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THE INTERNATIONAL LINEAR COLLIDER

TECHNICAL DESIGN REPORT | VOLUME 3.1: ACCELERATOR R&D)

Three scheme in TDR
" Linac- Compton
*  Ring - Compton
-  ERL - Compton

ie
11U international linear collider

Laser - inverse Compton scattering scheme is proposed for

highly polarized positron source

Figure 4.10

i Target
The conceptual design optical d v

cavities y-rays

Tb'tﬂ'b =6.15ns

of Ring-Compton and

ERL-Compton for the
future upgrade from
the 300 Hz conven-
tional positron source.

1 GeV Linac
Superconducting
duration 63 m sec
S Hz

Booster Linac
up to 5 GeV
duration 1usec
300 Hz

Ring or ERL ?tgzlﬂng Ring Reuse of the linac
1.8 GeV C =260 m of the conventional
Ring: Ty o5 = 6.15 ns scheme
ERL T,y = 185108 132 bunches are circulated
100 times of stacking for Ring Mo stacking 1s required in DR
1000 tmes of stacking for ERL 2640 bunches are circulated

Pros and cons of ERL

Pros of ERL

Cons of ERL

Linac

Ring

Higher beam current
Lower dump energy

Higher beam quality

Recirculation loop is
hecessary

Lower beam current

(Limited by HOM heat load of
superconducting cavity )
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Efficient propagation of polarization from laser photons to positrons through Compton scattering and electron-positron pair creation”
T. Omori et al., Phys. Rev. Lett. 96, 114801 (2006)
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Photon generation by laser Compton scattering using an optical resonant cavity at the KEK-ATF electron ring”
H. Shimizu et al., J. Phys. Soc. Jpn. 78, 074501 (2009)
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Photon energy of inverse Compton scattering

2 .
Head-on collision

circular polarization

4y
E. =
Y14+ K?

E ., : Energy of scattered photon E, :Energy of laser y:Lorentz factor K :Deflection parameter

EL

Incoherent
: CSR - ICS
AR P(k) = Np(k)
Coherent
. 2
WWWMMWWNM P(k) =N p(k) Magic mirror
P(k) : total radiation power e = > X-ray
following
N :number of electrons leading
bunch
p(k) :radiation power per electron bunch

CSR emitted from a leading bunch collides with a following bunch after reflection of a mirror

M. Shimada and R. Hajima, PRSTAB 13, 100701,(2010) -




Parabolic mror  EQUAtion of motion
It is determined by only magnetic field of a bending magnet

following

bunch  ge== | '

B X-ra d
= ’ E('ymov) = e(E+ v x B)

bunch ~ ev X BO
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X 4 By : magnetic field of bending magnet
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Collision Point (CP) 5.7 GeV e- (CSR-ICS)

short pulse €~

Bending Magnets /CSR pulse ~100 MeVe+ _
/ ] Target
= ‘) Chicanel  —_ ~u._gamma-ray
/ ﬁ“. CSR-ICS
- 10MeV Dump Chicane2 57 GeV e-
-2 Deflection parameter . K
N, ~maK*N . .
R I Fine-structure constant @« K. —J. Kim et al, Nucl. Instrum. Meth. A. 341, (1994) 351

Energy of j~ray : 10 MeV
Number of y-ray, N, : 2 x 10'° phs./bunch

Number of positron beam : 2 x 102 /bunch
at 3~4 MHz with quasi-CW
the conversion efficiency is assumed to be 1%
100 times stacking 1s needed at the dumping ring
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BFI\>F Optical cavity
Electron energy 5~6GeV Wavelength, A, 45 um
(off crest Acc.) Spot size w, at CP 250 um
Normalized 10-3~10-* mrad . .
, Size w at mirror 4.6 cm
emittance - . 45
Rayleigh Lengt .
Bunch length (rms) 24 fs SIS HES i
Number of cycles, Ny 100
Energy spread < 300keV
Deflection parameter, K 0.6
Electron charge 3nC
Finesse, F 500
Beam current 5 mA

Stacked CSR energy, Uy 8 J/pulse

EHERSG Repetition rate 3 ~4 MHz
Bending radius 2000 m M 5'1_‘5’*0)%&%% = 7—I[&
=4{E I \ Yl A
Critical wavelength 5 nm FELNTLELY,
Cutoff wavelength 1 mm (h=10cm) =S —DERERMEE

Beam size 60 um (B =0.5m, 7~ 0m) .
12
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Euro LCLS LCLS-Il SACLA SwissFEL PAL-XFEL SHINE ERL’“S
XFEL (SCRF)

Location Germany USA USA Japan Switzerland South Korea China

Accelerator Super Normal Super Normal Normal Normal Super

No. light flashes 27,000 120 1,000,000 60 100 60 1,000,000 ’

/ sec

Max. electron 17.5GeV 143 GeV 5 GeV 8.5 GeV 5.8 GeV 10 GeV 8 GeV

energy

Length of the 3.4 km 3 km 3 km 0.75 km 0.74 km 1.1 km :

facility

Min. wavelength  0.05nm 0.15nm 0.25nm 0.08 nm 0.1 nm 0.06 nm 0.05 nm

Peak Brilliance 5x1033 2x1033 1x1032 1x1033 1x1033 1.3x1033 1x1033

Electron beam ~30uA  ~0.03uA ~100uA ~0.02 uA ~0.06 uA ’

Average current™

https://www.xfel.eu/facility/comparison/index eng.htmldk Y k%
* - SR » =
DT—REIFEIDERMNSHTE DS EMFIEEE 2 283 .



https://www.xfel.eu/facility/comparison/index_eng.html

R.Brinkmann et al, IPAC14 proceedings & Y
Jll CW-XFEL@Euro XFEL
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B Short pulsei®E#s & CWiE#x % 5 <Y R Z 5,
@ t— LB FIT/-Y) ., SXRERIRTEWVERZBIET,
@ RILHEANEAERT I /-ON, BEZEHIET VY a2 L —XIFEFBIZELA > TULRU,

Short Pulse Long pulse CW
Time between bunches 0.24 us 4 us 4us
Max. beam energy 17.5 GeV 10 GeV 7 GeV
Acc. gradient 23.6 MV/m 7.3 MV/m
Max average beam current ~30uUA 0.125 uA
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