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Task introduction

Task ： Verification of key techniques of high energy circular electron positron 

accelerator

Task budget ： 9.74 M RMB

Task in charge： IHEP, CAS 

Task leader： Chi Yunlong

Number of participants ：18 （Senior 11，Other 7，4 Ph.D. students）

Task period:                       Jul.1, 2018~Jun.30, 2023

Main research ： Sub-Task1: High precision Low-field dipole magnet prototype

Sub-Task2: Vacuum pipe、RF shield bellows、NEG coating prototype

Sub-Task3:  Electrostatic separator prototype

Sub-Task4:  Z-pole Beam polarization design study
3



Overall progress in the medium term
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Index Mid-term indicators Performance

Sub-task1
Field precision 0.1%@60Gs Reached

Field reproducibility 0.05%@60Gs Reached

Sub-task2
Vacuum pipe

3×10-10Torr

Leak rate：3×10-10 Torr.L/s 310-10TorrL/s

RF shielding bellow Finger contact force：12530g 12525g

Sub-task3

Electric field strength 2.0MV/m@±110kV (in design) Reached

Good field region (1‰)10×10 mm2 (by simulation) Reached

Vacuum pressure 2×10-10Torr (in design) Reached

Sub-task4 Polarization design

The parameter selection of

polarization insertion devices and

the working mode of the precise 

energy measurement are defined

Reached

The realization conditions of beam 

polarization > 50% are simulated.
Reached



Design review

• CEPC Vacuum system R&D design review meeting, Dec.27, 2018

• CEPC positron electron beam electrostatic separator prototype 

design review meeting, Jul.18,2019 
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Low-field Booster dipole magnet R&D
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Quantity 16320 Magnetic Length (mm) 4700

Minimum field (Gs) 28 Good field region (mm) 55

Maximum field (Gs) 338 Field uniformity 0.1%

Gap (mm) 63 Field reproducibility 0.05%

Two kinds of the subscale prototype magnet with and without iron

cores have been designed and developed. The field specifications

of both magnets reach the midterm target @60Gs.

Quantity 1 Magnetic Length (mm) 1000

Minimum field (Gs) 60 Good field region (mm) 55

Maximum field (Gs) 338 Field uniformity 0.1%

Gap (mm) 63 Field reproducibility 0.05%

Main Specifications of CEPCB dipole magnets

Midterm target



Low-field Booster dipole magnet R&D（with iron core）

 To increase field in the cores and decrease weight of the cores, the technology of

core dilution is adopted.

 To reduce the influence of the remnant field on the low field precision, the grain-

oriented silicon steel laminations are used to stack the magnet cores due to their

low coercive and remnant field.
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The dipole magnet with iron core was tested in the lab.
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Low-field Booster dipole magnet R&D（with iron core）

 The field uniformity in Good Field Region is about 0.3% at low field level of 28Gs

(target 0.1%) and 0.1% at high field level, which can not meet the requirements.

 The magnet is excited for 4 times from 28Gs to 338Gs then back to 28Gs, the

field reproducibility at all level is better than the required value of 5E-4.

 The field uniformity at 60Gs is about 3E-4, which is better than the midterm target.
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 The inner and outer conductors of the CT coils are directly fabricated from two

aluminum tubes with the right diameters.

 The shielding cylinder was made from a long iron tube with inner diameter of

300mm.

 All the surfaces of the aluminum conductors were anodized for the insulation from

turn to turn, the thickness of the anodized film is about 50 microns.

 The final assembling errors of the CT coil dipole magnet were checked to be less

than 50 microns.
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Low-field Booster dipole magnet R&D（w/o iron core）



 The field precision at all level, especially at low field level of 28Gs, is better than

the required value of 0.1%, which reaches the midterm target.

 The magnet is excited for 3 times from 28Gs to 338Gs then back to 28Gs, the

field reproducibility at all level is better than the required value of 5E-4.

11

Low-field Booster dipole magnet R&D（w/o iron core）
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• On the base of good results from the subscale CT dipole magnet, the mechanical 

design of a full scale prototype CT dipole magnet was finished on the cooperation 
with 合肥 科烨 company. The production of the magnet will be begun in the 

coming month. 
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Design of the full-scale prototype CT coil dipole magnet

 The total length of the magnet including the shielding tube is 5.1m.

 The cooling tubes are inserted between the coil conductors to decrease temperature rise.

 The touch resistance of the contacted surfaces of the conductors will be reduced by coated

silver films.



Vacuum Chamber prototype

• 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.

• Leak rate：3×10-10 Torr.L/s
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RF shielding bellows R&D

• Total length: 140 mm

• Inner and exterior diameter of bellows: 125mm/140mm

• Expansion/contraction: 5mm/12mm

• Offset: 2 mm

• Bending: 50 mrad

• Finger contact force: 125±25g (Midterm 125±30g )
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NEG coating setup

• The DC magnetron sputtering setup of NEG coating have been built and some 
experiments carried out with DN40 vacuum pipe.

• Thickness of film: 1.1 m; Proportion: Ti：Zr：V=0.28 : 0.3 : 0.42  ( after Ar+ surface 
etching of 10 nm) ; Columnar film for high pumping speed.

• All related parameters (plasma gas pressure, substrate temperature, plasma current, and 
magnetic field value) are recorded and suitably adjusted to ensure the stability of the 
deposition process. 

15NEG coating setup



Electrostatic separator

The Electrostatic-Magnetic Separator is a device consisting of 

perpendicular electric and magnetic fields. 

One set of Electrostatic-Magnetic Separators including 8 units, 

total 32 units needed for CEPC.
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electrodecoil

UHV tank

metal-ceramic 

support

Magnet Support

high voltage 

feedthrough

Separator length 4.5m

Inner diameter of separator tank 380mm

Electrode length 4.0m

Electrode width 180mm

Nominal gap 75mm

Maximum operating field strength 2MV/m

Maximum operating voltage ±75kV 

Maximum conditioning voltage ±135kV 

Good field region (0.5‰ limit) 46mm ⅹ11mm

Nominal vacuum pressure 2.7e-8 Pa



Electrostatic Separator Design (midterm target)
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Electrode (a pair of metal flat plate)

• Dimension : 4m long and 180mm wide

• Material : Pure Titanium

• Field strength : 2MV/m

UHV tank 

• 4.5m long and 38cm inner diameter

• Material : stainless-steel  316L

18cm

Field homogeneity：
7.5cm*5cm 0.5‰

ID：9.5cm

ED：7.5cm

thickness：1cm

400cm

400cm25cm

Integrated electrical field 

uniformity ：4.6cm*3cm 0.5‰

Length：400cm

With：18cm

Thickness：2cm

Radius：1.5cm

Density：4.54g/cm3

Weight：≈65kg

Maximum field strength：
3.86MV/m @150kV

6.95MV/m @270kV



Separator dipole magnet Design

 The magnet adopts h-type yoke structure, because of the higher field integrals uniformity and 

installation consideration of the electro-static system. 

 The magnetic field design and manufacturing technology are quite mature.

 The magnet development is supported by IHEP internal fund.

18Magnetic flux density distribution in the core

Field Distribution

3D Model and Magnetic flux density distribution



Electrostatic separator prototype

• Complete design of electrostatic separator both electrical and mechanical 
design, all parameters are meets design indicators (midterm target)

• The prototyping contract signed in Mar. 2020

• Review of the manufacturer's design carried out on May 11, 2020

• The fabrication is scheduled to be complete by mid of Oct. 2020

19Large flange of  UHV tank machining The body of the vacuum chamber for processing
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Z-pole Beam polarization design 
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• Parameter selection of polarization insertion devices and the working mode of the

precise energy measurement using resonant depolarization (mid-term indicator 1)
• Using asymmetric wigglers to boost polarization build-up from 250 hours down to ~ 20 hours

• Determined the asymmetric wiggler parameters and implemented into the CEPC lattice

• Designed the scheme of resonant depolarization measurements to continuously monitor the

beam energies
Operation scheme
• 100 non-colliding dedicated bunches

• Turn on wigglers only to polarize these

bunches

• Afterwards, colliding bunches injected

and physics starts

• Self-substainable process



Z-pole Beam polarization design 
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• The realization conditions of beam polarization > 50% are simulated (mid-term indicator 2)
• Simulated the equilibrium beam polarization of imperfect lattices

• Updated the simulation program based on PTC, and simulated the equilibrium polarization for
realistic imperfect lattice seeds after dedicated correction

• The equilibrium beam polarization is above 50% for a beam energy of 45.6 GeV (ag=103.5) for the 
10 simulated lattice seeds, and the polarization time is above 100 hours, much larger than the 
beam lifetime of 2~3 hours

• Identified the realization condition of average beam polarization > 50% during colliding beam 
experiments 

• top-up injection
• Injected beam polarization > 50%    
• Polarization time >> beam lifetime

One typical seed



Z-pole Beam polarization design 

22

• To address the great challenges in polarized e+ source, proposed to convert the

e+ damping ring into a e+ polarizing ring, by introducing asymmetric wigglers, to

booster self-polarization build-up down to ~20 second, this novel idea looks

promising to facilitate polarized e+/e- colliding beams.

• Plan: detailed lattice design of e+ polarizing ring, collective effects

RF cavity

RF cavity

Wigglers

Wigglers

Injection

Extraction

Parameter value

Beam energy (GeV) 2.5

Circumference (m) 200

Wiggler total length (m) 22

B+/B- (Tesla) 15[2] / 1.5

U0 (MeV) 4

Polarization build-up time (s) 17

rms energy spread ~0.3%

Natural emittance (nm) ~10

Radiation damping time (ms) ~1

A tentative parameter table of e+ polarizing ring



Z-pole Beam polarization design 
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• Spin rotators in the collider rings to realize longitudinal polarization at IPs

• Just did first attempt to insert simplified spin rotators into the lattice

• Plan to do spin matching studies and iterative lattice optimization to achieve high

luminosity and polarization, to be delivered by late-2021

• Maintenance of beam polarization in the booster
• Evaluated the spin resonance strengths throughtout the acceleration and the polarization

loss

• Proposed a concept of Siberian snakes using fixed strength solenoid snakes

• Plan to carry out detailed design and simulations, to be delivered by mid-2022

Solenoid spin rotator in the collider ring lattice Closed orbit spin tune for a no-ramping solenoid snake with 
decreasing s over the beam energy

Remaining beam polarization after crossing a spin
resonance



Papers, patents and international conference talks
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Journal Paper:
[1] G. Y. Tang, et al, “The circular electron-positron collider beam energy measurement with Compton scattering and beam tracking method”, Rev. Sci. 
Instrum. 91, 033109 (2020).

Conference Paper:
[1] Z. Duan et al., “Concepts of longitudinally polarized electron and positron colliding beams in the Circular Electron Positron Collider”, Proc. IPAC 2019, 
MOPMP012.

Conference talk:
[1] W. Kang, “Development of the prototype dipole magnet for CEPC Booster”, Workshop on the Circular Electron Positron Collider, EU Edition 2019, Oxford, 
UK,  2019.4.
[2] W. Kang, “CEPC Booster and Collider Ring Magnets R&D”, IAS Program on High Energy Physics 2020, Jan.19-23, Hong Kong, China.
[3] Haiyi Dong, “CEPC Vacuun System”, Workshop on the Circular Electron Positron Collider, Beijing,  2019.11
[4] Bin Chen,  “Electrostatic-Magnetic Deflector and Magnet Power supply for CEPC ”, International Workshop on the Circular Electron Positron Collider, 
Beijing,  2019.11
[5] Bin Chen, “Design of the Electrostatic-Magnetic Deflector for CEPC”, IAS Program on High Energy Physics 2019, Jan.21-24, Hong Kong, China.
[6] Z. Duan, “Polarized electron and positron beams at CEPC”, mini-workshop on “Beam polarization in future colliders”, IAS-HKUST, HK, 2019. 1.
[7] W. H. Xia, “Preliminary studies of beam polarization in CEPC”, mini-workshop on “Beam polarization in future colliders”, IAS-HKUST, HK, 2019. 1. 
[8] Z. Duan, “CEPC Z-pole polarization”, Workshop on the Circular Electron Positron Collider, EU Edition 2019, Oxford, UK,  2019.4.
[9] Z. Duan, “CEPC Z-pole polarization”, Workshop on the Circular Electron Positron Collider, Beijing,  2019.11.

Seminar:
[1] Z. Duan, “Longitudinally polarized colliding beams at the Circular Electron Positron Collider”, TDLI & INPAC Joint Theoretical Particle Physics Seminar 
Series, Shanghai Jiaotong University, 13/01/2020.
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Existing problems and solutions

Mission 1- Low-field Booster dipole magnet :  

– No

Mission 2- Main ring vacuum system :  

– No

Mission 3- Electrostatic separator :  

– No

Mission 4- Beam polarization design  :  

– Due to the Covid-19 pandemic, international travels have been delayed till indefinite future. This 
impedes collaborative studies of CEPC beam polarization with experts from BINP of Russian.  

Solution  ：

– Attempt to establish some mechanism of routine video meetings with BINP colleagues

– Attempt to organize video mini-workshops at a later stage, to invite more discussions from
international experts
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Use of personnel and funds
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1. 人员及经费投入情况

• 本课题批准的的专项经费为974万，到账经费为

872.9万元，是项目经费的 89.6 %。

• 已累计支出约453.1 万元，相对到账经费的执行率约

51.9 %。

• 课题投入人员 18人，包括 11 名高级职称，7 名中级

职称，另有4名博士：孙晓阳、马永胜（在职）、朱

建斌、夏文昊。

2. 课题经费拨付情况

• 无



Task1: Comparison between Implementation and Budget until Midterm
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序号 预算科目名称 total
Budget until 

Midterm

Implementation 

until 2020/6/30

Rate of expense/total 

budget 

Rate of expense/midterm 

budget 

2 （一）direct fee 878.19 430.49 379.5 43.21% 88.16%

3 1、device fee 456 261 333.2 73.07% 127.66%

4 （1）purchase device 140 75 105.9 75.64% 141.20%

5 （2）trail device 296 166 227.3 76.79% 136.93%

6 （3）modifed device 20 20 0.00 0.00% 0.00%

7 2、material fee 116 56 2.9 2.50% 5.18%

8 3、testing fee 76.2 24.7 2 2.62% 8.10%

9 4、power fee 18 4 0 0.00% 0.00%

10

5、
travel/conference/interna

tional communication

131.1 53.2 21.9 16.70% 41.17%

11 6、publication 20.29 15.19 1.6 7.89% 10.53%

12 7、labor 51 13.6 17.9 35.10% 131.62%

13 8、consult 9.6 2.8 0 0.00% 0.00%
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Summary- Magnet

• Two kinds of subscale prototype dipole magnets with and without iron cores were

fabricated and tested.

• Although the field precision of the dipole magnet with iron cores has reached the

midterm target at 60Gs, it is difficult to meet the precision requirement at low level

of 28 Gs due to the unavoidable influence of the remnant field.

• The CT coil dipole magnet without iron cores has high precision and good

reproducibility field both at low and high field level, which is satisfied with the final

requirements.

• The full-scale CT dipole magnet has been designed on the basis of the good test

results of the subscale prototype magnet and will be fabricated in the April of next

year.



Summary- Vacuum

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

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

Surface treatment of copper will be taken into accountant.

• The key components experiments such as spring fingers and contact fingers

have been carried out. Contact force is uniform by different fingers and meets the

target of 125±25g.

• 1.5m long vacuum pipe have been coated to explore the coating parameter at

geometrical shape of 56mm×75mm.

• 6m long vacuum chambers will be coated by moving the solenoid by a horizontal

coating equipment .
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Summary- Separator

• Complete design of electrostatic separator both electrical and mechanical design, 

all parameters are meets design indicators. 

• Carried out design of separator dipole magnet, The magnetic field design and 

manufacturing technique is quite mature. The magnet R&D is supported by IHEP 

internal fund.

• Start separator prototype fabrication and scheduled to be complete by mid of 

October 2020.
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Summary- Polarization

• Mid-term assessment indicators have been reached

– Operation scheme of polarized beam for energy calibration

– Simulation of beam polarization for realistic imperfect lattices

• Some progresses beyond mid-term have been made

– Proposal of e+ polarizing ring

– Maintenance of polarization in Booster

– Spin rotator in the Collider ring
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Schedule
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Thank you for your attention！


