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l Accelerators in the world with polarized beam[1].
 

3[1]S R Mane et al 2005 Rep. Prog. Phys. 68 1997

eRHIC,
FCC-ee,
JLEIC,
ILC,

Super-B,
Super-TC,

CEPC
…



l Nov 14,2018, The CEPC Study Group officially released the“CDR”.

 CDR： Prof. Sergei A. Nikitin 

Appendix 8: ” Opportunities for Polarization in the CEPC “

l TDR in the future:
Scenario  of obtaining and usage of polarization .

I got this opportunity: Research on key issues of beam polarization at CEPC.

Mode H(e+e-→ZH) Z(e+e-→Z) W(e+e-→W+W-)

Center-of-mass 
energy （GeV） 240 91 160 

Luminosity
(cm-2s-1) 3 x1034 32 x1034 10 x1034 
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Beam property Damping Diffusion motion

Emittance Radiation damping Quantum excitation Orbital motion

Polarization Radiation polarization Spin diffusion Spin motion

[2]A.Chao, SLAC-PUB-9574, 2002



l Transverse polarization   
Transversely polarized  beams for energy calibration with  resonant depolarization  technique in precise 
experiment on Z-pole mass measurement .

The level of polarization：       
  About 10% is sufficient

l Longitudinal polarization 
Case[3]: (In the late 1980s)

The level of polarization:
At least 40%~50%  

 Both  can improve precision measurements!!  Necessary ! 

6[3]LEP Collaborations, LEP Electroweak Working Group and SLD Electroweak and Heavy Flavour Groups 2003 Preprint hep-ex/0312023

SLC(L-polarized) LEP

Luminosity 3 x 1030 1 x 1032 (each of the four experiments)

Z0 decays ~500 k ~5 million(each of the four experiments)



l Spin motion
According to Thomas-BMT equation [4]

Where                   : the magnetic moment anomaly, i.e , the anomalous part of the particle g-factor

In a perfect planar storage ring,  where       ,

        :the  orbital revolution frequency.

l Spin tune
The ratio of the spin precession frequency to the orbital revolution frequency.
 In the “accelerator frame”, the spin precession is measured relative to the orbit , hence

                                    
 It is the simplest BUT most important equation in spin dynamics.

ONLY  the         -component of  polarization is preserved.

7[4]L.H. Thomas, Phil. Mag. 3 (1927) 
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l Polarized Particle Source

1) Polarized electron source(R&D)

This polarized electron gun will enable 
the Linac to produce a high-intensity and
low-emittance beam with high 
polarization. 

Design parameters of CEPC polarized 
electron source[5] .

2) Polarized positron source(R&D)

DC Gun
Gun type Photocathode DC gun

Cathode Super-lattice GaAs
photocathode

High Voltage of Anode 200~350kV

Polarization >80％

Electron per bunch 2x1010

Quantum efficiency 0.5% 

Repetition rate 50Hz 

Drive laser 790nm（±20nm），10μJ@1ns 

8[5]Xiaoping li, “Polarized electron source in CEPC”CEPC Workshop Asia/Shanghai, , December 26, 2018



l Radiative self-polarization
According to Sokolov-Ternov effect[6], relativistic electrons in a storage ring emit synchrotron radiation. A 
very small fraction of the radiated photons cause spin flip.
In a perfect planar storage ring, for a beam initially unpolarized, the time dependence for build-up to 
equilibrium is (    is the direction of equilibrium beam polarization)

The time constant                             , CEPC @Z-pole(w/o dep.),

Straight lines                                                                                        ,    isomagnetic fileds                                                                                  

That is a long time. We need to speed up it.

[6]A.A. Sokolov, I.M. Ternov, Sov. Phys. Dokl. 8 No.12 (1964) 1203.

 

;％92.38

_

ˆ-ˆ

)1()(

0

3

0










P

atunespin

en

ePtP p

t





h
GeVE

mRm

m

mR

p 53.262
][

][][
1074.2

)radius bending(,109.10

）radius  machineaverage the（,109.15

5

2
2

3

3







 



9

n


STR STR
1197.522 m

STR STR

total length= 
100016.351 m

distance of two 
ring=0.35 m

RFRF

IR

IR

3

5
1

8

35


 eep rc



l Wiggler magnets @CEPC Z-pole[7](                                       )
1) Polarization time with Nw   wigglers

2)Fraction of radiation energy  loss enhancement

3) Factor of beam energy spread enhancement

4) Equilibrium beam polarization  with Nw   wigglers

5) 

Nw B+ L+ B- L- u
10 0.6T 1m 0.15T 2m 13.4 0.34 3.2 0.99
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[7]S.A. Nikitin  “On opportunities to obtain and use polarization at CEPC” ,2017 
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10% polarization is enough for energy 
calibration .
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11[8]Froissart M and Stora R 1960 Nucl. Instrum. Methods A 7 297–305 (in French).



l Resonant depolarization technique
The basic idea is as follows:
                  
 Since the values of  a  are known to great accuracy[9], by measuring the spin tune,  one can deduce the value of γ 
to a high precision. From a knowledge of the electron mass, one can then calibrate the beam energy to high 
accuracy.

Specific steps:
A radio-frequency magnetic field is applied in the horizontal plane to kick the spins. The frequency for the kicks to 
act coherently on the spins is one of the two possibilities

Where k is an integer . f_c is the orbital revolution frequency.
The frequency of the kicker      is swept across the resonant value, when the kicker frequency is close to the 
resonant frequency, depolarization occurs.

Resonant depolarization= Imperfection resonances
=External spin resonance+aγ

Scanning  the depolarizer frequency

How this does at VEPP-4M

12[9]S R Mane et al 2005 Rep. Prog. Phys. 68 1997



 Møller polarimeter
The scattering cross-section is spin-dependent, hence the particle loss rate depends on the beam polarization.
The particle loss rate is linear in       [10]

Here N is the total number of particles in the beam, V the volume of the beam and a and b are suitably 
defined functions.        is the vertical rms divergence . the radial rms divergence is      

VEPP-2, ACO, VEPP-2M, VEPP-4, VEPP-4M …

Compton polarimeter:
Laser polarimeter:
SPEAR , VEPP-4, LEP     

 

A beam of circularly polarized laser photons is shot
at the electron (or positron) beam, and the 
backscattered photons are detected.

2P

,y


,x


FCCee, 
CEPC

Figure:Schematic of the LEP polarimeter

13[10]Baier V N, Katkov V M and Stra.khovenko V M 1978 Sov. Phys.—Dokl. 23 573–5.



l Siberian snakes
  A Siberian Snake is theoretically defined as a device which rotates a particle spin through 180 ◦ around an axis 
in the horizontal plane, while leaving the orbital motion unaffected. It can overcome  resonances.
Why are such devices so named? 
 Firstly, the basic idea was proposed by Derbenev and Kondratenko who were then at the Institute of Nuclear 
Physics at Novosibirsk in Siberia .
Secondly, the orbit excursions twist like a snake in this device.

l Spin rotators
  Spin rotators are used to rotate the polarization direction from the vertical to the horizontal plane, and back 
again. Most particle physics experiments with polarized beams in colliding  beam accelerators require 
longitudinally polarized beams.

Schematic layout of BNL complex for polarized proton 
operations.[11]

Schematic design of a proposed solenoid spin rotator for e + e − colliding 
beams at VEPP-4.[12]

14[11]T. Roser, AIP Proc. 1149 (2009) 180; H. Huang et al, ibid. 767. [12]Derbenev Ya S et al 1977a Proc. 5th Russian Conf. on Charged Particle 

Accelerators (Moscow) vol 1 (Moscow: Nauka) p 263.



1) A source of polarized electron beam is 
required.
Beam intensity may be lower.

2)  Polarimeters are required.
  
3) Siberian Snakes are needed during 
beam acceleration .

4)  Spin rotators are needed to provide 
longitudinal polarization at IP.

(My work in the future)

 [13]S.A. Nikitin  “On opportunities to obtain and use polarization at CEPC” ,2017 15

l Cardinal Option of longitudinal polarization[13]



l Questions to be answered
l To overcome/avoid depolarization during 

acceleration: 
1)  How many Siberia Snakes?
2) Which type of Snakes?
3) Where to insert Snakes?
4) How to overcome higher-order spin resonances?
5) How to minimize orbit excursion in the Snakes?
6) …

l To speed up the process of radiate self-pol:
1) How many wigglers ?
2) What are the parameters of wigglers?
3) Where to insert wigglers?
4) …
l Longitudinal Polarization at IPs: 
1) Which type of Spin rotators?
2) Where to insert rotators?
3) …

16
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A lot of work need to be done. Work hard!



I am grateful to Prof. Jie Gao for giving me an opportunity. 
 I thank Prof. Nikitin for the work he has done to CEPC Beam 

Polarization;   
 I thank Dr. Duan for teaching me a lot.

Thank you for your attention!

1
3

18


