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FCC-ee Overview

Particle Physics: Accelerator Physics:
PA
* Higgs and electro-weak factory * 4-fold super-symmetric layout
* 4 baseline beam energies and i % * Up to 4 Interaction Points (IPs)

diverse particle physics program * 1 RF-section per beam

" 45.6 GeV: Z-pole * 1 collimation section

PJ PD
" 80 GeV: W-pair-threshold * 1 section for injection and dump
* 120 GeV: ZH-production « Nanometer beam size at IPs
" 182.5 GeV: top-pair-threshold PH PF * Strong synchrotron radiation

* High number of statistics e

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

Absolut scale error (abs) Point-to-point errors (ptp)
True
1 3
E., (abs) L:, 0
~ 5
@] Ll
o ' I
u Measured g
ur S . E.(abs)
ng i E.. (ptp
7" Goal: ~0(10+)~100 keV Goal: Better than O(10°) !
E.. E.., (True) in units of spin tune
0 M (True) 98.5 103.5 107.5
Error between measured and true E__ Fluctuation between measurements
* Large effect on mass measurement * Large effect on resonance width measurements

* Stems from systematic errors « Stems from variability of measurement conditions

Courtesy: A. Blondel
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Expected Precision

Quantity statistics | AEcyabs | AEcnmsyst—ptp|  calib. stats. aEcr
100keV | 40keV  |200keV/\/(N)|(84) £ 0.05 MeV

my (keV) 4 100 28 | —

I'y (keV) 4 2.5 22 | 10

sin?05 x 10° from ALY, 2 — 2.4 0.1 —

2a9epMz) () 3 0.1 0.9 - 0.05

agrp(Mg)

Huge statistics — small statistical error of a few keV for Z and W-boson

Aim to achieve same order of magnitude for systematic (ptp) errors — Scope of the EPOL working group

EPOL: Energy calibration, polarization and monochromatization

arxiv:1909.12245

FCC WEEK JACQUELINE KEINTZEL 4 ( \ FUTURE

CIRCULAR

14 JUN 2024 EPOL SUMMARY COLLIDER


https://arxiv.org/abs/1909.12245

How to?

4 ) Detector

Special mode: input
monochromatization \_ )

\ J ﬂ

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

* Resonances * Resonant depolarization * Polarimeter incl. * Systematic errrors
* Wigglers * Free spin precession laser, Si-detectors e Statistical errors
* Beam tests * e.g. EIC experience * Accurate models
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Sessions Overview

[ Thursday 13:30 - 15:00 ] [ Thursday 15:30 - 17:00 ]
( ) 4 )
Introduction and overview Simulation polarization studies at the FCC
. Speaker: Guy Wilkinson . Speaker: Yi Wu )
J
( : ) 4 )
Polarized positron production Polarized electrons at the EIC, lessons for the FCC
. Speaker: Joseph Grames Speaker: Georg Hoffstaetter
J (& J
4 ) ( )
Experiments at existing facilities The FCC polarimeter
X Speaker: Jacqueline Keintzel Speaker: Robert Kieffer
J | J
4 ) ( ; )
The EIC polarimeter and lessons for the FCC First thoughts on the FCC depolarizer
Speaker: Dave Gaskell . Speaker: Wolfgang Hofle
| J J
( ; ; )
Lessons from LEP and final steps towards the final
report of the FS, Speaker: Eric Torrence

| J
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Polarization Build-Up

* Statistically every 10" emitted synchrotron photon flips the spin

* Probability depends on the initial spin orientation

N
More likely i L ? o ] _
g * Leads to a natural polarization build-up over time

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

* Maximum theoretical polarization of 92.4 %

* Spin precesses through the lattice - Spin tune

Lesslkely ¢ :‘%%f

V= a * y a ... gyro-magnetic anomaly
Rel Yro -+ LOrentz-factor
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Tasks for Remainder of FS

Introduction and Overview
Speaker: Guy Wilkinson

[- Ensure sufficient polarisation in optics,]

including HSM studies at Z & WW Requirements on depolariser and

agreement on depolarisation procedure
for pilot and physics bunches

» Procedure, systematics and ultimate
precision on RDP & FSP measurements

« Deepen understanding of IP-specific
corrections, in particular dispersion
and offset effects

» Inform studies through series of
measurements at KARA
(and other accelerators)

experiments, e.g. effect of higher-order

[- Arrive at full conceptual design
corrections and detector resolutions efc.

« Improve understanding of input from
of polarimeter, including infrastructure

« Full costing of EPOL related items in e*e” —ffbar(y) studies

« Wigglers vs polarisation ring « Establish feasibility and expected
(injecting polarised e/e* increasingly performance of monochromatisation
attractive possibility — is it feasible ?) scheme for electron Yukawa run
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Tasks for Remainder of FS

Courtesy: J. Heron

Introduction and Overview

Speaker: Guy Wilkinson

w D
= arisation in optics,
[2~]
L G s at Z & WW Requirements on depolariser and
= - .
o . .
53 tics and ultimate agregment on depolarlsatlon procedure
93 02 .- _ - FSP measurements for pilot and physics bunches
%3 x Pre-Polarised Bunch Injection O q di ¢ 1P i
g E - eepen understanding o -specific
N gh series of per _ ding ot 1F-Spe
37 0.1 - corrections, in particular dispersion
E Indefinite Physics ARA and offset effects
% Z mode OI'S)
H 00y T * ¢Sl ual design Improve understanding of input from
, , : , , jina infrastructure experiments, e.g. effect of higher-order
0.10 0.15 0.20 0.25 0.30 g : :
. o corrections and detector resolutions etc.
ault rate of all systems i ) ]
(faults per hour) _related items in e*e- —ffbar(y) studies

« Wigglers vs polarisation ring
(injecting polarised e’/e* increasingly
attractive possibility — is it feasible ?)

Establish feasibility and expected
performance of monochromatisation
scheme for electron Yukawa run

Injection of polarized beams could
increase integrated luminosity by
up to ~35%
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FCC accelerators: Optics alternatives & lessons

M ONOC h romatizationmesday, 11 June, 10:30 — 12:00

Monochromatization optics for FCC-ee
Speaker: Angeles Faus-Golfe

* 62.5 GeV beam energy - peak of Higgs-production

* For minimization of collision energy spread —> monochromatization

* Trade-off between collision energy spread and luminosity production

-

Introducing dispersion — 95 Mogochr.‘o]lg{R I 05 -
- o it o2 a
e we £ o/ / g
_ + Same sign dispersion at \ 00 S
e | Cam—" S Q— | € the interaction point 5 8. - - -0.2
leads to change of E,, e L 0.5
e we 0 G
=3

Opposite sign (horizontal)

e | E, > < o | e+ dispersion helps reducing 0.0 /\ il % \ A WVVUMNT ;0
C es (s ou s
4 MeV spread - 18 x 10%** cm=s, possible optimization
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Polarized Positron Source

* Polarized Electrons for Polarized Positrons (PEPPO0) Po?g;:ge?-ojggé? gﬁg‘#ﬂon

* Designed for CEBAF
* Polarized electrons based on GaAs

* Polarized positrons from polarized electrons

Parameter CEBAF 12 GeV ‘ Proposed 12 GeV
Electron Beam | Positron Beam
Experiment > 50 nA (pol)
Intensity Lt = 210 > 1 pA (unpol)
DUty 100% same
Factor (cw)
Bunch
249.5/499 MHz same
Frequency
Spin i ] ] 3
PoIarFi)zation 85% S60% Wf.)en a longitudinally polar.fzed e beam
strikes matter, e* produced in the shower
Rapid Spin 30 — 2000 Hz <ame carrying >50% of the e beam energy are
Reversal (Pockels cell) | significantly longitudinally spin polarized...
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Experience at KARA

Experiments at existing facilities
* RDP measurement campaign at KARA Speaker: Jacqueline Keintzel

* Findings consistent with simulations for FCC

* Low measurement fit error of a few keV * 400
v
5350
(@] ]
oEss ﬁ
i ] § 3001 On-coming —— 2.480678 GeV=3 keV
C o= ‘ > ( ‘
0.0 ] i
eosE “catching up” i400 —— 2.480664 GeVx12 keV
oo E
ol :' 1 g 350
2 II|- U
:: i I i 1% i i i & 300 ;
e e 9 Catching-up

Energy scale [keV] : : : : : ‘
2.4800 2.4805 2.4810 2.4815 2.4820 2.4825
Courtesy: S. Nikitin, 1. Koop Energy [Gev]
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EIC and FCC Polarimeters

The EIC polarimeter and lessons for the FCC
Speaker: Dave Gaskell

G 100F+ « g0 poven,e « Common issues:
8 3 K}
99.5F 1, % :
995 ', * Beam structure: short times between bunches
__' L]
5 =] . . .
) * Synchrotron radiation issues
98—
- @ unlocked, M2 out ° ; ;
ST5E e locked Laser diagnostics
- © locked 2 Segmented
7E & locked (closed) electron
9655 locked (200 Torr) . detector
"FE  # locked (1 Torr)
96 locked (post bake)
El | L1 1l I L1 11 I L1111 I L1l ] L1 11 I Ll I L1111 I L il t 1
67 68 69 70 1 72 73 74 75 Electron beam

QWP angle

Dipole Photon detector
Laser system
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Polarization and Misalignments

Orbit correction and polarization studies
Speaker: Yi Wu

* Element misalignments increase vertical orbit and

decrease theoretical achievable polarization

« Large fluctuations between various error seeds * 100/ 10 pminarcs /IRs - 70 * 25 % polarization
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Polarization Lessons from EIC

Polarized electrons at the EIC, lessons for the FCC

* Better polarization with errors observed Speaker: Georg Hoffstaetter
* -, Best Adjustment Groups for ELectron Spin (BAGELS) . 1P + BAGELS
Mo T - _:uF:t BAGELS
8(87/85), 8(97/85), u:ga- “-" Requirement
a7 /38, a7 /as, FT a8, 6, Rt P
( : ) =( : ) + ! : ( : )-{- 050 | |
an[9s,/ ,  \offds,/, | d(@n/as), a(dA/a8), | \6,, 045 ¢
0, N 06, / 4 e
n bends m unit sl |
bumes 020! |
015 F |
= “Eigenvectors” with largest “eigenvalues” have maximum impact on d71/d4 il
0.00 F | t . ; : : * : : t :
» “Eigenvectors” with smallest “eigenvalues” have minimum impact on 9n/dé R @ mrd,_:'fﬂnn]m AR S AR

= = Analytical
—#=3rd Order Map Tracking

2
(=]

ent W_P

Average Replacment Time
for (P }1 =7
w o
ﬁ }

0% [min]

Polarization studies have changed many important features of today’s ESR
= 10 GeV Lattice Correction of 11P/2IP Operating Energies
= ESR v5.3: Nonlinear Resonance ldentified, Tunes Changed :
= ESR vb.6: Partial Longitudinal Spin Match by solenoid polarity change s oo e T

f o o mm mm mm wm mm e e mm em e e = = o

=
=
Ll
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FCC Polarimeter

The FCC polarimeter
* Laser should be accessed at all times Speaker: Robert Kieffer

* Baseline would require additional CE

Base line: a single polarimeter per beam (2 total)
» Separation chamber length optimized Instrument location: both ends of LSS on each experimental IP A.
Laser room should have a 24/7 access to insure availability.

e Extraction window Optimization: Needs dedicated laser hutch and access tunnels.
Energy at IPs is inferred from one measurement point.
Ang|e and material thickness Energy loss (Tapering), along the ring induce systematic errors
on the energy inferred at each IP.

: O Pixel sensor
i £ Width 850mm
P B 140 Laser IP
- 830m from IP o
05— y=g L) -
2 r T l‘ I : 1]
of— e : —-—'tl\ ! Vl_
o el
LE Laser hutch
5 Accessible 24h/7d 4 PLAoR
1.5_ L v o 1 5 4 3= ST u =gt 8= PRI Pl M. Y
Rl *Postion fmmi Extra tunnel or bypass tunnel elongated
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Depolarizer

First thoughts on the FCC depolarizer
Speaker: Wolfgang Hofle

------ .= jiz;-, * First detailed thoughts on depolarizer design have started

--------- = ;ii « Combined with transverse feedback system

rrrrrrrrrr

"“ **‘"‘i =4 * Minimum 3 location required to generate closed orbit bumps
Magnetic field field (horizontal) T o Optimum location to be found —
+ 10 prad kick at 45.6 GeV required | = f L . i
- * - challenging ‘~,L
e o . FJ? SSS = 1400 m FCC-ee layout sss:idoom*;:;eﬁmemaj

— Closer to the beam

o )
. % )
A : =7 Technical siteg LSS = 2032 m LSS=2032m pr-r chinical sith
e ° . . RF cavities  PH ™% F Betatron and
i U tl e e 0 arl Z e rS i L SSS5=1400m momentum
R NN collimation
= booster PG Experimental site
transverse
D. Sittard feedback

kickers?

— Best locations?
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From LEP to the End of the FS

Lessons from LEP and final steps towards the final
* Redundancy for beam energy measurements Speaker: Eric Torrence

* Especially at higher energies when RDP is more challenging

* RDP, physics measurements, free spin precession

+ LEP2 used 3 separate methods to extrapolate RDP

Flux loop Synchrotron tune vs Ve In-line spectrometer

JA
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02 - = E, =50GeV o
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018 [ -~ E,=61GeV g 0 10m
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B { o 1

0.6 |

0.14 [

012 j x”x _-
[ ]
. _/‘)"' * E, =80 GeV 4

0.08 |/ Fs
f d

750 1E|0|J 1250 'IEEIl] 1?50 2000 2250 2500 2?5’0 JDDO
Vee [ MV |

Agreement lead us to believe dEw/Ep = 10 MeV uncertainty
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Outlook

* Presently aimed to achieve a few keV systematic (ptp) uncertainty at the Z- / W- modes —> EPOL

* Important questions aimed to be investigated in the future, for example:
* Could/should we aim to inject already polarized bunches?

* What are the best locations for the depolarizer and the polarimeter?

Regular EPOL meetings: Mailing list:
indico.cern.ch/category/8678/ fcc-ee-PolarizationAndEnergyCalibration@cern.ch
Typically every third Thursday 16:30-18:30
Self-subscription from:
https://e-groups.cern.ch/e-groups/EgroupsSearch.do

Any help is welcome!
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CEPC Polarization Scheme

[ Courtesy: Zhe Duan ]
Polarized
electron * Injection of polarized electrons and positrons in
source . .
electron collider rings at Z and W
e

Booster * Longitudinal polarization for physics bunches

E Main Linac .
positron

Unpolarized .-
electron  :Positron j

source dampinsfpolaﬂzins ﬂn& 1 * More time for physics

* Transverse polarization for pilot bunches

electron

* Possibly also polarized beams at H

IP2
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