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226th FCC-ee optics meeting

m — 310 PM General Information ®10m

Speaker: Frank Zimmermann (CERN)

general informati... :e] general informati..
ERlg Ul — 3:30 PM  Synchrotron radiation background studies ®20m

Speaker: Giulia Nigrelli (Sapienza Universita, INFN-LNF, CERN)
DesignMeeting_S.. ¢ DesignMeeting_S...

m — 3:50 PM  Considerations on beam impedance induced power loss for different filling schemes ®20m
Speaker: Carlo Zannini (CERN)
Power_loss_consi.. ¢ Power_loss_consi...

m — 405PM Lifetime at ttbar and Higgs ®15m

Speaker: Xavier Buffat (CERN)

2026-05-28_tthar_...

L CY Ul — 415PM  Beam lifetime at Higgs and WW ®10m

Speakers: Katsunobu Oide, Dr Katsunobu Qide (KEK High Energy Accelerator Research Organization (JP))

LCC_107_260528....

m_m:zspm AOB ®10m




FCC Week 8-12 June, Helsinki

Following the update of European Strategy for PP:
* Very successful FCC Week in Helsinki

627 reqgistered participants

Opening addresses by:
« Valdis Dombrovskis: European Commissioner for
Economy & Productivity, Implementation & Simplification

« Paula Eerola: of the Research Council of Finland and the
Ministry of Science and Culture

« Sari Lindblom: Rector of University of Helsinki
« Katri Huitu: Director of Helsinki Institute of Physics

Was also an opportunity for several meetings:

« Valdis Dombrovskis (EC), Finnish Minister for
Economy, and Finnish Minister for Science

<C\ERN3§% Mark Thomson | Director-General's Report June Council Week 2026 3
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Beam parameters with higher RF frequency

« At fixed momentum acceptance, higher RF frequencies increase the longitudinal  Larger vertical

focusing
- Shorter bunches, higher beamstrahlung, larger momentum spread emittance gives
» These adverse effects can be mitigated by decreasing the bunch charge, higher luminosity
maintaining the performance, except at the Z where low bunch spacing (low
charge) is limited by electron cloud * Both lower and
_____________ p~ [ncrease momentum compaction: Larger emittances la rger momentum
,a 160 — T p- Decrease momentum compaction: Larger momentum spread factor yiel d hi gher
c 140 - % & Same but balancing a decrease of the momentum compaction . .
< : and of the RF voltage lumi nosity
S 120 :
Z 100 ¢ Brencrosew — Exact compromise to be determined and * Single RF system
2 x 800 0t 0265 thor(_)ughly checked (lifetime, strong-strong 800 MHz only can
£ 801 * .naiowervonage and impact on other systems, including
~ 400 500 600 700 800 physics quality) in a near future work
RF frequency [MHz]
X. Buffat



Beam parameters with higher RF frequency

Example recovering the performance with a “balanced” compromise on all
parameters to accommodate 800MHz at Z — Next step: check lifetime!
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parameters : 50 ns spacing worse

Weak-strong, LCC V 106.1, 25ns Weak-strong, LCC V 106.1, 50ns
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* Mitigating electron cloud by increasing the bunch spacing (thus increasing the bunch charge)
leads to poorer lifetime at the same vertical beam-beam parameter (i.e. the same luminosity)

- Electron cloud schemes featuring equal or higher number of bunches than the present 25ns
scheme would relax many aspects (reducing beamstrahlung, reduced criticality of single bunch
iInstabilities and revert to an easier injection process - bootstrap with a uniform intensity). See
L. Mether. X. Buffat
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parameters : vertical emittance now 1/2000 of horizontal at ZH and ttbar

FCC-ee collider parameters for LOC 10720, June 9, 2026. .[ | |
Beam energy [GeV] 45.6 B0 L20 182.5
# of 1P= 4
Lattice LO7.0 LO7 0 ww2_mod® 107 0.120=1 107.0
Circumference [Jeam] 0. 660256 90660257
Energy loss / turn [GeV] 003484 0.330 1690 8.0916
SR power / beam [MW]
Beam current mA| 1291 136 27.0 5.05
Colliding bunches / beam L0000 24810 376 Gl
Colliding bunch population (10t 2.44 L.04 .35 1.59
Emittances at collision =, , nm [ pm)| 1.21 f 2.43 L.70 / 1.75 1.13 / (.68 217 / 1.02
Momentum compaction oy, [10~5] 41.9 24.6 0.5% 0.81
B [mm] 90 / 0.8 90 / 1 120 / 1 800 / 1.6
Transverse tunes Q,, 166.160 / 162.200 211.160 / 158.200 | 346.16 / 262.200 | 346.131 / 262.276
Chromaticities / ring Q' +6.1 / +6.6 +3.9 / +3.4 +6.0 [/ +6.6 +4.7 / +3.9
Energy spread (SR/BS) o5 (%) 0.0371 / 0.124 0.064 / 0.126 0.098 / 0.157 0.145 / 0.167
Bunch length (SR/BS) o [mm| 444 /148 2.50 / 4.93 3.42 /547 230 / 2.68
RF voltage 400,800 MHz [GV] 0.150 / 0 1.50 / 0 2.96 / 0" 1.98 / 8.04"
Harm. nmumber for 400 MHz 121200}
Synchrotron tune ), (.00 (.0951 (.0397 0.0923
Long. damping time [turns] 1309 244 729 21.5
RF acceptance [%2] L.G5 5.21 2.20 231
Energy acceptance (MA) [%2] +1.1 +1.2 +1.8 —23+26
Half crossing anele at 1P £, [mrad] +15
Crab waist ratio [%e] 55 45 45 A0
Beam-beam £, /£, 0.0022 / 0.110 0.0047 / 0.102 | 0.0045 / 0.135 0.045 / 0.157
Z-X inst. param. 4£, /0, .17 .20 (.45 1.95
Piwinski angle (0. gs)/ol 21.3 6.0 7.1 0.96
Lifetime (q + BS + lattice) |sec] 3000 200 13000 LGN
Lifetime (rad. Bhabha)? [sec] 1430 1020 550 620
Luminosity / IP /104 [fem?s 141 20.0 8.0 1.40

“goxts & multipoles not optimized.
"both beams share the common RE.
“incl. hourglass.

donly the energy acceptance is taken into account

(N Fece

Luminosity/IP = MTR

for the cross section. no beam size effect.

“The resulting
emittance ratio & /g,
becomes smaller than
1/1000 at

ZH and ttbar,

which can be crucial
depending on the
machine tuning
performance.”

K. Oide




Top-up injection efficiency

Top-up injection
Multi-objective genetic algorithm (MOGA) LCC v106.2: Z, 2400 turns, SR+BB+BS Horizontal betatron collimation

Objectives of the optimization in Z mode:

IPA PB IPD PF IPG PH 1P PL IPA
A) Large DAy at dE=0 — wide vertical collimators (TCPs) “ 100 J
= 10° EE Collimator
B) Large MA-x at dE>-0.8% — strong beam core 2 2000 H1H 2000 £ o] . Warm
C) Large MA-x at dE<-0.8% — high injection efficiency T 201 I 5 = . Cold
i = s . 3se H HH 102
Constraints: s 10 1500 _ E . 1500 5 1073
» sufficiently large chromaticity (XZ instability, TMCI) g 3 3 01 e o ot 2202 o3 22, _EE % 104
Free parameters (~50): 8 o 5 E . 2 5 :- 3 .: . '
; ; ; = 1000 § S o se sevsees o eeee 1000 § g 107°
* All final-focus higher-order multipoles (sextupoles, octupoles, g -1 i 3 ° = 0-6 ]
decapoles) E a0 5 .' i , | l | IM || |
* Arcsextupoles . %0 “ R ertca P 0 10000 20000 30000 40000 50000 60000 70000 80000 90000
* Dispersion suppressor sextupoles (since recently) B L3 3 s [m]
Optimization setup: —40 ¢ il bbb 00 O . . .
* Synchrotron radiation, beam-beam (incl. beamstrahlung) —0.020-0,015-0.010-0.0030.000 0,003 0.010 0,015 0.020 v llinzo:jau:a‘:dm;:x(:? e Vertlcal betatron CO"Imatlon
DA (y vs x) ' MA-x (x vs dE) relative momentum offset Ap/ps ’ IPA PB IPD PF IPG PH IP] PL IPA
-X _ -
. r g 100 4 M Collimator
= | g e Ep =
el gf f : g{iii i K} : ) T ————1T"1 [ T & 1071 |
i B i .§§¥g ’*gf £ 107
D M L f;ﬂﬁ i fﬂﬁ 1 Before optimization | os/ f imizati 5 101
B i . after optimization ;
i i —— ~ V105 Z E E 1075 4
< 801 g v106.2 Z S 107 |
£ o % | Ml | I |
oy g 1077 4 : : : : - ; .'
- # 0 10000 20000 30000 40000 50000 60000 70000 80000 90000
70 4 % 0.4 s [m]
K]
60 - 0.2 . .
G. Nigrelli V106.2 delivers the best-betatron cleaning
0 1 2 3 a 5 6 7 %00 s w00 1300 2000 2300 3000 3500 performa nce ever recorded in such
t[s] le-1 turn number
. ]
: ‘ . . : . . studies to date (=2 see G. Broggi’s
0 416 832 1248 1664 2080 2496
turns presentation)

For the first time 90+% injection efficiency for injected beam
including all effects (except apertures)

M. A. Jebramcik >90% injection efficiency with beam-beam achieved after lattice optimization

(N Fece




HE linac & booster injection energy

Could we reduce booster injection energy to 10 GeV? (Pantaleo)

Judge from field errors of prototype booster dipole?

3 GHz vs 2.6 GHz injector linac

2.6 GHz would provide better performance (Tor Raubenheimer

confirmed Frank’s prediction)




Twin quadrupoles still an option with LCC optics ?

Question raised by Attilio Milanese




SR in IR with LCC optics

* Most of the SR is produces at the FFQ — only the fixed masks downstream can protect the detector!
+ Total contribution about 2 kW, mostly downstream |P.
+ SR atIP increased by factor 3 with a 5min lifetime — occupancies study show too high values!
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+ Synchrotron Radiation background

* SR power > 20 kW total in IR, ~100 W at masks;
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« Halo-induced SR dominant background source; cannot be easily shielded at FFQ.
* Occupancies study show too high values!
» Vertical mask or enlarged beam pipe could mitigate.

10!

Incident SR Power [W/mm?]

Counts

Halo-SR produced at QF1 — mask not very
effective.

SR fan horizontally focused from QF1 —
through mask center.

Vertical fan diverging — chamber impact
unavoidable!

QDO produce horizontal divergent fan.

* SR intercepting beam pipe mostly with
energy >10 keV
*» Won’t be absorbed by the beam

pipe.
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SR detector background

i Does this get better if not all silicon is sensitive? Specifically in the vertex 3 Al
Eo detector sensors -9
: ‘I ||| | |||| || | = : I . WWWW

o x 1 ﬁ [] m 12 14 l- Il m

Timurg - TOF |

@ With only about a tenth
barrel light up...

@ Higher threshold would not really help

m 0 -0 o o 100 200 1O 00

(2339/21641) of the files, one can Ellreadj.,.r see the whole vértex

Larger SR Samp|e5 for the first time allow to properly evaluate this background

@ SR background looks very scary in both VXD and SiWr, esp. SR halo in VXD barrel
—  Need to revisit lattice and MDI design. Unclear if older lattice designs had same magnitude of SR

issue — to be checked

Silicon tracker (CLD): number of hits

Drift Chamber (IDEA):
1% layer, Inner Tracker Barrel

total energy deposited in DCH Time Projection Chamber (ILD):

ijon production

LCC v106.2 @ 91 GeV

LCC V106 2@ 91 GeV
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IR layout

Do we need a dedicated luminosity monitor ?
- question from Mogens Dam
- workshop at CERN on 27 July

Do we need shielding solenoids?
Question from Gianni

“Kick off workshop on FCC-ee detector solenoids®, LASA lab, Milano,
2-3 July 2026



electron cloud

Astonishing findings:

Little sensitivity to ~150 Gauss magnetic

Almost no effect of photoelectron

5 ns bunch spacing options - issues witr

photoelectrons and with experiments

field
distribution etc.

can we suppress photoemission ?

When we add 10+
photoelectrons per beam
particle per unit length, we see
that the non-uniform scheme is
more impacted by
photoemission than the ones
with increased spacing.

Saturation Density

Saturation Density

= L T O o A I O O I I A
2

nchrotron

Radi

jation Flux Map from ./LCC/lcc_dipoles.txt, ./LCC/Icc_quads.txt
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3
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Crose.Saction al Z=50.23

We visualize the saturation
densities and which SEYs
correspond to buildup.

We add 10 photoelectrons per
beam particle per unit length.

25ns
25ns Nominal
5ns (2b+8e)
ws== 5ns (2b+8e) Nominal

40ns

s 40ns Nominal
50ns

mmmm 50ns Nominal

We add 10 photoelectrons per
beam particle per unit length.

25ns
25ns Nominal
5ns (2b+8e)
5ns (2b+8e) Nominal
40ns
s 40ns Nominal
50ns
s 50ns Nominal

9




electron cloud — experience elsewhere

LHC cash program: sawtooth chamber to minimize photon reflection
and keep photoelectrons horizontally outward

KEKB & SuperKEKB : weak solenoids or PMs (<100 G) completely
suppress electron cloud build up

I i —————
...........
......
i
10t

............
JJJJJJJJJ
‘‘‘‘‘‘

| Wﬁm WW WW
Solenoid KEKB, ~50 G . SPS, ~100 G
Parameters of solenoids g
a) without solenoid i
Type Length Diameter | Turns Bz @ 5A i |
i) (mm) (Gauss) e LHC savvtooth Bt
r v —Smooth Surfa ce
Bobbin 150-650 | 148 250(typ.) | 45 oo B e b s { z
P 1
Bobbinless | 40 220 190,200 | 48 ? |
Bobbinless | 40 250 200 43 i
Bobbinless | 40 300 200 37 ‘sér"ﬁmﬁ; : ! G. Guillermo, ~2018

H. Fukuma, ~2002

hg SRV CRT SO0V S z'mr Nov 1998

SSSSS

t4§:28

b) with solenoid of 100 gauss




electron cloud — estimates

from LHC Project Report 95 for FCC-ee

2Nyr.cmg

Ap.y A=
P el r}] e I’pipe

=3 .cm, N =2.4x101!
— Ap, /M, ~0.05c¢C
a2
AEy % gmact () — AE, ~500 eV

B=0.015T

Pel

Pel = .

— Lel ~5mm




Impedance

Impedance heating budget

10%° : -
. Also accounting the kicker optimization and ideal flanges there is no margin
beam pipe RW
SR abs.
1081 ems
strip. kickers Total budget 5.0
IR
6 flanges RF Cavity A 2.00
10 int. mod Optimizing the interconnecting modules and the
bpm , electromagnetic separator can help gaining margin
B RW 1.17
. RF eam pipe (RW) * 2025 modelforint. modules increases the budget
' 10% kickers
Others 1.14
Available budget 0.69
102
0 1 2 3 4 5
Power [MW]
10° 2’5 50 75 100 12.5 175  20.0 The 5 MW budget allocated for the fullimpedance model including RF
f (GH2) cavities is very tight with the current Z beam parameters!

A. Antuono



IR impedance

Power loss in the lateral pipes with one SR mask

B 60 mm g RET
* Lateral beam pipe: 15 mm radius, 1.2 m long
* One horizontal SR mask .

image not to scale, zoom on SR mask

* Z)| computed via CST to include the SR mask

* Resonant mode at 5.8 GHz with R; = 7.2 k) — Rez)
6000 1 Im(zZ))
» mode around the cutoff frequency of the first

TE mode of the pipe (f¥1! = 5.8 GHz)

4000

2000 1

» due to the asymmetry introduced by the SR
mask

Zy10)

Max power loss on one pipe: ~640 W 2000

» 490 W on the beam pipe 0 1 p
» ~150 W on the SR mask

E. Macchia
(N Fece

Power loss in the lateral pipes with two SR masks

l o
image not to scale, zoom on SR masks

« With two masks: only resistive wall impedance, one small resonant mode

+ Lateral beam pipe: 15 mm radius, 1.2 m long

«  Two SR masks symmetric about the beam axis

« The structure is (almost) symmetric
« Thanks to the symmetry, no significant

resonant modes below fIM%! =~ 7.7 GHz 6

are excited T e
» Power loss significantly reduced if the 5

beam travels on axis & 4

Average power loss on one pipe: 38 W

» 32 W on the beam pipe 0 1 3
» 6 W on the SR mask



machine protection: electrostatic separator

D o

ES mmmmmom

100

501 ’"‘““““’ ‘ RF section " ’““"“”“

04

S[m]

HV breakdown for mcomlng beam
Multi-turn tracking

~500 ° $o 0

- HV Breakdown of electrostatic part: total loss of electric field
+ Reduction of magnetic field: partial loss of magnetic field

EMS failure scenarios in tt mode:
 No direct impact of the beam on the cavity walls
« Direct impact of the photon beam on the cavity walls
« Can subdivise EMS in more units
« Install local protection at precise location




today’'s agenda

LAV — 4:20 PM  General Information

Speaker: Frank Zimmermann (CERN)

A LI — 4140 PM  Top 10 highest priority deliverables for the collider & booster design pillar until end 2026

Speaker: Hannes Bartosik (CERN)

L U — 500 PM  Modelling of IR solenoid compensation in Xsuite: recent progress and next steps

Speaker: Giovanni ladarola (CERN)

SOl — 520 PM  LCC lattice v107: survey matched to reference IPs

Speaker: Marc Andre Jebramcik (CERN)



