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Energy calibration and 
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Energy calibra,on – near and at Z-pole
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Extreme precision on the electroweak bosons masses and widths at the core of FCCee physics program

Required accuracy of ~1ppm

Muon pairs

Resonant depolariza1on

Wise admixture of precise detector data and 24/7 operable measurement of depolarizaEon

EPSHEP 2025 - FCCee Energy Calib and Monochromatization



Measurement of mW
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FCC-ee energy calibraEon is key for a high precision 
measurement of W mass and width

𝑚! ± 0.18 𝑠𝑡𝑎𝑡 ± 0.16 𝑠𝑦𝑠𝑡 [MeV]

Γ! ± 0.27 𝑠𝑡𝑎𝑡 ± 0.20 (𝑠𝑦𝑠𝑡) [MeV]Expected accuracies:

https://hepfit.roma1.infn.it/


Energy monochroma4za4on at H pole
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High luminosity provides unique opportunity to constrain electron Yukawa
with resonant s-channel Higgs producEon at FCC-ee
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Realistic schemes studied, further improvements expected

Trade luminosity for monochromaticity



LEP lessons – beam energy varia3on with 3me
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Effect of 1des !

1mm  over the 27km circumference of LEP
è 10MeV shi] 

~15min

Leakage currents !
à Change fields !
à Change circumference
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A detailed model accoun1ng for 1des, parasi1c 
currents, thermal effects in bending magnets,…

FCC-ee: Recurrent real-time (15min spacing) 
measurements of beam energy using pilot bunches   
backed up with instrumentation of few dipoles in 
ring



Resonant depolarization – First simulations at FCC-ee
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Scan spin precession frequency with kicker Detect beam depolarizaEon at resonance

Converts a well calibrated frequency scan in RF element into an accurate energy measurement !

Equally-spaced in energy 

Resonance condi1on (flat laRce, perfectly aligned):

𝜐" =
𝑔 − 2
2 𝐸# ≈

𝐸# [𝐺𝑒𝑉]
0.44

Δ𝜐" =
⟹ 𝜎 𝐸# ≈ 13 𝑘𝑒𝑉



Depolarization sources
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Many sources: Stochastic process of quantum emission, Energy dependance of !𝑛!, misalignments, 
beam-beam effects at the collision points,…

PolarizaEon can be preserved at high degree in presence of misalignments

Spin tune shiT studied for arc and IR 
misalignements
Also BPM error and scaling

RMS residual orbit increased
Variance of polarization increased 
and average decreased
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40keV



Measurement strategy at FCC-ee
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1. Inject hundreds of pilot bunches in ring.
2. Switch on wigglers to reach 10% polarizaEon in ~2h
3. Switch off wigglers
4. Inject colliding bunches and operate collider
5. Depolarize a pilot bunch every ~15min to follow energy changes

Example of depolarisation exercise at 80 GeV

Strip-line kicker
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Alternative: 
Injection of pre-polarized pilots being
studied
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The Compton cross-sec/on averaged over sca4ered par/cles spins:

𝑦 =
𝐸$
𝐸%

𝑥 =
2𝐸%𝜔%
𝑚& 1 + cos 𝛼

Differential cross-

section

Electron beam polariza0on independent Electron beam polariza0on dependent

𝑑𝜎
𝑑𝑦𝑑𝜑!"#

𝑥, 𝑦 =
𝑑𝜎$
𝑑𝑦

𝑥, 𝑦 +
𝑑𝜎%
𝑑𝑦

𝑥, 𝑦 cos 2 𝜑!"# − 𝜑&'# 𝒫(&'# +
𝑑𝜎∥
𝑑𝑦

𝑥, 𝑦 𝒫*&'#(𝑃+𝑓+ 𝑥, 𝑦 cos 𝜑!"# − 𝜑,&,- + 𝑃.𝑓.(𝑥, 𝑦))

Transverse laser polarisation: nuisance parameter to 
minimize and keep under control 

Transverse electron beam polarisa9on: intervenes as an 
asymmetry in the transverse plane

⚠ But small opening angle of sca[ered parEcles:
• Electrons à spectrometer
• Photons à difficult to measure asymmetric distribu6on of a narrow spot à long lever arm needed

Precise Laser polarization control and monitoring required !
à R&D study needed



Compton polarimeter layout
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Scattered photons

Electron beam

Lowest energy sca]ered electrons

Dipole (fie
ld B)

Laser (𝜔%)
Green wavelength

Interac1on region

about 100m

x

X0

X1

X2

∝
𝐵
𝐸!

∝ 𝐵𝜔!

Updated interac1on region in EPOL support document for the 
Feasibility study: large laser-electron crossing angle

Updated

New concept to measure all polarization parameters à 3D polarimeter
Direct energy measurement as a bonus

07/07/2025



Implementa4on
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Evalua1on of backgrounds (SR, Brem,…) in the Compton polarimeter has started 

Integra1on close to IP, also allows to constrain polariza1on at IP for colliding bunchesKi
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Integration
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Towards integra4on
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90° tapering validated for impedance
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Typical fit result – 1.5min data taking
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Asymmetry
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±𝛏3forAsymmetry induced by laser helicity flip improves robustness
against systema1c uncertain1es in transverse polariza1on extrac1on.

ReproducEble and well known laser helicity flip is required 
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Much progress in all areas during feasibility study
100keV (abs.) / 20 keV (ptp) accuracy of √𝑠 calibraEon (or be[er)

Reduced energy spread with monochromaEzaEon

Conclusion & prospects
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Extreme precision on the electroweak bosons masses and widths at 
the core of FCCee physics program

No showstopper found at this stage 

Huge task still ahead

electron-Yukawa coupling via resonant
e+e-àH producEon

Unique to FCC-ee


