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A Brief Historical Recall: High Energy Colliders

Year
Next?

(H,t, Z,W...Dark matter)

(B physics...)

2018

The era of Higgs
boson starts

Higgs boson 2012

W,Z bosons 1983

Bottom,...

CESR:/s = 10 GeV é |

ilab: k19
(J /W, c-quark, t ...) Fermilab: 400GeV p on Cu, Pt Bottom quark 1977
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% Physics Goals of CEPC-SppC

(91, 160, 240, 360 GeV)
— Higgs Factory (>1076 Higgs) :

Circular Electron-Positron Collider (CEPC) as a Higgs Factory

» Precision study of Higgs(mH, JPC, couplings), complementary to Linear colliders

» Looking for hints of new physics, Dark Matter...

—Z & W factory (>1070 Z0) :
* precision test of SM
* Rare decays ?

— Flavor factory: b, c, t and QCD studies
« Super proton-proton Collider(SppC)

(~100 TeV)
— Directly search for new physics beyond SM

— Precision test of SM

* e.g., h3 & h4 couplings
Precision measurement + Searches for new physics:
complementary with each other
(lepton and hadron colliders)
CEPC-SppCGeneral Status-J. Gao

CEPC-SppC was proposed
by Chinese scientists in Sept.
2012 after Higgs Boson was
discovered on July 4, 2012 at
CERN

Started from 2012, Human being
entered into the era of Higgs.

A new calendar of Science-
Anno Higg is proposed by J. Gao,
i.e. 2012AD=0AH. Year 2024AD
is also12AH

May 14, 2024, Petersburg Nuclear Physics Institute, Russia (zoom)
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Scientific Objectives: “Discovery + Precision Measurement”

Electroweak
measurement can be
improved by

a large factor

Higgs coupling Direct and indirect probe to new
rneasurement can be physics up to 10 TeV, an order of
improved by orders magntitude higher than HL-LHC
maghnititude

Elactroweoak Fit: & and T Oblique Parameters

Precesion of Higes conpling measurement | T-parameter Fit) ks :
& 15E Current (54%) §
8 LHCIO0 3000/ ! i i (53
®  CEPC 240 GeVoat 5.6 ab " wiwoHL-LHC D0r  improved Tz (52
E 0.05F
; = DN ¥
b
=
" =0 ¥
1~
-0.10¢
I -5k ]
Ky IR K K K, L L -0.15 -0.10 -0.05 0.00 0.05 010 015
' 5
= Ty i
Preclilon Higes physies st the CEPC 95% C.1L upper limit on selecied Higos Fxotic Decay BR
(TR R Rl Won Dand 0BT I, | e s {0 LTS ST N et i | Tomand o e P ' 1
s | g vrvwrm = b i ..l.u' A bmorvres 4w W By A ) i pan tangi ## u.u' .y (R L I LT (] "]-I”L
LR EE TR ) Vv Clemm 65 10N ) W unessimgy Chamel B8 by 00 ) Shunetomg ¥ lc FETTY) ¥ "I
Jiapia GMLEEE ™™ Jangy Cean B A RIT"  Gwm GusVET ™ Vs bl bRy Sl e b8 m UEPC (5.0ab )
[ ——— T T T Wi i o B Weamiguring (el B0 DT ™ ) g o N PR T w1 T B -1
LTI Y [ PPET R BT oben, it A0 iE10" Wiy By B S Bpranirta Neisisbrmaig Hrona s ida L 2 CEPC” {5 6ob
[ = 0 TR 4
T [ o
1 — — — o B s
Flaeu L LT T u
e
el HDQI Ewy Qen E) =
= |07
W ilng i ey n
(L o XF : 3
Clinese Phivsscs © Vol 43, Mis 4 201 %) 083002

Physics white papers published
and to be published

Mer (o) | 'Lffl"rfﬂf?? ! 'EPPF -":;..*-5-' .1;,-__*{'.1;;_.5.{*.1 fh.’-':l” fiee 0 i) 100 '“!rjrr” fre) 8 ()7 by



Key Scientific Issues and Technological Route

Design & Implementation
Detector Detector & Accelerator
—p

Particle Flow v’ Multi-purposed Acc.
New Physics High Precision J Hidh C Larit v gew conggp; De{.ector'
10 ranuLarity v" Cost, added values
(+) ’
~10 TeV ~1% v Good Resolution * v Spill-over
' v Reliable PID s
v Dark Matter <« Higgs: 12%‘@:51% < D b e e
v Extended Higgs v EW:0(10°-10°) v Management
v Composite Higgs ¥S cunnent v Collaboration
v Supersymmetry v Flavor .
High Lumi.
—> ~1034-36¢m-25-1 Accelerator
Operation mode Z W Higgs 2 IPS/ 100 km
Center-of-mass energy (GeV) 91 160 240 v Hi ggs: 20 ab! <=—p
Operation time (year) 2 1 10 v L 100 ab-? v Switchable Oper'at'i.ons
Instantaneous luminosity/IP (10**cm—2s71) 115 16.0 5.0 <¢--- v W: 6 ab1 v' Upgradability
Integrated luminosity (ab=2, 2 TPs) 60 3.6 12 v Top: 1 ab*? v Large Piwinski angle
Event yield (30 MW) 2.5 x 1012 1.0 x 108 2.5 x 10° with Crab-waist
Event yield (50 MW) A0 102 1ax108 40106 | e

Physics==) Detector == MDI==> Accelerator




Integrated

Lumi. per IP
Sl (10% crlr)rz s1) Lumi. Uiz) Total no. of

per year Integrated L events
(ab-L, 2 IPs) (ab™, 2 IPs)

Power
(MW)

6

S 10 50 8.3 2.2 21.6 4.3 x 10
30 5 1.3 13 2.6 x 10°
- o 50 192%** 50 100 4.1 x 102
30 [15%* 30 60 2.5 x 1012

50 26.7 6.9 6.9 2.1 x 108

= 1 30 16 4.2 4.2 1.3 x 108
6

- c 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.
CEPC-SppCGeneral Status-J. Gao May 14, 2024, Petersburg Nuclear Physics Institute, Russia (zoom) 7



The Global HEP Consensus on Higgs Factories

The scientific importance and strategical value of an electron positron Higgs factory is clearly identified worldwide

2013, 2016: Xiangshan Science Conferences concluded that the Exploring  Pathways to Innovation and Discovery in Particle Physics
. . . . . Chuantum :
CEPC is the best approach and a major historical opportunity Universe B S T L P rion el 202

for the national development of accelerator-based high-energy
physics program.

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

Japan nggs faCtOI'y

2020: An electron-positron Higgs factory is the highest-priority

next collider. For the longer term, the European particle physics o Recommendation 6
community has the ambition to operate a proton-proton collider at

the highest achievable energy. Accomplishing these compelling Cominch St S S b s ol s e
goals will require innovation and cutting-edge technology: it Seciiolis cnaentng an Al slore Higgs Tictary Sie expecied, andiol sigiicm

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 wvision in this report
should also be reviewed.

Tha paned would consider the following:

In April 2022, the International Committee for Future

1.The level and nature of US contribution in a specific Higgs factory inclueding an evaluation

. . f 1l hi I, J ish C ial inf 1 railaie,
Accelerators (ICFA) “reconfirmed the international consensus Aot ;s sm——n—
on the importance of a Higgs factory as the highest priority portfolcs.
- " f 1 . h . f 1 f . 1 h I Y) d 3.4 plan for the avolution of the Fermilab accelerator complex consistent with the longterm
or realizing the scientific goais o partlc € paysics, an vision In this report, which may commence construction in the event of a more favorable
. . budgel situation.
expressed support for the above-mentioned Higgs factory WREEREE

proposals PS5 report, USA, 2023



Timelines in Snowmass Energy Frontier Summary

9

: :r"m" “'I“"I'I”'; W onstruction/ Transformation
ectron collider :
B pjuon collider Preparation / R&D
2038 start p
E 5 ne: 50 Gay SO0 ey
5] Loask 2 ab! 4 ab™?
=
Al puninsl A0 m tunnel
- 2035 start physics
£ Cepl: s0/160/340 Gev
5 | 100km tunnal (TS

LHC HL-LHC (14TeV, 3 ab™")

(1367, 450 " |

| 2048 slart physics

= 100k tunnel, inssllation T ——— AmETalLEian
e [ FCC hh: 100 TeV = 30 ab™
L=
CLIC: 380 G&V
, hoiding 1.5 ab!
T ke tunnel 50 kerm tunnel
s EEasEEsTsnr EaralEsTEEET EEnralsTEEE aEnmEaEET aEErlEsEEE EEEREeEEE s
2020 2030 2040 2050 2060 2070 2080 2090
Proposals emerging from Snowmass 2021 for a US based collider
cce SO0 star physics
| = CCC: 250 GeV 550 GaV 1 TeV
H.'Ill'l. . B km tunnel 7 ah-l & ‘h-'l ) .b-!
RF upgrade
= Muon Collider e teit sibyaton
o i S—— e e— S Snowmass 2021
m & reuse Tevatnn iy F i *Iﬂi-l" Nole: P oty of
OR Q=G km ring 10k & 16.5 ki tannels 125 GeV or 1 TeV 3 Stage 1
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Luminosity [ 10%* cm?2s']

Complementarity between
Circular and Linear colliders

== FCC
-a— CEPC

-+ - CEPC-Upgrade
| —i— |[LC

-« - ILC-Upgrade
—+— CLIC
-4 - CLIC-Upgrade

+hadron collider




_Drasmipiieg dlng

CEPC collider ring (100km) CEPC booster ring (100km)
CEPC TDR S+C-band 30GeV linac injector

PSPAS: Positron source & pre-aceelerating section
Second accelerating section

ESBS: Electron source & bunching system
FAS:; First accelerating section SAS:
TAS: Third accelerating section

EBTL: Electron bypass transport line
EBTL [ ] = Damping ring
TAS

. PSPAS  SAS

1

2000 eV 1.1GeV 1.1GeW

ESBS FAS

5.5m

j11.1mm
L]
1L501.2m

1800.0m

BO0.9rm

CEPC-SppCGeneral Status-J. Gao May 14, 2024, Petersburg Nuclear Physics Institute, Russia (zoom)




CEPC Accelerator System Parameters in TDR

Linac Booster Collider
Parameter Symbol Unit Baseline o fftt - n ,H On o f:/V, 4 Higgs z w th
raxis O raxis f U axis .O. axis Off axis injection Number of IPs 2
injection | injection |injection| injection
Energy E,JE,, GeV 30 Circumfer. km 100 Circumference (km) 100.0
Injecti
rjectiof GeV 30 SR power per beam (MW) 30
Repetition 7 s 100 energy. —
rate rep Sl)l(etz(}:,tlon GeV 180 120 80 . Energy (GeV) 120 45.5 80 180
Bunch number 268 11934 1297 35
B‘;mh Lor2 Bunch number 35 268 [261+7] 1297 [ 3978 5967 - -
numboer per or ; [Emittance nm/pm 0.64/1.3 0.27/1.4 0.87/1.7 1.4/4.7
pulse Maximum nc | 099 | 07 |203| 073 | 08 | os1 & 5 (am/pmm)
bunch charge Beam size at IP g/ g(um/nm) 14/36 6/35 13/42 39/113
Bunch oC 1503) Beam current [ mA 0.11 094 | 098 [ 2.85 9.5 14.4
charge ' SR power MW | 093 | 094 | 1.66 | 094 | 0323 | 049 g:zf)h length (natural/total) 2341 | 2587 | 2549 | 2229
Energy Emittance nm 2.83 1.26 0.56 0.19
spread og 1.5X1073 RF frequency | GHz 13 Beam-beam parameters §/§ 0.015/0.11 |0.004/0.127]0.012/0.113] 0.071/0.1
RF voltage GV 9.7 2.17 0.87 0.46 |RF frequency (MHz) 650
Emittance 2 nm 6.5 Full injection 0.1 | 014 | 016 | 027 1.8 08 | [Luminosity per IP (10% em2 s)| 5.0 115 16 0.5
from empty
Transport lines ® @
) @
@ ® \N > CEPC Technical Design Report (TDR) includes:

\ ® Collider © 1) CEPC Accelerator TDR
180GeV Hump 2) CEPC Detector TDRrd (rd=reference design)
will be released by June 2025

Booster
30~180GeV

VYV VY

A\
V.

CEPC-SppCGeneral Status-J. Gao May 14, 2024, Petersburg Nuclear Physics Institute, Russia (zoom) 11



Machine Design for all Operation Modes 2

Beam-beam effect study

Goal Design

5.5 - - . - - -
bx*=ﬁ.3m. np=12e10*290bunches +——
5| S .

e+e- circular collider as a - Lattice optimization for all x g
. . . —’ . 4.5 ¢
hlgh lumi. HIggS factory energies T,
« Sufficient DA for all energies e S
=

Cgmpatlble operation for _» + Beam-beam & collective
nggsl W, Z and TOp |nStab|I|ty & TPE—— III.IEE CI.IST 0.58

I o Luminosit L Crab waist scheme with large BT
: o 1
16 | e
14 +—-\“" M 1
; 12 | +% e
Lattice for all energies Dynamlc_ A_per’fure 1} £ 5 ++f<- 1
(DA) optimization i o p vl
e e ; A T 054 055 056 057 058
-].f,: ! | Higgs: ex=0.64nm, f=0.30m/1mm || Requirement met Higgs (w/error): Ox
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ESBS: Electron source & bunching system

FAS: First accelerating section
EBTL: Electron bypass transport line

EBTL

P5PAS: Positron source & pre-accelerating section
545 Second accelerating section

TAS:  Third accelerating section

DR: Damping ring

TAS

ESBS FAS DAPSPAS  SAS
S0MeV 1 1Gev 4GeV 200MeV 1.1GeV 1.1GeV Eluclan
. 335.5m .
102.4m | 243.5m 805m  Jllim| 1163.4m
. : [Laml,
345.9m 1601.3m
” 1800.0m
| e-in linac — e+ in linac
TIL U AAAMMMAGM s =5 } |
i | 1117 R Jmum

L AAMAAUAAUUAAALA e

||||||

Parameter Symbol Unit Design value
Energy E GeV 30
Repetition rate fi Hz 100
Number of bunches per pulse ‘ 1 or2
Bunch charge nC 1.5
Energy spread O 1.5x1073
Emittance g, nm 6.5
Electron energy at target GeV 4
Electron bunch charge at targef] nC 10
Tunnel length L m 1800

Phase space @ SAS exit

.....

Linac energy increases to 30 GeV, with S+C band Accelerator;

Start-to-end simulations with errors have been conducted for both
electron/positron beams, with qualltles satls

4, 2024,

fying design re

guirements.

ics Institute, Russia (zoom)




CEPC plasma injector scheme:
From 10 GeV - 30 GeV - TR = 2

Witness

gdim

Simulation results show that it works on paper
with reasonable error tolerances for both electron [~ @@
and positron beams injected to the booster

- Beam Line 1: 150 Mey - [Mew) Section A
mpa - am

sl - -y el gl b

T I'1 e

|
P BRI SN R — 2 ———
g L L = =

= -
Beam Lins 13 2 Gay esfe- beam

I[“huxm Y -

v

Seclion L Cléan rodaim = 200m

- 4nC /12 nC
o 10GeV 30 GeV
—4 ; a3
| o n?® ,4nC
— PWFAIl ——
Target 30 GeV

CEPC IARC, 2022.06
Phase | {YearD-Year2)
1. Re-designand install transport bea

optimize the e- / e+ beam quali

installation200TW
. Beam instrumentajp

gCod FEL studies

I PWFA/LWFA TF based on BEPC-Il Linac and HPL has been founded by CAS 90M RMB in Sept. 2023 I




CEPC Polarization Studies (alternative option)

Compton
polarimeter

electron : ; Measurement ]

RITEE [EYETTFrr TN

electron |  Positron : = Key in dients\ z
SOUTCE  : uammng_fpmanzmgn y

Mitigation of Resonant
spin resonances Depolarization

Both the transverse and longitudinal polarization and Z, W, are feasible (Higgs under study)

Implement the lattice design to accommodate polarized beams: spin rotator,
wiggler, Compton polarimeters, dumping ring and booster design, etc.

R&D of Compton polarimeter, polarized electron sources, spin rotator, etc.
e Simulate the process and effects of errors
* Carry out experiments at BEPCII & HEPS booster

CEPC-SppCGeneral Status-J. Gao May 14, 2024, Petersburg Nuclear Physics Institute, Russia (zoom)
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CEPC Key Technology R&D Status in TDR

_ Accelerator | Fragion

Specification Met i/::ltl(l)l?;iiuredfj ‘/ Magnets 27.3%

&/ Vacuum 18.3%

":'l‘}f y RF power source 9.1%

Mmun_«w 4,/ Mechanics 7.6%

: g/ Magnet power supplies 7.0%

o/ SCRF 7.1%

‘/ Cryogenics 6.5%

J Linac and sources 5.5%

J Instrumentation 5.3%

J Control 2.4%

» i' By _ f Survey and alignment 2.4%
ol K AR L

f; "F : J Radiation protection 1.0%

l W SC magnets 0.4%

Key technology R&D in TDR spans all component lists in CEPC CDRl  Dampingring 0.2%

16




CEPC Booster 1.3 GHz 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-II1, SHINE LCLS-II-HE
Parameters .
results Higgs Spec Spec Spec
Average usable CW E, . . (MV/m) 23.1 3.0x10"° @ 2.7%x10"° @ 2.7%10"° @
Average Q, @ 21.8 MV/m 3.4%1010 21.8 MV/m 16 MV/m 20.8 MV/m

CEPC-SppCGeneral Status-J. Gao

May 14, 2024, Petersburg Nuclear Physics Institute, Russia (zoom)



CEPC R&D: 650 MHz SRF Cavities for collider

First three 2-cell cavities based mainly on Vertical test of 650 MHz 2-cell cavity
BCP shows reasonable performance 10" ;
I : 'll Afwm

Recent 1-cell cavity based on cold-EP and S “9=3=4=4 el o T

. . . &
Mid-temperature baking achieved the v,
world best results, exceeding CEPC spec. hl o
Continue to develop multi-cell cavities wem

"
N "
1u“:
G50S4 @ Mid-Thaking, ® Cold EP
B50S5: A Mid-T baking, A Cokl EP
¥y CEPC spec
20K

ml-! i i i L L I i
0 8 10 15 20 25 30 L 40 45
E.... (MIm)

Vertical test of 650 MHz 1-cell cavity

CEPC-SppCGeneral Status-J. Gao May 14, 2024, Petersburg Nuclear Physics Institute, Russia (zoom) 18




CEPC High Efficiency High Power Klystron
Development and RF Power Distribution System

Power Supply Modulator
Klystron No. 2 ek g all p i i p e

Efficiency 77%
(2021)

Klystron No. 3 (MB}
Efficiency 80.5%
(under fabrication)

Klystron No. 1
Efficiency 65% /
(2020) - \

Pulsed RF Mode (30% duty factor, 60ms/5Hz) 77.2% @849kW pulsed in 2024 To be tested in 2024

High Voltage vs. Power&Efficency

900 0.8 — ITMEYS-2 50 L = =
0t 3 e T 1D " il -

los
0.5
0.4
0.3
0.2
0.1

Fiussicy %)

i 8 0 & & b

60 70 B0~%— PowaodghW) ——f8(%) 110 120 Bligh Visliames (kW)
o e - e b L] - L

» Three prototypes of the 650MHz 800KW CW Kklystrons
are developed. The efficiency reaches 70%

« PSM is developed with the industrial collaboration

* REF tunnel distribution was planed

RF distribution plan Fups

CEPC-SppCGeneral Status-J. Gao May 14, 2024, Petersburg Nuclear Physics Institute, Russia (zoom) 19



R&D: Other Prototypes

20

Collider dipole
magnet

booster dipole magnet




SppC Collider Parameters in TDR

-Parameter list (updated Feb. 2022)

Main parameters
Circumference

Beam energy

Lorentz gamma

Dipole field

Dipole curvature radius

Arc filling factor

Total dipole magnet length
Arc length

Total straight section length
Energy gain factor in collider rings
Injection energy

Number of IPs

Revolution frequency
Revolution period

100
62.5
66631
20.00
104154
0.780
65442.0
83900
16100
19.53
3.20
2
3.00
3333

Physics performance and beam parameters

Initial luminosity per IP

Beta function at initial collision
Circulating beam current

Nominal beam-beam tune shift limit pes
Bunch separation

Bunch filling factor

Number of bunches

Bunch population

Accumulated particles per beam

CEPC-SppCGeneral Status-J. Gao

43E+34
0.5
0.19
0.015
25
0.756
10080
4.0E+10
4.0E+14

Lattice of SPPC

o SMCARE oA BNIITEATIY g . L
T T i "
m I, w “ “ m““ “ u | SppC is compatible
’ j with CEPC in
m 2 T | the same tunnel
m ; | |
m
TeV ' . A
kHz Whole ring - e with dipole
— dpip=
s W i o, —arder| | field of 20T
em”s” : B* =0.5m 500
m = 2 o
— g
A 30 $;’—< p -
ns e
- =&l =400 =20 "gI:a-x Fialil A0 &)
IP Dynamic Aperture

May 14, 2024, Petersburg Nuclear Physics Institute, Russia (zoom) 21



IBS Technology for High Field Magnets 2

Z. Zhao
IBS (T, 55K)
2008.02 2008.04
Discovery of IBS
H. Hosono
IBS (T, 26K)

O

2008.09

Discovery of
122 phase IBS

L
'fml:'
& . “2ls

100-m 7-core IBS tape
fabricated
J.=100 A/mm?
@10T,4.2K

2016

ihi - i

Tl
it

Ba, iy ek, _—- !—.

Parns

Ak

Sawmnz & i iy Srcighag & dramig. |

* IBSsolenoidat24 T
Racetrackat 8 T
J.=300 A/mm?

@10T,4.2K

R&D under way

IBS solenoid at 32 T
Racetrackat 10T
1.3 kA transposed
cable
J.>450 A/mm?
@10T,4.2K

2020 2022

J, of IBS expected to be similar as ReBCO in 2020s with better mechanical properties and lower cost,

ready for mass applications in ultra high field magnets



HF Magnet Development

16 T Model Dipole: Nb;Sn 12713 T + HTS 3~4 T;
14T has been reached, more test in 2024

eld (T)

B ~90% S5L | 1247 T @ 6865 A |

& aEEssrsaEsaEm, ad s
12 Tesla & i % e ] ‘""Bu Y/ Mb,Sn+HTS
. Pl
AR Ve 15T @ 4.2K
4

L
Pl B

LeFu e 2013

WYY Sope™
M
f'-! LPFI1-U test after 2*¢ thermal cycle: 6865 A& 1247 T@ 4.2 k

LPFI1-U first fest result: 6664 A& 12.15 T@ 4.2 k- 2*0 14 mm
LPF1-§ test resulf: 5507 4 & 10.71 T @ 4.2 k- 2%@ 12 mm
- LPFI1 test result: 5122 A& 10.23 T (@ 4.2 k- 2%0 10 mm

MNbTi+Mb,;5n
2%$10 aperture
10T @ 4.2K

NbSn+HTS or HTS
2*$45 aperture
20T @ 4.2K
With 10 fleld guality

10 .
e Challenges: Stress control, quench
DR oo et protection, field quality control,......
—— LPF1-U test after 2™ thermal cycle

A I 1 l i I A I i I. i I A I i . i I i I i I i I i I i l. i I i I i
0 10 20 30 40 50 €0 70 80 90 100 110 120 130 140 150 160 170 2018 2028 year

Training history

Dual aperture superconducting dipoles achieve 12T@4.2 K and 14T@4.2K
entirely fabricated in China. The next step is reaching 16-20T

Picture of LPF1-U

CEPC-SppCGeneral Status-J. Gao May 14, 2024, Petersburg Nuclear Physics Institute, Russia (zoom) 23



Chiihmiangesn st | Ehasgsna

r {Hl Ay ;_nf"f- sl "A"-.Tﬂ"f --!~"1-J¢.- . !.::1_!.__';-‘“ - ""‘_'?"'"E

I - | - ]
Klystron Gallery | Linac & BTL Tunnel Collider ring tunnel |
™ 7
L : ‘
Changsha f |
2 10 3 A% v
DEER PR R AR AL mEE R o 0 0 0 SRR L 17193
Q POIWERE UMK g, e L A T T POWERCHEN A [WCHa G AR DR ETHEDRID CORFORATI0N LIMITED

Changsha
I':;'--:- r P‘
>

L

Drill-blast tunnel [
(6.0m=5.0m) =

TBM tunnel
(D6.5m)

CEPC-SppCGeneral Status-J. Gao

May 14, 2024, Petersburg Nuclear Physics Institute, Russia (zoom) 24



Power Consumption of CEPC @ Higgs

Higgs 30MW Higgs S50MW
- System Collider|Booster| Linac | BTL | R :;f;:‘;; Total | Collider [Booster| Linac | BTL | IR :::;'i'z Total
1 |RF Power Source 9690 | 140 | 11.10 109.40 | 16160 | 173 | 14.10 177 .40
2  |Crygenic system 972 | 1.71 0.14 11.57 917 | 177 0.14 11.08
3 |Vacuum System 240 420 0.60 1020 5.40 420 0.60 10.20
4  |Magnet Power Supplies | 4450 | 980 | 250 | 1.10 | 0.30 58.20 4450 | 980 | 250 | 110 | 030 58.20
5  |Instrumentation 1.30 0.70 020 2.20 1.30 0.70 0.20 220
6 |Radiation Protection 0.30 0.10 0.40 0.30 0.10 040
7  |Control System 100 | 060 | 020 1.80 100 | 060 | 0.20 1.00
8 |Experimental devices 400 4.00 4.00 4.00
g [Utilities 37.80 320 180 0.60 1.20 44 60 46 40 380 2.50 0.60 1.20 54.50
10 |General services 720 030 | 020 | 0.20 | 1200 19.90 7.20 030 | 020 | 020 | 1200 | 19.90
Total 20412 | 2161 | 1680 | 190 | 584 | 1200 (?262.27 27687 | 2260 | 2050 | 190 | 584 | 1200(339.71)
Various measures will be studied and implemented towards a green collider, as discussed
in the Mini workshop of accelerator, Jan. 18-19, 2024, HKUST-IAS, Hong Kong
https://indico.cern.ch/event/1335278/timetable/?view=standard
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CEPC Accelerator International TDR Review and Cost Review
June 12-16, and Sept. 11-15, 2023, in HKUST-IAS, Hong Kong

Tahle 1212 CEPC project cost breakdown, (Umat: DO D0 00 vuan)

| Twinl | Afd | (L[
: Frojel man gemen | 6] | 8%
= Mocelemtion [EL1] 5%
l"lI Fi _-: _IIZ|1nl.|."||I|-I||||lIul.'1E|l|n.'- | [I_:!I ] Z_H".
Crannrna-ray benm lines i 8%
ARl NN Eicomen ' 10 ' L1
B o o B8 = 1 I“ Il(I' | EXperments | | 0
; ( 4 Contingency (%] 27 T4%

(2l =¥ge ) S48 ; : -
Techwical Design Report
Accelerator ¥ Project managemant
o Accelerator

» Convantional facilithes

H Gamma-ray Sources

= Expariments
CEPC Accelerator TDR Review

u Contingancy
June 12-16, 2023, Hong Kong

Distribution of CEPC Project total TDR
cost of 36.4B RMB

CEPC accelerator TDR has been completed and
AL R o formally released on December 25, 2023
9th CEPC IAC 2023 Meeting CEPC accelerator TDR link: (arXiv: 2312.14363)
Oct. 30-31, 2023, IHEP CEPC accelerator TDR releasing news:
http://english.ihep.cas.cn/nw/han/y23/202312/t20231229 654555.html

Domestic Civil Engineering
Cost Review, June 26, 2023, IHEP
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CEPC Accelerator TDR International Reviews
and CEPC IAC Meeting Endorsement

27

June 12-16, 2023, in HKUST-IAS, Hong Kong Chaired by Frank Zimmermann

Phase 1 CEPC TDR Review Report

CEPC TDR Technical Review Committee
15 July 2023

The CEPC Study Group, hosted by the Institute of High Energy Physics (IHEP), has been working on the
design and development of a forefront e™e™ collider as a Higgs factory that can extend to energies corresponding
to the Z, WW and the top-quark pairs, with the upgrade potential to a high-energy pp collider. The CEPC
represents a “grand plan” proposed, studied, and to be constructed by Chinese scientists in close collaboration
with international partners. Since the release of the CEPC Conceptual Design Report in 2018, the CEPC Study
Group has devoted significant effort to the design optimisation, the R&D of key technologies and the study of
the technical systems of the CEPC.

The CEPC Study Group has produced a draft Technical Design Report (TDR). The International Review
Committee, chaired by Dr. Frank Zimmermann (CERN), was asked to conduct a first phase review of this TDR
draft. This first phase review shall cover all but the cost and site aspects of the CEPC.

The Phase 1 CEPC TDR Review Committee meeting was held in person at HKUST from 12 to 16 June
2023.

https://indico.ithep.ac.cn/event/19262/timetable/

Sept. 11-15, 2023, in HKUST-IAS, Hong Kong Chaired by Loinid Rivkin

CEPC Accelerator TDR Cost Review

The CEPC Accelerator TDR Cost Rewiew committee examined the cost estimate of the TOR of
accelerator systems for the first stage of the CEPC project operated as a Higgs factory with
synchrotron radiation power up to 30 MW per beam (including all infrastructure that is not easily
upgradeable and is already designed to operate up to the ttbar energy and at 50 MW}, The cost
astimate under review does not include the civil enginesring, the detectors at the IPs with their
technical services, and the central computing services.

In the opinion of the committee the cost estimate presented is sufficiently complete to form a
praper basis for the next iteration that will be done during the EDR stage

https://indico.1thep.ac.cn/event/19262/timetable/

Oct. 30-31, 2023, in IHEP Chaired by Brian Foster

The Ninth Meeting of the CEPC-SppC
International Advisory Committee

[AC Commitree
M. E. Biavini, ¥.-H. Chang. A, Cohen.
M. Duwvier, M. Demartean. B, Foster (Clair).
BB. Heitnemann, K. Jakabs, L. Linssen.
L. Maiaui, ML, Mangano, T, Nakada, S, Stapnes,
G, . Tavlor. A Yaumamoto, H. Zhao

=)

November 14th, 2023

The IAC also supports another key conelusion in the TDR Review Report,
that the aceelerator team is well prepared to enter the EDR phase.

-The IAC also support another conclusion in the TDR
Review Report that the accelerator team is well prepared
to enter the EDR phase .

https://indico.ihep.ac.cn/event/20107




CEPC Engineering Design Report (EDR) Goal

2012.9 2015.3 2018.11 2023.10 2025 2027 15" five year plan

CEPC proposed  Pre-CDR CDR TDR CEPC Proposal EDR Start of construction
CEPC Detector

reference design
CEPC EDR Phase General Goal: 2024-2027

After completion CEPC accelerator TDR in 2023, CEPC accelerator will enter into the
Engineering Design Report (EDR) phase (2024-2027), which is also the preparation phase
with the aim for CEPC proposal to be presented to and selected by Chinese government
around 2025 for the construction start during the ”15th five year plan (2026-2030)” (for
example, around 2027) and completion around 2035 (the end of the 16th five year plan).

CEPC EDR includes accelerator and detector (TDRrd)
CEPC detector TDR reference design (rd) will be released by June 30, 2025

CEPC Accelerator EDR Phase goals, scope and the working plan (preliminary) of 35 WGs
summarized ina documents of 20 pages to be reviewed by IARC in 2024

CEPC-SppCGeneral Status-J. Gao May 14, 2024, Petersburg Nuclear Physics Institute, Russia (zoom) 28



Some Key Issues in EDR (examples)-1

29

xﬁ CEPC Accelerator Main EDR Development: SRF

The collider Higgs mode for 30 MW SR power per beam will use 32 umits of 11 m-leng collider cryomodules will
coniain six 650 MHz 2-cell cavities. and therefoee, o full size 630 MHz crvomodube will be developed in EDR

~ ~ CEPC Magnets’ Automatic Production Lines in EDR

To reduce the fabrication cost of the magnets of CEPC, automatic magnet
production lines will be demonstrated in EDR and wsed during construction

Comceplual desizm type-1
{Collider nng mugnet)

Conceptual design tvpe-I (Booster

mirgnel) ‘

Jan-Sepr 2024 1+ Complete the CEPC hooster magnet automatic fbrication facility
desiym

Ot J024-Jun, 2025; Lomplete the small scale demonstration facelity for booster iron
core rheicatson,

\.9 CEPC Accelerator Main EDR Development: Klystrons

Pammeters Walue

Frepeency LA MI
ok il Parar BRI
- | Putsed wideh 158
";“';" I..n.l.u...:|...- | Aepetition rate §dIHy

Puland BF Mot {30% duty Facior, Blmmisia) — :::h* i A
igh Wnkago ve. FoewaEMcanoy . | Eicizncy ATH

- T <) ¥ Il hanawaith TEMHE
= “ s voitage 420k
- B current anaa
I'-.. e —a Foonusng Seld [FLE ]

CEPC eollidher ring 6500 Hz Klystron development in TDR phase C Banid STINMH: BOMW Khstrom
- l H"H; "".’,.me P = R

"..-”""' b = LV Vi
: ' =t _-_ € hanid STIIM Hz HERW

TN e Paim i = 39 & _ Klystran desigm progress

Hars bdtags = dlAY
Fermages = AW P

“.’Q Massive Production Line of NEG Coating Vacuum Chambers in EDR

The coating device A: Vacoum chambers are conected i parallel to & groups, cach group of vacuum chambars
Lenigth slwould be bower than 3.5m. owler dinmeter w5 about 0.4 m;

Thee coatiiig device B Antechamber are conpected 1n parallel 1o 4 groupe, vach group of vacuun clumberd length
should e lower than 1.5m, due 1o its discharpe difTiculi

Tt setups of NEG coatig have been built for vacuum pipes of HEPS at IHEP Lab. Avd o kot of test vscunm pipes
havie been couted, which shows that NEG film has good sdhesion and thickness dastribulion.

In EIMR phose s dedicoled CEMC NEG coated vecoum chamber prodection Fine is planned




Some Key Issues in EDR (examples)-2 .

- CEPC MDI in EDR

Detector dummy coil
development

More detailed works on MDI need to be done in EDR together with
Sdetector group: Background, Be plpe, RVC, Integration, allgnment, mechanks,...

Lwh dl:ﬂ'l:tlw ht‘fﬂr‘(' varum coil alter vacuum epaKy
impregnation imgregnation

~» CEPC Alignment and Installation Plan in EDR <> CEPC Tunnel Mockup for Installation in EDR

= Aligrment accuracy requirement Companent §~———mwaa — - i
Cuirgienices A jmmi | Ay jmm) | AR fread) Fro-algrmont
ppe: | W) eig ) S
A Catnimla [N LN LT win
IR Chaadeaprde el LORET] nin
| Seatupnle (TS wire | o

1o kemes B besed ol geneed

GPE receyar Surdnce Conbgl ""“-,\‘
it b — -

e
il L e R sl . <8, - Wil Centrod Peint
._9 castpolrrl 'l,.f _\II ".I 1 2
N T A
| EXEES ' | o = .
: | g ),' ‘ l Ground Contral Paint kL
\\\\h‘\_,_/-’/ / .!a-"l'. A, 'I"“"‘:‘E, h 1 1 .
,_,__,-r’f A -;;.;ﬁf:;'::_.‘ s 1 i < Collider ring. magnets supponts

Backbane Gontrod network * Tunnal Contral natwork A6l m long tunnel mockup. inclsding parts of ure section and part of BF section
[abet ine 3im: long ling iHim) finiervad of £ meiers )

To demonstrate the Inside tunnel alignment and instaliation, especially for booster Installation on the roof of the tunnel



CEPC Accelerator IARC Meetings in TDR and EDR

International Accelerator Review Committee (IARC) under IAC

The 2018 CEPC International Accelersor Review Committee

— IARC chair: Katsunobu Oide from 2019-2020
e iR IARC chair: Marica Biagini from 2020-now
The 2021 CEPC International Accelerator Review
Committee

Tha reiow modt Review Report
Cioglar Eiectron
Commities (WRC
|MER} sassions of M&jl' 19., 2021
e o 2021 Second CEPC TARC Meeting
even i oof alrea
[ LARC Clorminit bes
g The. CEPC Inier Cictober 200h, 2021
Th due o the Covid
i LARC meeting.
hek e I.'i.::'||:_'.r Electron [esitreny € 2'}22 Fil‘.‘ji (ZE:F.C1 ]..l'i.ﬂ(‘ I't[&.'iﬂl,iug NOV. 2019:

Z::enﬁ;mrzmé {I I‘ II'..'I*[L:I“I fI]'T:T" X ';-'HII-'I-E-'--:-I:-:::: IARC Committe May, 2021: https://indico.ihep.ac.cn/event/ 14295

T the [ Tty in A j g . " i

Acadermy of SC iurpaticmal Advisory Committee (LA fune 17, 2022 October, 2021: https://indico.ihep.ac.cn/event/15177|

accelerator in 2 |‘i-'|n-|l -_illl'::. phnse for the CEPC a

smsned g fer iadtuie B el T Colar Eletron Prnrns Collile (CEPC) and Supee Protca-Proton June, 2022: https://indico.ihep.ac.cn/event/16801/

All TARC reports (2019- 2022) on TAC2022 Meetmg Indico: Jan. 2024: preparation zoom meeting
https://indico.ihep.ac.cn/event/1 7996/page/ 1415-materials Sept. 2024: first extended IARC meeting in EDR phase

e SR B s Y U i e S e After the completion of CEPC CDR in Nov. 2018,
As required by IAC extended TARC will review the CEPC | | since the first CEPC IARC meeting in 2019, there has
accelerator progresses on the EDR in September 16-18, 2024 | | been totally 4 TARC meetings till 2022, with each

o i omn ot o e meeting a carefully written IARC report, which are
e i' e ._. . I. S : :'ai::'!"'“'“‘j'.:...-I"'ll"‘ﬂ;l very helpful for CEPC accelerator in TDR phase and
Qe e e beyond.
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CEPC Detector R&D Status .

> Lots of R&D benefitted from past experience Vertex detector R & D ( 3- 5 ym reso.)

» Silicon strip detector: Experience from ATLAS upgrade = i

> Drift chamber: Lots of Experience from BESIII = . =

» Super-conducting magnet: Experience from BESIII = & .
> New R&D on key technology = g "*1

> Vertex detector CEPC Detector TDRrd T F N

{04 000 002 001 0 60 D0F 003 oo
W™

» TPC drift chamber

rd=reference design
> PFA calorimeter ( 9 )

will be released in June, 2025 | TPC prototype
(low power

electronics)

Sub-detector Specification Requirement World-class level CEPC prototype

WALA V] FN MG Core Heand

Pixel detector Spatial resolution ~ 33 d—=>50pum [12,13] d=D0pm | 14-16]

TPC/drift chamber | dE/dx (dN/dx) resolution | ~ 2% ~ 4% [17. 18] w45 [19-21]
Provtotype built

Scintillator-W Energy resolution < 18%//E(GeV)| 12.5% [22] o be measured

M Prototype Manufactured
4
4
&

ECal Graniilarity ~2 % 2em? (1.5 % 0.5 em?

Prototyping [25]

of Densl ECal | EMenergy resolution | ~ 3% /yE(GeV) | 20/E(GeV) [23,24) | ~ 3%/ /E(GeV) 4,5 prototypes, 15* years of R&D, all [to be] tested
3D Granularity ~ 3w P omd MNIA e P x D em? . _— . . -
Scintillator-Steel Support PEA, Prototyping E'w ECAL mm"} mw m m sm
& Heul Single hadron oo < 605/ E(GeV)| 576/ VE(GeV)% [26]
Scimtillating Support PEA Prototy ping
4 glass HCal Single hadron o ~ 40%//E(GeV)| N/A ~ 40% [/ E(GeV]
& Low-mass Magnet field strength 2T—-3T 1 T —4T[27-29] Pronotyping
Solenoid magnet Thickness = 150 mm = 270 mun 0.5%0,5 cm? 0.003=0,003 em? 0,5=4,5 cm? 3x3 cm? 1=l¢c

=15 (=30) Silayers = 24 MIMOSA layers 30 Scinl+SiPM lay.  x 38 Scint+SIPM lay.  x 48 layérs GRPC
+W +W +S§ +5§ + 88



CEPC Detector Technology R&D Breakdown
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Technology

Technology

Pixel Vertex

JadePix

TaichuPix
CPV(SOI)

Stitching

Arcadia

Q
o
o
-
Q
=
Q
e
-

CEPCPix

Silicon Strip

TP

Drift chamber

Calorimeter

Crystal ECAL

Stereo Crystal ECAL

Scint+W ECAL

Si+W ECAL

Large number of detector R&D projects
on-going:

Not all at the same level of maturity, some have reach
the large-scale prototype level.

Scint+Fe AHCAL

ScintGlass AHCAL

RPC SDHCAL

MPGD SDHCAL

DR Calorimeter

Need to converge soon to a CEPC Detector TDR
reference:

» Start preparation in January of 2024
* A draft version by  December, 2024
e Official release by June 30, 2025.

PID drift chamber

LGAD ToF

Lumi

SiTrk+Crystal ECAL

Scintillation Bar

RPC

H-Rwell

SiTrk+SiW ECAL

CEPC SW

HTS / LTS Magnet

MDI & Integration

TDAQ

International detector collaborative efforts:
DRD collaborations

HL-LHC detector R&D’s, help preparing teams for
the CEPC detectors.



The 4t Conceptual Detector towards a Reference Design .,

Advantage: Cost efficient, high density HTS Solenoid Magnet (3T / 2T )

Scintillator Glass Between HCAL & ECAL, or inside HCAL

PFA HCAL Challenges: Light yield, transparency,
radiation hardness, massive production

Advantage: HCAL absorbers act as part of the magnet return yoke.

Challenges: Thin enough not to affect the jet resolution; Stability.

P Transverse Crystal bar ECAL

Advantage: Better %y reconstruction

Challenges: Minimum number of readout channels;
Compatible with PFA calorimeter; Maintain good jet resolution.

A Drift chamber
optimized for PID

Advantage: Work at high luminosity Z runs

Challenges: Sufficient PID power; Thin enough not to affect

\/ the moment resolution; Need supplementary ToF detector

Muon+Yoke  SiTracker  SjVertex
w/TOF outer layer



CEPC Detector: Idea of the “4th Concept”
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AU. 105 (GeV)

Requirements

boson mass
resolution

(BMR ~3%)

0.07

0.06

0.05

0.041
0,03k

0.021-

0.01

(240 Gav)
_—"-n-----l..l..... ._
- CEPC [ ]zz — vvof (ud) Cleaned
C [ Jww — pvgg (udd Cleaned —
[ |2H — vvgg Cleaned

|

60 80 100 120 140 160
m (GeV)

—>

Challenges |||l e i
» Support Particle flow with
» High granularity e
» High precision | L e _ ‘ e
Novel detector design E— --
based on PFA calorimeter E e =
to improve the BMR from il E
4% to 3% \
Detector Key parameter World level 4t concept
PFA based EM shower ~20%/NE <3%/\E
EM calorimeter E resolution
PFA based Single hadronE~ ~50%/\E  ~40%/\E
Hadron calorimeter resolution

Silicon combined with gaseous chamber as the tracker and PID
ECAL based on crystals with timing for 3D shower profile for PFA andEM energy
Scintillation glass HCAL for better hadron sampling and energy resolution




R&D: Vertex Detector and Tracker .

Zlayers / ladder  R,~16 mm Goal: oflP} - 5 pm for high P track Eﬁ%ﬁ:ﬁ‘?ﬁ:&:ﬁ?ﬁﬁ?ﬁﬁ;? Full vertex detector prototype (TaichuPix-3, JadePix-3) has TE at DESY in Dec. 2022.
COR design specifications TS 180 nm HV-EMOS U TEST BEAM
«  Single podnt resolution - Ipm
*  Low material [0.18% %,/ layer) g |
v Low power (< 80 mWizm?) By, A

Radiation hard [1 Mradiyear)

Silicon pixel sensor develops in 5 series: ,,f:,x" L
JadePix, TaichuPix, CPV, Arcadia, CEPCPIx ©

& =|:|7 Q:f_“! ey,

s QR R T
’,.rn‘"i T N Gk
1 DESYN ™

 taymrs of hic
map e Fina

i Telescope . .
W (G layers |

; . A -
= 2 Arcadia by ltalian groups = N : E
JadePln-3 Pl size ~16.23 um’? TaichuPix-3, FS 25«1 5om?  CPVA(B0L3D) 84.8damay  for IDEA veriex detector jrcs | Hitmap of 4 GeV e*/e beam
- 2525 pm? pixal sira =21:17 um* piel size LFaundry 110 nm CMOS [ [ ) - I

Vi eg-Laare EROwm L% panecss
Ressduibnn 2 meicrens, S5mVy et

pedbddiiidedd dhi
Goal: 30 K separation up to ~20 GeVic. A DC between Baseline main tracker MOST 1 {IHEP+THU)
Cluster counting method, or diide, measures the 2 outer layens a{r=pj =100 jum
nTibar of primany ionizatan . 65 nm CMOS ASIC &
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finding sigorthm development.

i+ Powar < 2.5 mWich »

Hi'm 3epergtion. vy momentum =50 §

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

it .1,: i | - Chaltenge: lon backflow (IBF) affects the resclution.
: B d ! It can be corrected by a laser calibration at low
i ke B . luminosity, but difficult at high luminesity Z-pole.
g IEERR: - | [ — T =
1 | r " = 3 = |3 =
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IHEP and Btalian INFN groups have cose collaboration and regular meetings.,
IHEP joined the TB {led by INFMN group) in 2021 and 2022

< 100 pm for deift length of 2Tem



R&D: Calorimeters with PFA

Crystal ECAL . ~3%
Y _ Energy resolution \/EO D ~1%

Features:
» Good energy resolution

» 3D shower info. with limited readout channel
» Shower separation <4 cm

Main issues for R&D

» Jet reconstruction and PFA algorithm

Scintillation Glass HCAL Energy resolution ~40%/ \E £~ 2%
(RCITHIT
E e Gsarun i S Features:
R "Rt e . » Large sampling ratio at low cost
% e _-m'...ua L 4 Hﬁ_’ Main issues fOl' R&D
" | g > high density, high light yield,
E ool et 8 o of b radiation hardness, production
::I ; \Ff):.:\tﬁn.h
T

Density (g/cm™)




CEPC Sub-detectors with Beam Tests

38

Test beam @ DESY

« 20d tag 'hu-\:m April 11-23 2023 DESY test beam in Germany (4-6 GeV electron)
stbeam

2 Y test beam in Germany (4-6 GeV electron)

» TaichuPix Beam Telescope testbea

2022 DESY test _ 2023 DESY test

- Successful beamtast ot CERM 5P5 HE, Oct-Nov, 2022
= High energy particle baarms: muans, positrons and hodions (10 - 180 GeW)
SuMtarad Trorm Bedrm purily Bae o pion and posilron Baams

« Bearntest campaigns
« First period (16 days): CERM SPS-H2 in Apr. - May 2023
» Second period (15 days): CERMN P3-TO? in May 2023

« Doba sets: significantly improved beam purity than 2022

» Collected decent stafistics, enabling detector perffarmance evaluotion, validation
of Geantd simulation, particle-flow studies, etc.

* Achieved major goals
= Commissioning of the first crystal module
+ Validation of simulation and digitization




ECFA DRD Proposals From Chinese Institutes/Universities |,

@ Not all information are available. There could be small errors in the table.

DRD Themes Proposals Institutes People
1 Gaseous detectors 7 (DD) IHEP, USTC, SJTU, JLU, SIAT, THU, WHU 46
2 Liquid detectors 2 (PA) IHEP 7
3 Solid state detectors 4 (HJ) SCNU, SDU, SJTU, THU 10
4 PID and photo detectors 3 (HJ) IHEP, Henan NU, SDU 11
5 Quantum & emerging tech 2 (HJ) SDU, THU 7
6 Calorimetry 6 (PA) IHEP, SDU, SCNU, PKU 37
7 Electronics 3 (HJ) IHEP, SDU, SJTU 5
8 Integration 3 (HJ) IHEP 8
Total 30 11 institutes 131

The total funding, already allocated or wished for, is ~50 MCNY

Many of the CEPC ongoing R&Ds are in this list. Some may be missing. We will go through all
directly related projects and make sure that all necessary ones have proper collaboration.



CEPC Evolution Milestones

Year 2012 2013 2015 2017 2018 2023 2025 2027 2030 2035

A

Proposal (2025) for CEPC entering 15" five year plan

36.4B RMB
total

Accumulated investment

Investment per year
CEPC kickoff meeting in Sept. 2013

Investments

EDR is the critical path
towards CEPC construction ~2B RMB/year
starting around 2027
>  Year
2012.9 2013.9 2015.3 2017.4 2018.11 2023.12 2024 ~ 2027 ~2035
CEPC proposed Pre-CDR Progress report CDR TDR EDR start of construction = Completion

CEPC-SppCGeneral Status-J. Gao May 14, 2024, Petersburg Nuclear Physics Institute, Russia (zoom) 40



CEPC Planning and Schedule

TDR (2023), EDR(2027), start of construction (2027-8)

CEPC Project Timeline 2092 20231 2024 2025 2026 2027 008 2029 2030 2031 2032 2031 2034 2035 2036 2037

Technical Diesign Report (TOR) 1 Sth FY 1 6th FY

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

Accelerator

Civil enginearing, CAMpus consiruction

Construction and installation of accelaraior

Mew detectar system design &
Technical Design Report (TDR)

D#tector construction, installation &
joint commissioning with accalaralor

Detector

Expariments operatian

Further strengthan international cooperation in the
fited of Physics, datectar and coflidar design

Sign formal agreements, establish at least two
international expenmant collaborations, finalize
datails of International contribubions in accalerator

International
Cooperation

CEPC-SppCGeneral Status-J. Gao May 14, 2024, Petersburg Nuclear Physics Institute, Russia (zoom)
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CEPC Site Implementation and Construction Plans

CEPC site implementation plan in EDR CEPC construction plan

o A o R R R AT L
bz iotenaseso A e < > In-depth study of the Zhejiang Huzhou Site

Implementation Planning before Construction 3. Analysis ﬂf tnemnrtln Plan
245310[12|1.1531912245531n1224ﬁi51ﬂ-12i :
Site Bedation _ Site salection repc:rt

LRI AT o L)

IMyear | 2Myear | 3%year A" year 5™ year 6™ year Tyear | B"year

Topographic Surveying,

Inlhal uwhchm;ll investigations i
Project Proposal ; $ e e ! .
—— Preject Progosal ! | ' | a | a n m £ o et Total duration of CEPC project: 96 months

-—.—l Tmlmphlc Eurmmr " | Preparatory construction period: 14 month :
! R PRGBS MG fa S0k ® Civil construction duration: 52 months

i : SpeﬂIT v 5 .
Feasibity Study : o i | = . - S \ ® EM equipment installation: 48 maonths
| Eaasibility 2 reparation peri months
| i R | ‘ 7 ¥ ® Overlap period: 15 months
o ; = : ﬁﬁmmm ® Total duration: 96 months
Pr,'_ll_"-l'"_nary- ﬂefngn T ' I : ! _
! | —— : i Preliminary Damng Main ring tunne ‘ g s 3
- e Do I excavation and support: Main ring tunnel lining and grouting: 18 months
Tender Design | | } , = == 30 months
Fud e | | T-nd-ra-ﬂnwm — ‘
SHaT o Constriction Civil construction completion period: 1 month § ()
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CEPC Project Development towards construction

 TDR has been completed (review + revision) to be formally released on Dec. 25, 2023.

« CAS is planning for the 15t 5-years 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 the 8 groups (fields).

« CEPC is ranked No. 1, with the smallest uncertainties, by every evaluation committee
both domestic and international one among all the collected proposals.

A final report has been submitted to CAS for consideration.

« The above mentioned actual process is within CAS and the following national selection
process will be decisive.

100
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92.7 +2.0

75
70
65
60
55
50

CEPC PandaX-xT BISOL LCGS@SHINE HENT

mmmm Domestic senior . HEP. Asso. s Nuclear Asso. IAC —@- Average
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Participating and Potential Collaborating
Companies in China and 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}'vey and
alignment
11 Radiati'on
protection
12 | e-et+Sources

CEPC-SppCGeneral Status-J. Gao

CEPC Industrial Promotion Consortium
(CIPC, established in Nov. 2017)
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CEPC International Collaboration-1

45

CEPC attracts significant International
participation and collaborations

Accelerator TDR report: 1114 authors from 278
institutes ( including 159 International Institutes, 38

countries ) arXiv_2312.14363

ERLERE DR IETRY

MEP-AC-28TR1

Technical Design Report . L
s S v 5 'l'l

i s ¢

AR B 1 e Bl L el e o
ryvyy g 4 1) s

Acrederator

¥

December 2023

* More than 20 MoUs have been signed with
international institutions and universities

« CEPC International Workshop since 2014

« EU-US versions of CEPC WS since 2018

« Annual working month at HKUST-IAS (mini
workshops and HEP conference) since 2015

CEPC CDR Released (2018.11)

CEPC
Conceptunl Design Report

arXiv: 180900283

CEPC
Conceptual Design Repart

arXiv: 1811,10545

0= I h&ﬁ%ﬁ_&r_ﬁlﬁ:ﬂﬁnﬁi_iﬂﬁp. Beijingl "
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CEPC International Collaboration-2

- L

The first CEPC-SppC international CoIIat.)'oration Workshop  workshop on the Circuar Electron Positron Collider-EU edition  3rd CEPC IAC, Nov 8-9, 2017,
. NO'V 6_.8’ 2017, HEP, Bejing May 24-26, 2018, Universita degli Studi Roma Tre, Rome, Italy IHEP, Beijing
http.//1nd1c0.1hep.ac.cn/event/6618 https://agenda.infn.it/conferenceDisplay.py?ovw=True&confld=14816

More than
20 MoUs
e .,a.-”ﬂ{,‘wm btasdos, s o P e A | have been
"y r' S A R i B signed with
' | T O A international
institutions

= K CEPC Workshop, University of Chicago , an_d .
CEPC Workshop EU, 2019 Sep 2019 Oxford,UK September 16-18, 2019 universities

o |
High Eneragy Physms :

B - 26 Jan 2018

http://cepc.uchicago.edu/

https://agenda.infn.it/conferenceDisplay.py?ovw=True&confld=14816

IAS Higgh Energy Physics Workshop
(Since 2015 CEPC Workshop, he Catholic University of America,
http://iasprogram.ust.hk)hep/2018 22-23 April 2020, Washingtong, USA (online)
https://indico.cern.ch/event/863751/
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CEPC International Collaboration-3

The 2023 International Workshop on Circular The 2023 international worksho
HKIAS23 HEP Conference Electron Positron Collider, EUEdition,University on the high energy Circular P
Feb. 14-16, 2023 of Edinburgh, July 3-6, 2023

Electron Positron Collider (CEPC)

T https://indico.ph.ed.ac.uk/event/259/overview
hitps://indico.cern.chjevent/1215937/ https://indico.ihep.ac.cn/event/19316/

= | et i
Hiaoh Enerav Phyvsies & __

lfehrruargur g 163 _20_23

Fabrsary Td = 15 J073

IAS PROGRAM

Thea0as 1nturnatllnrul Werkshap on the Clreular
 Elgctian Posstran Collider, European Edition
\niversity of Edinburgh 3-8 Juty 2025

The 2024 international workshop of CEPC, EU-Edition
were held in Marseille, France, April 8-11, 2024.
https://indico.in2p3.fr/event/20053/overview

3 PPl E e

7

£y

The 2024 HKUST IAS Mini workshop and conference were The 2024 international workshop
held from Jan. 18-19, and Jan. 22-25, 2024, respectively. on the high energy Circular
https://indico.cern.ch/event/1335278/timetable/?view=standard Electron Positron Collider (CEPC)

will be held from Oct. 23-27, 2024, S i
Hangzhou, China ‘

. . — . Professor Peter Higgs passed away
CEPC-SppCGeneral Status-J. Gao May 14, 2024, Petersburg Nuclear Physics Institute, Russia (zoom) on April 8, 2024. We miss him.




CEPC in Synergy with other Accelerator Projects in China |,

Project name Machine type Location Cost (B RMB) Completion time
CEPC Higgs factory Led by IHEP, China 36.4 (where Around 2035 (starting time
Upto ttar energy accelerator 19) around 2027)
BEPCII-U ete-collider 2.8GeV/beam IHEP (Beijing) 0.15 2025
HEPS 4th generation light source of 6GeV IHEP (Huanrou) 5 2025
SAPS 4th generation light source of 3.5GeV IHEP (Dongguan) 3 2031 (in R&D, to be
approved)
HALF 4th generation light source of 2.2GeV USTC (Hefei) 2.8 2028
SHINE Hard XFEL of 8GeV Shanghai-Tech Univ., SARI and 10 2027
SIOM of CAS (Shanghai)
S3XFEL S3XFEL of 2.5GeV Shenzhen IASF 114 2031
DALS FEL of 1GeV Dalian DICP - (in R&D, to be approved, )
HIAF High Intensity heavy ion Accelerator Facility | IMP, Huizhou 2.8 2025
CIADS Nuclear waste transmutation IMP, Huizhou 4 2027
CSNS-1I Spallation Neutron source proton injector of | IHEP, Dongguan 29 2029

300MeV

| The total cost of the accelerator projects under construction:39B RMB more than CEPC cost of 36.4B RMB|




Summary

* CEPC addressed most pressing & critical science problems in particle
physics

* Accelerator design and technology R&D are reaching maturity, TDR
completed in 2023, ready for construction in 3-5 years

* Reference detector TDR under preparation, to be completed by 2025
for the proposal of the 15t 5-year plan
* Astrong and experienced team, backed by IHEP and international teams

 Schedule will follow China’s 15t 5-year plan, Call for collaboration and
proposals once CEPC is (preliminary) approved

* Continue to work with government and funding agencies to get support

* International collaborations are mostly welcome.
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