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3 sessions with 15 talks (O Fco

FCC-ee injector: Overview (8:30 - 10:00) - M. J. Boland (University of Saskatchewan)

- FCC-ee Injector: overview and outlook, Paolo Craievich (PSI)

- Update on thefilling scheme, Hannes Bartosik (CERN)

- Positron Production for FCC-ee, Iryna Chaikovska (CNRS/1JCLab)

- Positron Target Design, Fabrication — Updates on P3 Integration, Ramiro Francisco Mena Andrade (CERN)
- FCC-ee top-up operation: photocathodes and laser systems, Eduardo Granados (CERN)

FCC-ee injector: Linac and Damping Ring (10:30-12:00)-J. T. Seeman (SLAC)

- FCC-ee Injector: New DR at 2.86 GeV, Antonio De Santis (INFN/LNF)

- Approach for low impedance design of the FCC DR vacuum chamber, Shalva Bilanishvili (INFN/LNF)

- FCC-eeinjector linacs: the design and the RF frequency choices for the TDR, Alexej Grudiev (CERN)

- FCC-eeinjector: linacs design for single- and multi-bunch effects, Simona Bettoni (PSI)

- RF-Track development for FCC-ee injector studies, Andrea Latina (CERN)

FCC-ee injector: Booster and transfer lines (13:30 — 15:00) - J. Wenninger (CERN)

- Overview of the booster status, Antoine Chance (CEA)

- Updates on FCC-ee High Energy Booster collective effects studies, Adnan Ghribi

- High Energy Booster Emittance Tuning, Quentin Bruant (CEA)

- Injection/extraction systems across the FCCee complex, Sen Yue (CERN)

- Swap-outinjection with beam recycling in the booster: design and commissioning at the High Energy Photon

Source, Duan Zhe (IHEP)
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FCC-ee Injector overview and outlook
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Update on the filling scheme (O Fco
Hannes Bartosik (CERN)

* The present filling scheme for the Z-pole assumes non-uniform Z-pole: boot-strap and top-up injection
bootstrap injection to mitigate e-cloud instabilities Lok St B —

+ Notyetupdtea o st FOC-ss paramatartabe (oo mors unches) | SR [ NEAD NN RN -

* This scheme is challenging for tune shifts and X-Z instabilities due to large ; 5 5 E P e
range of bunch populations present in the machine (not possible to find a S T
suitable working point for all bunches)
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« Alternative schemes with bunch spacings down to 5 ns have not yet been ° °
studied (this has strong implications for injector complex) i

* Updated filling patterns for W, ZH and tt - no particular issues %

Started looking into synchronisation between pre-injectors and booster, studying the possibilities of injecting into
any given bucket.
Preferred option is careful choice of rational ratio > Constrain on the DR

C /Cpr=m/n

— ntimes more azimuthal positions can be reached at
expense of transferring within range of n booster turns

— Requires pulsing Linacs and injector complex non- - necessa ry introduce a
periodically (from zero to n booster turns) delay on the timing for RF

booster

circumf.

— Required flexibility of positioning batches in damping ring
reduced to ~+£180°/n (assuming fixed RF frequency in — constrain on the max

H. Damerau damping ring) damping time in DR °




Positron Production for FCC-ee

Iryna Chaikovska (CNRS/1JCLab)

- FS baseline design relies on the HTS solenoid. The accepted e* yield is

~3 N.,/N... Proof-of-principle with P®experiment @PSI starting from

2026.

o With safety margins, an e~ drive beam charge of 3.8 nC is required
to meet FCC-ee specifications (within the current e- source limit <

5nC).

- The very first studies to investigate the feasibility of 3 GHz RF

frequency in the e* capture and 2.86 GeV linac are started showing:

o Reduced e* yield assuming FS solenoidal focusing. Thermionic e

gun? Clear preference for large-apertures @ =40 mm.

o ECS is needed to match e* phase space to DR acceptance (~15%

gain in accepted e* vyield). DR energy acceptance is a

parameter!

key

o SC solenoids in the capture system could further improve

efficiency and should be explored.

- Conceptual design studies of the crystal-based positron source for the

FCC-ee are ongoing. Potential proof-of-principle at P? experiment 2"

phase (see F. Alharthi’s poster).
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Positron Target Design, Fabrication & Updates on P3 Integration
Ramiro Francisco Mena Andrade (CERN)

303 = 152
(@] o
< p=
- K
By moving from 6 GeV to 2.86 GeV, the FCC-ee positron 3 7 .
source target (W) improved its thermo-mechanical z %
performance. The obtained reduction in terms of C iR S
temperature and stresses are beneficial from the 5 86 GeV
operational point of view. a5 Q .
< =3
£ 4
a 2Pz 1060 & X p2: 133 Mpa

27 A P2:166 °C

o

The manufacturing of the target with embedded cooling e —
and (right) stainless steel used for training [A]

pipes prototypes are ongoing. Extensive R&D efforts are

made to validate the processing route.

Fig. Welding test for the Ta-Ta joint on the HIPing capsule Fig. Ta CVD coating in W substrates [C] 7
(left) mock-up and (right) zoom of the resulting joint [A]



Updates on P3 Integration
Ramiro Francisco Mena Andrade (CERN)

All subsystems are ready, and its installation is foreseen at PSI
during the August (and Winter) shutdown(s).

Experiment in 2026 will play a key role for FCC-ee to validate
new design concepts and technologies.

Cylindrical Conical

Targets

HTS solenoid (for
matching device)

—

e to the exp.
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FCC-ee top-up operation: photocathodes and laser systems (O Fce
Eduardo Granados (CERN)

200 MeV electron source

Top-up operationin the CR needs a 100% charge
modulation at 100 Hz - this poses a challenging on the

Pulss comprassor
2.8 GHz e 4

i aanas 280H electron source.
[T (I | Present baseline: 4 lasers systems
RF o gun Em“ J o L ) o L ' Next steps: Design and test hardware to demonstrate
D top up mode charge variation (key development for
‘ 5 " 1+ FCC-ee)

UV laser beam shaping techniques for FCC-ee top-up Photocathodes
= Choice is influenced by quantum efficiency, lifetime, vacuum requirements, fabrication method, and properties of the electron

PSI CERN beam to be produced (for example, spin polarization).
. = For tests, Cs,Te and Cu are currently available, in the meantime we need to consider the production of alloy photocathodes
Pockels cell Electro-Optic front-end laser (MZM)
e (Ir;Ce,) with “infinite” lifetime and Cs-GaAs options for polarized photoinjector.
Au (GND) Optical
On-demand o "
amplltUFie Laser and optical systems
modulation
= For producing the temporal bunch structure, the options currently considered for testing are:
s A — = MOPA architecture with multiple laser lines, then recombine them at the photocathode level (well established). Tests will be
carried out at PSI.
= Electro-Optic front-end in combination with burst amplifiers (experimental). Tests will be carried out at CLEAR.
Transverse = Interms of the UV shaping technique, two approaches will be explored:
profile shaping
devices = Deformable mirror, which allows for high pulse energy on photocathode (suitable for low QE photocathodes)
= Digital Micro-mirror Device (DMD), which allows fast masking of the UV beam profile (higher resolution but more lossy,

works better with high QE photocathodes)




Linac and Damping Ring
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New FCC DR at 2.86 GeV and approach for low impedance design of VC

(O Fco

Antonio De Santis (INFN/LNF)/Shalva Bilanishvili (INFN/LNF)

* General layout established

* Preliminary optics evaluated
* DA/MA smaller than needed
* Timing and synchronization under study

* TL (injection/extraction) needs update |
injection g

extraction‘e’

Twiss Parameters

Only Transverse motion (4D)
SXP ON
Beam injected in SS section with

expected emittance (2.36/2.32 mm
4+ mrad) in x/y planes [FS].

3 Tracked for 1000 Turns

Beam Pipe physical apertures:
Horizontal: + 3.0 cm

-15 1 Vertical: +1.5cm
E e g A
Cacc — v 0
. 1000 I

Low-impedance design of vacuum chamber: the talk highlights both proven solutions, already validated in

existing accelerators, and new design concepts (e.g. BPM)

P
-
o -~
-‘.
/
i \
)
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RF SyStem Parameters Value
- Energy [GeV] 2.86
e Circumference [m] 373.46
"-.. Arc Cell multi-bend
".. Lattice shape six-fold symmetry
b Nat. emittance [nm rad] (WGL on/off) 1.3/23
\ Bunch Lenght [mm] 5.1
\ Damping time 7, , (WGL on/off) [ms] 16.9 / 29.4
“.‘ Nat. Cromaticity (x/y) -38.2/-28.3
kY Nat. energy spread (WGL on/off) [10~1] 7.1/52
A . i Betatron amplitude max (x/y) [m] 9.66 / 6.49
3 WIGG LER insertion ’r‘l Betatron amplitude min (x/y) [m] 0.5/1.1
Tune (Q,,Q,) 27.8707 / 22.3728
= n’ =O |n the arcs to Momentum compaction (WGL on/off) [107%] 1.55 / 1.57
Revolution period [us] 1.2457
i Dipole #, length [m], field [T] 180, 0.7 1.13, 0.34 0.39
enhance d mplng Wiggler #, length [m], field [T 3,35,18
Cavity #, length, voltage [MV] 1.5, 4
injection e"’ Max. # Bunch stored, Bunch Curr. [mA] 40/ 4
; Store time 57y
rd i - Energy loss per turn (WGL on/off) [keV] 422.2 / 246.7
_,-" eXt raCtI one SR power loss wiggler [kW] 27.83
-’_.."' om Kicker rise time [ns] 50
Minimal damping time (after injector synchronization) -
KCK pulse H. Bartosik Talk
Bunch train: 75 ns
: T y
naax (train) = —= ~10 MATAX (t?"a/&n) § 7
At+ig
2t
o <14
T ms
T D€eut —
Tstore = — 5 1n =~ 5T
2 €0
. Lengnt of the DR s fied to the BR
narax (train) Tpulse
Se sty oms
P -
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FCC-ee injector linacs: the design and the RF frequency choices for the TDR O FCC
Alexej Grudiev (CERN)

Quantities over time

70 P rf input x0.5 (MW)
— Vunleaded (MV)
—— | beam x50 (A)

* Robust design of the FCC-ee injector linacs has been done for the 1 2V beam 1o o
Feasibility Study Report

504

* [t must be adjusted and reoptimized for the TDR to address several
changes including new RF frequency, new DR acceptance, site
constraints

40

* [t seems that the choice between European S-band 2998.5 and the
CR harmonic 3006.9 MHz favor the latter one due to simpler overall
compatibility of the linacs and rings with minimum impact on the RF i

power systems 0 aik —

2400 2600 2800 3000 3200

* The design for the TDR is a chance to push the sustainability of the 1 Lo oo P
FCC even further by developing a high efficiency (>70%) multi-beam 1 Uintosded oy
klystron as RF power source for the injector linacs. New design of T Vomaes a0 rf‘golden’ pulse
high efficiency S-band Multi Beam Klystron (MBK) for KEK injector i
linac: KMS80 o

62

60

- rf‘golden’ pulse: compensation of the beam loading and
rf pulse shape, energy variation between 4 bunches
below £1.5% (also also with intensity modulation of the 4
bunches).

54

1 1 1 1
2875 2900 2925 2950 2975 3000 3025 3050
t (ns)



FCC-ee injector: linacs design for single- and multi-bunch effects (C Fee
Simona Bettoni (PSI)

o fuMie
s des\®" ents
" Transverse dynamics (static): emittance growth ‘ese“ ““e
¢ Defined the RF structures aperture along all the linacs “\'\e P ‘g“\ ‘eq a‘g‘\“ .
® Achieved 40% margin on the target emittances for the booster injection nhe des“ SO w o \Ieﬂ‘\J
1 S
" Transverse dynamics (dynamic): jitter ¢ ‘a\‘es‘ Omes
® The full linac chain (single and multi-bunch) has an acceptable transverse jitter -\me“ 0\'\"0 \L=
el ‘_\‘\e +a\® a
amplification for the injection to the booster E)‘p me 0‘ . \_a‘-\o
® Used a kind of “BNS damping” which even reduces the jitter at the HE linac exit, sO x eSS . a\
AND operating on-crest the RF cavities “om esse““

" Longitudinal dynamics: energy spread and bunch length

® Without the energy compressor: solution with RF cavities operated around 10 degrees off-crest (worse for acceleration efficiency and
transverse emittance growth)

® With the energy compressor: RF cavities operated on-crest, target parameters achieved (with even a margin for the energy spread), and
independently tunable without varying the linac’s settings (important for the bunch charge scan)

® Multi-bunch: presented the results corresponding to the possibility of using the EC also for the beam loading compensation, to avoid the
implementation of a LLRF system adjusting for each charge variation (scan from “0” nC to 5 nC)

f1 ,.fl'.\ f2

or - - sc - - - —EEETTE—0 o §—— O — - - - o< soosr
AEnergy ATime Target energy difference along the bunch (single bunch) 20 Gev
(intra/inter-bunch) RF Aphase and/or in between the bunches (multi-bunch)
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RF-Track development for FCC-ee injector studies (O Fce
Andrea Latina (CERN)

RF-Track for the FCCee Injectors

Positron source and Positron Linac:
Elements overlap
Time integration

- Realistic fields

Beam loading - Coherent Synchrotron Radiation (EC)

Key Capabilities

Electron Linac:

_ _ ® Tracking in time and space of any particle at any energy
Multi-bunch beam loading . - Beam loading from electrons and positrons e . .
Short- and Long-range wakefields Misalignments, BBA, Dynamic Effects e Realistic fields and arbitrary field maps
Misalignments, BBA, Dynamic Effects .
Photoinjector: Transfer lines L] Overlapplng elements
i v oriap _ . e Space-charge effects
Time integration Electron linac, 215 m, S-band Electron transfer line
geam [of'c“ng 19.5 MV/m, 15 RF unit module | i [ Beam_beam effects
pace-charge Electron “ *
Realistic fields source GF[DMEMMHEMWAI%WW lfleM"]f“v') ) e Intra-beam scattering
Intra-beam scattering Positron . "
Positron linac, 304 m, 2 GHz ~ Energy H " _
source 133 MV/m, 21 RF unit module “°™P"es°" ‘ \mpin e Wakefields (Short and |Ong I’ange)
-y 0000 0000000001 002000000000 00 00DD 0G0 NG ° Synchrotron radiation emission
HH il
n . _ n e Multi-bunch Beam loading in SW and TW structures
Energy High-energy Linac, 1980 m, S-band, Bunch
compressor 21.1 MV/m, 72 RF unit module compressor e Particle-matter interaction
e Arbitrary element misalignments
High Energy Linac: . .
- Short- and Long-range wakefields e Beam-based alignment algorithms
Multi-bunch beam loading Damping Ring: DA studie . : 3
Coherent Synchrotron Radiation (BC, EC) ping Ring e Back-tracking in the presence of collective effects

- Dynamic aperture

Misalignments, BBA, Dynamic Effects - Intra-beam scattering

New capability for polarized electron and positron pilot bunches at the injector. Spin polarization tracking

(under testing for positron linac start-to-end simulaiton)
14



Booster and transfer lines

15



Overview of the booster status (1) (O Fco
Antoine Chance (CEA)

Optics

o¢ [=]
-74-66-5749-41-33-24-16 -8 0 8 16 24 33 41 49 57 66 74

—— HFD w/o b3

. Integration of the injection/extraction optics. 0 — FODO wio b3

. The dynamic aperture and momentum acceptance stay large (thanks
to second-order matching in the insertions).
. More work is under progress to understand the driver of the dynamic

aperture and momentum acceptance and how to correctinin

-20 -15 -10 -05 0.0 0.5 10 15 2.0

presence of errors. Bofo
56 -57 49 41-33-24-16 -{;B‘pD[C]B 16 24 33 41 49 57 66 74
Operation =
250 A — FODO wj/o b3
. . . —— HFD w/o b3

. New baseline RF system: reverse phase operationin Z, WW, and ZH /

operation modes. F 150
. The ramping is under progress (study of the use of wigglers to damp ° 100

coupled bunch instabilities). 5°
Other opportunlt'es -20 -15 -10 -05 Ag.?p 05 1.0 15 20

. The use of the booster as a light source is under study. Space charge
effects may be a limitation.
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High Energy Booster Emittance Tuning Q@l=e

uentin Bruant (CEA
Q (CEA) Equilibrium Emittances

2 . after correction i
Great progress: beta-beating, dispersion beating, and 5 before correction i
. e . . . o -=-= design value = BB pm v
coupling are now corrected. The equilibrium emittance in o : . ol : :
. 40 &0 a0 100 120
presence of errors is near the target. Ecq x [PM]
Study on the tapering has begun: first results show that it is
possible to have a residual and that it can be managed by using 2 ., = after correction
. . . . . = 1 before correction
the dipole correctors + dipole sectoring in the dipoles. g ; ——- design value = 1.76 pm
° 5 10 20 30 4  s0 s 70
Eeqy [PM]

Updates on High-Energy Booster collective effects studies,
Adnan Ghribi (GANIL)

Baseline
A robust design with respect to But we still need to : :
. Assumptions
collective effects : @ Add a complete and realistic
Single bunch instabilities ' d budget; . . .
g l; : Ll PSS Sae ¢ Only resistive wall effects taken into account (round vacuum pipe);
mitigated ; Study the evolution of collective
~ y . » Baseline PA31 optics including booster updates 2 ;
Transverse coupled bunch effects with respect to the cycling
. = b ) ¢ Longitudinal impedance and wake potential of a 0.4 mm Gaussian
instabilities mitigated ; strategy.

) ) bunch used as Green function in beam dynamics simulations ;
Collective effects interplay at

o - » Studies of instabilities at injection energy.
injection not critical.

4see A Chance prsentation 17



Overview of the booster status (2) (O Fco
Antoine Chance (CEA)

Emittance evolution: Total cycling: 0.746 (ramp-up) +0.1 (flat-top) + 0.294 (ramp-down)=1.14 s

- We use the double parabolic ramp + energy overshoot. Wigglers can help mitigating coupled
bunch instabilities at injection. Consideration for 0/1/2 permanent wigglers.

- Initial beam parameters: 20 pm x2 pm x 1e-3

- Final beam parameters: Hor. Emittance: 113 pm /95 pm /81 pm, Vert. Emittance: 2.69 pm / 1.93
pm /1.38 pm, Energy spread: 0.383e-3, 1.109e-3, 1.437e-3

- Because of the |; increase, the energy spread is too large at extraction. How to get a smaller
energy spread at extraction is under investigation.

Perspectives
- Update the lattice to follow the changes in tunnel geometry or in collider lattice.

- Continue the good work on optics tuning (including tapering), collective effects (to study space
charge effects and IBS together with a refined impedance budget), operation with an optimized

ramp, integration of the insertions (injection, extraction, ...), spin transport, and feed the database
and the global parameter tables.

- Impact of the leaking field of the detector solenoid on booster optics.

18



Injection/extraction systems across the FCCee complex Q@l=e

Sen Yue (CERN)

- Requirements from TL & Booster injection:

* Survey point and optics parameters at the end of HE linac

» Alcove location for booster injection design

« Beam time jitter from HE linac, damper in booster ring

- Booster extraction (PB):

« Symmetric design for e- and e+ extraction

* Precise vertical dispersion control in the transfer line to the

collider injection

- PB Integration: Further in-depth integration studies are
required due to the high system density and interdependence

LHC Experiment Cavern and Shaft Sm————

.....
I

J

Small Experimental
Area

Booster RF System

Service Cavern and Shaft E————

Accelerator Tunnel E———

Accelerator Tunnel Widening
Bypass Tunnel

. Connection Tunnel mm—"

/ LlnaC to BR Survey Gallery EEE—

Big Electrical Alcove mmmmmmmm
Small Electrical Alcove

Transport Bay .

o Klystron Gallery
) ‘ |lectrical Alcove in Klystron Gallery S
Transfer Tunnel S——
B . Junction Cavern S
B&am Absorber

Booster extraction,
collider injection, collider

and booster beam Small Experimenta
dumps, TLs for injection

and dump (e+ & e-)

Large Experimental
Area

Dump System Dump System
|
Colider ¢ v m
*  Colicer v
i 5 i 2.5 i
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Swap-out injection with beam recycling in the booster @ the High O FCC
Energy Photon Source (HEPS)

Zhe Duan (IHEP)

- The swap-out injection scheme with beam recycling in the booster has been demonstrated and

utilized in routine operation at HEPS

- Novel injection hardware (stripline kicker module, half-in-vacuum Lambertson, HV pulser based
on DSRD & inductive adder) has been fully tested and running smoothly

e Swap-out injection, with bunch recycling in the booster as a full energy accumulator ring

m save % costs relative to the scheme with a dedicated accumulator ring

» Decrease the bunch charge requirement of booster LE by %, improving the reliability of booster design

2. HEPS|

HIGH ENERGY
PHOTON SOURCE

CEPC injection &
extraction systems

DR(e+)
1.1GeV

O

X BST (e-/et)
S P a d
Linac(e-/et) 30~180GeV

0~30GeV

Note: similar injection scheme is adopted for CEPC at 20
the Higgs energy



That’s all, thank you!!
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