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Energy calibration and 
monochromatization at the 
e+e- Future Circular Collider

Aurélien MARTENS 
on behalf of FCC-ee FS EPOL group



Energy calibration – 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 depolarization

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

ICHEP 2024 - FCCee Energy Calib and Monochromatization



The mW question
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NB: initial plot does not include last W-mass measurement from CDF

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

𝑚! ± 0.25 𝑠𝑡𝑎𝑡 ± 0.3 (𝑠𝑦𝑠𝑡)
Γ! ± 1.2 𝑠𝑡𝑎𝑡 ± 0.3 (𝑠𝑦𝑠𝑡)Expected accuracies:



Energy monochromatization at H pole
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High luminosity provides unique opportunity to constrain electron Yukawa
with resonant s-channel Higgs production at FCC-ee
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Current status of implementation
(before lattice re-optimisation)

Further improvements expected

Trade luminosity for monochromaticity



Beam energy model – LEP legacy
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Effect of tides !

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

~15min

Leakage currents !
à Change fields !
à Change circumference
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A detailed model accounting for tides, parasitic 
currents, thermal effects in bending magnets,…

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



Resonant depolarization

18/07/2024 ICHEP 2024 - FCCee Energy Calib and Monochromatization 6

LEP legacy
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Scan spin precession frequency with magnetic kicker

Detect beam depolarization at resonance

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

Equally-spaced in energy 
Resonance condition:



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,…

Polarization can be preserved at high degree in presence of misalignments

Spin tune shift studied for arc and IR 
misalignements
Also BPM error and scalingRMS residual orbit much increased

Variance of polarization increased
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Measurement strategy at FCC-ee
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1. Inject hundreds of pilot bunches in ring.
2. Switch on wigglers to reach 10% polarization 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 depolarizer
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Injection of pre-polarized pilots



Be
re

st
sk

ii
&

 Lf
sh

itz
Q

ED
 te

xt
bo

ok
 Compton polarimetry

18/07/2024 ICHEP 2024 - FCCee Energy Calib and Monochromatization 9

The Compton cross-section averaged over scattered particles spins:

𝑦 =
𝐸"
𝐸#

𝑥 =
2𝐸#𝜔#
𝑚$ 1 + cos 𝛼

Differential cross-

section

Electron beam polarization independent Electron beam polarization 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 polarisation: intervenes as an 
asymmetry in the transverse plane

⚠ But small opening angle of scaYered parZcles:
• 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 scattered electrons

Dipole (file
d B)

Laser (𝜔#)

Interaction region

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

about 100m

x
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Typical fit result – 1.5min data taking
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Implementation
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Evaluation of backgrounds (SR, Brem,…) in the Compton polarimeter has started
Integration close to IP, also allows to constrain polarization at IP for colliding bunches
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Bypass planned for 24/7 access to laser room



Towards integration
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Evaluation of tapering need for 
impedance and impact on parameter 
estimation on-going
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Preliminary performance studies (Eb)
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toy MonteCarlo procedure in place (100 experiments, 108 events each)
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Dot: average of fit central values
Grey band: average of single fit uncertainties
Black line: std of fit central values
Black box: stat uncertainty on average of fit central values
Red line: generated value

Npixels for 
electrons

X: 1200        1400                   1600                    1800                   2000
Y: 40                       60                        80                       100                     120

Electron detector

Photon 
detector

4mm

400 mm

10 mm

Fit bias on the extraction of the scattered particle disitributions at µm level
à Related tight alignement constraints, impact of tapering, backgrounds to be evaluated
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𝐸7 =
(𝑚𝑐$)$

4ℎ𝜐#
𝑋$ − 𝑋8
𝑋8 − 𝑋#

Polarization parameters show <0.1% bias



Much progress in all areas towards confirmation of feasibility
100keV accuracy of calibration on √𝑠

Few MeV energy spread with monochromatization

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 production

Unique to FCC-ee


