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,',IE Optical Cavity R&D around ATF

 O(10MeV) ys for Compton Based Polarized
Positron source.

e Hard X ray (~30keV) sources
— LUCX project

 New 5 year project

— Compact X ray source w/ SRF electron
accelerator and pulse stacking cavity.
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T.Takahashi Hiroshima



e PosiPol for LCs
o KEK-Hiroshima-Waseda-Kyoto
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The appearance of light resonance signal

Mode locked laser
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Procedure of measurement 1

\ Vertical-scan |

& 5 S 8 e e e
N W B W -
IR R AT R AR L A

S
-

gamma generation / crossing

Vertical scan

\'J CAlL |

—

1

I |

v

11 1 1

Ny

f N A 1 - |

11

1

1.9

1.95

205 21

Ver’rlcol [Mmm]

@ Vertical scan

Scanning to the laser vertical
position and find the best
position to observe gamma

2.15

2.2

When Vertical scan,
Moved the cavity to
Z direction
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‘movable table

Horizontal direction Vertical direction

See from upper direction.
At horizontal, cavity was
leaned at 12 degree

Moved accuracy ~ 0.8lm

® Horizontal scan
Vertical was fixed to the best

position.
Scanning to the Horizontal.



Procedure of measurement 2

Timing-scan

Timing scan
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pulsed laser

Vertical and Horizontal were fixed to the best position.
And turned on the switch of phase locked loop .

After that scanning phase.
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We found the best collision point




Gamma Energy distribution 2
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This graph shows the appearance of gamma energy distribution.

one of gamma had 16~28 MeV energy. 9



The-number-of-gamma

(e | binch | thenmberof electron | ransmitted power | stk power ectimate |
1 nulse (included in one train) W W
200421 20 | 26010 (in20bunches) 15 R 4
0850771 1 [2H9 (o 1huch) 10 2 321
transmitted power
— stack power =
1-0.996

bunch distance : 2.8 ns

We estimated the number of gamma to use a simulation software “CAIN”.

20 bunches : experiment Y~3.1

simulated by CAIN Y ~ 20

1 bunch

. experiment Y~3.3

simulated by CAIN Y~ 4.5

In the case of 1 bunch, the number of gamma seems to consist comparing
our experiment data with estimate by CAIN.

However, the data of 20bunches were inconsistent.The reason of this,there
was a possibility that not every electron bunches were collided.
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Next plan: 4 mirror ring cavity

Y
KEK"

type 2 mirrors FP 4 mirrors ring
enhancement |1000 10000

Laser spot size | 30um 15um

Feed back Analog PID digital

stand alone
at ATF, to get .
. . (new w/ e- beam being

e- experiences with e-

beam

designed.
to be at ATF 2009)




Introduction Fukuda

PosiPol2008
We have developed an X-ray source based on Inverse Compton
Scattermng with the pulsed laser-wire Cavity.

=> LUCX(Laser Undulator Compact X-ray source) project.

X-ray E,,=33 keV

e beam

Compton scattering 43 MeV

A = 1064 nm [l.l'e‘f]/
357 MHz

mode locked laser

Pulsed Laser Cavity

Final layout of high

WL _fpg—  Compact Storage Ring
intensity X-ray source

June 18, 2008

Compton




Place of LUCX  resioizoos

The accelerator for LUCX project is constructed in ATF building
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Fukuda

Pulsed Laser Cavity .dozo0s

The pulsed laser cavity is installed at the collision point.
Collision point

| Uv: S-I.LJ*blmci_ !Eﬂﬂld
ﬁm’ﬁ - T b [ -Il||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||l|- o

Cﬂmpmn{l—magmﬂ S-band accelerating tube (3m) Q-magnet . Cathode: Cs-Te

Q-magnet
420mm{T-2 aner:

*HHHKE

Mode-Lock Laser :

Bending

marnet

. cﬂisimn angl-e 20 deg L L= HA/ 2

Pulsed Laser cavity chamber

une 18, 2008 PosiPol 2008, Hiroshima 7
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Burst mode Operation s

, PosiPol2008
In order to increase the number of x-rays,

A flash amplifier is installed before the laser cavity.

F.L. Pumped
I'E"S‘:"rI_.f“-\mplifier W s S

Super-Cavity

Normal Mode Operation Burst Mode Operation

Laser Cavity
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Electron Beam
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Compton X-ray

June 18, 2008 PosiPol 2008, Hiroshima 8




Burst mode cavity parameters

g beam

Injection to _-'
4 +::Ewit3,/-‘L -

Flash lamp
Amplifier

Pulsed Laser Cavity

ht
p” (N
Laser power

Amp gain (2 pass)
Enhancement factor
Storage peak power

Mirror curvature
Mirror Reflectivity
Waist size
Finesse
Cavity length

. Pulse length (FWHM)

357MHz mode-locked laser
(High-Q)

June 18, 2008

Fukuda
PosiPol2008

2.5 W

80

200

40 kW
112 uj/pulse
210.5mm
99.6%
30.3 um
878.5
420 mm
7ps




Expected number of X-rays

ukuda
P PosiPol2008
Laser (1n Cavity) e beam

Enerov A=1064 nm (1.17eV) 40 MeV
Intensity 112p.J/bunch 0.4nC/bunch

3.0x10" photons/bunch 2.5%x10%bunch
Beam size ¢ =30 pm Ox Oy = 80um, 40pum
Pulse width /PS l0ps
Number of bunch 100 bunches/tram

Measured number of X-rays is 247photons/train/2.17mrad.
(Total: 1.5x1074 photons/train)

Expected number of X-rays is 798 photons/train/2.17mrad.
(Total: 4.8x1074 photons/train)

However, it is larger by factor of 3 than the experimental results.

June 18, 2008 PosiPol 2008, Hiroshima 22




High-Intensity Compact X-ray Source

Fulse Laser Accumulation

/ X-ray Detector

OMV/m SC Cavity

-----

Accelerate to 25MeV

‘‘‘‘‘‘

[ LHe Refriferator

SC Decel. Cavity

Decelerate to 1MeV 3

| % e ) s ) e

Must be demonstrated by JFY2012

Includes 25 MV SC acceleration and deceleration (but perhaps,
deceleration can be omitted)

Beam current (9mA) and pulse length (1ms) same as ILC, but bunch
spacing 6.15nsec



Laser pulse Stacking
cavity o

Spherical mirmor B

4 mirror ring cavity

Flat mirror

Flat mirrsr [ Central support |

Goal; 50mJ/pulse
Waist 8um

to be demonstrated by JFY2012
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HH Summary

« photon generation by Laser pulse stacking cavity /
accelerator has been demonstrated both for

o All projects going to 4 mirror ring cavity
* to be installed in 2009 by collaboration w/ LAL

e going to be S-LUCX ?

e 4 mirror cavity w/ SRF LINAC

T.Takahashi Hiroshima



