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

2. Why Stacking Cavity R/D

3. R/D in Japan

4. R/D in  France

5. World-wide collaboration

6. Summary



Electron storage ring
(or ERL)

laser pulse stacking cavities

positron stacking in m
ain DR

Re-use Concept

to main linac

Ring Base Compton (an example)

efficient photon beam

efficient electron beam



325 MHz

325 MHz

Laser Pulse Stacking Cavity

Cavity
  Enhancement Factor =  1000 - 105

Laser-electron
small crossing angle

Laser bunches

Lcav = n λ
Lcav = m Llaser



Why Stacking Cavity R/D?
   a) The most uncertain part of the current design.
   b) The efficiency of whole system highly depends
       on the optical cavity design.
           laser spot size
           collision angle
           enhancement factor
           compatibility with e-baem

    Simulation alone is not effective in desiging cavity.

    We need experimental R/D.



R/D in Japan/China
Moderate Enhancement   ~ 1000

Moderate spot size        ~ 30 micron

Get experinence with e- beam

Simple cavity stucture with two mirrors



Experimental R/D in ATF

.

Make a fist
prototype
2-mirror cavity

Put it in
ATF ring

Hiroshima-Waseda-Kyoto-IHEP-KEK

Lcav = 420 mm



Points of R/D

Points for high enhancement factor

Points for small spot

remove/suppress vibration
establish feed-back technology

2ρ - Lcav --> +0

all are common in pol. e+ and laser wire

good matching between laser and cavity

Achieve both
     high enhancement & small spot

(less stabile)        &  (less stabile)



Points of R/D (continued)

Number of γ-rays strongly depends on
crossing angle

This in NOT common in pol. e+ and laser wire

Achieve smaller crossing angle

10W, 357MHz
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--> Small crossing angle is preferable
--> constraint in chamber design

ATF
e- bunch length = 9 mm (rms)
Ne = 1x1010/bunch



88250

30210.5

11210.01
  6210.001

20210.1

35211

rms laser spot size
(micron)

Mirror R
(mm)

L

R

Laser stacking cavity with
Two Spherical Mirrors

Choice of R and spot size

our choice for 1st prototype

L = 420.00 mm

concentric configuration
R + R ~ L



e-  beam

laser b
eam
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e- beam

laser beam



Optical Cavity Vacuum chamber



Optical Cavity in Vacuum Chamber











This Summer:  Install prototype cavity into ATF-DR







Expected Number of γ-rays
Number of γ-rays/bunch

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 operation)
Electron   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



R/D in France
Very High Enhancement   ~ 20000 - 100000

Small spot size        ~ 5 micron

Start with no e- beam

Sofisticated cavity stucture with 4 mirrors

Later we will make a e- beam compatible cavity



Non planer cavity with 4 mirrors in LAL



4-mirror-cavity
        --->
separate functions
& confocal configuration

     We need complicated control.
--> digital feedback



concentric confocal

4-mirror cavity2-mirror cavity

L
R1=R2=L/2 R1=R2=L

L



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

vacuum cavity

R&D setup at LAL/Orsay

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

Study of digital feedback in a two-mirror cavity



Cw laser diode in
extended cavity config
(Littrow configuration)

Y. Fedala

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

Flat mirror

Spherical
mirror

Spherical
mirror

8°

4 miroirs cavité

178.5 MHz

Angle laser / beam 8°

Design study of e-beam conpatible 4-mirror cavity
cavity will be installed in ATF in 2008 - 2009

Richard Cizeron (LAL)



Diameter
700mm

400mm

The 4-mirror cavity will be in ATF

Richard Cizeron (LAL)



70

70

415

Cavité 178.5 MHz

Angle laser / beam 8°

e- beam

The 4-mirror cavity will be in ATF

Richard Cizeron (LAL)
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World-wide PosiPol Collaboration

POSIPOL 2007
LAL-Orsay, France
23-25 May

POSIPOL 2006
CERN  April 2006
http://posipol2006.web.cern.ch/Posipol2006/ http://events.lal.in2p3.fr/conferences/Posipol07/



World-Wide-Web of Laser Compton



Summary

2. Laser stacking cavity is a key.

3. In Asia, we are preparing γ-ray generation by
    installing the stacking cavity in ATF-DR.

4. In France, we are developing a very advanced cavity
    with 4 mirrors.  In future, a 4-mirror cavity will be
    installed in ATF-DR for γ-ray generation.

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

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



Extra Slides



Small laser spot size &2 mirrors cavity  unstable resonator (concentric resonator)

BUT astigmatic & linearly 
             polarised eigen-modes

Stable solution: 4 mirror cavity 
as in Femto lasers

Non-planar 4 mirrors cavity
Astigmatism reduced &
   ~circularly polarised  eigenmodes 

R&D at LAL : toward small laser spot size

e- beam

Laser input



357357325Laser frequency (MHz)

1nJ(0.3W) x 6528nJ(10W) x 1000750µJ x 1000Laser pulse power /cavity

1130Number of laser cavities

YAG(1064nm)YAG(1064nm)YAG(1064nm)Laser type (wavelength)

995Bunch length (rms,mm)

125295Laser radius (rms, um)

0.90.90.9Laser pulse width (rms,mm)

665Ver. Beam size (rms,us)

90128Crossing angle (degree)

797925Hor. Beam size (rms,us)

357357325Electron repetition rate (MHz)

1.0E102.0E106.2E10Ne/bunch

1.31.31.3Electron Energy (GeV)

Achieved in 2004
(Takezawa(Kyoto U)
et al) at KEK-ATF

Now on Going
at KEK-ATF

 What we want
ILC YAG case
(Snowmass 2005)

by H. Sato (Posipol 2006)Cavity History in Japan



DR North Straight Section by T. Okugi

e- beam optics



alpha_x = -0.092 m
beta_x  =  6.155 m
eta_x   =  0     m

alpha_y = -0.232 m
beta_y  =  6.546 m
eta_y   =  0     m

s = 40 m (=s0) （between QM13R and QM14R)

eps_x   = 1.0E-09 m
eps_y   = 0.5E-11 m

Assume

e- beam spot size
sig_x (s0) = 78 um
sig_y (s0) =  6 um
  Stay almost constant in S = +- 1 m

Twiss Parameter

e- beam optics and spot size



Compton for "2 x 6 km DR": no simulation yet



.

Collision point is at between QM13R and QM14R  (s = 40 m)

Collision Point
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