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Energy calibration — near and at Z-pole

I Extreme precision on the electroweak bosons masses and widths at the core of FCCee physics program

Table 24: Current projected +/s-related uncertainties on selected electroweak observables.
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Wise admixture of precise detector data and 24/7 operable measurement of depolarization
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Measurement of m,,

m; [GeV]

CMS Collaboration, arXiv:2412.13872v1

FCC-ee Feasibility Report vol. 1, arxiv:2505.00272
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FCC-ee energy calibration is key for a high precision

measurement of W mass and width

my, + 0.18 (stat) + 0.16 (syst) [MeV]
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Expected accuracies: I, +0.27 (stat) + 0.20 (syst) [MeV]



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

Energy monochromatization at H pole

High luminosity provides unique opportunity to constrain electron Yukawa
with resonant s-channel Higgs production at FCC-ee
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Realistic schemes studied, further improvements expected
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LEP lessons — beam energy variation with time
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Resonant depolarization — First simulations at FCC-ee

Resonance condition (flat lattice, perfectly aligned):
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Assman et al., Eur. Phys. J. C6, 187-223 (1999), Blondel et al., arXiv:1909.12245;
Baier & Khoze, Sov. J. Nucl. Phys. \textbf{9}, 238-240 (1969) ; Y. Wu FCC Week report

Tune

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

Many sources: Stochastic process of quantum emission, Energy dependance of 7y, misalighnments,
beam-beam effects at the collision points,...

40keV
average P (%) | closed orbit spin tune v, — a<y> |

g 25 % 25
oN
)
r—— fe = 7.0e-05
o 32 R = 6.0e-05
~ 2 g £ =
é §15' 805 §15- 50e05“;
5 5 = f 3.0e-05
R . 70 z :
> 2.0e-05

04 65 0 1.0e-05

20 30 40 50 20 30 40 50 60 70 80 90 100
RMS arc m|sa||gnments (um) RMS arc misalignments (um)

RMS residual orbit increased Spin tune shift studied for arc and IR

Variance of polarization increased misalignements

and average decreased Also BPM error and scaling

Polarization can be preserved at high degree in presence of misalignments
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Measurement strategy at FCC-ee

Inject hundreds of pilot bunches in ring. Alternative:

Switch on wigglers to reach 10% polarization in ~2h]_ Injection of pre-polarized pilots being
Switch off wigglers studied

Inject colliding bunches and operate collider

Depolarize a pilot bunch every ~15min to follow energy changes

AW e

80 GeV, v _s=0.075, 05=0.00067, w=1.5*10"-4, £'=2*10"-8

Hofle, FCC Week 2025 report; Heron, FCC Week 2024 report
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Compton polarimetry

2E w E
X = ni 0(1+cosa) y=—y

Eo

Fig. 1. Tree diagrams for e~y — e™y

The Compton cross-section averaged over scattered particles spins:

Berestskii & Lfshitz QED textbook

(05>
(el ol © Transverse laser polarisation: nuisance parameter to Transverse electron beam polarisation: intervenes as an
D’\ﬁe Sec’c\oﬂ minimize and keep under control \ asymmetry in the transverse plane
dao do, doy
2 N+ (x ¥) €05(2(@ops = Pras)) PL I o & VPEF (Prfr(x,¥) €05(@ops = Perec) b Pofz ()
Electron beam polarization independent Electron beam polarization dependent

But small opening angle of scattered particles:
* Electrons = spectrometer
* Photons = difficult to measure asymmetric distribution of a narrow spot = long lever arm needed

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

Compton polarimeter layout

=~ Updated interaction region in EPOL support document for the c
N P
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New concept to measure all polarization parameters = 3D polarimeter
Direct energy measurement as a bonus
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Implementation

y position [m]

Kieffer, FCC Week 2024 report

X position [m]

Integration close to IP, also allows to constrain polarization at IP for colliding bunches
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Area of the sensor dedicated to Compton photons

Evaluation of backgrounds (SR, Brem,...) in the Compton polarimeter has started
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Integration

I CC-ee Underground Structure Big Alcove point A

Section View
// S
-

Laser alcove as close as
possible to the laser IP
(830m from exp. IP)

Kieffer, FCC Week 2025 report

Isometric View

Slide from Fanny Valchkova
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Towards integration

1m 26.48m Drift 68m m

Laser IP Dipole
Chamber
/ Silicon
l Sepa ration Exit Window Sensor
chamber Tracker

Chamber

Kieffer, FCC Week 2024 report
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Typical fit result — 1.5min data taking

Photons: MC

Blondel et al., arXiv:1909.12245; Muchnoi, JINST 17 P10014 (2022)

07/07/2025

g 5
€

> 4

1800C
7000
3
600¢
1500¢
300¢

200¢

4 100(

-218 -217 -216 -215 -214 -213 -212 -211 -210 -209

Electrons: Fit

EPSHEP 2025 - FCCee Energy Calib and

Photons: (Fit - MC)/(MC)™ |
€ 5§ >

Py

217 -216 -215 -214 -213 -212 -211 -210 —209
X, mm

Electrons: (Fit - MC)/(MC)™? |

Monte-Carlo Parameters:
Laser A, = 0.532 um
Electron E0 = 45.600 GeV
Electron y = 89.237x10°

Compton « = 1.628
Bend: yeo =190.441

€, &, &,) = (0.000, 0.000, 1.000)
(€ €, €,)=(0.000, 0.000, 0.000)

Intel(R) Xeon(R) CPU E5-2650 v4 @ 2.20GHz
Photons fit: t = 1154 s (CPU 1153 s)
¥%%/NDF = 15150.8/14390 | Prob = 0.0000
X, =-213.538 +0.001 mm
&1 =0.001 + 0.001
gz =-0.000 +0.000
Ej.sf,x =-0.001 £ 0.002
£ ¢, =0.002 +0.002
F,scz =0.001 £ 0.001
0,=252.0 £ 0.9 um
6, =27.15 £6.16 um

Intel(R) Xeon(R) CPU E5-2650 v4 @ 2.20GHz
Electrons fit: t = 22781 s (CPU 22748 s)
X?/NDF = 96668.3/96933 | Prob = 0.7258

X, =-0.0043 +0.002 mm
X, = 347.632 + 0.001 mm
,=-0.000 +0.001
€' =0.000 +0.000
& =0.000 +0.000
&%= -0.000 +0.001
£¢, =0.001 £ 0.000
6,=314.0 + 1.2 um
G, =26.49 £0.01 um
Epeary = 45-6008 + 0.0008 GeV.
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Tamazirt, FCC Week 2025 report
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Asymmetry TR A Ry ALY

Asymmetry induced by laser helicity flip improves robustness for +&
against systematic uncertainties in transverse polarization extraction.

Photon Asymmetry Electron Asymmetry

Monte-Carlo Parameters:
Laser A, = 0.532 um
Electron E, = 45.600 GeV
Electron y = 89.237x10°

Compton x = 1.620
Bend: yeo = 190.441

€, &, &, =(0.000, 0.000, 1.000)
(€, &, £,)=(0.100, 0.100, 0.100)

L i
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[ Photons: Asymmetry Fit | [ ] y Fit -

Intel(R) Xeon(R) CPU E5-2650 v4 @ 2.20GHz
Photons fit: t = 273 s (CPU 273 s)
x"2/NDF = 9994.0/10000 | Prob = 0.5150
X, =-213.537 +0.007
§1 = 0.000 +0.000

S e 5o e €,=0.000 +0.000
E e £ ohin 5 Yo !‘,3(;)( =0.099 + 0.001

2 e SR e T £,¢, =0.101 + 0.001

S T e T S At €,¢, =0.100 +0.000

+ =4 i e T psea: Foat e o, = 569.382 + 0.000

~218 217 -216 -215 214 -213 —212 211 -210 209 T T T Y | T R o, = 10.859 + 0.000

Electrons: Asymmetry Fit y Fit -

1.5]

Intel(R) Xeon(R) CPU E5-2650 v4 @ 2.20GHz
Electrons fit: t = 1342 s (CPU 1340 s)
x"~2/NDF = 111036.6/110208 | Prob = 0.0390
X, =-0.005 + 0.000
X, = 345.937 + 0.000
«";1 0.000 =+ 0.000

=0.000 + 0.000
& E =0.100 +0.000
& C
gl
O, =
G =

=0.102 +0.001
=0.100 +0.000
681.652 + 0.000
10.859 + 0.000
Epoa = 45.601 + 0.001

Reproductible and well known laser helicity flip is required
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Conclusion & prospects

3 12 FCCee W-pair threshold
(=3 —— m,,=80.385 GeV T,,=2.085 GeV . . .
g R Extreme precision on the electroweak bosons masses and widths at
s the core of FCCee physics program
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Much progress in all areas during feasibility study

100keV (abs.) / 20 keV (ptp) accuracy of Vs calibration (or better) average P, (%)
Reduced energy spread with monochromatization 2
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I No showstopper found at this stage I

I Huge task still ahead I
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