
be‘ Lin pipes
have been coated, which shows that NEG fi! d “am
o In EDR phase a dedicated CEPC p‘o “m 0 pranned

I

Conceptual design type-II
(Collider ring magnet)

Jan.-Sept. 202 - the CEPC booster magnet automatic fabrication facility
design.

Oct. 2024-Jun. 2025: Complete the small scale demonstration facility for booster iron
core fabrication.

3/2/25 CEPC Accelerator EDR Plan-J. Gac H



CEPC Accelerator EDR

CEPC Alignment and Installation Plan in EDR Detector dummy coil development

+ Alignment accuracy requirement Component  * " sewma — ¢ "
Component Ax (mm) | Ay(mm) | A6, (mrad) Pre-alignment
Dipole 0.10 0.10 0.10
Arc Quadrupole 0.10 0.10 0.10
IR Quadrupole 0.10 0.10 0.10
Sextupole 0.10% 0.10% 0.10

*implement beam-based alignment

GPS receiver Surface Control S
Bedrockpile B Embeddedboard  NEWOTK y—
AN E ;/ (14Points) .

| ast point

%%, E

Permanent boin
AE

Backbone Control network ’ Tunnel Control network
EDR Plan-J. Gac (short line:300m; long line 600m) 2024, 11 (interval of 6 meters)

Leak detection before vacuum coil after vacuum epoxy
impregnation impregnation

CEPC MDI in EDR

CEPC Tunnel Mockup for Installation in EDR

¢ Radiation Mitigation
Masks, collimators, shielding |

/vt need to be done in EDR together with
S8 detector group 5round, Be pipe, RVC, i li hani

e
Collider ring magnets supports

A 60 m long tunnel mockup, including parts of arc section and part of RF section

To demonstrate the inside tunnel alij andi i pecially for booster installation on the roof of the tunnel
Seminar@LLR .
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Whole Wire Critical Current Density (A/mm?, 4.2 K)

Iron Based High T Super Conducting Magnet

104 T
|
[
) B_L Tape Plane 2017
—--Q-—-.----
102 - e~ ew.. IBS 2025
T s =
S NN IIIIII.2-2T1-IIIIIIII.IIIII EEEm
% \
\ ( ‘
L = K ’ IBS‘ 202‘| REBCO: B Il Tape plane
\‘h \ IBS 2019 ~ 7 REBCO:B L Tape plane, 45 um sub
2 M a \ = " REBCO:B _L Tape plane |
10% - —— Ny \ --3fé=-- Bi-2212: OST NHMFL 50 bar OP
[ \ : memmss ND5Sn: Internal Sn RRP®
[ T — === Nb3Sn: High Sn Bronze
L “*\T IBS 2016 Nb-Ti: LHC 4.2 K
L Nb-Ti: Iseult‘INUMAC MR1|4.22 K
High-J. Nb,Sn e |r0N-based Superconductor 2019
[ B P = == == |ron-based Superconductor 2025
ronﬁi srocess ey |ron-based Superconductor 2022
10 N n Loy | ===t==1Iron-based Superconductor 2016
T il il

0
January 2017

15 20 25

Applied Magnetic Field (T)

Se

minar@LLR
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SPPC R&D: HTS SC Magnet

> 2023: SC dipole magnet, field reached 14T @ 4.2K
> 2024: aiming for 16T @ 4.2K (the world record)

10.2T » 12.5T 14T 16T :
(2018) (2021) (2023) ™V (2024) :
Nb,Sn+HTS
Field 4
2*¢p30 aperture
@D 15T @p4.2K

Challenges: Fabrication

20
. process, stress control,
NbTi+Nb;Sn quench protection
2*¢10 aperture
10T @ 4.2K

Challenges: Fabrication
process, stress control

Nb;Sn+HTS or HTS
2*(p45 aperture
20T @ 4.2K
With 10 field quality
Challenges: Stress control,
quench protection, field
quality control

10

2018 2028 year
Seminar@LLR
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CEPC Accelerator: Plasma Injector

CEPC Plasma Injector Scheme e 221' — s 4ncliznc 206ev
€ R | N [ | e3
From 10 GeV - 30 GeV > TR >2 S - et PWFA- [; -
beam ®J:>I7 - CEPC Plasma Injector V3.0 I— pwral —
Simulation results show that it works on paper Witness Target B e G 20 Gev

charge_slice_xz
T = 80[1/wp]

. beam Gp_l T A
with reasonable error tolerances for both electron 10Gev
& positron beams injected to booster

661 Mev PRL 127, 174801 (2021)

x[um]

- §lum]
———————— Phase | (Year0-Year2)

1. Re-designand install transport beamline and FF system,
) optimize the e- / e+ beam quality

e 1 TR . ) . 2. Clean room and high power laser syste
] ‘ installation200TW

3. Beam instrumentatiop

2.5 GeV e-/e+ beamline + PW-| Ievel high performance laser system %

PWFA/LWFA TF based on BEPC-Il Linac and HPL | ....cu cves
has founded by CAS, 120M RMB in Sept. 2023 1. Adda. |tr9ndumpingringthe.bunchcompression

beamline to improve the e+ quality
Seminar@LLR 2. PBA-based FEL studies
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Beam polarization prospects and R&D efforts

Prospects of beam polarization at CEPC {riaied " Injecting pre-polarized beams

electron

* Beam energy calibration @ Z & W w/ resonant Posouce slectron
depolarization (~ le-6) i -
-

[————r———1
I ——e

Booster

* 50%-70% longitudinal polarization for e- beam is a resonable : positron
goal @ VA & W :lneitt)z:zed i
H . .. positron
* Polarized e+ source: flux requirement ~ 1/60 of ILC, revisit of SOuree L ofarizing

ring
electron

the Compton Ring scheme under way
CEPC TDR-Accelerator, arXiv:2312.14363

* Attaining useful polarization level is challenging but possible Radiat. Det. Tech. Meth. 6:490 (2022). g
@ nggs. Phys. Rev. Accel. Beams, 26, 051003 (2023). 3 X

Phys. Rev. Accel. Beams, 26, 091001 (2023). * g A Spin rotator
P2

Key technology R&D items

| Aspects | Figure of merit R&D goal Wilestone |

Polarized electron source polarization > 85% a 400kV polarized DC gun @ PAPS, polarization >85% 2027
Compton polarimeter 3D measurements™ 0.1% vertical measurement @ BEPCII 2025

longitudinal measurement @ LPA-Ring TF, ~1% 2028
Resonant depolarization ~le-6 forZ & W demonstration @ BEPCII 2026
Spin rotator for Solenid integral field ~ 1000 T.m HTS solenoid, B~ 12T, BL>10T.m, 2027
longitudinal polarization perlP @ Z attain longitudinal polarization @ LPA-Ring TF 2028

Seminar@LLR
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CEPC Detector Concepts & New Design

(Baseline Design) ey
Magnet Particle Flow Approach 2T Magnet | oo

(3T/2T) Yoke + Muon (RPC or p-RWELL)

IDEA concept
(also proposed for FCC-ee)

Preshower (u-RWELL)

LumiCal | — Siliconwrappe

PFA HCAL \ ""

Yoke + Muon (u-RWELL)

PFA ECAL Si Pixel Vertex

The 4th Concept

\ Solenoid Magnet

Si Pixel Vertex

SIT TPC SET
FTD ETD

FST concept
(Full Silicon Tracker)

Muon+Yoke

i Tratker Si Vertex Tracker (TPC/DC)

with outer layer

Seminar@LLR
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Calorimeter
PFA ECAL
PFA HCAL

A.U. /0.5 (GeV)

3/2/25

World-class
~ 15-20% / VE
~ 50-60% / VE

0.07

0.05F

0.04F

0.03

0.02F

0.01

Tt

(240 GeV)
T e
- CEPC
0.06: [ JWW — pvqq (ud) Cleaned

[ ]zH — vvgg Cleaned

Lo bvvn bovna bovna b

New design
~ 3%/ VE
~ 40% [ VE

CEPC CDR

CEPC New Detector Design

Goal: with PFA calorimeters to improve boson
mass resolution (BMR) from 4% = 3%,

Solenoid Magnet

PFA HCAL

PFA ECAL

Muon+Yoke

Tracker (TPC/DC)

Si Tracker Si Vertex

with outer layer

o)LLl

-

60

CEPC CDR

8
M, [GeV]

00 Semi

LR

» Silicon tracker with TPC / DC:
to improve track reconstruction & PID
» PFA ECAL with crystal:
to improve =0, y energy resolution
» PFA HCAL with scintillating glass:
to improve hadron energy resolution

34



CEPC Detector R&D: Silicon, TPC, DC Prototvnes

Develop COFFEE for a CEPC tracker
2 layers /ladder  R,~16 mm Goal: o(IP) ~ 5 um for high P track sing SF:\AIC 55nm HV.CMOS process
2 CDR design specifications
= Single point resolution ~ 3um
* Low material (0.15% X,/ layer)
= Low power (< 50 mW/cm?2)
= Radiation hard (1 Mrad/year)

Silicon pixel sensor develops in 5 series: f
JadePix, TaichuPix, CPV, Arcadia, COFFEE |

Arcadia by Italian groups
TaichuPix-3, FS 2.5x1.5cmz ~ CPV4(SOI-3D),64-64array  for IDEA vertex detector
25x25 um? pixel size ~21x17 um? pixel size

LFoundry 110 nm CMOS

Tower-Jazz 180nm CiS process
Resolution 5 microns, 53mW/cm?

Amplitude (mv)

Goal: 30 /K separation up to ~20 GeV/c.

Cluster counting method, or dN/dx, measures the
number of primary ionization

Can be optimized specifically for PID: larger cell
size, no stereo layers, different gas mixture.

Garfield++ for simulation, realistic electronics, peak
finding algorithm development

K/m separation vs momentum (6=90" )

10

Noise s

Separation power

Time. (ns) Momentum (GeV/c)

A DC between
2 outer layers

l = Full silicon
trackers

IHEP and Italian INFN groups have close collaboration and regular meetings.
IHEP ioined the TB (led by INFN aroup) in 2021 and 2022

Test beam @ DESY
2nd testbeam: April 11-23 2023 DESY test beam in Germany (4-6 GeV electron)
- Vertex detector prototype testbeam

1st testbeam: Dec 12-22 2022 DESY test beam in Germany (4-6 GeV electron)
- TaichuPix Beam Telescope testbeam

2022 DESY test ] 2023 DESY test
= - bearni

Excellent collaboration with DESY testbeam team

Baseline main tracker
o(r-p) ~100 pm

Seminar@LLR
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MOST 1 (IHEP+THU)

K (-3 Gai

GEM-MM cathode TPC Prototype + UV laser beams Low power FEE ASIC

Test of Prototype TPCE-% i
- [

Challenge: lon backflow (IBF) affects the resolution.

It can be corrected by a laser calibration at low

luminosity, but difficult at high luminosity Z-pole.
£,200Vicm € <200vIem , v, =400V

i 98.4211m

c. <100 um for drift lenath of 27cm
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ScW ECAL Prototype (32- Iayer, 6720-ch)

muon
e IW

CEPC Detector R&D: Calorimeter Prototypes

; ; et

Scintillator + SiPM AHCAL Prototype (40 Iayer, 12980-ch)

STy

4l Combined: ScW-ECAL + AHCAL

CEPC Calorimeter Prototypes: beam test at CERN in 2022 & 2023

CEPC AHCAL

\  Pion Beam

- Torger: a3%
- QOSPurr B0 27%
— oaan SEe2on

b ssowen

o P % ® % & w o
Elcev]
0ct19- Nov2, 2022 May 17-31, 2023
— T W A S,
SPS H8 beamline PST9 beamline
100 GeV mu- 60 GeV electron (SPS) 60 GeV negative pion (SPS) 350 GeV negative pion (SPS)

Scintillator
AHCAL

JINST 15, 10009 (2020)

SDHCAL-GRPC (1.3 m3, IPNL)  jinsT 17, P07017 (2022)

MOST 1: RPC and MPGD (RWELL) R&D, MIP Eff > 95%

GRPC 1m x 1m (SJTU)
JINST 16, P12022 (2021)

RWELL 0.5m x 1m (USTC+IHEP)

IV
RPWELL ( 50x50cm?, WIS+IIT, Israel)

R&D Plan: 5-D SDHCAL (X, Y, Z, E, Time)
- MRPC + fast timina PETIROC ASIC (~40 ps)

SJTU
IPNL
1JCLab
OMEGA
CIEMAT

FE Board

Top st s

Ethernet

| |nar@LLRﬂ BGO Crystal Scihtillating Glass =

.
o
o
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CEPC Reference Detector TDR

Det Technology Det Technology

5 JadePix Crystal ECAL

g TaichuPix Stereo Crystal ECAL

= |CPV(SOI) . |Scint+W ECAL

é’ Stitching é Si+W ECAL
Arcadia = |Scint+Fe AHCAL
CEPCPix § ScintGlass AHCAL

2 silicon Strip RPC SDHCAL

% |TPC MPGD SDHCAL

% Drift chamber DR Calorimeter

,‘_3 PID drift chamber c Scintillation Bar
LGAD ToF S IRPC

‘€ |SiTrk+Crystal ECAL = U-Rwell

3 |SiTrk+SiW ECAL HTS /LTS Magnet

CEPC SW

MDI & Integration

TDAQ

» Large number of detector technology
options and R&D projects on-going,
they are not at similar level of maturity.

> Need to converge technology options
towards a CEPC reference detector TDR
s Start preparation in Jan. 2024
+» Adraft version of TDR in Dec. 2024
+»» Official release of ref-TDR in Jun. 2025

» Intl. detector collaborative efforts
+* DRD collaboration (DRD1-8), more than
130 colleagues from 11 Chinese institutes
joined so far.
+* HL-LHC detector R&D efforts help to
prepare teams for CEPC detectors.

Seminar@LLR
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Industrial Partners and Suppliers Worldwide

System
1 Magnet
2 | Power supplier
3 Vacuum
4 Mechanics
5 RF Power
6 SRF / RF
7 Cryogenics
8 | Instrumentation
9 Control
10 Su.rvey and
alignment
1 Radiati.on
protection
12| e’e*Sources
3/2/25

CEPC Industrial Promotion Consortium Potential international collaborating
(CIPC, established in Nov. 2017) suppliers and partners worldwide

=52 & ':3 @”‘f”ﬁ @@ RIET 6%%%’2%& DANFYSIK OSCANDITRONIX TOKINARC:

BBy KAITENG SIFANG BBEF | aias HE-RACING TECHNOLOGY

TOLY ELECTRIC nichicon
4 YU ‘ﬂ INZINaER “’omonsvs €& CAEN TechnologiesInC. | kos ectrical Contracting
N\ k. “

</ rmis st PFEIFFER B VACUUM [Ceybold VAT m
5 iﬁEﬁﬂﬁﬁ%ﬂ”ﬁ) HRETRY (B) AEteRI i ) 0% Sanel-Kikalcuss
i s ummmmmmﬂmm %Eﬂ‘dg[g \V/ N — ¢ MIRAPRO
Bikidg | nwvEme C ik A ¥acTonsowsn V o1 e i
BT C vty “RE p' tions
PRODETEC' i g N ﬂP\)w@rlnd uuuuuu ca“““ T H ,\ L E S

- ‘ Lake Shore

= @:.77‘2&)

RulYuan e

() uw@ <5 $ %WQ’ £72% Eowaros CBYWAC = (0SVLAB
@fﬁ%!ﬂ!m!ﬂh il @ sxmmaann | st Y ) SRESAL ThermoFisher HEXAGON
Vil R e g o, L, 08 HZCPHOTONICS powERCHINA G ENTILETC
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CEPC International Collaboration
CEPC attracts significant International participation s WRMﬁ*ﬁonﬂsnbp = Hm@E W

» Both CDR and TDR have significant intl. contributions
» 20+ MoUs signed with Intl. institutions and universities
> Intl. collaborative efforts: DRD & HL-LHC detector R&D
» CEPC International Workshop since 2014

» Annual working month at HKUST-IAS since 2015

» EU-US versions of CEPC Workshop since 2018

Hiaoh anrn\l ph\lQl(‘Q :
February 12 - 16, 2023 N

Conference: February 14 — 16 2023

Hotel Mercure Vieux-Port
Marseille, 8-11 Apr 2024




CEPC Planning and Development
CAS is planning for the 15t 5-year plan for large science projects, and a steering
committee has been established, chaired by the president of CAS.

High energy physics and nuclear physics is one of eight groups (fields).
CEPC is ranked No. 1, by every committee (2 domestic and 1 international).

A final report was submitted to CAS for consideration, this process is within CAS,

100
95
90
85
80
75
70
65
60
55
50

and the following national selection process will be decisive.
84.2 +5.8

| 78.7 ||4 E

PandaX-xT CMNUF BISOL JUNO STCF CDEX LCGS@SHINE HENT

mm== Domestic senior mmmm HEP Division = Nuclear Division IAC —&— Average

3/2/25
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CEPC Planning and Schedule

2012.9 2015.3 2018.11 2023.12 2025.6 2027 15 five year plan (2026-2030)
proposed Pre-CDR CDR Acc. TDR Det. TDR EDR Start of construction

—

CEPC EDR Phase: 2024-2027 cspcpmu—
» CEPC Accelerator EDR starts with 35 ]
WGs in 2024, to be completed in 2027 T 15" FY 16" FY

Engineering Design Report (EDR)
R&D of a series of key technologies
Prepare for mass production of devices though CIPC

» CEPC Reference Detector TDR will be
released by June, 2025

> CEPC proposal will be submitted to the ~ NAture
Chlnese govern ment for approval |n 2025 Explore content ¥  About the journal ¥  Publish with us v Subscribe

Givil engineering, campus construction

Accelerator

» Upon approval, establish at least two nature > news > article
international collaborations on experiments

NEWS | 17 June 2024 | Correction 18 June 2024

» CEPC construction starts during the 15t
five-year plan (2026-2030, e.g. 2027) China could start building world’s

» CEPC construction complete around biggest particle collider in 2027
2035, at the end of the 16t ﬁve'year plan The US$5 billion facility would be cheaper, bigger and faster to build than a similar one

sem ma{) oLlligsed by European scientists.
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Al usage: Jet origin id

1.0
ol 0.745 0.033 0.025 0.004 0.003 0.002 0.003 0.002 0.002 0.017 e T L L
b 0.033 0.003 0.004 0.003 0.002 0.002 0.003 0.018
0.8 1 Pcharge flip with li, Kt, KE/S id.
€ 40.015 0.055 0.036 0.031 0.025 0.009 0.009 0.018 0.043 e,
(-
\ .
P € -40.016 0.015 0.056 0.037 0.009 0.026 0.017 0.010 0.043 \\
AY
s -0.003 0,002 0.020 0.018 0.030 0.080 0.063 0.045 0.092 0.6 \\
\

0.003 0.003 0.018 0.020 0.102 0.084 0.028 0.045 0.062 0.094

True
0|
)

u 40.002 0.003 0.020 0.011 0.044 0.080 0.174 0.111

U 40.003 0.003 0.011 0.019 0.132 0.043 0.062 0.081 0.111

d 40.003 0.003 0.012 0.019 0.112 0.092 0.082 0.207 0.079 0.112

d 40.003 0.003 0.020 0.012 0.092 0.112 0.219 0.076 0.079.0.113

G 40.015 0.014 0.024 0.024 0.052 0.052 0.043 0.041 0.034 0.034ﬁ

b p ¢ © s 5 wu w d 4 G b c s u d
Predicted

* Distinguish jets originated from 11 different kinds of colored particles: 5 quarks, 5 anti-quarks, and gluon.

 Strong impact on the physics reach:

* Higgs rare & exotic hadronic decay up limits improved by 3 times — 2 orders of magnitudes, i.e., H->ss be

limited to 3 times the SM prediction.
* EW & Flavor Physics measurements. o https://arxiv.org/abs/2310.03440
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Impact on Physics: Higgs & W

109 5
1 mm Relative accuray, HL-LHC S2
Il Relative accuray, CEPC
I 95% CL upper limit, CEPC
10—1 .
1072 4
1073 - — - o, | —
10—4 .
Ko Kc Kg Kw Kr Kz KygBss\Bua Bdd Bsb Bab Bud Bds

Improved by ~3 times
Improved by 1-2 orders of magnitudes
Presumably... firstly quantified

Seminar@LLR
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Events / 0.01

10°

Accuracy
H-cé

10* H - bb/gg
Z-qq
W-qq

103

102

10!

10°

1071
0.0 0.2 0.4 0.6 0.8
Combined scores for H—- c¢

https://arxiv.org/abs/2310.03440

1.0

Relative Accuracy o(ZH) - Bry_ : (1072)



Impact on Physics: EW & Flavor

Updated result on sin? 6. err Measurement

Table 2. Sensitivity S of different final state particles.

VEGeV Sof Ay Sof Af,

70 0224
75 0.530
92 1.644
105 0269
15 0035
130 0027

4396
2264
5553
4.597
3956

3279

Sof A, SofAj, Sof Ay, Sof Al

1435
2598
4.200
1.993
1.091
0.531

4403 1445
5269 2616
5553 4201
4598 1994
3958 1087

3280 0520

4352
5237
5549
4.586
3.942

3.261

Table 3. Cross section of process ¢
ing the ZFITTER pa

e ¢ caleulated us-

aufmb

/b

[
0o 00w
119 5366
ams  oam
a2 s
a6 0on

0065
aor

oot ooss
00 006
sae am
o om

ons
0070066

00z

Verify the RG behavior... using
~1 month of data taking

Expected statistical uncertainties on sin® Oéff measurement.
(Using one-month data collection,

3/2/25

Statistical Uncertainty

S

5]
1

---lepton
b

s

c

|
100

0 130
Energy (GeV)

~4e12/24 Z events at Z pole)

Uncertainty of sinzd:r:x at different energy

70

1.6x1075
1.3%x107°
1.6Xx107¢
1.0x10°°
1.9x1075

3.9x107°

BZbd0ps
1.8x107°
PL2E Ont)
24x10°°
6.8% 1075

23x107*

2iZbdios
1.8x 1075
2.2%1076
1.4x10°°
2.7% 1075

5.4x1075

Seminar@LLR

Opposite side b | By — DK~ or By » Din~
* p charged Leptons with impact param. S
* p charged Kaons with impact param. s k-
* p charged pions with impact param. u
* p protons with impact param. ? % pt o atn®
* ég p’ >t~
d
B+ > DOty }
DO = K*v u_ Same side
- ud_ * pcharged Kaons with impact param.
d . charged pions with impact param.
ptowtn® Yo Proposed by Roy Aleski pcharged p pactp
Y
T

charge flip rate

Branching Ratio (BR) of b/b to b hadrons
Bl 0.1%<BR<1%
B8 1%<BR<10%
B 10%<BR<20%

left: from b/b,  right: from opposite side of BY/B2
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average number per event
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Validation: ... Versus different Hadronization Models

30 1

25

—e-- Pythia6
—— Herwig

abs(Pythia — Herwig) 4 100
max(Pythia, Herwig)

-

Seminar@LLR

1.0

0.8 A

__..__._‘_ ..... Hrumum
eﬁcflavortagging (H7; H7)r (P6, P6)- (H7; P6)
i o) e+ e 8 3 8 Hrnmmn

N Pcharge flip (H7: H7): (P6: PG), (H7: P6)
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Hadronization: demon in details...

Percentage of b hadrons by Whizard & Herwig Charge Flip Rate w of b hadrons by Whizard & Herwig
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Scaling behaviors: at different models
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Comparable result with different scaling behavior

Super Symmetry
Technologies

Para. Numbers: PN 360k, ParT 2.4M, BINBBT(Large Language Base Model) 150 M . 3@‘ 73 éﬁf\
>

More details at: https://arxiv.org/pdf/2412.00129
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Al usage: 1-1 corresponding reconstruction

Visible Reco Trk Clu
V|V
e —— . — . V4

+ |+
/’
14

g

SIX [ XX

°|I+|°|°|O|I+|°

SIS ISNI XSS SN )X S

.Well-reconstructed

Charged without cluster

Charged without track
.Charged with cluster lost

Lost

Fake (only increase multiplicity)

Fake (energy double-counting)

+ [Charged
0 |Neutral
— 1-1 correspondence

— = 1-n

Counts

Before removing ChFrag

30
Total E [GeV]

40

* Leading confusions, i.e., PFA oriented double counting, be reduced by 1 order of
magnitudes; at the cost of marginally increased miss-vetoed low-E particles.
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Al usage: 1-1 corresponding reconstruction

240 GeV 240 GeV
0_07_ LI L L L L B B L B L ) L B |(| T e| _) 0_07_ LI N I Y I I B B B B |( T xe| E
- CEPC []7Z - vvqd (ud) Cleaned - - [Jzz—>vqacCleaned  CEPC |
0.061 [T]WW — uvqq (ud) Cleaned 0.06F ] WW-—>uvqq Cleaned .
- CzH o . . - [_]ZH->vvgg Cleaned .
L — VvV ] L A
— 0.05F - 4  _ 0.05F -
S B 1 S C ]
e - f = C 1
22% = 0.04- 1 S oo04f .
1.0% 2 - + B 1
25% ~ 0.03F 4 = 0.03- -
9 o C 1 D C ]
e = 0 02: ] i 0 02:— —
B B et =2.8%
0.01F - 0.01+ ]
\Well-reconstructed C ] C . ]
Charged without cluster G_ el o] IR o N e iy 0_ il L g o]
Charged without track 60 80 1 00 1 20 1 40 1 60 60 80 1 00 1 20 1 40 1 60
m; (GeV) m; (GeV)

Charged with cluster lost

Lost

* Holistic event reconstruction: Via innovative detector design + PFA algorithm + Al technology: ~ 95% of visible energies
are mapped to reconstructed particles that reserve 1-1 correspondence mapping

* BMR improved by ~ 30%
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Al usage: 1-1 corresponding reconstruction

6 10— : —
F —40%/E® 7% (HCAL)
5 [ —K? using TOF
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(TOF resolution = 10 ps)
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0.019 0.000}0.000 0.000 0.000 0.000
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b c s u d
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Prospective: BMR could potentially be improved to 2.2 - 2.4%, if the origin of every reconstructed particle could be identified...
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Color Singlet identification
%é%% PUBLISHED FOR SISSA BY €) SPRINGER

RECEIVED: March 11, 2022 e

Ravise: September 9, 2082 Z decay mode H —bb H —cc H — gg
AccePTED: November 11, 2022 L Jo
PUBLISHED: November 16, 2022

Z —ete 1.57% 14.43% 10.31%
_ Z—putu 1.06% 10.16%  5.23%
The Higgs— bb, cc, gg measurement at CEPC
Z = qq 0.35% 7.74% 3.96%
Z — vv 0.49% 5.75% 1.82%

Yongfeng Zhu, Hanhua Cui and Mangi Ruan
Institute of High Energy Physics, Chinese Academy of Sciences, e Imatic 970 / Q0 5 20
piesgingh s L e combination  0.27% 4.03% 1.56%

University of Chinese Academy of Sciences,
19A Yuquan Road, Beijing 100049, China

Table 3. The signal strength accuracies for different channels.

E-mail: ruanmg@ihep.ac.cn

* Definition: to identify the color singlet origin of every final state particle, especially in the full hadronic
events (i.e., in the full hadronic ZH event, identify whether a final state particle is coming from Z or H
decay, or ISR photon, etc)

* Bottleneck of measurement with full hadronic events at energy higher than Z pole... i.e., H>cc & gg
measurements at qqH channel is much worse than vvH channels, despite ggH has 3.5 times more statistic
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Al tool for CSI: using Particle Transformer
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misclassified energy ratio
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Al tool for CSI: Scaling behavior
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Toy analysis: identify ZH signal from ZZ + WW
backgrounds (Full hadronic)

» Comparison between 5 methods
« Cut based
« BDT

« Classification using all the reconstructable info
(1-1 correspondence/PN)

« 1-1 correspondence with reconstructed CSI
« 1-1 correspondence with truth level CSI

e 5.6 iab: 540k ZH + 3.1M ZZ + 47 M WW full
hadronic events
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w/i CSI

0.01

2z
Predicted

Entries per bin

02

04 o6

vi/i CSI, ZH likelihood
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Perspective & Discussion

» Al tools significantly enhance the discovery power, alter the experiments design. Trilogy of the event

reconstruction for future Higgs factories
« Jet Origin ID: 'see' quark & gluon as lepton & photon
* 1-1 correspondence, at least at Higgs factory: Should & Could
* New paradigm for analyses: Forget about artificial variable definition — feed all the reconstructable
* Provide much more detailed info for system monitoring & systematic control
* Color Singlet Id: decently addressed, enhance the accuracies of measurements with full hadronic final state
by ~ 2 times.
+ Bottleneck Shifts & Lots to be explored
» Confusion -> Detector acceptance

+ Variables constructions & validation -> reliability of MC tool

3/2/25
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Summary

CEPC addresses many most pressing and critical science problems in particle
physics.

Accelerator design and technology R&D are reaching maturity, TDR completed,
enters EDR phase, ready for construction in 3-5 years.

Reference detector TDR under preparation, to be completed by the mid-2025 for the
proposal of China’s 15t" 5-year plan.

Any contributions from international colleagues, especially for accelerator EDR and
reference detector TDR, are warmly welcome.

CEPC schedule will follow the 15t 5-year plan, call for international collaborations
and proposals once CEPC is approved.

CEPC will offer the worldwide HEP community an early Higgs factory.

Al tools: significantly boost our discovery power!

Seminar@LLR
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LLP Search at CEPC
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while dedicated R&D & optimization is needed Ly
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nggs dlscovery to precision measurements

BREAKTHROUGH &«
fthe YEAR

+ HIGGS _-*

AYAAAS

Discovery of Higgs boson
Phys. Lett. B 716 (2012) 1-29
Phys. Lett. B 716 (2012) 30-61
Science 338 (2012) 1569-1575
Science 338 (2012) 1576-1582
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Peter Higgs & Frangois Englert
October 8", 2013
Nobel Prize in Physics

2012: Higgs mechanism explains
the mass origin of SM particles

2013: Nobel Prize in Physics

Seminar@LLR

The International journal of sclence /7 July 2022

nature

HIGGS
AT10 -

Probing the
properties
ofthemost
elusive particle
inphysics *

‘l

Higgs Property Measurement

Nature 607, 52-59 (2022)
Nature 607, 60-68 (2022)
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Core team, the host institution and the existing support

International collaboration

CEPC CDR Released (2018.11) &
CEPC attracts significant International

participation
* Conceptual design report: 1143 authors from 221 c coppe CEPC
. . . . . . onceptual Design Report ) )
institutes ( including 140 International Institutes ) e ——
* More than 20 MoUs signed and executed arXiv: 1809.00285

* Intensive collaboration on Physics studies

* Oversea scientists made substantial contributions to
the R&D, especially the detector system

* Annual working month at HKIAS (since 2015)

Seminar@LLR
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Novembdr 68,2017 IHEP, Beijing. M3
l ! _| 1S

* CEPC International Workshop since 2014 . . | - B =9 -'

e EU-US versions of CEPC WS: Next one at
Marseille
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Core team, the host institution and the existing support

Institution Board

¢ International

International International
Accelerator Review B4 project Director & o Detector R&D Review
Committee Committee

Table 7.2: Team of Leading and core scientists of the CEPC

=
v v v
= &8 B

Institution Board: 32 institutes, top universities/institutes in China
Management team: comprehensive management experience at construction projects of
BEPCII/CSNS/HEPS, and international projects of BESIII/Daya Bay/JUNO/...
Accelerator team: fully over all disciplines with rich experiences at BEPCII, HEPS. ..
Physics and Detector team: fully over all disciplines with rich experiences at BESIII,
Daya Bay, JUNO, ATLAS, CMS, ...

Table 7.4: Team of the CEPC detector system

Name
Yifang Wang

Brief introduction

Academician of the CAS, direc-
tor of IHEP

Professor of IHEP
Academician of the CAS, head

Xinchou Lou
Yuanning Gao

of physics school of PKU
Jie Gao Professor of IHEP

Haijun Yang Professor of SITU

Jianbei Liu Professor of USTC

Role in the CEPC team
The leader of CEPC, chair of the SC

Project manager, member of the SC

Chair of the IB, member of the SC

Convener of accelerator group, vice
chair of the IB, member of the SC
Deputy project manager, member of
the SC

Convener of detector group. mem-

~Management team,

Shan Jin

Qinghong Cao Professor of PKU
‘Wei Lu - Pgpfc®sor of gHU
~scientists
Jiancim Wihg ProfeSsorof MM
Yuhui Li Professor of IHEP

Professor of IHEP
Professor of IHEP
Professor of SITU
Professor of ITP

~world-class |

of the SC

Member of thefp@
eadin
A it

Member of the SC
Member of the SC

Convener of de

Convener of de

Convener of tor group

Convener of erator group
Convener of accelerator group

Convener of theor,

roup

Convener of theory group
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Number | Sub-system | Conveners Institutions Team (senior staff)
Table 7.3: Team of the CEPC accelerator system 1 Pixel Vertex | Zhijun Liang. Qun Ouyang, | CCNU, IFAE. IHEP. NJU, ~40
. - - Detector Xiangming Sun , Wei Wei | NWPU, SDU, Strasbourg, ...
Number | Sub-system Convener Team (senior staff) 2 Silicon Harald Fox, Meng Wang, | IHEP, INFN, KIT. Lan- ~60
1 Accelerator physics Chenghui Yu, Yuan Zhang 18 Tracker Hongbo Zhu caster, Oxford, Queen Mary,
2 Magnets Wen Kang, Fusan Chen 12 RAL,SDU, Teinghuz, Hels:
3 c ) Rui Ge. Ruixiong H 1" tol. Edinburgh, Livepool.
© oS
: ryogenic system ui Ge, Ruixiong Han USTC: Wikdiok./StamEid.
4 SC RF system Jiyuan Zhai, Peng Sha 12 20, ...
5 Beam Instrumentation Yanfeng Sui. Junhui Yue 7 3 Gaseousde- | Franco Bedeschi. Zhi Deng, | CEA-Saclay. DESY, ~30
3 - tector Mingyi Dong, Huirong Qi | LCTPC ~ Collab.,  IHEP,
6 SC magnets Qingjin Xu 10 - ‘ S
X r r Y o o INFN, NIKHEF, TH
' »1%17 accelerator + ~300 detector staffs cu
' tor stafts ,
8 Injection & extraction | Jinhui Chen 7 5 Calorimetry | Roberto Ferrari, Jianbei Liu, | CALICE Collab., [HE ~ 40
-+~ 400 from 'BEPC/BESII/JUNO/H
6 ug)
10 Vacuum systen HAiyi ng. YohgsMend I - /
11 Control system Ge lei, Gang Li 6 7 Plysics Mangi Ruan, Yaquan Fang, | THEP, FDU. SITU. ... ~ 80
12 Linac injector Jingyi Li, Jingru Zhang 13 a p p rove L W, B
Chen
3 adiati rotecti vjian Ma 3
13 Lhsnssientes dnannasetim Mt s 8 | Software | Shengseng Sun, Weidong | IHEP, SDU, FDU, ... ~20
Sum 117 Li, Xingtao Huang
Sum ~ 300

Seminar@LLR
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Core team, the host institution and the existing support

Institution Board

International International
Accelerator Review B8 project Director g g Detector R&D Review
Committee o Committee
-----*’lIIHHHHHHHH%III

v v +
=3 =B =B

Name

Tatsuya Nakada
Steinar Stapnes
Rohini Godbole
Michelangelo Mangano
Michael Davier
Lucie Linssen
Luciano Maiani
Joe Lykken

lan Shipsey

Hitoshi Murayama
Geoffrey Taylor
Eugene Levichev
David Gross

Brian Foster
Marcel Demarteau
Barry Barish

Maria Enrica Biagini
Yuan-Hann Chang
Akira Yamamoto
Hongwei Zhao
Andrew Cohen
Karl Jakobs

Beate Heinemann

International Committees

Affiliation

EPFL

CERN

CHEP, Bangalore

CERN

LAL

CERN

U. Rome

Fermilab

Oxford/DESY

IPMU/UC Berkeley

U. Melbourne

BINP

UC Santa Barbara

Oxford

ORNL

Caltech

INFN Frascati

IPAS

KEK

Institute of Modern Physics, CAS
University of Science and Techbnology
University of Freiburg/CERN
DESY

Country
Japan
Norway
India
Switzerland
France
Holland
San Marino
u.s.

U.K.

Japan
Australia
Russia

u.s.

UK

USA

USA

Italy
Taiwan, China
Japan
China
Hong Kong, China
Germany

Germany

Infernarional Acceleraror keview commirree

Phillip Bambade, LAL

Marica Enrica Biagini (Chair), INFN
Brian Foster, DESY/University of Hamburg & Oxford
University

In-Soo Ko, POSTTECH

Eugene Levichev, BINP
Katsunobu Oide, CERN & KEK
Anatolii Sidorin, JINR

Steinar Stapnes, CERN

Makoto Tobiyama, KEK

Zhentang Zhao, SINAP

Norihito Ohuchi, KEK

Carlo Pagani, INFN-Milano

International Detector R&D Review Committee

Jim Brau, USA, Oregon

Valter Bonvicini, Italy, Trieste
Avriella Cattai, CERN, CERN
Cristinel Diaconu, France, Marseille
Brian Foster, UK, Oxford

Liang Han, China, USTC

Dave Newbold, UK, RAL (chair)
Andreas Schopper, CERN, CERN
Abe Seiden, USA, UCSC

Laurent Serin, France, LAL

Steinar Stapnes, CERN, CERN
Roberto Tenchini, Italy, INFN

Ivan Villa Alvarez, Spain, Santader
Hitoshi Yamamoto, Japan, Tohoku

IAC: global renowned scientists and top laboratory or project leaders
who have ample experience in project management, planning, and execution of strategies, operating since 2015

IARC & IDRC: leading experts of this field, provide guide to the project director
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...Peter Higgs...

3/2/25



Particle Physics after the Higgs Discovery

SM is a complete and self-consistent theory after the Higgs discovery.
But it doesn’t accommodate dark matter and dark energy & New physics ?

Stand ardﬁodd

s

Dark matter and dark energy ~ 95%

Seminar@LLR
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Upgrade capability and added values

SR power per beam upgrade to 50 MW: High Luminosity (8E34 @ 240 GeV)

The center-of-mass energy can increase to 360 GeV: top quark data

Add a super proton-proton collider (SppC) with c.m.s >100 TeV

Expandability: High energy & high flux synchrotron light source provides
gamma-ray energy up to 300 MeV, critical for multi-disciplinary science

Boost the developments of multiple technologies:
Fast electronics, mechanics, vacuum, beam diagnostics, RF acceleration, cryogenic system, novel
magnets, high-accuracy power supplies, control systems, big data, automation and intelligence, etc

» Upgradable scenarios: compatibilities included in design and construction
» Upgrades in several highly valuable ways, bring up discovery power, lifetime spans > 5 decades

> Significant spillover effects on multidisciplinary sciences and applications

Seminar@LLR
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