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Platform for Research

1. Radiobiology beamline ,:"’2\/5

Two scenarios:

+ Mini Beam - FLASH beam
G,, = 400 — 700 um after ' Oyy = 10mm X 10 mm, At =100 ms
1dv¢m air + 3 em water * 0,,= 26 mm X 18 mm , At = 500 ms

Low divergence
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Platform for Research

1. Radiobiology beamline P'Z/E

Simulation environment

. Beam Properties (70 MeV)
e Charge:1nC/bunch
 Transverse Size:~200 um
* Bunchlength:2ps
e Normlized Emittance: <10 mm.mrad (For mini beam)
 Energyspread:~0.3%
* Repetionrate: 50 Hz

 Beamline tracking: placet

 Beamirradiation: Geant4 (Penelope Physics)
e MiniBeam -10 cm air + 30 cm water
e FLASHBeam -100cm air + 30 cm water

\ )

AW AR | WATER

Y
1
A\ pem

LA \



fie (), B (m)

Relative dose (%)

MINI beam - 70 MeV
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Relative dose (%)
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FLASH beam _ 70 Mev At the end of vaccum
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2. ProRad beamline
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2. ProRad beamline

1. The effect of collimator
* Tmlong, 2Zmm aperture radius
o 48% survived particles
 Energyspread: ~2e-3 ->4.2e-4
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2. ProRad beamline ™~ A=

2. The misalignment tolerance study
e 100um, 100urad error for magnets and collimator, 200 times
« survived particle large than 20%, the possibility is 45%
e 20umand 20urad provide 93% possibility
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The baselime lavout in the CDR

Collider rings
C=97.8km

Main Booster Ring (BR)
C=97.8 km
20 - 182.5 GeV
400 MHzRF@Z, W, H
+ 800 MHz @ tt

Pre-Booster Ring (PBR)
C = 6.9 km (SPS)
6-20 GeV
400 MHz RF




SLC/SuperKEKB-Llike 6 GeV S-band linac
accelerating 1or 2 bunches (2e10/bunch),

with repetition rate 100-200 Hz
Same linac used for e+ production
@ 4.46 GeV

FCC-eeinjector complex

98 km Top-up Booster
20 GeV - final energy

Super Proton _‘
Synchrotron 6-20 GeV =

) l e+ beam emittancesreducedin DR
i winromom @ 15466V
e i e Igjection @ 6 GeVinto pre-booster Ring
& PSornewring) & acceleration to 20
eVor 20 GeV linac

s = electron beam

== positron beam oG Injection to main Booster @ 20 GeV

g and interleaved filling of e+/e- (<20 min
for full filling) and continuous top-up

The main 6(20) GeV linac hoststhe e+
source. The positrons are produced with
4.46(18.46) GeV e- beam

I

1.54 GeV 4.46 GeV e- hits the (hybrid) target



Brief introduction of positron
production in e-/e+ colliders

e Linear collider: SLC, ILC, CLIC

SLC is the positron source model for
existing and future colliders: DAFNE,
KEKB, PEP-II, Beijing Tau-charm,
superKEKB, FCC-ee, CLIC, ILC and LHeC

SLC Conversion
SLC CLIC ILC E-Gun Electron Linac Target To Positron
Linac
Primarye- 33 GeV 5 GeV 125 GeV B
energy Capture
System
e-/bunch  4.8-8nC 1.63 nC 3.2nC e Du P —
.
e e TIEUT T oo ] '
Rep. rate 120 Hz 50 Hz 5Hz S Y - | — |
. . Dinol y L1 1 S"";l' L1 1
e+ yield 0.7 0.7(linacend) 1.5 R ) ——C—
. AMD : :
(e+/e-) (final focus) 2.1 (goal after DP) Amorphous LT
1.2 (after AMD) - e /
(after DR)  7.74(after W) T e, T LT
e+ generation Conventional Hybrid Polarization/ ™ S O -

Capture RF I dump
{125 MeV)

conventional




e Circular collider: LEP, BEPCII, SuperKEKB, CepC

SLC LEP BEPCII KEKB SuperKEKB CepC FCC-ee
Primary e- 33 GeV 200 MeV 240 MeV 4 GeV 3.5 GeV 4 GeV 4.46 GeV
energy
e- / bunch 4.8—-8nC 0.8—-48nC 10nC 10 nC 10 nC 10 nC 8.8 nC
Rep. rate 120 Hz 100 Hz 50 Hz 50 Hz x2 50 Hz x2 100 Hz 200 Hz x2
Incidente- 20-30 kW 1kW (max) <500 W 4 kW 3.5 kW 4 kW(max) 15 kW
beam power
e+ yield 0.7 0.003 0.027(/GeV) 0.1 (design) 0.4 >0.3 0.7
(e+/e-) (final focus) (linac end) (linac end) (0.05 linac  (after DR, (after (after CS)

1.2(after DR) 0.043(/GeV) end) linac end) capture

1.4 (solenoid (0.2 achieved) section, FC)

(before DR) end)
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SuperKeKb injector linac

3.14 GeV e- DR
1 2 5
L — - -
.
e+ target e- Chicane
4.219 GelJ
() (o -
New RF gun 5 nC @ 1.1Gev ggnsce:1
Thermionic gun 10 nC e+ damping ring ’
J-arc
1.5 GeV Slow Positron f

%
Bunch “ Energy

i ositron .
Primary electron NewE Seomnression | Compression

2.9 GeV, 10nC x 2 Capture Section

Compression

6.5 GeV 5nC x 2
0.2nC x 1 20 um



A ee he

FCC-ee positroninjector(bypass)

-

e+
e+ target
bend i
Bending angle: 20° ' k linac 154 Gev
T :
RF Gun Fast Flux concentrator [ Dogleg ]
6.5nC kicker 1.6m
— e- / -~ :I'
o 6.0 GeV il
linac 1.54 GeV linac 4.46 GeV bend 1.54 GeV g GeV
linac
/ e+ P! 4.46 GeV i
1P el o e+ target
6.5nC Kicker 200 MeV 1.54 GeV
e- : o ]
B X : o [ Chicane
Band Flux concentrator e . 6 GeV
linac 1.54 GeV linac 4.46 Gev linac 6 GeV
4.46 GeV 29

bend



e+

e+ target
bend
Do Ie b ass Bending angle: 20° v linac 1.54 GeV
gl€eg byp N i
J_f i
linac 1.54 GeV linac 4.46 GeV bend 1.54 GeV g0
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Positron linac
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Future work

* The dogleg bypass
* Different angles studies to cope with target issues/hardware
e Chromaticity correction and Coherent SR mitigation

 The chicane bypass
* To be designed following a scheme similar to CEPC, but shorter length

e Positron linac design
e Design of e+ linacfrom 200 MeVto 1.54 GeV

e Start-to-end-simulations from (RF gun = DR) with Wakefield and BBU
and CSR
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