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Reminder: FCC-ee Overview

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

particle physics program * 1 RF-section per beam

" 45.6 GeV: Z-pole * 1 collimation section

PJ PD
* 62.5GeV: H-peak * 1 section for injection and dump
" 80 GeV: W-pair-threshold « Nanometer beam size at IPs
* 120 GeV: ZH-production il PF * Strong synchrotron radiation
* 182.5 GeV: top-pair-threshold i

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

4 ) Detector

Special mode: input
monochromatization \_ )

\ J ﬂ

> Polarization >> Depolarization >> Polarimetry > ECM

* Polarization level * Resonant depolarization * Polarimeter incl. * Systematic errrors
* Beam optics * Free spin precession laser, Si-detectors e Statistical errors
* RF-kicker design * Accurate models
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Sessions Overview

[ Tuesday 11:00 - 12:30 ] [ Thursday 11:00 - 12:30 ]
4 ) 4 N\
FCC Polarimeter | Point-to-point calibration with dimuons
. Speaker: Robert Kieffer Speaker: Emmanuel Perez
J \_ J
4 A 4 )
FCC Polarimeter Il Monochromatisation IP optics simulatons for the
X Speaker: Aurélien Martens eeH run studies; Speaker: Angeles Faus-Golfe
J \_ J
( ; _ ; ) ( )
Considerations for the design of the FCCee Spin tune shifts
\depolarizer kicker system Speaker: Wolfgang Hofle § Speaker: Yi Wu
J J
4 ) ( )
Thoughts on injecting polarized beams Outlook and next steps for the pre-TDR phase
Speaker: Jorg Wenninger § Speaker: Jacqueline Keintzel
| J J
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Baseline Scenario

* Inject a few (~160) non-colliding pilot bunches (~10*° ppb)
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Baseline Scenario

* Inject a few (~160) non-colliding pilot bunches (~10*° ppb)

* Switch on wigglers until ~5-10 % vertical polarization reached
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Baseline Scenario

* Inject a few (~160) non-colliding pilot bunches (~10*° ppb)
* Switch on wigglers until ~5-10 % vertical polarization reached

* Switch wigglers off
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Baseline Scenario

* Inject a few (~160) non-colliding pilot bunches (~10*° ppb)

o® O
* Switch on wigglers until ~5-10 % vertical polarization reached o ®
‘e
.0'0 o
[ °
* Switch wigglers off and inject ~10° colliding bunches (~10* ppb)
o
o ® ot
[ ] .. .. .‘
[ ]
.'.o oo®
[ °® o
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Baseline Scenario

i N . : Ao
Inject a few (~160) non-colliding pilot bunches (~10*° ppb) o * .,
e®® B L
[
* Switch on wigglers until ~5-10 % vertical polarization reached . @
o
..'0 o
[ °
* Switch wigglers off and inject ~10° colliding bunches (~10* ppb) ) e s
* *
. > 20.002 -0.001 0.000 0.001 0.002
* Measure beam energy with pilots while collisions take place o ® h o ..
o ® O
® ¢ 7
[
.‘.o oo®
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Baseline Scenario

i N . : Ao
Inject a few (~160) non-colliding pilot bunches (~10*° ppb) o * .,
o ® . °
® [
* Switch on wigglers until ~5-10 % vertical polarization reached . °
‘e
.0.0 o
[ °
* Switch wigglers off and inject ~10° colliding bunches (~10* ppb) ) e s
" . . . . . . B 20.002 -0.001 0.000 0.001 0.002 .
* Measure beam energy with pilots while collisions take place %% ®o
o Jd?
e Caveats: o
% °
* Machine availability due to time for polarization build-up % o ®
D S

* Optics design with sufficient equilibrium polarization
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> Polarization >

Operational Cycle

Energy calibration by resonant depolarisation
ZW

Pilot

bunch v i .
e faT Polarisation » Adjust »
$ - ¥ ¥

Down for Repair

0.4 1

S
[¥5]
1

* Increased integrated luminosity with increasing failure rate
If polarized bunches are already injected

<
bo

¥~ Pre-Polarised Bunch Injection

=]
—_

X
X X Indefinite Physi : ' '
e e * Injected polarized beams could lead to huge improvement

Z mode

W mode A In machine availability
X
0.I15

Integrated Luminosity Gain over Baseline
(normal to L)

0.0 1

0.20 0.25 0.30

Fault rate of all systems
(faults per hour)

0.10

Courtesy: J. Heron
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> Polarization >

Polarization Build-Up

* New non-local solenoid compensation scheme after final focus quadrupoles
* Equilibrium polarization of ~1% in ideal lattice from ~10 prad spin deviation over the interaction region

* Could probably be improved with dedicated spin bumps as in LEP

= 1 ” ” , :
LaVOUt (thls trY' type F ) detector solenoid L'i'ﬂf,:,f{c‘,',“'“'
final quads, rolled around B =42T "
compensation solenoid _the-beam-axis by gt
B =—27T (T : L-side Comp.
¢ ~ BZfOPt/ZBp 10 solenoid
e - I
e F; N \ Solenoid
dditi =1 : fsol IP ___.r*"" + Xing angle
y additional dipole to make it
) the orbit flatg comp. sol. < f > . R-side Comp.
thru final quads £*¥=22m o ol
el dipoles to adjust the : B —0 5 -0 ' :
orbit flat at the IP ' e _ i "et"“ca'
. by shielding solenoid LamcEar
-20 =10 ] 10 20 30
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Polarization >

Polarized Beam Injection

* Possibly modifications of injectors and to enhance polarization transport

* Could require multipole polarimeter systems over whole complex to ensure polarization transport

: : e Horizontal
1 1 i — 1
i 7 53 B P g [T P |
~1200 m
DE——Y .
Linac buidings and energy compressor ~1025 m ~50m ~125m
— - e .
electron source and linac positron source and linac
%:2 204 m, 20.5 MV/m * 350 m, 14 MV/m
20 GeV \ electron transfer line
/\ / 2,86 GeV
HE linac (main linac)
1025 m, 22.5 MV/m 2.86 GeV

* Which is the preferred technique and the costs to achieve polarized pilot bunches for energy calibration?

* Which are the required modifications in the complex? Thoughts on injecting polarized beams

Speaker: Jorg Wenninger
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S M T > Polarization > Depolarization >
pin Tune W
* Spin precesses through the lattice \%}g\%’% 1 ﬁﬁ\{ﬁ é?{

* Spin tune v: Number of spin precessions per turn

* In an error-free flat machine without solenoids '&"‘!
_ _ _ _ \ —— Focusing quadrupoles 11
™ —— RF strucure ‘*EHJ
\5; i\ ‘--.J_;

%@-\ Example for v = 0.25 w\%fﬁ
8% ~
xﬁ ,

ﬂ,ﬁ:‘?ﬁiﬁ‘f@

Courtesy: V. Caudan

a ... gyro-magnetic anomaly — *
Ve --- LOrentz-factor [ V=a yRel J

Spin tune measurement () Beam energy determination
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> Depolarization >

RF-Kicker Design

* Space for ~160 pilot bunches per beam with 100 ns bunch separation

* Currently not combined with feedback system o - lw

* Distribute power over multiple kickers over lattice e -

* Kicker 3 could potentially be weaker

15 ' If split as prognsedlover four locations ' -
! angle is 2.5e-6 and position peak also £

factor4sma|lerD more realistic 01=-6,=10" -5 h
@ @4556 1.017x 10
/ \ w@80 35-5.878x10"*

0.5
N Of | 4 3
> o : ) [
-0.5 = . |
optional kicker 3 to ensure full wave -
bump is closed | R F power

r RF loads

21100 21200 21300 21400 21500
s, m

Kicker 3
mm

icker|1

K
\ Kicker|2

%

B1.2

B1S.273

-

D. Sittard (CST)

o o Considerations for the design of the FCCee
* What are the specifications for colliding bunches? depolarizer kicker system Speaker: Wolfgang Hofle
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> Depolarization >> Polarimetry >

Parameter Scan

* Best parameters for resonant depolarization technique to be determined
* Simulations with increasing complexity to fully understand interplay of aspects

* Beam tests at existing machines to benchmark results (e.g. SLS, KARA, ...)
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Courtesy: C. Kiel

Loss Counts [#]
Ly
wn
o

. . . 24800 2.4805 2.4810 2.4815 2.4820 2.4825
* What is the best scan velocity, step-size etc.? Energy [Gev]

* What can we learn from machines using resonant depolarization for energy measurements?
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Polarimeter |

A _ ..
X Spectrometer Dipole ~26.5m Separation Chamber ~70.2m X
Lip z
E »
Ty e 0 ;CC Electron beam X 1 7!
Laser Beam —~OMpton, £ , H
p Compton angles Wi : lectrone x
Incidence ~8° th n"-.f-l'],l‘}jmim_—-_.__'_ﬂéf_ 2
‘Nergy,

* Laser currently not accessible 24/7 — choice for 2 polarimeters per beam for redundancy
* Laser circular polarization must be controlled to 10 for pilot bunches and 10+ for colliding ones

* Temporal jitter and systematic timing error must be controlled to the time of the laser pulse duration

* Prove of principle for fully remote control of laser control, tuning and laser polarization preservation

* Specifications for the spectrometer dipole
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Polarimeter ||

Typical for Q-switch laser technology /
1
3ns
1ns 0.8
. 300 ps 0.6
© 100 ps -
30 ps i3
10 ps

0 [degree]

* Optimisation of laser interaction region and laser choise

* Many advances on fitting procedures and sensor dimensions

{7 (electron detector) = {, (photon detector) ®
08 0.004 \
1 % g S | EL %
| | | aaf | | o)
:- 1200 1400 1600 1800 4]: & ‘ LASER @
* Aim to directly extract beam energy from FCC Polarimeter Il

Speaker: Aurélien Martens

fitting for redundancy
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> Polarimetry >

300— hANRJSpectra_Sensori
— Entries 8173
- Mean 3114
= Std Dev 2314
250 — %2/ ndf 204.9/172
- Width 325+9.2
- VP 1882 + 12.8
200 +— Area 8.066e+05 + 9.105e+03
- GSigma 546.3 + 18.4
150 —
E The material is 100um of silicon.
100 — The sensitive epitaxial volume is 10um deep.
F Pixel size is 18um x 18um
50{—
, o, »_lj I
Y A S N RN MR o e 1 SR o L L
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
Position [um] Energy [eV]

* Simulation and optimisation of Si-sensors for Compton electron detection

* Evaluation of synchrotron radiation background on sensors

* Technical design of the full polarimeter system which achieves an availability of 95 %

 Towards a complete front-to-end simulation FCC Polarimeter |
Speaker: Robert Kieffer
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> Detector Input >

Di-Fermion Events

* Physics events, in particular di-muons, can be harnessed to provide information on many quantities

* Energy spread determination remains robust even in presence of ISR/FSR uncertainties

, Example fit Bias vs Eqy
_'cg:fﬂl]""l""‘_ Y  pT 7 G R
& o p = &\ Expected, with no ISR/FSR
wf ; . A0 L
50} . < u{ ]
E [} 5 4
400 = = - B T
305 E = ~4— ------------------- Expected, with ISR/FSR
- ; B PP L S FR & s
20 - - |
E Al '\_‘r.. E -8 :_ = |
"ok % N T N 1 Measured
| : ; N ¢ i . i g W ; " q : i i , , | s
0535 54 545 85 90 95
M (GeV) Vs (GeV)
* What are the effects from the detectors? Point-to-point calibration with dimuons
* How can we fully exploit that knowledge? Speaker: Emmanuel Perez
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> ECM

Spin Tune Shifts

* Average beam energy obtained from RDP scans for pilot bunches in both beams every ~10 mins

* Measured beam energy deviates from a*y depending on error seeds and beam energy

v.-3 a‘\ymr g g o
u?‘.;:l :P"\‘.? @Q-& \é‘;'? -‘é"p \6\5? \e‘ﬂq‘
Total limit on ; 2 5 m
systematic errors =9 g A N - i -
= I » . 'n. * - -
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10-84
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& 3 i © o’ 2 >

Reference energy (GeV)

* To which accuracy corresponds the measured Spin tune shifts
frequency to the beam energy?

Speaker: Yi Wu
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> M >

beam

From E to E_,

* Average beam energy obtained from RDP scans for pilot bunches in both beams every ~10 mins
* Measured beam energy deviates from a*y depending on error seeds and beam energy

* Systematic offset between pilot and colliding bunches from bunch charge, orbit, beam-beam

b trahl 45.621 —— Positrons -» w.0. BS —— Positrons - w. BS
1 ; ; A eams ra. ung ; e Electrons « w.0.BS  --——- Electrons « w. BS
10 -
1 182.5 GeV , ] o \
% - O 45.60 p———<—=% * ® * 4
= , w
> i
o fC 45,59+
10? f’( . . . 45,58 1 a
=20 . ; - ; ; : ;
OE/C5o A B D F G H J L A
: Point
Courtesy: D. Shatilov on

« Generate dynamic model to relate measurements from RDP and detectors to E__ and boosts at IPs
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>Monochromatizatio>

Monochromatization

- Lattice and optics designed to reduce E__ spread for collisions at 125 GeV

* New chicane inserted close to the IP Ao R T
14 - il
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* Develop measurement and operation of monochromatization Monochromatisation IP optics simulatons for the

« Can monochromatization be combined with baseline lattice? eeH run studies; Speaker: Angeles Faus-Golfe
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Summary

4 ) Detector

Special mode: input
monochromatization \_ )

{ J ﬂ

> Polarization >> Depolarization >> Polarimetry >> ECM >

Impressive progress on all EPOL aspects
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Outlook and Open Questions

 Define technique to achieve polarized pilot bunches

* Self-polarization or polarized bunch injection

* Define parameters for resonant depolarization scans

* Scan velocity, step size, strengths, etc.

* Show optics compatibility of orbit and spin bumps from RF-kicker

* Dynamic aperture, etc.
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Outlook and Open Questions

* Demonstrate remotely controlled polarimeter-laser system with 95% availability

* Laser control and tuning, backgrounds, etc

- Develop dynamic model to track E__ and exploit detector input

* Earth tides, results from RDP scans, detector inputs, etc.

* Investigate monochromatization scheme

* Integration, operation, possible longitudinal polarization
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Thank you!

Jacqueline Keintzel and Guy Wilkinson

FCC Physics Workshop 2025

CERN, Geneva, Switzerland
*Jacqueline.keintzel@cern.ch 16 January 2025




RF-Kicker Location

* Goal: achieve spin rotation with local and non-propagating closed-orbit bump

* Requires n x 180° phase advance between 2 RF-kickers for closed orbit bump

ray: spin before rotation

Black: épin after rotation /
""*—a.._\_\_‘__\_ /,{/
g
-
“‘-\\

m Without rotations around horizonal axis
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Courtesy: C. Carli




> Depolarization >

RF-Kicker Location

* Goal: achieve spin rotation with local and non-propagating closed-orbit bump
* Requires n x 180° phase advance between 2 RF-kickers for closed orbit bump

* Requires dipoles in-between to have a non-zero spin deflection - installed in regular arc structure

(Gray: spin before rotation |
Black: spin after rotation
-b_____q_h\------- -------’______,-'
o SO o i _,---:'} ~
.

—

Deflection
from exciter

L3

-

— — Deflection

iy O trom quad
s
Deflection
from excit

Vertcal orbit with

Bc[lding magncts thrce dCﬂﬂCt.iUﬂS

® Very idealized vertical bump with only three detlections to explain principle

® Maximum final spin rotation with interleaved

Courtesy: C. Carli
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