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Parameter

Z

FCC-ee main machine parameters

4 years

5x 10127

2 years

> 108 WW

3 years
2x10%H

S years

2 x 106 tt

beam energy [GeV] 45.6 80 120 182.5

beam current [mA] 1270 137 26.7 4.9 Design and parameters
number bunches/beam 11200 1780 440 60 dominated by the
bunch intensity [10%1] 2.14 1.45 1.15 1.55 choice to allow for
SR energy loss / turn [GeV] 0.0394 0.374 1.89 10.4 50 MW synchrotron
total RF voltage 400/800 MHz [GV] 0.120/0 1.0/0 2.1/0 2.1/9.4 radiation per beam.
long. damping time [turns] 1158 215 64 18

horizontal beta* [m] 0.11 0.2 0.24 1.0

vertical beta* [mm] 0.7 1.0 1.0 1.6

horizontal geometric emittance [nm] 0.71 2.17 0.71 1.59

vertical geom. emittance [pm] 19 2.2 14 1.6

horizontal rms IP spot size [um] 9 21 13 40

vertical rms IP spot size [nm] 36 47 40 51

beam-beam parameter g, / &, 0.002/0.0973 0.013/0.128 0.010/0.088 0.073/0.134

rms bunch length with SR/ BS [mm] 5.6/15.5 35/54 3.4/4.7 1.8/2.2

luminosity per IP [10%4 cm-2s-1] 140 20 5.0 1.25

total integrated luminosity / IP / year [ab-1/yr] 17 2.4 0.6 0.15

beam lifetime rad Bhabha + BS [min] 15 12 12 11

LEP x 10° LEP x 104

x 10-50 improvements on all EW observables

up to x 10 improvement on Higgs coupling (model-indep.) measurements over HL-LHC
x10 Belle |l statistics for b, c, T

indirect discovery potential up to ~ 70 TeV

direct discovery potential for feebly-interacting particles over 5-100 GeV mass range F. Gianotti

Up to 4 interaction points = robustness,
statistics, possibility of specialised detectors
to maximise physics output

oooop



QX beam-beam performance @ HZ ©KEK

7
beam-beam codes &
6.5 I | approximations
—~ 6 I — validated ; design
‘0 55 | _| | performance reached
'E 5 | | & exceeded
O
S 45 -
o
— 4 - | PIC code, nonlinear lattice
- 35 | _
3 L _| PIC code, linear optics
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design bunch charge K. Ohmi, KEK
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(siae  beam-beam performance @ tt 2 ) DE GENEVE
FCCee.t.572.nosol.bb.1.sad ] .
N = 16.380 x 10'°, Crab waist = 40%, SAD simulation
B, =(81m,1. Smm) Veye = (398.14,398.21, —.087)
= 8 1 I |\ B T ] | O L B I | S Wearl: »8 1 | T f
2l equ lbrium Rl . S need for a small
: emittance in : »_Lifetime (sec) | vertical “lattice
 onad UL L AU collisions - emittance”
1.5} | ) L | Lt ~50% blow up in
= | \ e | & collision;
e, " + ] 2 beam lifetime
<2l | BB N —10000 = i
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L B . | 1 )
. T *  beam lifetime . burn-off (not
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Eylanice (PM)  vert. emittance w/o collision K. Oide, UNIGE
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O & top-up injection -~ K A )

B ek PO 5 ﬂlﬂﬂﬂ'ﬁ‘ l I,I | I H |I III i Off-axis top-up injection
) p il || . challenging at Z due to large orbit
xl= /}7 el " .| excursion and slow damping. SR
Q“\/ d N é_m / ' intercepted by the last mask
I # 5-20 m—pm | ~(0.2m) /Xing compared
=l e | 0,8)/Xing from colliding beam

s [km]

N g — m:n_ﬂ. N

Camw 110.0%]

oo 1

| AX=8.5mm AX=7.0mm

N § )
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N ol g g —— N g —— e o °
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K. Andre, Y. Dutheil, M. Hofer R. Ramjiawan, CERN; P. Hunchak, CLS & U Saskatchewan
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The European Synchrotron

GHcwe Global Hybrld Correction (GHC) L€ | ocal Chromatic Correction (LCC)
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K. Oide, UNIGE; P. Raimondi, FNAL; S. Liuzzo, S. White, ESRF; K. Andre, M. Hofer, G. Roy, CERN
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UNIVER§ITI§
7 DE GENEVE

K. Oide, UNIGE
P. Raimondi, FNAL
S. Liuzzo, S. White, ESRF

Magnet Misalignments Leading to 1% rms Beta K. Andre, M. Hofer, CERN

Beating or 1 mm rms Dispersion:

Optics AB:/Bx _ ABy/By D,

GHC quadr. 2.9 um 0.7 um 0.1 um
LCC quadr. 6.1 um 0.5um 0.26 um

GHC sext. 17 um 85um 2.6 um
LCC sext. >100 yum 46 um 10 um
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LCC abandons twin quadrupoles
K. Oide, J. Keintzel

arc quadrupoles arc sextupoles

gradient? X length <gradient? >X length
X number [T2/m] X number [T2/m?3]
GHC 1.2x10° 8.6x108
. LCC 2x7.5x10° 3.7x108
' total power 1.26 0.44

ratio LCC/GHC

J.-P. Burnet, J. Bauche, for GHC

e e T e Even though without twin

Magnet current 25% 44% 66% 100%

Power i o% o% 4% 100% quadrupoles, overall arc magnet
Quadpoles W) 14 43 o8 226 .

§exmp£ie; mﬁm ERECR power consumption for LCC may be
Total magnet losses 4.8 14.7 33.0 76.4 >1O MW Iower than for GHC

A. Milanese PRAB 19, 11204 (2016) Powerdemand (MW) 56 172 386 89



O ClRCULAR dynamic aperture with errors

baseline optics at Z, with errors

17500 - :
no optics cor., no err ramp
15000 - optics cor., no err ramp
optics cor., no err ramp, no IR errors
E 12500 - optics cor., with err ramp
5
m 10000 -
v
O epn LN & & e -
E 7500 3 @FRF1 - PRI L]
512 turns
5000 - rad False
orbit tune chrom
2500 - +
| 1 1 |
40 50 60 J0

quad. sext. alignment error rms [um]

S. Liuzzo, ESRF



(O &iix phase & RDTs/D, correction for arc misalignments

COLLIDER
50 seeds rms orbit rms orbit
ABx/ ABv/ A A
Witherr  6224.8 72767  1e-6 11985 73458 i
After Sext ¢ ¢ 8.35 598  9.91 45.23 4596  0.71 9.61

ramping

100 pm on

arc quads RDL“; W  gss 8.42 6.01  9.94 45.09 4.49 0.71 2.32
& sexts
Phase Cor  B.55 8.35 0.35 0.79 2.94 4.36 0.70 0.88
Final cor. 8.55 8.35 035 089 2.94 437 0.70 0.73
result
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(e dynamic aperture with errors & w beam-beam N

LCC, Z mode, CW 90%, 6=0.005

0 Ay

without beam-beam with beam-beam

10.

D. Shatilov, BINP
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Beam-Based Alignment (BBA) for FCC-ee B a CSwrmetd

x orbit
=

| before

after |

offset errar (mm)

FCC ee, QF2 grp8, AK/K=2%, BPM sig=1 um

2 3 4 5 8 7
s (mj)

’. ‘ n NATIONAL

107 y

“parallel BBA”:
method
tested at SPEAR3

+ 2z 3 4 s & 7 8 9  PRAB25,052802 (2022)

rrection

in FCC-ee simulation with 1 um BPM noise: 10-30
um resolution for parallel BBA of 8 quadrupoles

X. Huang, SLAC



Beam-Based Alignment (BBA) at KEKB O KEK

M. Masuzawa et al., EPAC2000

: 1 | 1 1 1 1 1 1 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1
O —
- ] 'reproducibility’
8f— : 3
o b achieved E investigation
== -
Qr : : :
o5 3 hysteresis may shift
“F E the magnetic center
of due to the
=3 E measurement itself
2 —
@: | | | i ]

0] 0.01 0.02 0.03 0.04 0.05 0.06
Error of the offset estimate (mm)

H. Koiso, KEK
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Determination of a single BPM offset (1997)

Beam-Based Alighment (BBA) at LEP

Repetitive measurement of a single offset (1998)

7.098
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B. Dehning, J. Matheson, G. Mugnai, 1. Reichel, R. Schmidt, F. Sonnemann, F. Tecker, CERN
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crcuiar - misalignment impact on energy calibration g It

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

35 -
3 = 100 pm in arc 20 - . | 5 .
0 S0pmin arc . dg Hm f” arc 20um in
251 = 30pmin arc / jmin arc
15 1
2
=
3
=]
Won 4
5 -
=0.003 =0.002 =0.001 0.000 0.001 0.002 =0.002 =0.001 0.000 0.001 0.002

Vg — ay Vp—ay

different levels of arc misalignments with and without IR misalignments

we need to achieve |v,-ay|<10* — within reach Y Wu
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INFN Jefferson Lab
-+ Z& Fermilab

Istituto Nazionale di Fisica Nucleare
Laboratori Nazionali di Legnaro

FCC-ee SRF system

COLLIDER

low R/Qd, EO;/I I\clilsvmgllcng, ¢ peau%e ' 5-cell cavity development (2018),
powered by e . .
coupler and high efficiency BY\“\“ successful collaboration with JLAB
klyStron Qo(2K) Subtracting 0.5 nQ due to NC
1:11 RF losses in SS blank flanges
moderate gradient and HOM
damping requirements; 500 kW / 88009998444
cavity, allowing reuse of klystrons ‘ ' ; : :
already installed for Z - MAIRPOSTJIOCESSING STEpS
quenchtimit N (VS <7
high RF voltage and limited
footprint thanks to multicell F. Marhauser
cavities and higher RF frequency; ' [HPRcydles | |4 |
200 kW/ cavity
s 0 5 10 15 20 25 30 35
= E, (MV/m)
; [ ] L | ] HIPIMS Coa_tlng = HPR aFc(?:c Weekn;OIS, 9-13 April 2018, Beurs van Berlage, Amsterdam, Netherlands J"eﬁergon Lab i
Yy "erale, o 27 April 2023
v 3 e, ’/
1.7 K y . e,
1010 ", : oy — ABIA-AES-007 (jakected) : . . "
+BYA-AES-008 (jakected)
""’ L. s sempmie n VS .BQA-AES-OO‘JEakccmd: by QD%DOOQDO:CD P ( )
wrssee., 1cel” Ty, pcel Promising 210 ey, =0 copee 8 9000 g,
ll...:....@ ey R&D towal"ds l‘lfﬂt"’ . - A VW'
45K L Rty S : A ,t.nn“,:.f%o ) "vv“"
3 ""lh....- uItra-hlgh QO' TP N B 1N 3300 ° m-
. . 8 5-cell Jacketed [Ny
DCMS «LHC>» coating Collaboration p x 5-cell bare
o (2020) . ) 650 MHz @ PIP2 e 9 | 650 MHz @ PIP2
W I t h F N A L AI?S'OOT, h;F reset, 900Cx3h, EP, 75/120C }nke, 1ighEcuId EP : i
itii??éEiﬁiﬁﬁizmﬁlléﬂﬂlﬂg | H O 2/6 N-doping + 7um EP + additional 3um EP (cold)
all cavity had fast cooldown in VTS | ! W 2/6N-doping + 7um EP + fst addtional 3um EP (cot)
. . ) . the remnent field in VTS at room temp. is below TmG 1 1 v Z’GN-dop!ng:13.1nmEIi+2n_d_addmon:30m EP (cdd)
HiPIMS* niobium coating on Lo | : - - et~ i — |
1 Eacc [MV/m] 0 5 10 15 20 25 30
a 400 MHz Cu cavity *High-power impulse E..c (MV/m)
108 ; ; ; ; J ! magnetron sputtering Q0 = 3.5e10 @ 25 MV/m Q0 = 6e10 @ 25 MV/m

2 4 6 8
Eacc (MV/m)

10

12

14

16

with 2/6 N-doping or midT bake + EP

with 2/6 N-doping + EP + cold EP
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() circuiar a 2-cell 400 MHz SRF cavity for all energies ?

COLLIDER

Input RF power for optimum detuning l. Karpov, R. Calaga, E. Montesinos, S. Zadeh, F. Peauger, O. Brunner

=
N

=
o

RF power (MW)

o
~

o
N

o
o°)

o
o

- Need for adjustable/variable fundamental power coupler
with wide range of coupling (2 orders of magnitude)

- Presence of 0-mode requires additional longitudinal feedback
Transverse feedback needed

106 ,101
w—-Cell, 2-hook-couplers
m=m 1-Cell, 2-hook-couplers

102
Z-128A-FB

=
o
w
=
o
]

103E

Z-T28A-SR

104§

—
o
W

=
<

Transv. damping time [ms]
of tu

Transverse impedance [ohm/m]
=
o
B

10°
: i . : A : . . :
0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2

=
o
%)

Frequency [GHz]

. , — | | |
104|_ d d105 lity £ 12 107 . 40%-increase of HOM power per cryomodule is not a
paced Qiallty Tacter showstopper if the “2-coax concept” is demonstrated

3.8 KW 0.06 kKW Total length= 10.6 m

2760 T} 34KW 01kW 3 4kw 0.08 kW SN DOE KW
-, } T 1 r 8 ' % 3.2kW
I |II’ i ‘lf ?. £
Z Beam i 2 ' y T ! T 1“..
SOKW .06 kW 4.5kw o i ’

0.04 kKW 4.2 kW
0.07kW 41kW go5kw 3.8kW 5.8 kW
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e-cloud @ Z : photoemission

F. Yaman, STFC & IYTE

Science and
5 Technology
g Facilities Council

Case1{ —— n,=10"°/e*/m —— n,=10"3/e*/m Casel % % H"I-I
—— n,=10"%/e*/m  ---- threshold e~ density 5x101  6x101  7x10%
Case 2 B | HH +H
i
|
Case 31 —_ H H
|
Case 41 -+ b H
ilhstability
Case 51 —+H HH threshold - H 25 ns spacing
|
109 2x10°  5x10° 10 2x101°  5x101® 10! 2x10% 5x1011 102
 Scenario | N, [10%°] | t,, [ns] | bunches/train e” density (m~?)
Case 1l 15 25 320
Case 2 215 25 280 In order to reach a primary photoelectron rate n, as low as 10~4/e*/m,
Cases3 215 25 260 the antechamber with its photon stops must absorb 99% of the
Case 4 24.3 25 253 photons without reflection into the circular part of the vacuum chamber
Case 5 43.0 50 280
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O Eicllar effect of non-uniform photoemission? /{ D))

NS

BERKELEY LAB

I G206+ [ Autoscale (% Use col
in |2920E+12 utoscale se colors e s R . Ke r.s eva n
Max  [15E+16 (¥ Log scale  Swap |1768MB
Apply | ST Max: 1798E+18
255013
100213 100214 100815 10026 ||

IFqu [ph/sec/cnf x|

3D WARP + POSINST
simulation
(example for LHC)

C. Carli, CERNi
J.-L. Vay, LBNL
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[

o
-
N

Electron Density [e ~/m?3]
[
o

25 ns spacing

I multipacting

impose tightest requirements
(as in the LHC)

.‘
“
.

Electron Density [e = /m?

l—l

o
=
N

=

o
=
=

=

o
—
o

10°

e-cloud @ Z : multipacting challenge

intermediate bunch intensities

eeeeeeeeee

A7t I

g ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

50 ns spacing

1011 ppb
—e— (.21

multipacting
regime =

—e— 0.50
1.00
1.50
2.00
—o— 2.15
—e— 2.50
—e— 4.30

1.0

1.2

(Element | SEY Threshold E_ME_

nominal intensity 1.3

regime =
1010 I
9 I , , .
100 1T 12 1.4 1.6
I SEY
Dipole
(15.2 mT)

all intensitybelow 1.0
nominal one

1.0

>1.6
1.3

1.6

L. Sabato, EPFL
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GIRGULAR a way out: revised filling scheme

“CDR scheme”

Z pole 11200 bunches (at 3573.18 s)

“Carli-Bartosik scheme”

2 100
0.75
0.50
0.25

norm. bunch inten:

0.00

norm. bunch intensity

H. Bartosik, C. Carli, L. Mether, F. Zimmermann

1.00 4
0.75 4

0.25 1

1.00
o 0754
E 0504
0.25 4
0.00

Z pole 11200 bunches (at 3498.04 s)

CURCAURRCRNAEE FOARONUR D

10000

15000 20000 25000 30000

1/10™ of the filling pattem (ns)

0.50 4 {

0.00 -

tme (s)

only 1/10 of intensity per booster cycle
- vacuum pressure-tolerant

only 1/10 of collider bunches at intermediate intensity
- anti e-cloud build up

yet same integrated luminosity as for CDR scheme !

5
k2000 =,

L 1000 E
[
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(O Sieitar revised injector layout ?W“

stituto Nazionale di Fisica Nuclearel

[ ]
linac:
&90/1005 m [+ S0 m, BC) = 740/1055 m S0m 120m

—N S > e 100 Hz 4 bunches / pulse

oricosm m ~ * 4 structures / rf module
T e g _ - much reduced
S, T power consumption
— e (factor 3)
damping ring:
et ]\ smazom e * triangular or racetrack
— TR . * SC or permanent magnet
wigglers
, A L be ke T,

H. Bartosik, P. Craievich, A. De Santis, O. Etisken, A. Grudiey, A. Latina, C. Milardi, I. Papaphilippou,...



Institute of High Energy Physic

@F = injecting polarized pilot bunches ? =i

FCC-ee Operation Cycle booster errors assumed
i Courtesy: B. Dalena
ZW Energy calibration by resonant depolarisation old w/o girders new w girders
Error type o value Error type o value
Dipole relative field error 1074,1073, Dipole relative field error 10-4,10°3,
Pilot Main dipole roll error 300 prad Main dipole roll error 300 prad
. t?unc_:h Polarisation Adjust Offset quadrupoles (MQ) 150 pum Offset quadrupoles 200 + 50 um
injection . B Offset BPMs 150 um Offset BPMs 200 + 50 ym
Offset sextupoles (MS) 150 um Offset sextupoles 200 + 50 um
L w‘ L ' @ ‘ BPMs resolution error 50 um BPMs resolution error 50 um
Down for Repair i o { A8 s are andomy futristed wth + 3 Gousanrme_ |

pre-polarized injection
increases availability

B Default

E:) Repair completed
* Main ring failure

] ||| IL

E> Injector Complex

failure o . . .

polarization transmission ~90% (Z), ~60%(W), ~15%(H) and
~0 (top) for different error seeds and lattices

o 044 w! T

2 0.3 1 = 80

z = | — top, <0.1%

5.5 3 ol — H, 10.2%

-E _% 0.2 1 E‘ } W, 53.5%

é = X  Pre-Polarised Bunch Injection, Z = :

é 'g X  Pre-Polarised Bunch Injection, W = 40} - E, 93.0%

f 0.1 1 . »  Indefinite Physics, Z =

‘:_:::c X Indefinite Physics, W pola rlzatlon prese rved In

= % the booster

0.10 0.15 0.20 0.25 0.30 .
Fault rate of all systems 50 100 150

J. Heron et al., CERN (faults per hour) E(GoV) Z. Duan, IHEP
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10 frocm beamstrahlung power
* as a function of
incident beam offset
in the vertical plane

luminosity as a

function of |
incident beamz

offsets os-

for the vertical 2

=
w
=]

=
]
w

Relative Beamstrahlung Power
[ [ [ [
o = = [
(%3] (=] Ln (=]
= ‘%
— . =
e
n
F =

planes o7 precise energy
2 calibration
0.6 . 1
requires: [ﬂ e ﬁ%ﬁﬁl‘ﬁ o
* * 1.00
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optimizing luminosity with IP tuning
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FUTURE

circutar  Mid-term review recommendations for FCC-ee acc. design

COLLIDER

from FCC SAC, FCC CRP, CERN SPC, and CERN FC

v well-defined baseline layout for the entire FCC-ee machine, including injector; optimise e*e" injector, especially the linac
design; examine failure modes at injection

» clarify order of the energy stages, with motivation for running order linked explicitly to the physics case

v" consolidate design of the RF system to allow efficient energy-staging, as well as to reduce complexity, risk, and cost; study
options to avoid the 1-cell/2-cell RF cavity reconfiguration between Z and ZH/WW running, in order to simplify the SRF
system implementation and to improve flexibility in the physics programme

* complete beam physics studies, including alternative beam optics, to understand and improve the dynamic aperture with
relaxed mechanical alignment tolerances

* develop survey and alignment techniques, procedures and instrumentation, to guarantee the alignment of magnets [on
the girder] to perhaps 50 um at 1 o, study the need for motorised jacks on the girders; develop automated alignment
procedures (e.g. allowing remote beam-based alignment); develop and apply, in simulations, the whole set of beam-
based correction techniques with high priority

* identify residual risks to achieving the design luminosity, with lessons to be learnt from other facilities like SuperKEKB,
and specify required further critical-path R&D
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towards a risk register

G s emewom

insufficient dynamic aperture with
errors & correction

larger than expected beam-beam
emittance blow up

electron cloud at the Z
dust events
unexplained sudden beam loss

collimator damage

unacceptable detector backgrounds
radiation to electronics, single-event
upsets

insufficient machine availability

ground motion & magnet vibrations

collision offset >1 nm & D,*> 1 um

beam lifetime shorter than design
value

decrease in specific luminosity

emittance blow up, instabilities
sudden local beam losses
limited beam current

limited beam current, background
constraints on data taking

beam aborts, loss of functionality
reduced integrated luminosity

optics degradation, beam blow-up,
reduced luminosity

collision energy precision > 100 keV

intensity margins in the injector complex;
optics with relaxed 3 *

better optics correction and BBA to minimize bare
emittance; at Z also reducing detector field

bunch trains with gaps, or 50 ns spacing
install clean & coated chambers
adequate beam diagnostics, machine protection

reinforced machine protection,
improved collimator materials & collimator design

IR masking, collimator set up, improved halo
control, modified to-up injection scheme

additional shielding where needed; relocation to
alcoves; radiation-hard electronics

cryo and/or RF upgrades / additions

feedback systems, for beam and/or components;
tracing and removing noise sources

improved IP tuning or larger B_*
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parameter

FCC-hh main machine parameters

FCC-hh HL-LHC LHC

collision energy cms [TeV] 84 -120 14

dipole field [T] 14 - 20 8.33

circumference [km] 90.7 26.7

arc length [km] 76.9 225 With FCC-hh after FCC-ee:

beam current [A] 0.5 1.1 0.58 Signiﬁc.antly N
more time for high-field

bunch intensity [101] 1 2.2 1.15 magnet R&D

bunch spacing [ns] 25 25 aiming at highest possible

synchr. rad. power / ring [kW] 1100 - 4570 7.3 3.6 eneretes

SR power / length [W/m/ap.] 14 - 58 0.33 0.17

long. emit. damping time [h] 0.77-0.26 12.9

peak luminosity [10%4 cm2s-1] ~30 5 (lev.) 1

events/bunch crossing ~1000 132 27

stored energy/beam [GJ] 6.3-9.2 0.7 0.36

Integrated luminosity/main IP [fb1] 20000 3000 300

Formidable challenges:

Formidable physics reach, including:

O high-field superconducting magnets: 14 -20 T O Direct discovery potential up to ~ 40 TeV

U power load in arcs from synchrotron radiation: 4 MW —> cryogenics, vacuum O Measurement of Higgs self to ~ 5% and ttH to ~ 1%
4 st'ored I:?eam energy: ~ 9 GJ 2 machine protection O High-precision and model-indep (with FCC-ee input)
U pile-up in the detectors: ~1000 events/xing measurements of rare Higgs decays (Yy, Zy, Ui

U energy consumption: 4 TWh/year = R&D on cryo, HTS, beam current, ... Q Final word about WIMP dark matter F. Gianotti



COLLIDER

A. Abramov, W. Bartmann, M. Giovannozzi, S. lzquierdo Bermudez, G. Perez, T. Risselada, E. Todesco

(Y CIRCULAR FCC-hh optics design & collimation

e adaptation to new layout and geometry
* shrank 3 collimation & extraction by ~30%
* optics optimisation (filling factor, combined

* validation of collimation performance
* injector options (LHC, scSPS, ...)

, , e considerations on injection energy
function options, etc.)
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examples for possible FCC-ee diversity program

World’s most powerful light source for very hard X-rays Compton-back scattering source at >10 GeV energies

Comparison of ELI-NP and FCC-ee Compton Backscattering Source

ultimate photon source at ~100 keV energies

FCC-ee booster at injection with 28 (40) mm period undulator

s
ﬂg [ ™ ™
&
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(wiggler) offers highest average brilliance at £,>30 keV

S. Casalbuoni, EuXFEL

(FCC-ee-CBS), assuming Yb:YAG laser (2.3 eV)

ELI-NP FCC-ee-CBS-20 | FCC-ee-CBS-45
beam energy [GeV] 0.72 20 45.6
average beam current | 0.8x10° 0.15 0.15
[A]
beam size at laser CP | ~0.5 ~0.5 ~0.5
[mm]
max photon energy 0.02 14 73
[GeV]
photon flux [1/s] 10° ~1014 ~1014

3-5 orders of magnitudes more flux and higher photon energy than ELI-NP

Non-perturbative QED Experiments — proving the boiling of
the QED vacuum

Comparison of FCC-ee QED explorer configurations and the

European XFEL based LUXE

proposal.

LUXE FCC-ee linac FCC-ee booster
beam energy [GeV] | 14 (17) 20 20 or 45.6
conversion bremsstr. bremsstrahlung | laser Compton (cf above)
bunch charge [nC] |0.25(1) 3 3 (fraction converted to y)
#bunches 1 2ord up to 16,000
repetition rate [Hz] | 1 (10) 100 3,000
rms spot size [um] |5 3(1cmB) 30

M. Benedikt, F. Zimmermann, M. Doser, S. Casalbuoni,

10.5281/zenodo.7675663




Tuesday - FCC-ee baseline design & optics, top-up, Still Tuesday - FCC-ee injector incl. booster I,

chair Angeles Faus-Golfe/lJCLab , 8h30-10h00 chair: Sakhorn Rimjaem/Chiang Mai U., 15h30-17h00
GHC optics & parameters, Katsunobu Oide/U Geneva

Static and dynamic beam dynamic effects in the e-, common and HE-

Beam-beam studies for FCC-ee, Peter Kicsiny/EPFL linacs, Simona Bettoni / PS|

FCC-ee collimation, Giacomo Broggi, Sapienza RF Design Studies of Accelerating Structures for the FCC-ee Pre-

injector Complex, Adnan Kurtulus / CERN
Top-up injection, Yann Dutheil/CERN
Positron source and capture system, Iryna Chaikovska/ 1JCLab

Optics alternatives & lessons optics,

chair Mika Masuzawa/KEK, 10h30-12h00 Damping ring: status and outlook, Antonio de Santis / INFN-LNF
LCC Optics, Pantaleo Raimondi/FNAL Positron bunch and energy compressor, Simone Spampinati/ INFN-LNF
Nested Magnet Optics for FCC-ee, Leon Van Riesen - Haupt/EPFL FCC-ee injector incl. booster lII,

Monochromization Optics, Angeles Faus-Golfe/IJCLAB chair: Iryna Chaikovska/lJCLab, 17h30-19h00

The I0OTA Research Program and Possible Studies Relevant for the FCC, pg| positron Production (P-cubed) project, Nicolas Vallis / PSI & EPFL
Giulio Stancari/FNAL

Development of p-cubed and FCCee positron source targets at CERN

FCC accelerators: FCC-ee injector incl. booster |
J ’ Ramiro Mena/ CERN

chair: Mark Palmer/BNL, 13h30-15h00
High-energy booster overview, Adnan Ghribi / GANIL

Positron source design and experiment for FCC, SuperKEKB and ILC,

Yoshinori Mori/ KEK
RF-based optimisation of the booster cycle, Alice Vanel/CERN
Polarized injector for CEPC, Zhe Duan/IHEP

Booster and collider filling scheme, Hannes Bartosik/CERN n “UesdaV
Injector complex: status and outlook, Paolo Craievich/PSI 22 ta\\(s @)

Injection/extraction systems across the complex, Sen Yue/ CERN



Wednesday - Collective Effects, Chair ..., 8h30-10h00 Radiation dose from FLUKA in the MDI, Alessandro Frasca/U Liverpool

FCC-ee single beam collective effects, Mauro Migliorati/Sapienza Thursday-- FCC-ee code development and other themes,
Collective effects in the high energy booster, Adnan Ghribi/GANIL chair: Yunhai Cai/SLAC, 08h30-10h00

Xsuite simulations of beam-beam effects with impedance Status, results and plans for xsuite, Giovanni ladarola/CERN

contribution, Roxanna Soos/EPFL i i o _ ,
New simulation tools for beam-beam collisions, Arianna Formenti (LBNL)

Transverse feedback options for FCC, Dmitry Teytelman/Dimtel
. Bmad for the FCC, and a future Bmad Julia for Machine Learning, Georg
Electron Cloud studies for the FCC-ee, Luca Sabato/ EPFL

d“esda\jlloffstaetter de Torquat/Cornell
FCC.-ee optics correction & tunigg On \N e - SuperKEKB beam diagnostics & fast losses, Hitomo |keda/KEK
ST TS (B ey S A. ta\\(s Update on the resistive wall code development, Ali Rajabi /DESY

Status of optics correction st#ties, Rogelio Tomas/CERN

FCC-hh design, Joint PED: MDI Il, chair: Manuela
EIC Dynamic aperture optimization & implications for FCC, Yunhai chair: Giorgio Boscolo/INFN-LNF, 10h30-12h00
CellEilAe Apollinari/FNAL, 10h30-
Beam-based alignment simulations, Xiaobiao Huang/SLAC 12h00 Vertex detector design & inte-

Update on the vibration work for the FCC-ee, Freddy Poirier/CNRS gration, Fabrizio Palla/INFN Pisa
FCC-hh overview, main Detector Background Studies, Andrea

Jointly with PED: Machine Detector Interface (MDI) I, parameters & hh lattice, GUStavo i, /INEN-LNF
chair: Fabrizio Palla/ INFN Pisa, 13h30-15h00 Perez/CERN

MDI Overview, Manuela Boscolo/INFN-LNF

Synchrotron Radiation background

FCC injection lines for ee and hh, studies, Kevin Andre/CERN

Mechanical model of the MDI, Francesco Fransesini/INFN-LNF Wolfgang Bartmann/CERN Beam-gas beam loss & MDI

Optimizing IR beam pipe elements for minimum wake field energy collimators, Giacomo Broggi /Sapienza

loss, Alexander Novokhatski/SLAC o0 T ) i IS

NHMFL, BNL & industry, Synchrotron radiation studies in the
IR magnet system, John Seeman/SLAC Kathleen Amm/NHMFL EIC experiment, Andrii Natochii/BNL



Still Thursday — joint with PED: EPOL |, Still Thursday — Poster session | accelerator related posters

chair Guy Wilkisnon/Oxford 13h30-15h00 chair Frank Zimmermann/CERN

Introduction and overview, Guy Wilkinson/ U Lepton injection and extraction system at FCC-ee, Sen Yue/cERN

Oxford Diagnostics for the FCC-ee positron source test facility at PSI, Nicolas Vallis/PSI

Polarized positron production, Joseph Grames/  Enhancing e+ sources for future colliders through conical converter targets, Nicolas Vallis/PSI
MIT Autoencoder Style Neural Networks for Estimation and Control with Unknown Time Varying
Experiments at existing facilities, Jacqueline Parameters, Alan Williams/LANL

Keintzel/ CERN Operational Considerations for Laser Control of FCC Bunch Intensity, Spencer Gessner/SLAC
The EIC polarimeter, and lessons for the Next generation, integrated community toolset for modelling colliders, Jean-Luc Vay/LBNL
FCC,: Dave Gaskel/JLAB Structural Optimization of FCC IR Support Structure, Francesco Fransesini/INFN-LNF

Joint with PED: EPOL I, Exploring New Physics with the Optical Dump at LUXE and Prospects for Future Facilities, Ivo
chair Jacqueline Keintzel/CERN, 15h30- Schulthess/DESY

17h00 Material Budget of the FCC-ee IR, Giulia Nigrelli/INFN-LNF
Simulation polarization studies at the FCC, Yi FCC-ee tuning studies with pyAT, Elaf Musa/DESY
Wu/EPFL Simulated Performance of FCC-ee IP Tuning Knobs, Satya Sai/U Geneva

Polarized electrons at the EIC, and lessons for the Input signals for error mitigation by interaction point fast feedback systems for FCC-ee, John
FCC, Georg Hoffstaetter de Torquat/Cornell Salvesen/U Oxford

The FCC polarimeter, Robert Kieffer/CERN Luminosity Tuning and Optimization, Vaibhavi Gawas/U Geneva
Lessons from LEP, and final steps towards the Optimization OHCC circumference for hh, Heiko Damerau/CE‘_Rg 0“
Final Report of the Feasibility Study, Eric Torrence ta\\(s O 3 pOSte

(Oregon) 22 dav (Sdaﬁ
First thoughts on the FCC depolarizer, \Wolfgang "‘(\\)"S T‘ﬂu

Hofle/CERN



“Everyone who disappears is said to be
seen in San Francisco”

Oscar Wilde, 1891

please deliver your FCC contribution before disappearing !



