ERL Compton scheme for CLIC
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Why Laser-Compton ?

i) Positron Polarization.

i) Independence
Undulator-base e* : use e main linac
Problem on design, construction,
commissioning, maintenance,
Laser-base e* : independent
Easier construction, operation,
commissioning, maintenance
ili) Polarization flip @ 50 Hz
iv) High polarization
v) Low energy operation (exsmpl: E_, = 230 GeV)
Undulator-base e* : not suitable
Laser-base e* : no problem



Three of Compton schemes
for CLIC and ILC

1. Ring-based Compton.
2. ERL-based Compton.

3. Linac-based Compton.



Three of Compton schemes
for|CLIC|and ILC

1. Ring-based CO(W

2. ERL-based Compton.

3. Linac-based Compton.



ERL Compton
Re-use Concept

laser pulse stacking cavities
efficient photon beam
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Optical Cavity for
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ERL based Compton source

laser-pulse stacking cavity
1.8 GeV 1.8 GeV - E_loss

E_loss : beam energy loss cased \ 9aMma rays
by Compton scatterings

10 MeV superconducting electron linac 1.8 GeV - E_loss
1.8 GeV € € € € € € € ¢ ¢ =«

1.8 GeV 10 MeV \

dump 10 MeV injection 10 MeV
RF-Gun

<« accelerating electron bunches
(take energy from acc. cavities)

<« decelerating electron bunches
(give energy to acc. cavities)



Points of ERL: 1
Re use: Energy of electron beam

Throw away: electron beam.
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Points of ERL: 2
Fresh, high quality beam
Small spot size (10 micron) at CP.



Points of ERL: 1
Re use: Energy of electron beam

Throw away: electron beam.

Points of ERL: 2
Fresh, high quality beam
Small spot size (10 micron) at CP.

Points of ERL: 3

Short bunch (< 1 ps) at CP. (nhon head-on)
Beam compression (3 ps to < 1 ps)



ERL based Compton source

laser-pulse stacking cavity
1.8 GeV 1.8 GeV - E_loss

E_loss : beam energy loss cased \ 9aMma rays
by Compton scatterings

/ compression decompression

10 MeV superconducting electron linac 1.8 GeV - E_loss
1.8 GeV € € € € € € € € ¢ «

1.8 GeV 10 MeV \

dump 10 MeV injection 10 MeV
RF-Gun

<« accelerating electron bunches
(take energy from acc. cavities)

<« decelerating electron bunches
(give energy to acc. cavities)



Points of ERL: 1
Re use: Energy of electron beam

Throw away: electron beam.

Points of ERL: 2
Fresh, high quality beam
Small spot size (10 micron) at CP.

Points of ERL: 3

Short bunch (< 1 ps) at CP.
Beam compression (3 ps to < 1 ps)

Points of ERL: 4

Need steady exchange of energy:
Accel-Bunches, Decel-Bunches, Klystrons

Need CW operation



CLIC et source parameters

« 4.2 x 10° e*/bunch (exit of Pre Damping Ring:PDR)
« E (PDR and DR) = 2.86 GeV

. Tb-to-b = 0.5 ns

* Cpr =Cpppr ~ 400 m

* Nbunch = 312/ trian

* Frep = 90 HZ (Nyy 5, = 50/sec)



Compare ERL and CLIC

ERL: CW device

I
CLIC : short pulse 150 ns & high rep. 50 Hz

(312 bunches w/ 0.5 ns spacing)

How to adapt ERL to CLIC?



Solution

Put 2 stacking rings (SRs) between ERL and PDR
to separate stacking and damping functions.

Kill 321 -312 =9 bunches



Configuration
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50 Hz Linac
E =1.86 GeV

throw away 9 bunches



Stacking Ring (SR)
SR makes stacking and pre? damping

«C =48.15m .
¢ 0.156 pus / turn
« 321 bunches in a ring
321 x0.5nsx0.3m/ns=48.15m _
 stack in the same bucket every 64th turn
(injected beam: T_i,.,, = 32 NS --> explain later )
* N of stacking in the same bucket = 2003
64 x 2003 = 128 192 turns = 1.2 x 10° turns
0.156 us x 1.2 x 10° = 19.9979 ms =~ 20 ms
« "Stacking = 20 ms" + "Damping in SR = 20 ms"
--> total 40 ms /cycle (25 Hz)

match




Stacking ina SR : part 1
We give labels "1" to "321" to the buckets in the SR.




Stacking in a SR : part 2

e 1st turn

e 2nd turn

e 3rd turn
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e 65th turn

« 66th turn
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Timing Chart
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Number of y-rays/ e*s
— « e beam (ERL)
3 x 10° e’/bunch
E=1.8 GeV

— « Laser
600 md / cavity
1 cavity in ERL

— « 5 x 108 y-rays/bunch

l thin conversion target: yield 0.5 %
« 2.5 x 10° e*/bunch

l 2003 stacking in the same bucket

- 5x 102 e*/bunch (CLIC requires 4.2 x 10%)



ERL
« 3 x10° e"/bunch

«E=1.8 GeV

* Tp-to-b =32 NS

* Frof = 31.25 MHz

* Fre = 1 GHz (for example)

Tp.10.0 = 32 NSEC

1 hsec (1 GH2)

AV

Tp-t0p = 32 NSEC
¢ Accelerating bunches

¢ Decelerating bunches




Summary

« ERL scheme can provide small spot size and short pulse
at the laser-electron collision point.
Especially short pulse (< 1ps) is big advantage.

* A solution where stacking and damping are decoupled
seems possible to fulfill CLIC requirements with an
ERL scheme

- Challenge remains to be demonstrated in order to make
2000 stacking in a same bucket.
There was a simulation for ILC-ERL-Compton by
F. Zimmerman. The result was encouraging.

 Stacking ring with 48 m circumference and 1 GeV
Is also a challenge.

« The cost increase with 2 storage rings is not an
iIssue compared to the rest of the complex.



Backup slides



Status of Compton Source

Proof-of-Principle demonstration was done.
ATF-Compton Collaboration
Polarized y-ray generation: M. Fukuda et al., PRL 91(2003)164801
Polarized e+ generation: T. Omori et al., PRL 96 (2006) 114801

We still need many R/Ds and simulations.

We have 3 schemes.
Choice 1 : How to provide e- beam
Storage Ring{ERL] Linac
Choice 2 : How to provide Iaser beam




