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Statistics: 

303 participants

Australia 3, Canada 1, China 205, Cyprus 1, France 10, 
Germany 3, Hong Kong 1, Israel 2, Italy 17,  Japan 7, Korea 
4, Netherlands 2, Norway 1,  Pakistan 1, Russia 8, South 
Africa 1, Spain 1, Switzerland 8,  Taiwan 2, UK 12,  USA 13

including J. Brau, P. Jenni, Y.-K. Kim, L. Linssen, L. Maiani, A. Schopper, 
S. Stapnes, G. Taylor, H. Yamamoto, …
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Changsha example



Yu Xiao

Qinghuangdao example
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SCRF growing very fast

Carlo Pagani 14 cepcws2019
Beijing, 20 November 2019

Collider 650 MHz Cryomodule (6x2-cell, 10 m)

Booster 1.3 GHz Cryomodule (8x9-cell, 12 m)

CEPC SRF Cryomodules

Carlo Pagani
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High power test of one 650 MHz fixed coupling input coupler reached 150

kW SW (corresponding to 400 kW TW at the window). Another coupler’s

window broke due to excess ceramic heating. New window and two variable

couplers in fabrication.

Wideband high power room

temperature HOM absorber

with SiC+AlN material. 5

kW high power test

planned.

Four high power HOM couplers fabricated and low power tested

with cavity. Three will mount on the 2-cell cavities. Vertical test

soon with the cavity to verify the notch properties. High power test

(1 kW) at RT and 2 K planned with special rigid coaxial line.

Three fine grain 650 MHz 2-cell cavities fabricated and processed (BCP).

Vertical test and helium vessel weld with magnetic shield inside soon. Two

for module horizontal test and beam test. Tuner fabrication completed and

will test in a stand. Cavity details and high Q study in Peng Sha’s talk.

Cryomodule and valve box for

two 650 MHz 2-cell cavities etc.

Module assembly and beam test

at PAPS in 2020.

Prototypes of CEPC 650 MHz SRF System

Jiyuan Zhai

Carlo Pagani



CEPC 650 MHz Test Cryomodule
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• Two 650 MHz 2-cell cavities with input 

couplers, HOM couplers and absorbers, 

tuners etc.

• Module assembly and 15 MeV beam test with 

1 ~ 10 mA from DC photo-cathode gun in 

2020.

• Demonstrate system integration and 

performance of high Q 650 MHz cavity (but 

with low input power and HOM power) for 

the Collider Ring. 

Jiyuan Zhai

Carlo Pagani
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650 MHz HOM Coupler Fabrication end Tests
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Off-resonance 

excitation of 1.3 

GHz power at 2 KEnd plate match at RT, rigid coaxial line RT high power test stand

Hongjuan Zheng

Carlo Pagani
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The LCLS-II Challenge from SRF2019  (Marc Ross)
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CEBAF (94) LEP2 (99) LCLS-II (2021) HE (2026)

Three large CW Superconducting

linacs:
Substantial  

investment

in  CW SRF

Parameter
CEBAF

1994

LEP2

1999

LCLS-II  

2021

LCLS-II-HE  

2026

N_cav 338 288 280 440

E_acc (MV/m) 7.5 7.2 18.5 20.8

Meters of SRF 169 490 296 466

E_tot (GeV) 1.2 3.6 4.6 8.6

<Q0> 4.0e9 3.2e9 2.7e10 2.7e10

f (MHz) 1497 352 1300 1300

Temp (K) 2.08 4.5 2.0 2.0

Heat Load (kW) 5 53 3.7 7.3

Heat Load kW/GeV 4.2 14.7* 0.8 0.8

* @4.5K. Divide by 3.5 to convert to equivalent load at 2 K, (4.2  

for LEP2)

Carlo Pagani



Some open Questions
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Marc Ross @ SRF2019

Carlo Pagani
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Mechanical design of DAD prototype

• Liron=1m, solid yoke , three parts;

• Main coils: aluminum bus bars, 4 turns, air cooled, interconnect by screw;

• Trim coils: copper wire, 4 turns per pole, air cooled;

• Two stainless steel supporters to increase rigidity of the overall structure. 

CAD model of dual aperture dipole Dual aperture dipole prototype

Magnetic strength [T] 0.0373
Aperture [mm] 70

Main coil

Turns 4
Material Aluminum

Current [A] 563
Current density [A/mm2] 0.7
Power consumption [kW] 0.12

Trim coil

Turns 1×4
Material Copper

Current [A] 16.7
Current density [A/mm2] 0.093
Power consumption [kW] 0.0005

Tot cross section(mm) 535*200
Iron length (mm) 1000

Iron weight(kg) 510

Al weight(kg) 22

Cu weight(kg) 0.3

Mei Yang



Dual aperture quadrupole prototype

• The DAQ prototype has been finished and will be measured later.

Hollow aluminum wire

Main coil
Dual aperture quadrupole prototype

Iron of dual aperture quadrupole

Mei Yang



Designs of the booster dipole magnets
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1) The dipole magnet with diluted iron core

2) CCT dipole magnet without iron core

3) CT dipole magnet without iron core

Wen Kang

Carlo Pagani, 
Wen Kang



Parts of the booster magnet prototypes
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Wen Kang

Wen Kang

Carlo Pagani, 
Wen Kang



Vacuum chamber

• The synchrotron radiation power deposited on the 
chamber walls would entail using a water-cooled high 
thermal conductivity chamber material (aluminum or 
copper);

• Copper is preferred in the CEPC dipole chamber design 
because of its naturally lower molecular yields, lower 
secondary electron yields, lower electrical resistance, 
higher thermal conductivity, good radiation self-shielding, 
and resistant to deformation for the NEG activation 
temperature of 200 C;

• Considering the cost of manufacture, the dipole vacuum 
chambers of the electron ring will be fabricated from the 
aluminum alloy.

30

Dong Haiyi



Cu and Al vacuum chamber prototypes

• A 6 m long simple vacuum furnace is  fabricated, which is used to weld the 

water cooling channels of Cu chambers through low temperature brazing solder.

• The welding seams are checked by wire-electrode cutting. The welding joints 

are smooth and have good contacting.

• The prototypes of copper & aluminum vacuum chambers with a length of 6 m 

have been fabricated and tested, which meet the engineering requirements. 

Dong Haiyi
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Synchrotron Radiation Shielding

Lead shielding

Dong Haiyi
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Zhongjian Ma
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Zhongjian Ma



 The “Mini CEPC” is a 100 meters long, anamorphic model of CEPC, 

which will be used for popularization of CEPC.

 The Booster of “Mini CEPC” is under design.

 The “Mini CEPC” is assumed at the same site as Tunnel mockup.

* Cooperate with Zhong Ke High Energy Science and Technology Ltd,. Co

Haijing Wang



D. Wang
et al

Higgs (CDR) Higgs (high)

Number of IPs 2 2

Beam energy (GeV) 120 120

Circumference (km) 100 100

Synchrotron radiation loss/turn (GeV) 1.73 1.68

The filling factor of bends should be 

increased to get a even lower SR with 

smaller emiitance.

Crossing angle at IP (mrad) 16.5×2 16.5×2

Piwinski angle 3.48 3.78

Number of particles/bunch Ne (1010) 15.0 17.0
single bunch charge increased thus 

larger momentum acceptance required

Bunch number (bunch spacing) 242 (0.68s) 218 (0.76s)

Beam current (mA) 17.4 17.8

Synchrotron radiation power /beam (MW) 30 30

Bending radius (km) 10.7 10.7

Momentum compact (10-5) 1.11 0.91

 function at IP x* / y* (m) 0.36/0.0015 0.33/0.001
much larger natural chromaticity

Emittance ex/ey (nm) 1.21/0.0024 0.89/0.0018

Beam size at IP sx /sy (m) 20.9/0.06 17.1/0.042

Beam-beam parameters x/y 0.018/0.109 0.024/0.113

RF voltage VRF (GV) 2.17 2.4

RF frequency f RF (MHz)  (harmonic) 650 (216816) 650 (216816)

Natural bunch length sz (mm) 2.72 2.2

Bunch length sz (mm) 4.4 3.93

HOM power/cavity (2 cell) (kw) 0.46 0.58

Energy spread (%) 0.134 0.19

Energy acceptance requirement (%) 1.35 1.7 larger momentum acceptance required

Energy acceptance by RF (%) 2.06 3.0

Photon number due to beamstrahlung 0.082 0.104

Beamstruhlung lifetime /quantum  lifetime* (min) 80/80 30/50

Lifetime (hour) 0.43 0.22

F (hour glass) 0.89 0.85

Luminosity/IP L (1034cm-2s-1) 2.93 5.2

36
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𝟏𝟓𝝈𝒙 × 𝟐𝟎𝝈𝒚 × 𝟏. 𝟓% Strong limitation @ NP=11E10

Dynamic aperture optimization for the y* =1mm @ Higgs

• Good for the injected beam

• Worse for the circulating beam

Chenghui Yu



João Guimarães da Costa
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Out of 1000 seeds, 831 converged

ex = 1.217±0.005 nm 

ey = 0.043 ± 0.002 pm

ey/ex = (0.0035 ± 0.0002)%

Component ∆𝒙 (m) ∆𝐲 (m) ∆𝜽𝔃 (rad)

Arc quadrupole 100 100 100

IR Quadrupole 
50 

(30 for FF)
50

(30 for FF)
50

(30 for FF)

Sextupole 100 100 100

Component Field error

Dipole 0.01%

Quadrupole 0.02%

Observable Before correction After correction

Hori. disp. 30.0 mm 2.9 mm

Vert. disp. 77.0 mm 0.5 mm

Hori. Beta-beating 5.7% 0.8%

Hori. Beta-beating 6.8% 0.5%
COD correction: 𝑅𝑀𝑆𝐶𝑂𝐷 < 0.05 𝑚𝑚

Correction of misalignment, main field errors

• with by*=1.5mm lattice
Bin Wang,
Yuanyuan Wei

DA with 500 error seeds

Yiwei Wang
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Resistive wall Impedance of the  NEG coating in part of the chamber wall 

x=25mmx=-25mm

Coating wallCoating  wall

Coating all inner of the wall with film thickness 0.2um

Coating partially with film thickness 1um

Without coating

Partial coating with 1um NEG is not 
deterioration for wall impedance.  

Yudong Liu



43

Electrostatic separator impedance and optimization

Loss-Factor:  1.17V/pC

Loss-Factor :  1.291932 V/pC

Loss-Factor:  1.36V/pC

Ploss(σZ=5mm):  573w(Higgs)/2.32kw(W)/8.12kw(Z) 

Ploss(σZ=5mm): 542w(Higgs)/2.19kw(W)/7.63kw(Z)

Ploss(σZ=5mm): 495w(Higgs)/1.98kw(W)/6.91kw(Z) 

Separator tank length 4060mm

Inner diameter of separator tank 460mm

Electrode height 220mm

Electrode gap 90mm

Electrode thickness 20mm

Transition pipe length 220mm

Transition pipe diameter 90mm

Ground plate length 4000mm

Ground plate height 120mm

Ground plate thickness 10mm

This structure is chosen as the prototype for TDR

HOM absorber for these mode

Yudong Liu



Collimator impedance and optimization 

Rectangle pipe

Stopper on

Stopper off
Ploss:  39w(Higgs)/160w(W)/560w(Z) 

Loss-Factor:  0.158V/pC

Loss-Factor:  0.0948V/pC

Ploss:  66w(Higgs)/267w(W)/933w(Z) 

Yudong Liu



 Two inner profiles are designed, gradual rectangle and gradual 

ellipse with movable stoppers in them.

 RF fingers are at the edges of the stoppers to decrease impedance. 

Gradual rectangle profile Gradual ellipse profile

Energy loss (no RF fingers) (W)

Higgs W Z

Gradual 

rectangle profile

Stopper open 66 267 933

Stopper closed 39 160 560

Gradual ellipse

profile

Stopper open 8 32 112

Stopper closed 19 76 266

* From Y Liu et al., Impedance and Collective Instabilities for Collider, Booster and damping ring in CEPC, this workshop

Haijing Wang



Bunch lengthening due to the beam coupling impedance results in 

energy spread reduction in colliding beams!

• The model demonstrates, although slow, but convergence. The asymptotic value of the beam length, found as the average 

over the 'saw-tooth-like' sequence, is self-consistent and is 9 mm. It is easily verified by its substitution into the system of

used equations

• PWD, which lengthens the bunch, does not give rise to the energy spread growth. Instead, in collision it leads to a decrease 

of 30% in the resulting energy spread due to a decrease in the total diffusion rate (BS + SR). At the same time, the bunch 

length increases by a factor 1.5

So far, this model only indicates that the interaction between various factors, such as the beam of the beam and impedance,

in this case can lead to a change in the parameters of the beam.

By and large, a self-consistent iterative (on beam current) approach is needed, since

a) the length of the bunch depends on the current, impedance and BS, but in turn
b) and effective impedance and BS depend on the length of the bunch.

SR SR+PW SR+BS SR+BS+PW (SR+BS+PW)/(SR+B

S)

Energy spread 0.00038 0.00038 0.001 0.00069 0.69

Beam length 2.42mm 5.1mm 6.33mm 9mm 1.5

Daria Leshenok



1) Shift of average energy (measured by RD) relative to the energy at IP due to the lack of mirror 

symmetry of magnetic structure is negligible at energy 45.5 GeV. But at energy 80 GeV this 

value 4.8285·10-6 of systematic error far exceeds the accuracy of the experiment 10-6. 

2) The contribution of additional radiation losses due to the error of magnetic field manufacture is 

negligible at both energies (45.5 and 80 GeV). The contribution of BS is negligible in this case. 

3) The energy shift of the center of mass due to non-zero angle of the beams intersection is negligible 

without and with BS at both energies.

4) BS significantly affects the energy spread of the center of mass. But at energy of Z-boson, this 

effect can be neglected due to the large width of the resonance (Г ≈ 2 GeV).

5) Our analytic-based approach allows us to determine the corresponding energy loss and also the 

BS contribution to the diffusion rate without using beam-beam simulation codes

Daria Leshenok



Effect of earthfield @10GeV

• ~20% vacuum pipe (drift) is exposed in earthfield directly.

• treat drifts as week dipole to simulate the effect of earthfield

• Assume earthfield: ~0.6 gauss, no solution for the close orbit, optics unstable

(263.204, 261.210)  (262.717,  260.727)

• Without shielding to the bare pipe, the earthfield effect is intolerable.

• Global COD correction will be tested.

0.6 gauss 0.06 gauss

48

Dou Wang
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Scenario 2: polarized injected beam

• 𝑃avg =
𝑃ens,DK

1+𝜏DK/𝜏b
+

𝑃0

1+𝜏b/𝜏DK
≈ 𝑃0, given that 𝜏DK ≫ 𝜏b

• A high average beam polarization is not in direct contradiction to a high luminosity!

• Tasks:

• Preparation of polarized beam in the injector (example: AGS, RHIC)

• Design of spin rotators in the collider rings (example: LEP, HERA, SuperB, SuperT-

C, RHIC)

• Ensure 𝜏DK ≫ 𝜏b via spin matching (example: HERA, LEP )

• Does high luminosity hurts beam polarization? (open question)

Achieving > 50% average polarization for polarized colliding beams

Zhe Duan



Positron polarizing ring

RF cavity

RF cavity

Wigglers

Wigglers

Injection

Extraction

Tentative parameters
An asymmetric wiggler @BESSY-II as WLS,
A. M. Batrakov, et al., APAC 2001, pp251-253.

• Using superconducting asymmetric wigglers to boost self-
polarization to ~ 20 second

• e+ beam stays in the ring for ~ 20 second to gain > 50% beam
polarization before extraction

• Key hardware challenge: 15 Tesla dipole magnet, in line with R&D
efforts for SppC

• Key physics issues:   low-emittance lattice design w/ very strong 
wigglers, electron cloud, etc.

Zhe Duan



Comparison of CEPC, FCCee and LEP at 45 GeV

|wk|=210-3

In given wiggler mode examples, 

FCCee loses to CEPC due to higher 

spin tune spread (.113 vs .103) as well 

as modulation index (4.54 vs. 3.68). 

Index=spread/synchrotron tune.

FCCee has lower synchrotron tune 

(0.025 vs 0.028). 

The lower the modulation index, 

the higher the degree of equilibrium 

polarization! 

Therefore,

a higher synchrotron tune  and a lower 

energy spread are beneficial

Sergei Nikitin



210-3

~7 GeV/s

Proposed in:  S.Nikitin, Talk at IAS Program on HEP, Jan. 

2018, Hong Kong;  IJMP A, Vol. 34 No. 13n14, 1940004 

(2019)

12 GeV

e+ Polarizer 

Ring

or  transverse one

if no rotators 

Acceleration of polarized beam in CEPC booster
electrons and positrons

High energy ramping rate + large machine size 

huge rate of change of detuning  are basis of proposal!

just as at proton machines

High energy ramping rate + large machine size 

huge rate of change of detuning  are basis of proposal!

Sergei Nikitin



CEPC LinacCEPC Workshop 2019, IHEP, Beijing, China, November 18~20,2019                    Cai Meng 59

Introduction

Baseline design principles and 
consideration

• Meet the requirements of the Booster injection

• High availability and simplicity
About 15% backups for Klystrons and accelerating 

structures (Redundancy)

• More potential
Have potential to provide electron/positron beam 

with bunch charge larger than 3nC

Lower emittance with more cycles in Damping Ring

Linac baseline design

Cai Meng



CEPC LinacCEPC Workshop 2019, IHEP, Beijing, China, November 18~20,2019                    Cai Meng 60

Alternative Linac design
• Linac exit energy: 10GeV  20GeV

• C-band: start energy~ 4GeV

• Transverse focusing: Triplet 

• One klystron drive 2 accelerating structure

S-band Accelerating structure C-band Accelerating structure

Alternative design

20-GeV scheme

C-band: 4GeV  20GeV
12% redundancy of accelerating unit

Layout Cai Meng



CEPC等离子体注入器研究进展 2019-11-18 61

CEPC plasma injector concept design（V2.0）

Wei Lu, Tsinghua



Waiting for PWFA
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e- Gun Main Factor:
• High bunch charge
• Longitudinal shaping
• Low emittance

Plasma Injector beam requirements

Carlo Pagani



CEPC plasma injector & THU-IHEP AARG
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IHEP-THU joint group on Advanced Accelerator Research

 Foundation：March 2017

 THU Member：Wei Lu, Jianfei Hua, Shiyu Zhou, Yue Ma, Shuang Liu,
Bo Peng, ……

 IHEP Member：Jie Gao, Dazhang Li, Guan Shu, Cai Meng, Dou Wang,
Jingru Zhang, Xiaoning Wang ……

CEPC Plasma Injector V1.0

Carlo Pagani
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The torsion pendulum has a characteristic gamma energy of 19.2 MeV and a high flux radiant 
energy of 300 MeV. The gamma light energy produced by the undulator can reach 20 MeV at 
high flux. Moreover, in the energy region greater than 100 keV, the brightness and flux of the 
future high energy particle collider synchrotron source are higher than those of the third 
generation synchrotron radiation source.

Brightness of the SR from bent iron, torsion, oscillator and low-K 
undulators in future high-energy particle colliders(CEPC-CDR)

Yongsheng Huang



Central intensity of Synchrotron 
radiation,[photon/s/mrad2/0.1%b.w.]

อ
𝑑2𝐹𝑏𝑚
d𝜃𝑑𝜓

𝜓=0

= 1.327 × 1013𝐸2 𝐺𝑒𝑉 𝐼 𝐴 𝐻2(𝑦)

𝐹𝑏𝑚 , flux; I, the curent of the ring, H2 y = y2K2

3

2(y/2), K, the second Bessel function;

y = 𝜖/𝜖𝑐, 𝜖,the photon energy, 𝜖𝑐 = 0.665𝐸2 𝐺𝑒𝑉 𝐵 𝑇 = 358.2keV.

Yongsheng Huang



The focalization of hard x-ray
And soft gamma-ray 100keV-1MeV, 1MeV  still problem?

Schematic representation of a Laue 
lens based on QM crystals. J. Appl. 
Cryst. (2015). 48, 977–989

LIGA fabrication of X-ray Nickel lenses
100keV-1MeV : Microsystem Technologies 11 (2005) 
292–297

Yongsheng Huang



Geometry compatibility of 
CEPC collider, CEPC booster and SPPC

• CEPC booster will locate upside of CEPC collider (d=2.4m) except the 
IP1 and IP3

• CEPC booster will also bypass the CEPC detector at IP1 and IP3 thus 
can share the part of  SPPC tunnel at IP1 and IP3.

– Straight section of CEPC booster at IP1 and IP3 is 1.25km

68

solutions of two schemes

CEPC IR

SPPC collimation

CEPC booster

Tunnel in the ARC

Yiwei Wang
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photos from CEPC workshop tour by Katsunobu Oide
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workshop extremely inspiring !

somewhat different complementary 
community attending

having two similar, great projects 
speeds up design progress and 

increases likelihood that one (or both) 
of them will be realized


