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®Cu 1.1. FCC-ee Injector Complex @

98 km Booster: 20 GeV-
final collision energies

not to scale!

SPS : 6-20 GeV
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Luminosity

Operation Type  Final Energy [GeV] Bunches/Beam Bunch Population

Lifetime [min]

45.6 70 16640 1.7 x 1011

80 50 2000 1.5 x 1011

42 328 1.8 x 1011

39 48 2.3 x 1011

e Z-operation is where the highest current of 1.4 A is stored in the collider. For this
reason, we take Z-mode which is the most challenging case as reference for the
Injector.

* Injector for Z-mode, 200 Hz linac with 2 bunches per RF pulse separated by ~50 ns.

® Bunch charge ~2.2E10 particles during the first fill of the collider, and ~2.2E9
during the top-up.
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¥C. :
fiss 1.2. FCC-ce Operational Modes

e Z-operation is where the highest current of 1.4 A is stored in the collider. For this
reason, we take Z-mode which is the most challenging case as reference for the
injector.

1169 @1:«/\ quulbwr@k:/ 1102 OIBUNCHES

30.8 M FullF@harae Annual Hits on

Target

 The annual hits are not necessarily with full injector charge i.e. 2.2E10 e—/e*,
during top-up the injector may vary around 2.2E9.
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i) Conventional Target:

Amorphous
(e+ are produced by 6 GeV e

N

ii) Hybrid Target: crystal + amorphous

bremsstrahlung + pair
production)

( e+:y are produced by channeling radiation

in crystal + pair production in converter) srasens
NN
- g
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- Tungsten is the first candidate for the amorphous target. Simulations on

Geant4 showed an optimum thickness of 5X; (5 radiation length of 3.5 mm).

6 GeV electron beam on Tungsten target
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- We can achieve 2.2E10 e+ /bunch requested by the FCC-ee

with conventional target. However, peak energy deposition

density (PEDD), cooling, fatigue, atomic disposition etc

need to be studied yet regarding the incident beam power.
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ptaed 2.1. FCC-ce Conventional Target

- We can achieve 2.2E10 positrons from amorphous W. However, peak energy
deposition density (PEDD), fatigue, atomic disposition etc need to be studied yet

regarding the incident beam power.

Conventional target DR acceptance 3.8%
Capture Section: FC(7T + 0.75 T) + S-band (LAS)
Target: 5X0 (17.5 mm)
FCC-ee

Beam energy, GeV 6
L2 |

Number of bunches

PEDD (target), J/g

Deposited power (target), [kW]

- Peak energy deposition density (PEDD) is calculated to be 10.5 ]/ g (under
study).
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< Ref: F. Alharti’s M.Sc. thesis: hybrid target consisting of 1-2 mm thick W crystal
<111> and 14 mm thick W amorphous.

% Photons are simulated using code CRYSTALRAD by INEN Ferrera.

< PEDD has been sharply decreased 1.9 J/ g compared to the amorphous-only
target (10.5]/g).
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e 2.2. FCC-ce Hybrid Target
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Simulation results Conventional scheme

Beam energy [GeV] 6
Beam size [mm] 0.5
Number of simulated e- 9950

Target material W(crystal) + W(amorphous)

Target thickness 1mm (crystal) +14 mm(amorphous)

Energy deposition [MeV/e-] 984.7
[E_dep/E_incident] 16%
Positron production rate [Ne+/Ne-] ~9
PEDD [J/g] 1.9

% Ref: F. Alharti’s M.Sc. thesis: hybrid target consisting of 1 mm thick W crystal
<111> and 14 mm thick W amorphous.

% Photons are simulated using code CRYSTALRAD by INFN Ferrera.

< PEDD has been sharply decreased 1.9 ]/ g compared to the amorphous-only

target. 2
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< Both options satisfy the FCC-ee positron requirements:

However:

i) Does the conventional target need to be
- stationary like SuperKEKB
- tumbling like SLC

- rotating wheel like ILC
due to the high PEDD; and temperature, fatigue, atomic dispositions?

ii) Does the crystal target keep its photon enhancement after long irradiation?

- SLC fluency of 2x1018 electrons / mm?, crystal structure was still preserved.

11
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“» Thermocouples are used for temperature measurements on the target exit,

even for the beam size measurements, very fresh and preliminary results.

P
Irradiation of the VWV amorphous s o PRSaee

. e

starting time 2021-11-8 0:36
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500 750 1000 1250 1500 1750 the vertical rms beam size 4.0584394105741035 seconds
time in seconds the vertical rms beam size 0.4058439410574104 mm

1 A beginning, switch (jump can be
seen) to 4 uA average, well-aligned,
20k Samples/sec @855 MeV. 12
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Sweeping

e&

/

ey NI

AXIS_W111_MATEK_IJC_06_11_2021_15h18_MCAG.txt /
~ Amorph_WI11_MATEK JJC_06_11_2021_15h30_MCAG.txt

AXIS_WI111 _Matek_IJC_runl_mcab txt /
Amorph_W111_Matek_|JC_runl_mcab txt

-
w
o

angle-to-random photon spectra ratio

= crystal photon enhancement is
almost same as before, after 27h
irradiation (fluence: 5x1017 e-/mm?2)

100 150
energy [MeV]

i) Crystal for FLUENCET test to surpassed the SLC limit 2x1018 e-/ mm2by by factor 2.5!

ii) X/y-ray diffractometry, electron microscope/laser scanning microscope in ~ Mid 2022
to study radiation damage on our targets once they are ‘radiationally cooled’.

iii) Crystal we have: 8 mm diameter 1, 1.4, 2 mm thick Tungsten.
t X. Artru, R. Chehab et al., Radiation-Damage Study of a Monocrystalline Tungsten Positron Converter, LAL-RT-98-02.
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solenoid

Normal Conducting Flux Concentrator by P.
Martyshkin (BINP)

Super Conducting Matching Device by J. Kosse (PSI) 14
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solenoid

Geant4 RF- Track

- Primary Beam Size - FC, SC or NC

- Target Material - FC location

- Target Thickness

- FC aperture

Already existing RF-Track Enables

Python Script Python or Octave

Linac (1.54 GeV)|

s

FODO structure '

Q Q@ Q Q

e/et* separator

chicane (M Attt o a3
Matching section ‘

RE- Track RE- Track, MADx

- Cavities Frequency

- Linac Optics
- Cavity Length, Phase

- Damping Ring Optics
- Cavity aperture

MADX can be used in
Python as CPYMAD library

Start to end'simulation’ in Python zAI controlled Optimization ’?;

15
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< We are considering both conventional and hybrid targets for the FCC-ee

positron production. Final choice to be done for the FCC-ee CDR+.

% Our very preliminary beam tests of the W samples are promising, final
conclusions will be drawn after targets are radiationally cooled and the detailed

material analysis are performed.
% For capture and optics, we will be implementing machine learning.

% Collaboration between PSI and CERN with several external partners (IJCLab,
INFN-LNEFE INFN-Ferrara, BINP, KEK...) => demonstrator for e+ production
and capture to be built at PSI/SwissFEL in 2024-2025.

16
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e+ Capture cavity

Shaft:
Coaxial water
channels inside

Target disk: ® = 500 mm

- Outer tungsten ring

- Inner copper disk :
Water channels inside

==~ Vacuum chamber

Ferrofluid
Bearing Bearing rotation
vacuum
seal

% T. Omori (KEK), ILC e-driven e+ Source (AWLC2020), link.

17


https://agenda.linearcollider.org/event/8622/contributions/46661/attachments/35994/55987/AWLC2020_ILC_Edriven_PositronSource_ver11.pdf

EASS] BACK UP 2 - SLC Rotating Wheel
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Water Supply

External Pivot Bellows

/

Vacuum

Beam Impact

/

% E. Reuter et al, “ Mechanical Design and Development of a High Power Target

System for the SLC Positron Source, SLAC-PUB-5369.
18
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BC (bridge coil) LAS (large aperture S-band)
W target FC(flux concentrator) head

% Y. Enomoto, “Status of SuperKEKB positron source” link
19


https://indico.cern.ch/event/995633/contributions/4270577/attachments/2209399/3738943/LCWS2021-enomoto-v2.pdf
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< We aim to test our materials without external cooling. With the 2 mm thick
diameter 25-50 mm disk, we can achieve the FCC-ee foreseen PEDD and push
even for the target PEDD limits.

EPcont A2W - D25x2 mm - 0.1 mm rms beam size
Temperature

Type: Temperature

Urst: *C

Time: 1
/001750

S. Wallon

Avg. power Avg. power
at 10.5 J/g at 35 J/g

Material Diameter Thickness Temp. Max

W 25 mm 2 mm 51 W 171 W 510 oC

25 mm 3.9W 13.2 W 490 °oC

20



W Cuo

Iréne Joliot-Curie

BACK UP 5

< 10’000 macroparticles can be used for simulation mesh size would be kept at 0.053
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mm? less than o,,,./2 as CERN suggests.

“ Yields statically fluctuates for W material with thickness 2 mm: 0.3147, 0.3129,
0.3245, 0.3186, 0.3161

PS: Ecamax [MeV] is the max energy deposited in a scorer mesh for 10k particles!

Power for Power for
10.5 J/g 35 J/g

Rms beam  Egepmean Ecemax PEDDe- Pulse Current

size [MeV] [MeV] [J/g] Duration (@200 H2)

0.1 mm

0.2 mm

0.3 mm

0.4 mm

0.5 mMm

7.02

7.02

713

7.08

68.42

22.58

13.05

9.54

4.6 x 10-10

1.5 x 10-10

8.7 x 10-1

6.4 x 10-11

4.8 x 10-11

60 ps

182 ps

315 ys

418 ps

571 ps

0.6 pA

1.8 pA

3.2 YA

4.3 uA

5.7 uA

5.1 W

15.8 W

27.6 W

371 W

49.6 W

171W

52.5W

920W

124 W

165 W
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