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Today's TalkToday s Talk
1. Laser-Compton e+ source for ILC.

2. Why Stacking Cavity R/D

3. R/D in Japan/China (2-mirror Cavity)

4. R/D in France  (4-mirror cavity)

5. World-wide collaboration

6. Summary
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vi) Synergy in wide area of fields/applications 



Ring Base Compton (an exam
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Re-use Concept
laser pulse stacking cavities
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Laser Pulse Stacking Cavity
Laser-electron
small crossing angle

Laser bunches

32 MH

325 MHz

325 MHz

Lcav = n λ

Cavity

cav
Lcav = m Llaser

Cavity
Enhancement Factor =  1000 - 105



Why Stacking Cavity R/D?y g y
a) The most uncertain part of the current designa) The most uncertain part of the current design.
b) The efficiency of whole system highly depends 

on the optical cavity design.p y g
laser spot size
collision angle

h fenhancement factor
compatibility with e-baem

Simulation alone is not effective in desiging cavity. 

We need experimental R/D.



2 mirror cavity at ATF
/ /C

2-mirror cavity at ATF
R/D in Japan/China

M d t E h t 1000Moderate Enhancement   ~ 1000

Moderate spot size        ~ 30 micronp

Simple cavity stucture with two mirrors

Get experinence with e- beam



Experimental R/D in ATF
Hi hi W d K t IHEP KEK

Make a fist 
Hiroshima-Waseda-Kyoto-IHEP-KEK

prototype 
2-mirror cavityy

Lcav = 420 mm

Put it inPut it in 
ATF ring



Points of R/D
Achieve bothAchieve both

high enhancement & small spot
(less stabile) & (less stabile)

Points for high enhancement factor
(less stabile)        &  (less stabile)

g
remove/suppress vibration
establish feed-back technology

Points for small spot
gy

2 L > +02ρ - Lcav --> +0
good matching between laser and cavity

all are common in pol. e+ and laser wire



Points of R/D (continued)
Achieve smaller crossing angle

Number of γ-rays strongly depends on
crossing angle

Achieve smaller crossing angle 
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--> Small crossing angle is preferable
--> constraint in chamber design
This in NOT common in pol. e+ and laser wire
--> constraint in chamber design



Laser stacking cavity with 
Two Spherical MirrorsTwo Spherical Mirrors

Choice of R and spot size

Mirror R rms laser spotL

Choice of R and spot size

Mirror R 
(mm)

rms laser spot 
size (micron)

250 88

L

R

211 35

210.5 30our choice for 1st

L = 420.00 mm

210.1 20
210.01 11

our choice for 1st 
prototype

t i fi ti
210.001 6

concentric configuration
R + R ~ L











laser beam



Optical Cavity Vacuum chamber 



Optical Cavity in Vacuum Chamber 



Summer 2007:  Assembling the mirror cavity



Summer 2007:  Assembling the mirror cavity
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Expected Number of γ-rays
design values with R=99 9 %design values with R=99.9 %

Number of γ-rays/bunch
Electron :Ne = 2x1010 (single bunch operation)Electron :Ne = 2x1010 (single bunch operation)
Laser :     10 W (28 nJ/bunch)
Optical Cavity: Enhancement = 1000

Nγ =1300/bunch   X-ing angle = 10 deg
Nγ =  900/bunch   X-ing angle = 15 deg

Number of γ-rays/second
Electron :Ne =1x1010 (multi-bunch and multi-train operati
Electron 20 bunches/train 3 trains/ringElectron   20 bunches/train,   3 trains/ring
Laser :     10 W (28 nJ/bunch)
Optical Cavity: Enhancement = 1000

Nγ = 8.5x1010/sec   X-ing angle = 10 deg
Nγ = 5.7x1010/sec   X-ing angle = 15 deg



November - December 2007
We were moving forward slowly but steady.

Start with low R mirrors

Made missing items.
R = 99.6 % (Finesse  ~ 750, Enhance = 250)

Cabling of the Mover Table.
Software of the Mover Table.
Lead wall to protect the laserLead wall to protect the laser.
Gamma Detector and Calibration.

I d itImproved some items.
Laser path

Still t dStill not ready
Stable Feedback of the laser sacking cavity



Recent 2 months
Try to get gamma ray generation with no feedback of laserTry to get gamma-ray generation with no feedback of laser 
stacking cavity (with piezo scan).
We got the first collision (gamma-ray signal) on Jan/30th. 

a mail from Araki-san in Jan/30th
From: <saraki@post.kek.jp>
R l T k ki@k k jReply-To: <sakae.araki@kek.jp>
Date: Wed, 30 Jan 2008 06:59:59 +0900 (JST)
To: <junji.urakawa@kek.jp>, OMORI Tsunehiko <tsunehiko.omori@kek.jp>
Subject: 1stdataj

取り急ぎ連絡いたします。
まずは、1830に観測を確認いたしました。
ム バ 位置は＋２ とほぼアライメントの予想値付近でしたムーバー位置は＋２mmとほぼアライメントの予想値付近でした。
現在セットアップを変更して、付近の観測をつづけます。
なお、昨日のデータを確認したところ形跡はありました。

＃あらき。



Open ADC gate when electron bunch running north straight section
and transmission light from optical cavity exceed threshold level.

N ti i fi i b t ti l it d t i B th l t RFNo timing fixing between optical cavity and storage ring.  Both accelerator RF 
and the revolution of laser pulse in the stacking cavity are about 357 MHz, but 
they are very slightly different.  Difference of their phases are running.   

Then observe the correlation between the phase difference vs detector out putThen observe the correlation between the phase difference vs detector out put.

optical cavitygamma detector
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In near future (in 2-3 months)
We are still not so mature, yet.

B t t bli hi f db k f thBut, we are establishing a feedback of the 
stacking cavity.

We are planning to achieve collision with a 
stable feedback of the stacking cavity by the 
end of May (still with R = 99 6 %)end of May. (still with R = 99.6 %)



4 mirror cavity at ATF
R/D i F

4-mirror cavity at ATF
R/D in France

Very High Enhancement ~ 20000 - 100000Very High Enhancement    20000 100000

Spot size                        ~ 30 micron in ATF
( 10 micron in ILC)(~ 10 micron in ILC)

Sofisticated cavity stucture with 4 mirrors

Start with no e- beam

Later we will make a e- beam compatible cavity 



4-mirror cavity in LAL



4 mirror cavity4-mirror cavity
--->

separate functionsseparate functions
& confocal configuration

We need complicated control.
--> digital feedback> digital feedback



4-mirror cavity2-mirror cavity
R1=R2=L/2 R1=R2=L

L
R1=R2=L/2 R1 R2 L

L

concentric confocal



R&D setup at LAL/Orsay

Study of digital feedback in a two-mirror cavity

1 W Ti:sa laser
vacuum cavity

1 W Ti:sa laser
1ps@frep=76MHz

Status : Cavity locked (low gain ~1200)
•Digital feedback (VHDL programming) set up
•Already Δf /f =10-10 Δf =30mHz for frep=76MHz•Already Δfrep/frep=10 0 Δfrep=30mHz for frep=76MHz
•New mirrors in septembre --> gains 104-105



Study of 4-mirror cavity is on going at LAL
this cavity is not conpatible wth e beamthis cavity is not conpatible wth e-beam

Cw laser diode in
extended cavity config
(Littrow configuration)

Y. Fedala
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Confocal non planar 
4 mirrors cavity

Cavity characteristics

2 spherical mirrors 100 mm

e- beam tube
Interaction 

Point

laser

2 flat mirrors 70 mm

laser 
entrance

-Laser   178.5 MHz

-Optical path de 1.680 m
500 mm

- Distance between the spherical mirrors 500mm

- Curving radius of spherical mirrors 500 mm

- Angle of Compton interaction  8°

R. Cizeron
LAL 30/01/2008



4-mirror cavity4 mirror cavity 
design

entrance and exit  
laser window

Vacuum chamber

R. Cizeron
LAL 30/01/2008



4-mirror cavity 
design

Spherical mirror

g

Spherical mirror 8°

Flat mirror

Flat mirror

Flat mirror

Central support

R. Cizeron
LAL 30/01/2008



Connections with 
beambeam

R. Cizeron
LAL 30/01/2008



Implementation at ATF

1200

388

R. Cizeron
LAL 30/01/2008



Implementation at ATF

R. Cizeron
LAL 30/01/2008



Implementation at ATF

1500

3500
1250

R. Cizeron
LAL 30/01/2008



(feedback & laser) ( )

31/Jan/2008 Didier Jehanno
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World-Wide-Web of Laser Compton



Summary
1. Compton e+ source is an advanced alternative of 

ILC e+ source
2. Laser stacking cavity is a key.

3. In Asia, we are performing γ-ray generation by3. In Asia, we are performing γ ray generation by 
the 2-mirror cavity installed in ATF-DR.

4 In France we are developing a very advanced cavity4. In France, we are developing a very advanced cavity 
with 4 mirrors.  In summer 2009, the 4-mirror cavity 
will be installed in ATF-DR for γ-ray generation.γ y g

5. We have a world-wide collaboration for Compton.
Not only for ILC e+ source.  y
Also for many other applications.


