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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
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Wise admixture of precise detector data and 24/7 operable measurement of depolarization
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The my, question
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NB: initial plot does not include last W-mas
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measurement from CDF
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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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D’Enterria, Eur. Phys. J. Plus (2022) 137:201
Faus-Golfe, Eur. Phys. J. Plus (2022) 137:31; Faus-Golfe, FCC Week 2024 report
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Beam energy model — LEP legacy
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backed up with instrumentation of few dipoles in
ring ~15min
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Resonant depolarization

§

N

N . .
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- . Q. ... vertical tune - _ ;
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-l m, K ... integer = e e "

3 B a ... gyromagnetic moment Spin tune for ransverse planes | ongitudinal plane

g g e relativistic gamma ideal machine Y. Wu: indico.cern.ch/event/1119730/
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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,...

same 93 seeds

/ \ 1.2e-03
25
g '.",,'.!’.’ s °°°:{”;fe§’ ¢ e R 1.0e-03
£ go{ . . 2 E %0
N g 15 8.0e-04 3
T 601 t_% £
(4] [ %)
E § . 5 10 6.0e-04 =
pH "
- o 40 z 5
~ 4.0e-04
20 1 o BPMs not misaligned ° 2.0e-04
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. | | | | Spin tune shift studied for arc and IR
10 15 20 25 30 35 . .
. Yms (M) misalignements
RMS residual orbit much increased Also BPM error and scaling

Variance of polarization increased

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. .

Switch on wigglers to reach 10% polarization in ~2h | Alternative:

Switch off wigglers Injection of pre-polarized pilots
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 2024 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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Compton polarimeter layout
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about 100m

New concept to measure all polarization parameters = 3D polarimeter
Direct energy measurement as a bonus
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Blondel et al., arXiv:1909.12245; Muchnoi, INST 17 P10014 (2022)
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Typical fit result — 1.5min data taking

Photons: 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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Implementation

Bypass planned for 24/7 access to laser room
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Integration close to IP, also allows to constrain polarization at IP for colliding bunches

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

30 degrees angle

Mat: Copper Thickness:
2mm Mode: Z
Effective Copper
Thickness: 3.99mm

e- Compton <45.6Gev

o

Pixel sensor
Width 450mm

Position [mm]

o
o

~ Evaluation of tapering need for
= impedance and impact on parameter

estimation on-going

)

T [ TT T[T T[T T[T TTTT

600 800
Position [mm]
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Preliminary performance studies (E,)

toy MonteCarlo procedure in place (100 experiments, 108 events each)

S (mc®)* X, — X,
o Dot: average of fit central values p = ) Y Y
§ < - Grey band:average of single fit uncertaintjes Vo 1~ 40
R @ SR Black line: std of fit central values
§ O, 45.604] Black box: stat uncertainty on average of fit central values
< &0 - Red line: generated value
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Polarization parameters show <0.1% bias

Fit bias on the extraction of the scattered particle disitributions at um level
— Related tight alignement constraints, impact of tapering, backgrounds to be evaluated
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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
= the core of FCCee physics program
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® [ Width s ® 10
B = :
i l A — "que to ;
electron-Yukawa coupling via resonant | % .
2 e*e">H production s
Mass @ ] —————————————————————————————————————— T 4
0 ¢ a o g ) P T T SR 3

155 160 165 170
Vs (GeV) sy,<0.25y, [Nk
e Yukawa limits. e'e’— H, s = 125 GeV 1
Much progress in all areas towards confirmation of feasibility 2Tz aes 0o 100 g0

1.2e-03

100keV accuracy of calibration on Vs
Few MeV energy spread with monochromatization

1.0e-03

8.0e-04

RMS IR misalignments (um)
S [vo—ay|

* . 40RMS asrgmisal?gonmenZSO (um)ao * 0
I No showstopper found at this stage I
I Huge task still ahead I
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