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FCC-ee Overview

AParticle Physics: Mccelerator Physics:
AHiggs and electro-weak factory % A4-fold super-symmetric layout
A4 baseline beam energies and PL & Up to 4 Interaction Points (IPs)
diverse particle physics program 1 RF-section per beam
45.6 GeV: Z-pole . o 1 collimation section
80 GeV: W-pair-threshold 1 section for injection and dump
120 GeV: ZH-production ANanometer beam size at IPs
182.5 GeV: top-pair-threshold PH PF AStrong synchrotron radiation
AHigh number of statistics »

Precision particle physics experiments <:> Center-of-mass energy determination

FCC WEEK JACQUELINE KEINTZEL 5 ( \ FUTURE

CIRCULAR

08 JUNE 2023 EPOL: THE ROADMAP TOTHE FINAL REPORT COLLIDER



Center -of-mass Energy Uncertainty

Absolut scale error (abs) Point-to-point errors (ptp)
True
\ PYAA. .
E.n (abs) E 0
= T :
o) ul
a ' 1
3 Measured g
£
n m I E,., (abs)
Lng i Eem (ptpv
Ecm E.m (True) in units of spin tune
0 Mz (True) 98.5 103.5 107.5
AError between measured and true E__ AFluctuation between measurements

ALarge effect on mass measurement ALarge effect on resonance width measurements

AStems from systematic errors AStems from variability of measurement conditions

Courtesy: A. Blondel
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Expected Precision

Quantity statistics | AEcnans AEcmsyst—ptp|  calib. stats. oFEcy
100keV | 40keV  |200keV/\/(N7)|(84) £ 0.05 MecV

C Imy (keV) 4 100 28 | —

I'y (keV) 4 2.5 22 | 10
Z 4 |sin?05 x 10° from AX| _ 2.4 0.1 _

Aagep(Mz) 5

L | Somnan) X 10 3 0.1 0.9 — 0.05

" | Further clarification ongoing 300 keV 150 keV

WW < m,,,(MeV) 0.200 (?) 75 keV?

Gy, (MeV) (757) small OK

Aarge expected luminosity Y hug4 109 ke¥ pdr BAW -bssonY s mal |

Mim to achieve same order of magni tEPOlewofkinggreup st e mat

AEPOL: Energy calibration, polarization and monochromatization _
arxiv:1909.12245
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https://arxiv.org/abs/1909.12245

How to?

4 ) Detector
Special mode: input
monochromatization \_ v,

\ J ﬂ

Polarization . :
> build-up >> Depolarization >> Polarimetry ECM

AResonances AResonant depolarization ~ APolarimeter incl. ASystematic errrors
AWigglers AFree spin precession Alaser, Si-detectors AStatistical errors
ABeam tests Ae.g. EIC experience AAccurate models
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Polarization Build -Up

AStatistically every 101° emitted synchrotron photon flips the spin

AProbability depends on the initial spin orientation

More likely ?
i l ;\”@H‘ AlLeads to a natural polarization build-up over time

(by factor ~25)
AOrientation is anti-parallel to the guiding magnetic field

AMaximum theoretical polarization of 92.4 %

ASpin precesses through the | att]

N
Lesslikely & | s
Sﬂ/\/\/pb!i a _€ ¢gmagnetic anomaly
- e

L o r -factior z
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Resonances and Orbit Bumps

APolarization decreases with resonances, orbits, machine errors etc.

Almproved with special closed-orbit bumps

o+ | J

ARExampl e: at 45 .=3 9140 3Ge0VL 6Y S [\ |

60
AMaximum polarization improved from 60 to 87 % %
ARequires orbit and angle measurement between dipoles *E o N : EEE;&E{;EW

|
AWhat is the max. allowed closed orbit for polarization? . \/
AHow many BPMs are needed where, with which precision? 1050 1032 1034 oy 1036 1038 1040

ACan this scheme be tested somewhere?
Courtesy: Y. Wu

FCC WEEK JACQUELINE KEINTZEL FUTURE

CIRCULAR
08 JUNE 2023 EPOL: THE ROADMAP TOTHE FINAL REPORT COLLIDER



Beam Test Polarization and Bumps

AKARA at KIT, polarization time ~ 10 min
U SR

APolarization measurements via Touschek lifetime change ,],
‘ ' MVJ_]? “ ‘ ‘U ”'_'-” correctors

30

m

APossible beam test:

B Ty ﬁy ,’/

AGenerate strong depolarizing source

AFind orbit bumps to increase max. polarization S\
0—"- 1 | | | | I | 1 | | | | |
4 6 8 10 12 14 16 18 20 22 24 26 28
s/ m

sector 1 (one quarter)

ACan FCC-ee orbit bumps be tested at KARA?
APossible long term idea: Is it possible to install and test an FCC-like polarimeter?

Courtesy: B. Harer, E. Blomley
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Wigglers

Blue: Dipoles; Red: Quadrupoles

12 . A v E— = =
1 0.0
°|Beam M
_ —0.21
= 8 B, g o Large orbit
i.i 6! B, = Emitted ~MeV photons
X
ql 4 —0.8 | | | |
; K\ Courtesy: M. Hofer
AAt 45.6 GeV energy: Polarization time of 248 h
0 I\ qy
. ASolution: wiggler magnets
£ Reduce polarization time to 12 h
5
Q0.0 Increase energy spread by factor ~ 3.5
-1200 -900 -600 -300 0 300 600 900 1200 AAim to have a realistic design of wiggler magnet.

S [m]
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Operational Scenario

Alnject a few (100-200) non-colliding pilot bunches (~10° ppb)
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Operational Scenario

Alnject a few (100-200) non-colliding pilot bunches (~10° ppb)

ASwitch on wigglers until ~5-10 % vertical polarization reached
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Operational Scenario

Alnject a few (100-200) non-colliding pilot bunches (~10° ppb)
ASwitch on wigglers until ~5-10 % vertical polarization reached

ASwitch wigglers off
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Operational Scenario

Alnject a few (100-200) non-colliding pilot bunches (~10° ppb)

ASwitch on wigglers until ~5-10 % vertical polarization reached

ASwitch wigglers off and inject ~10° colliding bunches (~10** ppb)
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Operational Scenario

Alnject a few (100-200) non-colliding pilot bunches (~10° ppb)
ASwitch on wigglers until ~5-10 % vertical polarization reached
ASwitch wigglers off and inject ~10° colliding bunches (~10 ppb)
AMeasure beam energy with pilots while collisions take place .0. ’.‘
AWhat is the minimum required polarization level?

AWnhich pilot bunch intensities are required?

AWhat is their lifetime and do they need to be topped-up?
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Resonant Depolarization

Alndependent depolarizers per beam
C=97.75 km, 45.59 GeV, Q¢ = 0.025, g5 = 0.00038, w= 1074, € =0.5x1078

S AEasily accessible for maintainance
¥ . .
5 ATEM wave propagating towards a pilot bunch
(@]
o
£ AVarying exciting frequency
£ 0.
> -0.2b. | | | g
-0.002 -0.001 0.000 0.001 0.002

Flipper frequency detuning:v - vo EExciting frequency = spin tune = depolarization]
Natural width ~ 200 keV at Z
And 1.4 MeV at W

0.6|

AWhere is the best location for depolarizers?

' ADo we need to scan in opposite directions
| | simultanesouly? (2 depolarizers per beam?)

Polarization from Polarimeter

- 0.002 - 0.001 0 0.001 0.002

Depolarizer Detuning, Av

Courtesy: |. Koop
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Free Spin Precession

AStronger depolarizer kicks the vertical spin into other plane
AObservation of oscillation between these planes
ASpin tune obtained via Fourier Transform

AYields the full spin spectrum

Als this technique feasible in a realistic machine?
AHow often should this be performed?

AcCan we flip the spin and re-use the same bunches?

0.04 a1
E=45 GeV, vy = 102,475, Py = 0.1, 5= 0.000371, Pyere

w = 0.002, &= —.005, v4=0.032, 7, =1310turns  p,

W
) [l ,qmmmmmmmnmuummmumu

Pf,on_g

-0.02

Track spin of Np=400 particles with initial polarization P, = 0.1
300 600 900 1200 1500

FSP at Z

—0.04
0

E=45GeV, vy= 102.475, N = 2048 turns, {N-)=1000, A=0.5

@

s _ |
Fourier transform of Poisson distribution of counts:
chF‘_oisson((NC)(_l + A- PLMQ))

Courtesy: |. Koop
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Polarimeter

Aln present experimental interaction region design space foreseen, but possibly more space in RF-section

AWhere is the best integration point for the polarimeters?

Blue: Dipoles; Red: Quadrupoles Blue: Dipoles; Red: Quadrupoles
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Polarimeter

A~ 520 nm circular polarized laser interacts with beam
ABack-scattered photons sufficient for resonance measurement
AAdditional measurement of scattered electrons for 3D spin vector

AAt least 1 polarimeter per beam

~2 mrad Dipole

AWhat can be gained more polarimeters?

ACan we learn from other projects, such as
from EIC-experts?

Scattered electrons to be measured
by Si pixel detector

e -—-——----——-—-—---------_--____:._::___‘_-_- __________ > ( % Backscattered
— >~2mrad LJ& photons
—-.-’___r__-—
. . P T m—— => Beam
~2m Laser Interaction Region ;
Laser interacts with beam ; ~500 mm

' Scattered electrons
with minimum energy

Courtesy: M. Hofer and J. Wenninger
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Courtesy: N. Muchnoi
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Colliding Bunches Polarization

ATake away message: Courtesy: |. Koop
ALongitudinal polarization could spoil measurements and must be < 10-5
ADepol arizers must also act on -orbitbunpstoavadibpachatlPes Y C

A To be measured also with polarimeters

AWhat could be the impact of RF-kickers acting on colliding bunches?

AWhich RF-kicker and polarimeter design is the most suitable for pilot and colliding bunches?
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