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About Mini-Workshop 
• General topic 

– “Polarized Beams: A Brief History and Future Prospect” by Yaroslav Derbenev (JLab) 
• Machine Overview 

– “Introduction to CEPC “ by Jie Gao (IHEP) 
• e+e- colliders at low to medium energy 

– “BINP's Polarization Proposal for Tau-Charm Factory” by Ivan Koop (BINP) 
• e+e- collider at energy frontier 

– “Resonant Depolarization at Z and W Beam Energy” by Ivan Koop (BINP) 
– “Polarized Electron and Positron Beams in CEPC” by Zhe Duan (IHEP) 
– “Preliminary Studies of Beam Polarization in CEPC” by Wenhao Xia (IHEP) 

• e-p and e-A colliders 
– “Beam Polarization in Future Colliders (eRHIC and FCC-ee)” by Eliana Gianfelice-Wendt (FNAL) 
– “JLEIC Electron Beam Polarization” by Yuhong Zhang (JLab)  
– “Spin Matching in Electron (Positron) Rings” by Vadim Ptitsyn (BNL) 

• Electron/positron sources 
– “ILC Polarized Electron and Positron Sources” by Kaoru Yokoya (KEK) 

• Polarimetry 
– “Overview of Electron Polarimetry” by David Gaskell (Jlab) 
– “Design of the Beam Polarimeter for FCC-ee” by Nikolai Muchnoi (BINP) 

• Code development and simulations 
– “Code Development and Simulation Studies of Polarized Beams” by Francois Meot (BNL) 
– “Re-evaluation of Spin-Orbit Dynamics of Polarized e+e- Beams in High Energy Circular Accelerators 

and Storage Rings: Bloch Equation Approach” by Klaus Heinemann (Univ. of New Mexico) 



“Polarized Beams: A Brief History & Future Prospects” by Ya. Derbenev (JLab) 





E: 1 – 3 GeV 
C: 550 m 

“BINP’s Polarization Proposal for Tau-Charm Factory” by I. Koop 



FCCee 

CEPC 

Spin response function for orbital distortions 

Resonance  harmonic: 𝑤𝑤𝑘𝑘 = 1
2𝜋𝜋 ∫ 𝐹𝐹3 ∙ Δ𝐾𝐾𝑦𝑦𝑑𝑑𝜃𝜃

2𝜋𝜋
0  

• Beam emittances in CEPC/FCCee are so small that all 
resonances with betatron frequencies are suppressed 
and their influence on the spin motion is  negligible    

• Only static vertical orbit distortions and the longitudinal 
magnetic fields with nonzero integrals can affect the 
spin motion!  

• Sensitivity to quad misalignment very high in both 
colliders! 

“Resonant Depolarization at Z and W Beam Energy” by I. Koop 



Polarized electron and positron beams at CEPC by Zhe Duan 
Outline 
• Motivation 
• Prospect and challenges 
• Equilibrium beam polarization simulations 

Motivation 
• Energy calibration with resonant depolarization 

technique was a major accomplishment at LEP 
• How much better precision can be done in CEPC? 

• “Can we have polarized colliding beam 
experiments?” has been a must answer question in 
new linear/circular collider designs 
• How to implement longitudinally polarized e- (e+ 

?) beam(s) for colliding exp. in CEPC? 
• Are there strong physics cases? 
• Would the design be cost effective? 

S. Nikitin 

Prospects and challenges 
• Energy calibration w/ resonant depolarization 

• A detailed time diagram of operation with 
asymmetric wigglers 

• Complexities in energy calibration @ W 
• Estimation & simulation of the difference between 

the “measured energy” and the “CM energy” at IPs 
• Longitudinally polarized e+/e- colliding beams 

• Polarized e+ source seems less matured at the 
moment 

• Maintenance of beam polar. in booster 
• Spin rotator design 
• Spin matching 
• Equilibrium beam polarization w/ spin rotators, 

errors, & beam-beam 



Beam Polarization in Future Colliders: FCC-ee and eRHIC  
by Eliana Gianfelice-Wendt 



Preliminary Studies of Beam Polarization in CEPC by Wenhao XIA 



Beam Polarization in Future Colliders: FCC-ee and eRHIC  
by Eliana Gianfelice-Wendt 



JLEIC Electron Beam Polarization by Yuhong Zhang 

• Polarized e-injector: 12 GeV CEBAF SRF linac 
– Polarized e-source, superior polarization (>90%) 
– Full energy injection, with top-off/continuous injection  

• Electron collider Ring 
– Spin in vertical direction in arcs to avoid spin diffusion  
– Anti-parallel to arc dipole field in one half-ring,  
    parallel in the other half-ring     
          net self-polarization is zero  
          polarization lifetime same for two spin states 
– Rotate spin to longitudinal in straights using spin rotators 

• Universal spin rotator  
– Fixed orbit, energy independent, optics independent 



ILC Polarized Electron and Positron Sources by  Kaoru Yokoya 

Polarized e injector 



• PEPPo provides a new option for polarized 
positrons in a 10-100 MeV range 
－ Pro:   low neutron radiation  
－ Con:  low position yield (10-5 to 10-3) 

• Mitigation of low current: Accumulation 
－ “hot” positrons after conversion: hard to 

accumulate with large phase space distribution 
－ “cold” electrons before conversion: easy to 

accumulate 

50 MeV  
4 pC@748.5 MHz 
85% polarization 

50 MeV 
2 nc@748.5 MHz 
85% polarization 

Compact accumulator ring 
w/ 500-turn phase space 

painting injection Bunch 
management 

50 MeV 
2 nC@17 MHz 

80% polarization 

Positron 
conversion and 

collection 

~30 MeV e+ 
1 pC @ 17 MHz 

> 60% polarization 

to CEBAF 

Polarized 
electron 
Injector ~36m  

10-5 - 10-3 efficiency  
>60% in polarization 

Harmonic 
RF Kicker 



Overview of Electron Polarimetry by Dave Gaskell (JLab) 



Design of the FCC-ee Beam Polarimeter by Nickolai Muchnoi  



Code Development and Polarized Beam Simulation Studies  
by Francois Meot (BNL) 

3He source 

Booster simulations 

Numerical integrator 

• Used over past 10 yrs to study polarization in RHIC. 
• A benchmarking example: crossing the strong snake 

resonance Gγ =393 + Q 



Re-evaluation of Spin-Orbit Dynamics of Polarized e+e􀀀􀀀 Beams in High Energy 
Circular Accelerators and Storage Rings: Bloch equation approach by Klaus 

Heinemann (Univ. New Mexico) 



Personal Impression and Prospect 

• There is a theoretical framework of beam polarization and good understanding 

• There were successful experiences in dealing beam polarizations in collider  
– Lepton beam polarization in HERA 
– Hadron beam polarization in RHIC 

• Very challenging beam polarization requirements in future colliders 
– ~10% polarization for both e- and e+ beams in z (and even W) energy  
– >70% polarization for both electron and proton/light ion beams in EIC  

• More challenges in delivering physics: spin flip 

• Technical systems: polarized sources (ILAC, Super Tau-Charm, EIC) 

• Technical system:  polarimetry   

• There are good simulation tools, still need improvements (physics and 
computing) 

• A small community, international collaboration should be very helpful 
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