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D. Wang et a/ 2022 JINST 17 P10018

® (Circular collider: Higher luminosity with crabwaist collision of double ring

100km circumference: Optimum total cost

Shared tunnel: Compatible design for CEPC and SppC
Switchable operation: Higgs, W/Z, ttbar

High energy gamma ray application: (100keV~100MeV)
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Common tunnel for
booster/collider & SppC
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ESBS: Electron source & bunching system PSPAS: Positron source & pre-accelerating section
FAS: First accelerating section SAS: Second accelerating section
EBTL: Electron bypass transport line TAS: Third accelerating section

EBTL DR: Damping ring
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CEPC TDR Parameters

Higgs | z I W | ‘
[Number of IPs 2
Circumference (km) 100.0
SR power per beam (MW) 50
Half crossing angle at IP (mrad) 16.5
Bending radius (km) 10.7
Energy (GeV) 120 45.5 80 180
Energy loss per turn (GeV) 1.8 0.037 0.357 9.1
[Damping time z,/7/7. (ms) 44.6/44.6/22.3 816/816/408 150/150/75 13.2/13.2/6.6
Piwinski angle 4.88 29.52 5.98 1.23
Bunch number 446 13104 2162 58
Bunch spacing (ns) 355 (53% gap) 23 (10% gap) 154 2714 (53% gap)
Bunch population (10!1) 1.3 2.14 1.35 2.0
Beam current (mA) 27.8 1340.9 140.2 5.5
Momentum compaction (10-5) 0.71 1.43 1.43 0.71
Beta functions at IP B,%/f," (m/mm) 0.3/1 0.13/0.9 0.21/1 1.04/2.7
Emittance &/&, (nm/pm) 0.64/1.3 0.27/1.4 0.87/1.7 1.4/4.7
Betatron tune v,/ v, 445/445 266/267 266/266 445/445
Beam size at IP o, /o, (um/nm) 14/36 6/35 13/42 39/113
Bunch length (natural/total) (mm) 2.3/4.1 2.7/10.6 2.5/4.9 2.2/2.9
Energy spread (natural/total) (%) 0.10/0.17 0.04/0.15 0.07/0.14 0.15/0.20
Energy acceptance (DA/RF) (%) 1.6/2.2 1.3/1.5 1.2/2.5 2.0/2.6
[Beam-beam parameters &, /&, 0.015/0.11 0.0045/0.13 0.012/0.113 0.071/0.1
RF voltage (GV) 2.2 0.1 0.7 10
RF frequency (MHz) 650
Longitudinal tune v, 0.049 0.032 0.062 0.078
Beam lifetime (Bhabha/beamstrahlung) (min) 39/40 86/400 60/700 81/23
Beam lifetime (min) 20 71 55 18
Hourglass Factor 0.9 0.97 0.9 0.89
Luminosity per IP (1034 cm2 s1) 8.3 192 26.7 0.8

CEPC Accelerator, J. Gao
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Advanced CEPC Collider Ring Lattice Design
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Lattice in RF region SC quadupole setting for four eneries

Advanced collider design: 1) Crabwaist collision, 2) small 3_y=1mm, 3) Fullly partial double ring
scheme with reduced rf stations , 4) Four energy free switching, 5) High energy gamma ray

CEPC Accelerator, J. Gao
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CEPC Collider Ring Daynamic Apertures

Dynamic apertures with errors at Higss, W/Z and ttbar energies satisfy design goals

Effects included in U_I TTT | TTTT | TTTT | TTTT | TTTT | TTTT I TTTT | T T 20:I T | LI | T T T | T 1T | T 1T I T : 15_| T | T T7T | TT /H‘ T T | ! R | | T T |_ 15 | L | & T 9 | LI T 17T |
trackin Z r ] Z ‘ ]
g 15~ - . L i
Synchrotron motion g [ : S ]
R0 C ] :é i ]
b - 1 azr :
Radiation loss in all S - ] ST 5
magnets 4y ] i ]
i 515 —001 —0.005 0
Tapering k 1

delta

Crab waist sextupole

IIII|I|IIIIII|II_

Maxwellian fringes

Kinematic terms é%
Finite length of
sextupole delta ' delta
. —w/0 error
i Component Ax (mm) Ay (mm) A®, (mrad) Field error
Dipole 0.10 0.10 0.10 0.01%
Arc Quadrupole 0.10 0.10 0.10 0.02% —statistic errors
IR Quadrupole 0.10 0.10 0.10 0.02% —seeds
Sextupole 0.10* 0.10* 0.10 0.02% —requirement
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Lum/IP [1034 cm2s)

Lum/IP [1034 cm2s]

Studies of Beam-Beam Effects in CEPC

Luminosity simulations w/ZL

Transverse size simulations
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Beam-beam simulation results
are consistent with the TDR
parameter tables.

Luminosity & Lifetime is evaluated by strong-strong simulation
X-Z instability is well suppressed even considering Potential Well Distortion
Lifetime optimization with both beam-beam\lattice nonlinearity is done




Parameters of CEPC Booster

o tt H W Z
Injection “ H W z Extraction Offaxis | Offaxis | Onaxis | Offaxis [ oo oo o
Beam ener GeV 30 injection | injection | injection | injection
Bunch nurfger 35 | 268 | 1297 | 3978 | 5967 | |ooamenetsy Gev] 180 120 80 455

Bunch number 35 268 |261+7| 1297 | 3978 | 5967
Bunch charge nC | L1 1078 ) 081 |087] 09 § I\ Gimum bunch charge nC | 099 | 07 | 203 | 073 | 08 | 081
Single bunch current A 3.4 23 2.4 2.65 | 2.6 Maximum single bunch current pA 3.0 2.1 61.2 2.2 24 1242
Beam current mA | 012 ] 062 ] 31 [105] 160} [Beam current mA | 011 [ 056 [ 098 [ 285 [ 95 [144
Energy spread % 0.025 Bunches per pulse of Linac 1 1 1 2
Synchrotron radiation loss/turn MeV 6.5 Time for ramping up S 7.1 4.3 2.4 1.0
Momentum compaction factor 10-5 1.12 Injection duration for top-up < 292 231 318 | 381 |132.4
Emittance nm 0.076 (Both beams)
Natural chromaticity H/V -372/-269 Current decay in Collider 3%
RF voltage MV | 761.0 | 346.0 | 300.0 Energy spread _ % 0.15 0.099 0.066 0.037
Synchrotron radiation loss/turn GeV | 8.45 1.69 0.33 0.034
Betatron tune v,/v, 321.23/117.18 Emittance m >3 126 0.56 0.19
Longitudinal tune 0.14 10.0943 0.0879 Betatron tune v./v, 321.27/117.19
RF energy acceptance %o 5.7 | 3.8 3.6 RF voltage GV [ 97 2.17 087 | 046
Damping time s 3.1 Longitudinal tune 0.14 0.0943 0.0879
Bunch length of linac beam mm 0.4 RF energy acceptance % 1.78 1.59 2.6 3.4
Energy spread of linac beam % 0.15 Damping time ms 14.2 47.6 160.8 879
; ; Natural bunch length mm 1.8 1.85 1.3 0.75
Emittance of linac beam nm 6.5 Full injection from emptyring | h | 0.1 | 0.14 | 0.16 | 027 | 1.8 ] 03

CEPC Accelerator, J. Gao
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CEPC Booster Design
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* 30 GeV injection energy, Maximum extraction energy @ 180GeV
* Lattice design with TME structure, lower emittance than CDR
[

Sufficient Dynamic Aperture for all energies with errors




CEPC MDI Design

ayou General Parameters
HCAL =4
h)
Detector Solenoid T L 0~1.9m 19m
-1 | Crossing angle 33mrad
ECAL MDI length +7m
Drift Chamber "w._‘\ Acc. components 8.11°
in opening angle
M-
P L0 B Qpa/abb 35/2.8T 142/85T/m 121m  149/82mm  S27Y152 o0pam  g6/2omm  7247/663. 3963/263k 2122/2 550, gy
1keV eV 39.23W
o
T = QF1 3.3T 96.7T/m 1.5m 24.48mm 155.11mm 32mm 38mm 675.2keV 499.4keV  472.9W 135.1W
=
i Lumical SEoELot 0.16m
m
b
o Anti-solenoid before
Qpo 8.6T 1.1m
Anti-solenoid QDO S 2.5m
Anti-solenoid QF1 3T 1.5m
Beryllium pipe +85mm 20mm
Last B upstream 64'957;153' 0.77mrad 88.5m 33.3keV
First B downstream 44.4~102m 1.17mrad 57.6m 77.9keV
Beampipe within 1.19/1.3
Qpa/apb L2t w
ib \ez Beampipe within QF1

Radiation background . Injection background Radiation Mitigation

_ | Radiative barbar, Beam-Gas, T Masks, coIIimators, shielding

SR Calculation

beam thermal photon scattering Circular beam Injection beam
- = 600
§ 10° - =5
= 250
g 400
= , g 200 [ Vacuum box
10 g g
i06 200
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] o sl o
Beam Lost Particle Distribution -6 -4 -2 0 2 4 3 -6 -4 =2 0 2 el L]
—/ imBGB,H_wggsJDR 7| jposition(m) position(m)
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Jr"Mﬂ“L P 600 8600
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CEPC SRF System Design and Upgrade Plan

Collider 650MHz Parameters

H/W/Z/ttbar bypass scheme

SRF power supply auxiliary tunnel

CEPC " RF (900 m)

- Z KLY z ttbar SSA ttbar KLY Service
Aucxiliary Tunnel &LLRF S EM HKLY & LLRF E & LLRF & LLRF shaft
Collider
) Ring Z128 m TR 8m
Machine
Tunnel  Booster i a .
g ttbar
. . e M F
Collider Ring) 116m 280m m '
| |[ ] Ccolider 650 MHz 2/1/5-cell modules 87| collider 650 MHz RF power sources Cryogenics
[[] Booster 1.3 GHz 9-cell modules [IE0 Booster 1.3 GHz RF power sources [l Water cooling

D Booster 1.3 GHz high current modules LLRF LLRF Spare space

BOOSTER RF TUNNEL

Outside of the ring

s

SShand URF

e CEPC TDR SRF layout and parameters are designed to meet physics requirements;

* RF system design optimized for Higgs 30/50 MW. Power and energy upgrade by
adding cavities, RF power sources and cryogenic plants and other systems are

 Use dedicated high current 1-cell cavity for 10-50 MW Z. Solve the FM & HOM

30/50 MW SR power per beam for ttbar 30/50 MW
each mode. Higgs/ttbar shared caviti - Higgs w z
for the two rings. W/Z separate cavities, New I Higgs 3050 MW | 30/50 MW | 30/50 MW
HL-Z cavities bypass. cavities cavities
Luminosity / IP [10** em?s™] 05/08 5/83 16/26.7 115/192 Outer Ring | e =
RF voltage [GV] 10 (6.1 +3.9) 22 0.7 0.12/0.1 \El\.\l—lttbar ./IEI
Beam current / beam [mA] 34/56 16.7/27.8 84/140 801/1345 Inner Ring ——
Bunch charge [nC] 32 21 216 22.4/34.2
Bunch length [mm] 29 4.1 49 8.7/10.6 ttbar
650 MHz cavity number 192 336 192/336 |96/ 168/ ring| 30/50/ ring Outer Ring
Cell number/ cavity 5 2 2 2 1
Gradient [MV/m] 276 252 249/142 | 15.9/9.1 17.4/8.7 4—/
Qo @ 2 K at operating gradient 3E10 3E10 3E10 3E10 2E10 TnmerRing e e
HOM power / cavity [kW] 0.4/0.66 0.16/0.26 0.4/0.67 0.93/1.54 29/6.2
Input power / cavity [kW] 188/315 71/118 313/298 313/298 1000
Optimal Qu 1E7/6E6 | 9E6/5.4E6 |1.6E6/9.5E5| 8E5/2.7E5 |1.5E5/3.8E4 Outer Ring
Optimal detuning [kHz] 0.01/0.02 | 0.02/0.03 0.1/0.2 0.7/2 6.7/21.7
Cavity number / klystron 412 2 2 2 1 Inner Ring
Klystron power [kW] 800 800 800 800 1200
Klystron number 48 /96 168 96 / 168 96 / 168 60/100
Cavity number/ cryomodule 4 6 6 6 1 .
Cryomodule number 48 56 32/56 32/56 60 /100 Outar Ring
Total cavity wallloss @ 2 K [kW] 12.1 71 3.9/23 1.6/0.9 0.45/0.2 < >
Inner Ring
Booster 1.3GHz Parameters
Outer Ring
30/50 MW Collider SR power per beam. ttbar 30/50 MW
30 GeV injection. Higgs & ttbar half filled. Higgs w z < >
Higgs qn-axis injection \yith bunch swapping|| New Higgs 30/50 MW 30/50 MW 30/50 MW X
Z injection from empty ring. cavities ‘ cavities Inner Ring
Extraction beam energy [GeV] 180 120 80 45.5
Extraction average SR power [MW] 0.05 0.5/0.67 0.02/0.04 0.05/0.1
Bunch charge [nC] 11 0.78 (20.3) 0.73 0.81 ttbar | 650 MHz 5-cell cavities . 650 MHz 2-cell cavities 650 MHz 1-cell cavities
Beam current [mA] 0.12/0.19 0.63(1)/1(1.4)| 3.1/53 16/30
Injection RF voltage [GV] 0.761 0.346 0.3 0.3
Extraction RF voltage [GV] 9.7 (7.53 + 2.17) 217 0.87 0.46
Extraction bunch length [mm] 1.8 1.86 1.3 0.75
Cavity number (1.3 GHz 9-cell) 256 96 96 96 32
Module number (8 cavities / module) 32 12 12 12 4
Extraction gradient [MV/m] 28.3 21.8 21.8 8.7 13.8
Qo @ 2 K at operating gradient 2E10 3E10 3E10 3E10 3E10
Q 4E7 4E7 1.2E7 7.3E6/4.4E6|1.2E7 / 6.3E6
Cavity bandwidth [Hz] 33 33 110 178/ 296 111/208 Q e
Peak HOM power per cavity [W] 05/0.8 ~75/~100 11.8/19.6 146/ 272 comp atlble,
Average HOM power per cavity [W] 0.2/0.32 ~10/~15 3.8/6.3 80/ 150
Input peak power per cavity [kW] 8.3/9.2 5.1/59 22/32 10.9/18.1 17132
Input average power per cavity [kW] 0.3 0.2 6.5/9.2 0.3/0.5 25/45
SSA power [kW] (1 éavity ISSA A dceldrathr 0 (3da  25/30 25/30 25/40 o
Total cavity wallloss @ 2 K [kW] 0.36 7 0.05 0.5 0.02 0.08 CBI piﬁihlemstlonal ASS@SInCnt, Sept_z l 2 2023




ESBS: Electron source & bunching system

FAS: First accelerating section

EBTL: Electron bypass transport line

EBTL

DR:

ESBS

TAS:

PSPAS: Positron source & pre-accelerating section
SAS:

Second accelerating section
Third accelerating section
Damping ring

FAS PPSPAS  SAS. ¢\ TAS
///'>
t 1 t" t t ot ft
50MeV  1.1GeV 4GeV 200MeV 1.1GeV 1.1GeV 30GeV
. 335.5m .
102.4m 243.5m 80.9m J11.1m] 1163.4m
b ) I )
h 345.9m i 1601.3m R
1800.0m
e- in linac 25 Lo e+ in linac
:: 0.2 |
E 40
00 < E
«Q

oy -H-H

B s assaasansananansn AR AR RIS

1250 1500 1750

0 250 500

750

1000
S (m)

1250 1500 1750

Parameter Symbol | Unit Design value
Energy E GeV 30
Repetition rate Fren Hz 100
Number of bunches per pulse 1 or2
Bunch charge nC 1.5
Energy spread OF 1.5x10-3
Emittance g, nm 6.5
Electron energy at target GeV 4
Electron bunch charge at target nC 10
Tunnel length L m 1800

Phase space @ SAS exit

& (%)

0 200 480 600
S (m)

800 1000 1200 1400

Linac energy increases to 30 GeV, with S+C band Accelerator;
Start-to-end simulations were conducted for both electron/positron |

beams, with quality satisfying requirements.




CEPC Polarized Beam Studies(alternative option)

Posaec Spin rotator design
electron e_ polarization >80%
Source electron : solenoids: 240 T m, Lsol = 40m @ 6T
positron
unpolarized o
electron Positron Q g
source damping/polarizing ring
IPl L I Ie:— rin, ‘wl romltols —
. . 10} 1' e+ ring w/ rotato{s == ]
Self polarization (energy calibration) S e N
— electron L
. Tur::;:_?;::v‘::_giieg;:s boost self-polarization B E 4 'STS FHHH
- _ , i After each RD, the corresponding non-colliding bunch is refilled II 2 F
bunches l_l_ . ) ) 0+
. 2. Inject~ 12000 unpolarized e- and e+ bunches | A Spil"l rﬂtatﬂr 2T
4t

« Start colliding beam experiments IP2
Key issues of study:
* Energy calibration in collider ring with transverse polarization (self polarization & 1nj. polarization)
* Longitudinal polarization for collision

* Polarization beam injection, positron polarization and ramping in booster
CEPC Accelerator, J. Gao [HEP International Assesment, Sept-21, 2023
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CEPC Plasma Injector (alternative option) and TF Plan

e
Driven -_ll e L 4nC/12nC
beam .e— T — 10GeV 30 GeV "
CEPC injector’s baseline was changed: X L —QRWrAID—] :
Witness .e_|>I= E_,_o' S— ,4nC
10GeV > 30GeV > TR = 2 beam @D} CEPC Pla: j — PWFANI —
Target pl1.2nC, 2.4 Ge, 30 GeV
Witness -_ _ gl —— —I’H‘I- —"-l" _rH\'_I
beam pl i |
1.0 GeV
CEPC IARC, 2022.06
Parameters Driver Trailer Parameters Trailer Lo Time = 1000.00 [mal] 0
ityn, X 1016 3 050334 '
plasma density n, X 10 Accelerating distance (m) 7.3(97300 7
Driver energy (GeV) 12 12 Trailer energy () 30
Normalized emittance 20 10 Normalized emittance 10 E‘i
o
Length () 350 90 Charge(nC) 1.2
(matched) Spotsize () 3.72 2.63 Energy spread % 0.58
Charge (nC) 4.0 1.2 R 1.8 -8
Beam distance () 155 Efficiency(%) (driver -> trailer) 55

CEPC Accelerator, J. Gao
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CEPC TDR R&D Maturity

* CEPC received ~ 260 Million CNY from MOST, CAS, NSFC, etc for the key
technology R&D
* Large amount of key technology validated in other project by IHEP: BEPCII, HEPS, ...

R PRI gy Ry seeon » Novel magnets: Weak field dipole,

CEPC R&D et dual aperture magnets
. » SREF cavities e :
~40% cost of acc. : » Extremely fast injection/extraction
» Positron source i
components : » Electrostatic deflector
» High performance accelerator
» MDI
» High precision magnet » Survey & Alignment
BEPCII / HEPS > Stable magnet power source » Ultra stable mechanics
~50% cost of acc. » Vacuum chamber with NEG » Radiation protection
components coating » Cryogenic system

» Instrumentation, Feedback system » MDI

~10% remaining (the machine integration, commissioning etc.) and is anticipated to be completed by 2026, and the
international contribution/collaboration may be needed.



CEPC Key Technology R&D
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Key technology R&D spans all component lists in CEPC TDR
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IHEP PAPS is in full operation since 2021

CEPC 650 MHz 2-cell Cavity CEPC 650 MHz 1-cell Cavity

’
i

Mid-T (medium
temperature furnace
baked) cavities have
higher gradient and
Q than Nitrogen
doped cavities with
less EP process (1
vs 3)

1.3 GHz High Q Mid-T Cavitv Horizontal Test

IHEP M-TFB 1.3GHz 9cell cavities delivered to SHINE

10" o Radiation (uSv/h) 5E10 [ T T T T T T T
T T T T T T T 10° o o o,
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S ‘ F*’-P . s A“““‘“ 310 s Lo hd 3 s Ry a o S
¥a ®eese, e , 410 | o e . S=Easss é 8 it | ]CE ]
v ®%0 000 LI JP ER PR a, janans ¥ g ’uo'é‘kqu& < | v Nneep o R e
b e . Y1 a8 AR o NP u NS
g e e v Eg Mid-T furnace baking: A Q, & Rad - E § q i ; g ST IS ﬂffgp 8’ LE+10
. T A N5 mid-T -
5 10 {COMEP: @ Q O Rad | 10' 3E10F & % ¢ * v NemieT ] 1 1300-N5_VT naked o 1300-N7 VT naked
Y& CEPC VT spec oe) ° v cne o N7midT i )
u P 1100 (¢} >* Y spec o NEmaT o 1300-NS_VT jacketed ¢ 1300-N7_VT jacketed
2 o oM Cotpler 2 LCLS-IBSHINE LOLS-IHE > Nomie ® 1300-N5 HT 1300-N7 HT
A 2# & i spec -II-HE spec mid- | . %
OANNBABAQABADARApAARAOABABASLO O O 4107 A : o Ni1midT = -
b e 20K e e o 20K 0f o 58 e, ¢ NizmeT o 1300-N9_VT naked 5 1300-N10_VT naked
10° L L 1 L L 9 i i i i L . i 2 AR SR AN >A midT| ] ; i
0 5 10 15 20 25 30 % 5 0 15 20 25 a0 35 40 45° v e s IR ¥ Nismar @ 1300-NS jacketed 4 1300-N10_VT jacketed
e EaeMVIM) T &8 g el 1 Meme o 1300-N9_HT + 1300-N10_HT
0 1 2 3 4 5 6 7 8 9 10 11 12 13 o e Y
Ve (MV) S A 7 A 1E10 b A Y] 1E09
0 10 20 30 40 50 60 70 80 90 100 110 120 0 20 40 60 8 _ 100__ 120 140 160 180 EXFEL e L P go 5.0 100 450 2045 20
Bpeak (MT) Bpea (mT) 5E9 M L L L L L 1 Eacc [MV/m]
0 5 10 15 20 25 30 35
High G High Q 650 MHz 1-cell Cavity Eoee (MV/m) Mid-T 1.3 GHz 9-cell

3E10@20MV/m. EP treated: 2.3E10@41.6 MV/m@2 K

Mid-T treated: 6.3E10@31 MV/m@2 K

horizontal test (SEL)
3.1E10@21 MV/m, avg.
24.6 MV/m

Mid-T 1.3 GHz 9-cell vertical test
avg.4.3E10@ 31 MV/m

CEPC Accelerator, J. Gao [HEP International Assesment, Sept-21, 2023

18



DC photo-cathode gun voltage conditioned up to 400 kV

Cavity frequency, HOM coupler double notch filter, tuner, vacuum,
cryogenics perform well

Cavity magnetic field at 2 K < 2 mG (large beam pipe North to South)

LLRF system commissioning and high power test ongoing

« Optimizing the outer conductor helium gas cooling of the input coupler. Cavity
early quench if with poor coupler cooling.

CEPC Accelerator, J. Gao [HEP International Assesment, Sept-21, 2023
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Module automatic cool-down experiment

1. 300 to 150 K: < 10 K/hr. Cavity top and bottom AT < 20 K

2. 150 to 4.5 K: Cavity surface > 1 K/min

3. 45t02K
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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 A
results Higgs Spec Spec Spec
Average usable CW E, . (MV/m) 23.1 3.0x101 @ 2.7%101° @ 2.7%10!° @
Average Q, @ 21.8 MV/m 3.4%1010 21.8 MV/m 16 MV/m 20.8 MV/m

CEPC Accelerator, J. Gao [HEP International Assesment, Sept-21, 2023



(2586)

CEPC High Efficiency High Power Klystron
Development and RF Power Distribution

Klystron No. 2 | ATk RO
Efficiency 77% : &
(2021)
Klystron No. 1 Klystron No. 3 (MBI
Efficiency 65% | ! Efficiency 80.5%
(2020) o022 (under fabrication)
0 4
Pulsed RF Mode (30% duty factor, 60ms/5Hz) 70.5% @ 630kW |
High Voltage vs. Power&Efficency ; {
0.8 TC'CT:/W » I? S
[as  som b 7 -
0.5 4008 p !}
Lo.4 5 |
03 Power vs. Efficiency -130kV
0.2 o -
ot | |
Lo 70 TS 80 BS 90 05 100 105 8 =1 &
70 B0-9— Powerg\V) —o— (%) 110 120 —_—

8000

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

 PSM is developed with the industrial collaboration

e RF tunnel d1str1but10n was planed

] Assesment, Sept-21
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Two apertures differ <0.1%,
transfer function in two
apertures are consistent.

High harmonics are nearly the
same at four energies and all
less than 5 units, which can
meet the requirements.

CEPC Accelerator, J. Gao

High harmonics @120GeV (units:1e-4)
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1(A)

Large quantities of dual-aperture dipoles (69km) and
quad. (10km) are required;

Full length dual-aperture dipole and dual aperture
QUAD (short length) have been fabricated, under test;

Dipole/QUAD prototypes meet the requirements.
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CEPC Full-scale Weak Field Dipole for Booster

BST-63B- BST-63B- BST-63B-

Magnet name K Arc-SF Arc-SD BST-63B-IR
Quantity 10192 2017 2017 640
Aperture [mm] 63 63 63 63
Dipole Field [Gs] @180 GeV 564 564 564 549
Dipole Field [Gs] @120 GeV 376 376 376 366
Dipole Field [Gs] @30 GeV 95 95 95 93
Sextupole Field [T/m?]

@180 GeV 0 16.0388 19.1423 0
Sextupole Field [T/m?]

@120 GeV 0 10.6925 12.7615 0
Sextupole Field [T/m?]

@30 GeV 0 2.67315 3.19035 0
Magnetic length [mm)] 4700 4700 4700 2350
GFR [mm)] +22.5 +22.5 +22.5 +22.35
Field errors + 1107 +1x103 110 + 1107

Ag/Agv

1.0E-03

8.0E-04

6.0E-04

4.0E-04

2.0E-04

0.0E+00

-2.0E-04

-4.0E-04

-6.0E-04

-8.0E-04

-1.0E-03

* Booster requires ~19k pieces of magnets (68km);

* Booster dipoles are required to work at the low field of 95 Gs

(30GeV) with an error smaller than 1x10-3 ;

* Full length (4.7m) dipole was developed, and it meets the field

specification;

CEPC Accelerator, J. Gao
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——166Gs —*—304Gs —*—400Gs

——502Gs —e—614Gs

The integral field uniformity at all
field levels is better than £1x10-3
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CEPC Full-scale Booster Magnets (quadrupole,
sextupole, corrector in synergy with HEPS)

1.0E-03

8.06-04 —-63Gs  —+—-95Gs 128Gs

6.05:04 ——166Gs —*—304Gs —e—400Gs

——502Gs

14,0608 ——614Gs

2.0E-04

0.0E+00

Aa/Agv

-2.0E-04
-4.0E-04
-6.0E-04
-8.0E-04

-1.0E-03
-26-24-22-20-18-16-14-12-10 -8 -6 -4 -2 0 2 4 6 8 10 12 14 16 18 20 22 24 26

x(mm)

The integral field uniformity at all
field levels of full size booster dipole
1s better than +1x 103, and meet the
specification

The field reproducibility of four
excited cycles is better than
+2.5%104

Quadrupole

CEPC Accelerator, J. Gao [HEP International Assesment, Sept-21, 2023



1423 854 96.7 T/m

Magnetic length 1210 1210 1500 mm
LECCIr TN 746 (9.085 (1224 /mm

aperture center
ngh .order field 4§5><10' §5X10'4 §5X10‘4
harmonics

Dipole field <3 <3 <3 mT

* CCT and Cos20 type SCQs were modeled, and their fields were
calculated; the CEPC specifications have been met;

* A 0.5-m single aperture SCQ using Cos20 technology has been

current reached 2500A (176 T/m), which exceeds the CEPC
requirement (142T/m)

developed. The electro-magnet excitation test showed the highest

[HEP International Assesment, Sept-21, 2023
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CEPC Vacuum System

New round pipe

1404 = 27° (Before welding)

Of COpper (3mm) 135 ] o 27° (After welding) {
with NEG coating o] . ’H'\[W» o e
(200nm) for 1251 'u\‘(.“n .
collider ring E‘g
in TDR o
SEY<1.2 1051

100 A

95

0 5 10 15 20 25 30 35 40
Spring No.

6 m vacuum pipe have been installed

on the NEG coating setup

v' 180°C/24h activation 4.5x10"°Torr  Vacuum pipes and RF shielding bellows
v 200°C/24h activation 2.5X10-1° Torr

Vacuum chamber prototypes,

copper & aluminum, with

different shape/length were

fabricated;

* NEG coating technology
were developed;

* RF shielding bellow
manufactured

* Vacuum technology applied

Facility of pumping speed test have been finished in Dongguan ' - and was tested at HEPS




€ Flux concentrator for positron source

€ RF pulse compressor
€ High perform. S/C-band Acc. Struc.

|_:-|_|_['|1 ut

s 50 100 50
" R&D of the salid state  Test result’of the peak

« Positron pulsed magnetic field of 6 Tto 0.5 T
 15kA/15kV/50Hz solid state pulse source

.. The.input.pawer,

155.40"
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EPC Acceierator. T Gao= SRS = :

HEE atematonai s sesnism,

il
kil




Power consumption of CEPC - Higgs

Higgs 30MW Higgs 50MW
B e Collider|Booster| Linac | BTL | R :;I’fd‘:;; Total | Collider [Booster| Linac | BTL | IR ::iﬁf; Total
1 |RF Power Source 96.90 | 1.40 | 11.10 10940 | 161.60 | 173 | 14.10 177.40
2  |Crygenic system 972 1.7 0.14 11.57 917 1.77 0.14 11.08
3 |Vacuum System 540 | 420 | 0.60 1020 | 540 | 420 | 0.60 10.20
4 |Magnet Power Supplies | 44.50 | 9.80 | 250 | 1.10 | 0.30 5820 | 4450 | 980 | 250 | 1.10 | 0.30 58.20
5 |Instrumentation 130 | 070 | 020 2.20 130 | 070 | 0.20 220
6 |Radiation Protection 0.30 0.10 0.40 0.30 0.10 0.40
7 |Control System 100 | 0.60 | 0.20 1.80 1.00 | 060 | 0.20 1.00
8 |Experimental devices 4.00 400 4.00 400
9 |utiliies 3780 | 320 | 180 | 0.60 | 1.20 4460 | 4640 | 380 | 250 | 060 | 1.20 54.50
10 |General services 720 030 | 020 | 020 | 1200 | 1990 | 7.20 030 | 020 | 020 | 1200 | 19.90
Total 20412 | 2161 | 16.80 | 1.90 | 5.84 | 12.00 (f2€2.27 27687 | 2260 | 2050 | 1.90 | 584 | 1200((339.7 1/:

CEPC Accelerator, J. Gao 28
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SppC Collider Parameters in TDR

-Parameter list (updated Feb. 2022)

Main parameters

Circumference 100
Beam energy 62.5
Lorentz gamima 66631
Dipole field 20.00
Dipole curvature radius 10415.4
Arc filling factor 0.780
Total dipole magnet length 65442.0
Arc length 83900
Total straight section length 16100
Energy gain factor in collider rings 19.53
Injection energy 3.20
Number of IPs 2
Revolution frequency 3.00
Revolution period 333.3
Physics performance and beam parameters
Initial luminosity per IP 4.3E+34
Beta function at initial collision 0.5
Circulating beam current 0.19
Nominal beam-beam tune shift limit per  0.015
Bunch separation 25
Bunch filling factor 0.756
Number of bunches 10080
Bunch population 4.0E+10
Accumulated particles per beam 4.0E+14

CEPC Accelerator, J. Gao

Lattice of SPPC
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Latest Performance of LPF1-U (SppC)

16 T Model Dipole: Nb;Sn 12~13 T+ HTS 374 T, To be tested in Sep-Dec 2023

$

eld (T)

~90% SSL | 12471‘@686%.&]

12 Tesla - 20 Nb;Sn+HTS
P Ty 4 z‘m g 27430 aperture
i fyk j&ﬂ,  Fhar A 15T @ 4.2K
Wm\ﬁ
wn v 2013 NbTi+Nb;Sn
2*$10 aperture
10T @ 4.2k

Nb;Sn+HTS or HTS

cle
j\hr " 2018
LPFI-U test after 2 thermal cycle: 6865 A & 12.47T@ 4.2 k

LPF1-U first fest result: 6664 A& 12.15 T (@ 4.2 k- 2*) 14 mm
LPF1-8 test result: 5507 A & 10.71 T @ 4.2 k- 2%Q 12 mm
LPF1 test result: 5122 4 & 10.23 T (@ 4.2 k- 2%) 10 mm

—+— Test result of LFF1-8

—— Test result of LFF1
—— First test of LFF1-U

—— LPF1-U test after 2™ thermal cycle

PO TR N NS N O W AT T S T (NN NN N [ S T |

Training history

Picture of LPF1-U

0 10 20 30 40 50 €0 70 80 90 100 110 120 130 140 150 160 170

2*%¢45 aperture
20T @ 4.2K
With 10*field quality

1 Challenges: Stress control, quench

protection, field quality control,......

2018

2028 year

Dual aperture superconducting dipole achieves 12.47 T at 4.2 K

Entirely fabricated in China. The next step 1s reaching 16-20T

CEPC Accelerator, J. Gao
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CEPC Conventional Facility and Civil Engineering

Cables installed!

Electrical Equipment General £
Layout in Auxiliary

Beam monitoring Call
Control Cabinet

Vaccum Cabinet
Secondary power Cabinet ,/’/-
__‘-""‘-._--

Transformer

0.4kV LV switchgear

[HEP International Assesment, Sept-21, 2023 OkV HV switchgear



Participating and Potential Collaborating
Companies in China (CIPC) and Worldwide

System

1 Magnet
2 | Power supplier
3 Vacuum
4 Mechanics
5 RF Power
6 SRF/ RF
7 Cryogenics
8 |Instrumentation
9 Control
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11 Radiati.on

protection
12 | e-et+Sources
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CEPC Accelerator IARC Meeting 2019-2022

International Accelerator Review Committee (IARC) under IAC

The 2019 CEPC International Accelerator Review Committee

Review Report

Naramhar 2 2010

The 2021 CEPC International Accelerator Review

The review meeti
Circular Electron
Committee (IARC
(MDI) sessions of

The IARC was plt
TDR. The quality
even if not alreac
luminosity perforr

improving the forr The CEPC Intel
The IARC is plea due to the Covid
would like to thar IARC meeting.
help and hospitali
The Circular |
currently hostec
Academy of St
accelerator in 2
Committee (IAC
CEPC accelerat
an International
to advise on alln
the study of the

Committee

Review Report

May 19, 2021

2021 Second CEPC IARC Meeting

TARC Committee

October 20th, 2021

The Circular Electron Positron Cc
Collider (SppC) Study Group, currer
ergy Physics of the Chinese Academ;
design of the CEPC accelerator in 2(
ternational Advisory Committee (IAC
Report (TDR) phase for the CEPC ac
get year of 2022. Meanwhile an Inter
(TARC) has been established to advis
erator design, the R&D program, the
region, and the compatibility with an
well as with a future SppC.

2022 First CEPC TARC Meeting

IARC Committee
June 17th, 2022

The Circular Electron Positron Collider (CEPC) and Super Proton-Proton
Collider (SppC) Study Group, currently hosted by the Institute of High En-
ergy Physics of the Chinese Academy of Sciences, completed the conceptual
design of the CEPC accelerator in 2018. As recommended by the CEPC In-
ternational Advisory Committee (IAC), the group began the Technical Design
Report (TDR) phase for the CEPC accelerator in 2019, with a completion tar-

Nov. 2019: https://indico.thep.ac.cn/event/9960/

May, 2021: https://indico.ihep.ac.cn/event/14295 .
October, 2021: https://indico.ihep.ac.cn/event/15177.

June, 2022: https://indico.ihep.ac.cn/event/16801/

All TARC reports (2019-2022) on IAC2022 Meeting Indico:

https://indico.ithep.ac.cn/event/17996/page/1415-materials

The Committee congratulates the CE
last months and presented at this me
R&D of the hardware components lool
the table of parameters for the high-Ii
and components for all accelerator sy
lider.

CEPC Accelerator, J. Gao

A total of 24 talks were presented on a variety of topics.
The charges to CEPC IARC for this meeting are:

1. For the TDR, how are the accelerator design and the technology R&D
progress towards the TDR completion at the end of 2022. Are there any
important missing points in the accelerator design and optimization?

o

. based on CEPC TDR design, the CEPC dedicated key technology R&D
status and the technologies accumulated from the other IHEP responsible
large-scale accelerator facilities, such as HEPS, could the CEPC accelera-
tor group start the TDR editorial process and EDR preparation?

w

. with the new progresses between CEPC and FCCee possible synergy and
the continuing collaboration with SuperKEKB, are there more suggestions
on the next steps of international collaborations?

After the completeion of CEPC CDR in Nov. 2018,
since the first CEPC IARC meeting in 2019, there has
been toally 4 IARC meetings till 2022, with each
meeting a carefully written IARC report, which are
very helpful for CEPC accelerator in TDR phase and
beyond.
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CEPC Accelerator TDR International Review Report

Phase 1 CEPC TDR Review Report

CEPC TDR Technical Review Committee
15 July 2023

1 Executive Summary

Five vears after the completion of the CDR. the draft TDR for the CEPC accelerator has been prepared. The
TDR will be completed taking into account the feedback from this Committee. The key technologies for CEPC
have been developed. Prototypes meeting or exceeding the specifications are available. The CEPC team is on
track to launch an engimeering-design eftort. Alter a site has been selected, the construction of the CEFCU could
start in 2027 or 2028. The Committee endorses this plan.

The Committee wishes to congratulate the CEPC team on the excellent progress. The Committee is im-
pressed by the amount and quality of the work performed and presented.

The next section provides answers to the different charge questions, the following sections contain comments
and recommendations related to the individual presentations.

CEPC Accelerator International TDR Review and Cost Review were held June 12-16, and Sept. 11-15, 2023,
repectively, in HKUST-IAS, Hong Kong, China

CEPC Accelerator, J. Gao [HEP International Assesment, Sept-21, 2023 34



Summary

The CEPC TDR parameter and design optimizations with high luminosity (30MW and
50MW) operations, for all four energies are studied. The results demonstrate that the
physics design satisfies the scientific goals.

A comprehensive key technology R&D program has been carried out in TDR with
CEPC key technplogies in hands ready for industrialization preparation.

The TDR design of the CEPC is compatible with future SppC.

CEPC accelerator TDR international review and cost review were held from June 12-16,
2023 and Sept. 11-15, 2023, repectively.

Detailed preparation of CEPC accelerator EDR phase before construction working plan
and beyond are underway, with the aim of starting the construction in “15t five-year-

plan” (2026-2030) .

International collaboration and participation are warmly welcome.
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CEPC Accelerator Construction Timeline

2023: Accelerator TDR; 2026: EDR; Start construction upon approval

Schedule analysis of CEPC construction Ovejrla P

2027 2028 2029 2030 2031 2032
@ @ ® @ ® ® @

]

51 month f . o
(including projout preparation) 2026.1~2030.3 TBM excavation Total duration of CEPC project is

| | 96 months

|
63 months 2026.1~2031.3 Drilling & Blasting excavation | 2030 1~2030 12 12months

First-stage Control network construction and survey

1.CEPC production Including civil works and installation of 203010~20318 | 12months
Second-stage Control network construction and survey

physical equipment. It will begin in 2026 and end in 2033,

. . . 2031.1-2032.6 18 months
The total duration of CEPC project is 96 months. Support installation and alignment

2.The total civil works period is 63 months. 2031.3-2032.8 18 monthe

Dipole magnets installation

3.The total installation period of physical equipment is 48

i 10 months
months 26032 9~2033 |
Installation of other equipment

4. The Overlapping period of civil works and equipment

6 months | 20337~
installation is 15 months Overall alignment and commissioning | 2033.12




CEPC Installation Strategy

a0
e
5

Installation and alignment scheme

-Ring installation: phase I , phase Il , each phase: half a ring

> Transport, 2 types component need special attention

= s s ——— > Cryomodule (amount: 52 )

Dimension: 11X @1 m

manufacturer warehouse pre-alignment installation o 57 5 P J
\ :

" s g 3 —_— _ - = > Collider ring dipole (amount: 2546,length: >28m) , long dipole will be divided into Fioudd 4 warchause layout (1
fiducialization N— _ small parts: b ““"“Wﬁ'féhouses
=: S = L Dimension: 10X @1.5 m e\

warehouse

Collider ring cryomodule booster cryomodule j

N A&T
hall

warehouse|

Dimension: 5.67X0.7X0.7 m
‘Weight: 2 T

Long dipole

warehouse

AT
hall

Laser-based
alignment
system

i
5

Figure 5 warchouse layout (2)
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