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Tao Chen: Longitudinal polarization @ CEPC

• In the injector:   preparation and maintenance of highly polarized e- (e+) beam(s).

• Polarized source: polarized e- gun (specs defined), polarized e+ source (preliminary study)

• Booster: polarization maintenance (underway)

• Transfer lines: ensure the matching of polarization directions (to be studied)

• In the collider ring:  

• spin rotators - >  longitudinal polarization[1] (done)

• ensure 𝜏𝐷𝐾 ≫ 𝜏𝑏, then 𝑃avg ≈ 𝑃inj

• Compton polarimeter[2] (under way)
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[1] W. H. Xia et al., RDTM (2022) doi: 10.1007/s41605-022-00344-2
[2] S. H. Chen et al., JINST 17, P08005, (2022)



Tao Chen: Simulation of polarization transmission to 45.6 GeV
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200 particles ,initial vertical emittance 40nm 

Intrinsic resonance strength scaled with emittance

Bare lattice
Intrinsic resonances

Imperfect lattice
Imperfection resonances
w/o quantum excitation

On the closed orbit 200 particles ,initial vertical emittance 40nm 

Imperfect lattice
Both resonance sources

Evolution of vertical rms emittance Imperfection resonance strength 
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Tao Chen: Simulation of polarization transmission to 120 GeV
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Intrinsic resonance strength scaled with emittance

Imperfect lattice
Imperfection resonances
w/o quantum excitation

On the closed orbit 5000 particles, initial vertical emittance 40nm 

Imperfect lattice
Both resonance sources
w/ quantum excitation

Evolution of vertical rms emittance Imperfection resonance strength 

The equilibrium vertical emittance 
needs to be corrected to below 4 pm, 
to achieve 90% polarization 
transmission 
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Initial normalized emittance = 783 mm mrad



Tao Chen: Short summary on polarization maintenance in booster

Findings:

• A large ramping rate of spin precession frequency α, due to the large circumference

• Spin resonances are generally weak, due to the high periodicity & cancellation

• Depolarization is negligible, in the fast crossing regime 
𝜖

𝛼
≪ 0.1, up to 45.6 GeV

• The strong intrinsic resonance at ~ 87 GeV leads to large depolarization, and hurts the 
polarization transmission up to 120 GeV, potential mitigations:
• A new lattice with the first strong intrinsic resonance larger than 120 GeV

• The above study used the lattice of CDR， In the new design of TDR the condition is satisfied.

• Control the vertical equilibrium beam emittance to below ~ 4 pm (coupling ~ 0.1% ) 

• Further research is needed on the tolerance of the highly efficient polarization transmission to 
the corrected closed-orbit amplitude
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Ideas for longitudinal 
polarization at the Z/W/H/top 
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Koop: option-2:   Fast acceleration in a booster ring

Koop-Ideas for Longitudinal Polarization, eeFACT2018, HKUST, 
Hongkong

12

As one can see, the presented here simulation shows very strong depolarization in the FCC-ee
booster synchrotron during acceleration with the nominal ramp rate: 25 GeV/ 0.32 s.
Besides, we can expect up to 3 times stronger harmonics due to statistical fluctuations.

Spin perturbation 𝑤𝑘 due to vertical orbit distortions :

𝑤𝑘 = 2 𝑁
𝜎𝑦

𝐹

𝑘3

𝑘2 − 𝑄2 = 0.02

For N=2500 quads,  k=100, Q=310, 𝜎𝑄=0.05 mm, F=25 m

Here 𝜎𝑄 - quad’s vertical offset, sigma, F –focal length 

Froisart-Stora:
𝑃(∞) = 𝑃(0)(2 exp −𝜋2 Τ𝑤2 (𝑑ν /𝑑𝑁) − 1)

Here: 𝜋2 Τ𝑤2 (𝑑ν /𝑑𝑁)=7  - too large!



Koop: option 3: Adiabatic crossing of integers near Z

Koop-Ideas for Longitudinal Polarization, eeFACT2018, HKUST, 
Hongkong
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Beam polarization is well preserved with the use of single Partial Snake for the acceleration in 
the FCC-ee booster ring.  Polarization loss is only 3%, energy ramp rate 25 GeV/0.32 s. 
Can use static solenoid with field integral BL=200 T·m.  Then, at 20 GeV we will have w=0.5 (full 
snake!) and w=0.22 at 45.6 GeV.  Quads of spin-rotator will ramp to keep 𝑄𝑥,𝑦 = 𝑐𝑜𝑛𝑠𝑡.



Koop:
I schould check – how closed orbit distortion amplitudes used in 
my simulations in a toy ring are relevant to a real situation in the 
fast ramping booster synchrotron…

That strongly affects the parameters of a needed partial snake 
for adiabatic crossing of integer resonances.

And, probably, fast crossing can work without any problems? 
That is a simplest solution! EIC and CEPC rely on such approach!

Koop-Ideas for Longitudinal Polarization, eeFACT2018, HKUST, 
Hongkong
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Conclusion

Acceleration of polarized beams (both – e+ and e-) in a booster – most 
challenging  and most attractive solution. Shall study seriously! 

Simulation codes are developing, but need to be faster and become more 
friendly for users, as MADx and other accelerator codes.


