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Motivation
• Beam energy calibration is essential for W-mass measurement at CEPC/FCC-ee. How?

– Inverse-Compton Scattering (see Yongsheng Huang’s talk)

– Resonant depolarization at 80 GeV beam energy: possibility? accuracy?
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Gang Li’s talk this morning

Δm୛ proportional to Δ𝐸



Principle of resonant depolarization (I)

• Integer part of spin tune is easily determined by magnetic fields

• “Resonant depolarization” measures the  fractional part of spin tune 
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103.257 @ 45.5 GeV
181.551 @ 80 GeV

• Electron’s spin precession in electromagnetic fields 

𝑣⃑

𝑆 𝑆

• In a circular accelerator, the number of spin precession per turn 
in one revolution is called the spin tune

• Ideally, spin tune is proportional to beam energy



Principle of resonant depolarization (II)
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• RF depolarizer:  an radially oscillating magnetic field

𝑓ௗ/𝑓଴ = 𝑘 ± [𝜐ୱ], 𝑘 ∈ ℤ

• To measure ୱ, sweep ௗ in tiny steps until depolarization is observed

𝐵௫(𝑡) = 𝐵଴ sin 2𝜋𝑓ௗ𝑡  

L. Arnaudon, et al., Z. Phys. C 66, 45-62 (1995). 

• Spin resonance: perturbation adds up coherently, leading to polarization loss or reversal



Aspects of resonant depolarization

• Vertical beam polarization > 5% ~ 10%

• Polarimeter:   stats. uncertainty of 1% ~ seconds

• Measurement procedure & depolarizer specs

• Measurement accuracy

– Accuracy of RD

– 𝐸୫ୣୟୱ-> 𝑠 @ IPs
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Radiative polarization in electron storage rings

• Self-polarization build-up, typically in hours
• Equilibrium beam polarization depends on

– Spin tune (beam energy) location
– Machine imperfections -> first-order spin resonances
– Synchrotron sideband spin resonances
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HERA electron polarization

D. P. Barber, et al.,
NIM A 338 (1984) 166.

Johonson, et al., 
NIM A 204 (1983) 261.

The SPEAR electron polarization for different beam energies

R. Assmann, et al, AIP Conference 
Proceeding, 570, 169 (2001).

Compilation of achieved polarization at different machines 

More severe at higher energy

Reduce influence of machine 
imperfection to spin



Radiative polarization at CEPC/FCC-ee

• Simulations indicate it is possible to achieve sufficient beam polarization for RD @ 80 GeV, at 

CEPC/FCC-ee

– rms energy spread ~ ½ LEP value at the same energy, weaker synchrotron sideband spin resonances

– Better control of magnet alignment errors & improved correction scheme, in line with demanding 

luminosity requirement
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FCC-ee 90 deg FODO, simplified, w/ 10% BPM cal. err CEPC CDR lattice, w/o BPM err 

Gianfelice-Wendt, PRAB 19, 101005 (2016) W. H. Xia, Z. Duan, et al., to be submitted



RD operation scenario @ CEPC-W

Assume conduct RD measurements every 10 minutes, on one bunch each time

• τp ~ 15 hour, 2 hours to generate 10% polarization

• Assume 12 non-colliding bunches (colliding bunches ~1200）per beam

• Beam lifetime ~ 75 hour (CDR), refill one bunch every 2 hours
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Time(hour)

Polarization(%)
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0

12 bunch * 10 min/bunch = 2 hours
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Compton polarimeter (designed for CEPC-Z, extendable to W) 

• Polarization-induced asymmetry in scattered electron beam distribution
• ICS can also be used to directly measure beam energy (see Yongsheng Huang’s talk)
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• layout

Sources of systematic 
uncertainties

∆ ∆𝑃 𝑃⁄ %

Dipole strength 3.3 × 10ି଻𝑇 0.062%

L1(Ip-to-detector) 1cm 0.007%

L2 (magnet-to-detector) 1cm 0.051%

Beam energy 100keV 0.0001%

Detector resolution 7μm 0.278%

Detector placement ignored

Total 0.4%

• Statistical error (10% transverse polarization): 
• ∆𝑃 𝑃⁄ ≈ 2.9% for 30 seconds of data taking
• ∆𝑃 𝑃⁄ ≈ 1.2% for 154 seconds of data taking

Courtesy of Shanhong Chen and Yongsheng Huang

Lattice-dependent systematic uncertainties yet to included



Challenge & mitigation in RD measurement at 80 GeV
• Challenges:  

– Spin tune linewidth much wider

– the depolarization becomes less “steep”

• Mitigation (refined study is needed)

– Increase synchrotron tune (RF voltage)

– Alternative RD strategy 
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45.6 GeV 80.4 GeV

Similar phenomenon expected @ CEPC-W 

I. Koop, eeFACT 2018, arXiv: 1909.12245v1  (for FCC-ee)
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Beam energy calibration at LEP with RD

• The systematic error was estimated to be ~200keV for a standard RD calibration @ 45 GeV.

• This can be improved to better than 100 keV@ FCC-ee & CEPC at 45 GeV

• Yet to know how well can be done at 80 GeV

L. Arnaudon, et al., Z. Phys. C 66, 45-62 (1995). 

arXiv: 1909.12245v1  (for FCC-ee)



Measured beam energy -> CM energy
• The LEP energy model took many years of efforts, to account for various effects that vary the beam energies 

in the long term
• This can be much improved at FCC-ee & CEPC

– Continuous monitoring of beam energy ~4 times/hours
– Both beams
– RF frequency feedback
– Monitor & mitigate opposite sign dispersions @ IP
– Monitor all diagnostics and changes of machine settings
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LEP

EPJC, 6, 187-223 (1999)

G. Wilkinson, talk on FCC Week, 2016



CM energy uncertainties at FCC-ee

• Detailed analysis has been done for Z-pole (arXiv: 1909.12245v1)
– This needs to be extended to WW threshold.

14



Outline

• Resonant depolarization for beam energy calibration

• Longitudinal polarized colliding beams

• Summary

15



16

Longitudinally polarized beams in colliders

• Implementation of longitudinally polarized beams have been studied in recent colliders:
SuperB, SuperKEKB, SuperT-C, ILC, EICs, NICA, etc.

SLC: polarized e- & unpolarized e+

45.6 GeV vs. 45.6 GeV

HERA: polarized e- (e+) & unpolarized p

27.5 GeV vs. 820~920 GeV

RHIC: polarized pp collider

Up to 255 GeV

Most notably the measurement
of the weak mixing angle

Proton (spin) structure



Longitudinal polarized colliding beams at CEPC/FCC-ee?

• Goal:   > 50% longitudinal polarization for e-,  polarized e+ awaiting source tech innovations

• Top-up injection of polarized e- beams to the collider

– Beam lifetime (1 hour) << depolarization lifetime (estimation: ~100 hours @Z,   5~10 hours @W)

– ୟ୴୥ ୧୬୨
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Parameter ILC(TDR) CLIC(3TeV) CEPC req.

Electrons/microbunch 2×1010 0.6×1010 >0.94×1010

Charge / microbunch 3.2nC 1nC 1.5nC

Number of microbunches 1312 312 1

Macropulse repetition rate 5 50 100

Average current from gun 21μA 15μA 0.15μA

Polarization >80% >80% >80%

Polarized electron gun parameters 

Beam-beam depolarization time yet to evaluate.



Polarization maintenance in the booster

• Acceleration from 10 GeV to 45 GeV & beyond crosses many spin resonances

• Siberian snakes can be employed to mitigate the depolarization

– Verified by preliminary simulations, more study is under way
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Siberian snake



Spin rotator design in the collider ring
• Spin Rotator design for 45 GeV

– Adaptation of HERA/SuperB design to CEPC

– Occupy 1~2 km space for solenoid sections

– This S-shape geometry partially cancels 

depolarization

– Acceptable perturbation to orbital motion

• Extendable to W and even higher energies

19

Spin rotator section

W. H. Xia, Z. Duan et al., under review
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Summary

• There would be sufficient beam polarization for Resonant Depolarization 

measurements, at 80 GeV for FCC-ee & CEPC.

• So far detailed analysis of RD-based energy calibration has been done for 45.6 

GeV at FCC-ee.

• More detailed analysis of the RD procedure and accuracy estimation for 80 

GeV is required.

• It is possible to implement longitudinal polarized colliding beams in FCC-

ee/CEPC at different energies. Are there strong physics motivation? Cost vs. 

benefit…
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Thank you for your attention!
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