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Introduction (FCC-ee
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The main 6 GeV linac hosts the positron source.
The positrons are produced with 4.46 GeV e-
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The complete filling for Z running => Requirement @ DR ~2.1 x 100 e+/bunch (3.5 nC)

N./bunch x Y, 23.5 nC/bunch x 2

*A safety margin of 1.5 - 2 should be applied for the whole studies.
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Production scheme:

1) Conventional target ‘2) Hybrid target
Sweeping
Crystal  magnet e’
e _ o /

e e e,y e\ Y

1.4 mm 3.4X, (12 mm)
TARGET 15m
4.5Xo(16 mm)
Capture system: RF structures + NC focusing solenoids

L=
i

2 options to be considered for the Adiabatic Matching Device (AMD): The capturg linacis er.1ca.psu|ated inside the NC solenoid
a. Flux concentrator (pulsed magnet) with the axial magnetic field of 0.7-0.8 T.
. . : Options to be considered for the RF structures:
b. Superconducting solenoid (new solution)
L-band (2 GHz) and large aperture S-band structures.
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Flux Concetrator —
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Peak of the magnetic field is at 5 mm

| from the target => field on target: ~3 T

Goal: matching the e+ beam (with very large transverse divergence) to
the acceptance of the capture linac.

Parameter [unit] Value
Target diameter [mm] 90
Target thickness [mm] 15.8
Gap between target and FC [mm] 2
Grooving gap between target side face and FC body [mm] 2
Elliptical cylinder size [mm] 120 180
Total length [mm] 140
Conical part length [mm] 70
Min cone diameter [mm)] 8
Maximm cone diameter [mm)] 44
Cone angle [deg.] 25
Cylindrical hole diameter [mm] 70
Coil turns [-] 13
Current profile pulse length [ps] 25
Peak field [T] 7
Peak transverse field [mT] 135-157
Gap between coil turns [mm] 04
Gap between coil and FC body [mm] 1
Turns size 9.6x 14 mm

Full 3D magnetic field map is used in the simulations

Courtesy of P. Martyshkin (BINP)
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Positron Capture Section Desig

Courtesy of P. Martyshkin
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% SC Solenoid as the

Advantages => higher field value on the target, DC operation

Promising results of the first tests at KEK (next slide)

Design studies started @PSI
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Figure 3: The sketch of the simulation environment.
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Courtesy of J. Kosse
and B. Auchmann (PSl)
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% SC solenoid as the AMD: Super

SC solenoid & dummy target G10 Courtesy of T. Kamitani (KEK)
| 4 '
K !
- "'§Liq.Heé, %
o | 19, | S
bl B Rz
3 - T/
ol o N dummy target,
= R RE copper support
e beam & cooling pipe
L7Gev It is installed
—— in a duct.

Beam tests in the KEKB linac (2009 - 2011):

beam irradiation experiment directly into a superconducting solenoid to investigate a quench limit

beam irradiation experiment of a dummy target installed inside a beam pipe which penetrate a cryostat of a
SC solenoid at the beam dump at 1.7 GeV. The solenoid survived at least for 10 minutes at 3.2 T field level
with an irradiation of 7nC x 2 bunch 1.7 GeV beam at 49 Hz. Max field obtained 4.7 T
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Studies on the Positron Producti

Electron beam energy 4.46 GeV (FCC-ee Injector CDR baseline)

Beam Parameter CII-I.!I’C':J-I.Iii:a A::::ﬂe " | Conventional| 18.5 GeV
Target thickness 0.4 X/ 3.4X, 0.4X,/ 3.4X%, 4.5X, 6.3X, 4.5X,
e+ yield @ Target 6.5 et/e- 6.5 etle- 10.5 etle- | 38.6 et/e- | 10.5 etle-
PEDD (Target) 2.1J/g 2 Jig 24 J)g | 80Jg 24 Jig
Power deposited (Target) 1.5 kW 1.5 kW 26 kW 13.2 kW 2.6 kW
AMD Field 7T 77 7T ‘ 77T 8T
AMD length 7.4cm 7.4 cm 74cm | T4cm -
AMD aperture @ 8/44 mm | 8/44 mm 8/44 mm | 844 mm -
e+ yield @ AMD 24etle- | 24 etle- 56 etle- | 21etle- 10.2
DC Solenoid Field 07T 07T 07T | 07T 08T
RF frequency 2 GHz 2 GHz 2GHz | 2GHz | 2856GHz
AS length (TW) 1.5m 16m 16m | 16m 32m
Axial E-field 16 MV/m 16 MV/m 16 MV/m | 16 MV/m 20 MV/m
Aperture 40 mm 40 mm 40 mm | 40 mm 30 mm
e+ yield @ 200 MeV 1.30 et/e- 1.4 etle- 3 etle- | 11.5et/e- | 4.6 etle-
Accepted e+ yield @ 200 MeV 0.74 et/e- 0.67 etle- 1.4 etle- 8.2 etle- 1.8 etle-
FC SC-solenoid
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FCC-ee Positron Injecto
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Courtesy of B.Bai (I/CLab/IHEP)

CDR: FCC-ee Injector complex is based on the
SuperKEKB scheme with fixed target (has a
hole for e- beam passage)

Positrons from the target share the same linac
with electrons

Additional degradation of the positron yield

3 bypass schemes are proposed to achieve a
better performance and increase flexibility

All can meet the requirement of the Z running
of the FCC-ee (e+ yield is ~1.2 e+/e-)
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% FCC-ee Injector Update Studies

— Recently the Swiss Accelerator Research and Technology (CHART |l) collaboration approved to
finance the FCC-ee Injector update studies and a proof of principle for a positron source at
PSI/SwissFEL facility

o Collaboration between PSI and CERN with several external partners (IJCLab, INFN-LNF,
INFN-Ferrara, BINP, KEK...)

o Duration 4 years (from September 2020) + to be considered 1 year extension

o FCC-ee injector studies: 7 WP (Coordination, e+/e- 6 GeV injector linacs, e-/e+ linac
extension study,Positron Source: target and capture system, DR and TL, CDR+, Proof of
principle capture in SwissFEL)

o Goals:
> review of the actual CDR/Injector and write a CDR+/Injector with cost estimate

> Proof of principle of the positron source at PSI/SwissFEL
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% New Layout of the F
Outcome from WPO0.2 meetings leading by A. Grudiev
. . PBR (BR
Positron production / = PBR (BR)
/
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A full injector energy (6 or 20 GeV) can be used for the positron production
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FCC-ee injector: Overall Parameter Opti

Outcome from WP3

e- drive beam

e+ beam
@200 MeV

Simulations with the conventional scheme + FC + S-band acc. structures

DR acceptance 3.8% DR acceptance 7.8%

Beam energy 6 20 6 20 GeV
e+ bunch charge @200 MeV 4,20E+10 4,20E+10 4,20E+10 4,20E+10 e+
Bunch charge 3,26E+10 1,11E+10 2,82E+10 9,23E+09 e-
Bunch length (rms) 1 1 1 1 mm
Bunch transv. size (rms) 1,8 1,9 1,9 1,9 mm
Bunch separation wakefiled limit wakefiled limit  |wakefiled limit |wakefiled limit  |ns
Nb of bunches per pulse (max) 25 25 30 30
Repetition rate (max) 100 100 100 100 Hz
Beam power 78,24 88,8 81,216 88,608 kW
Beam energy 782,4 888 812,16 886,08 J
Emittance (normalsed max) <1 <1 <1 <1 mm.rad
Energy spread <1 <1 <1 <1 %
PEDD (target) 32.8 31 31.2 31 J/g
Deposited power (target) 14.6 16.8 15.2 16.8 [KW/pulse]
Drive beam energy 6 GeV 20 GeV

FULL +3.8% @2MV +7.8% @AMV FULL +3.8% @2MV +7.8% @AMV
Total e+ yield 2,64 - - 8,1 - - Ne+/Ne-
Accepted e+ yield = 1.46 (o, = 1.56mm) | 1.94 (o, = 1.2mm) 4.46 (o, =1.5mm) 5.93 (o,,, =1.2mm) | Ne+/Ne-
Bunch length (rms) — 2,2 2,7 2,2 2,7 mm
Emittance geometrical (rms) 23,7 17,2 18 um
Energy spread (rms) — 6,0 8,3 6,0 8,3 %
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Introduction to the PSI

Courtesy of P. Craievich (PSl)

2™ phase

Linear accelerators
C-Band technology

Athos 0.7-7nm

user
stations

Aramis 0.1-0.7 nm

Porthos 0.05-0.7 nm

Photocathode > 2.6-3.4 GeV
RF gun BC1 BC2 kicker
e 11
9 C-band modules se ptu m 13 C-band modules
0.35 GeV 2.1GeV 3.0 GeV 3.0-5.8 GeV
Planned phase
2024+
Main parameters
Beam energy 6.2 GeV
Bunch charge 10-200 pC
Repetition rate up to 100 Hz

Pulse duration <1 fs—3 ps(rms)

Norm. emittance 400 nm

Overall length 740 m

20/01/2021
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% Positron source in PSI/ Swis

hoss GO Abschalt L2 Geschoss G Abschalit L3

Linac 3 Superconducting solenoid or Aramis undulator

flux concentrator

Transfer RF structures

i } Beam
line
dump
Conversion ) Diagnostics
S-band modulator ‘ target

& klystron
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