Photon beam generation
at PERLE

Outline
* Introduction on Compton scattering
* Expectations for the ERL facility
« Optical/laser system for high average laser power

F. Zomer LAL/Orsay




Compton scattering applications
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Applications of Compton scattering: ¢ + hv - e + X/y

Compton X/y energy threshold for A, = 1p
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Low energy applications Nuclear fluorescence High energy applications
Radiography & Radiotherapy Nuclear physics Compton polarimeter
Museology Nuclear survey vy collider

Nuclear waste management Polarised positron source
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Photon beam properties
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scattered — photons/sec over 4rx and total spectrum

U, = Laser pulse energy

for= RF rep rate
o Q = electron bunch charge

ng-= #bunches per RF pulse

¢ = collision angle (<<1)
¢ = 0 for head-on collision
o, = laser pulse length

hv = laser photon energy [eV]
o, = electron bunch spot size at collision point

N.B. all sigma’s and angles are intended as rms,
all distributions are assumed as gaussians in (phase) space and time
Luca Serafini
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INN  RMS bandwidth, due to collection angle,

laser phase space distribution and electron
beam phase space distribution
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Incident
electron bea

Energy 900 MeV
Charge 320 pC
Bunch Spacing 25ns
Spot size 30 um

Norm. Trans. Emittance 5 um

Energy Spread 0.1 %

Wavelength 515 nm - 1030 nm
Average Power 300kW - 600 kW

(can be increased R&D)
Pulse length 3 ps (can be reduced)
Pulse energy 7.5mJ-15mJ
Spot size 30 um (can be reduced)
Bandwidth 0.02 %

GAMMA BEAM PARAMETERS (for A=515nm)

Energy

Spectral density
Bandwidth

Flux within FWHM bdw
ph/e- within FWHM bdw
Peak Brilliance

30 MeV

9*104 ph/s/eV

< 5%

7*1010 ph/s (total flux 9*10"12)

10-6 .
3*102%! ph/s*mm?*mrad? 0.1%bdw W
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Electron Bunches

Higs @ Duke Univ. [ SN |
World’s most intense
y source

HIGS2 Concept
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Optical systems

Wavelength 515 nm - 1030 nm

Average Power 300kW - 600 kW
Pulse length 3 ps

Pulse energy 7.5mJ-15mJ

Spot size 30 um

Bandwidth 0.02 %

Repetition Rate @

Optical resonator
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Fabry-Perot cavity:

Gain=1/(1-R)~10000

Principle with continous wave
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cavity Gain

><fAv=3kHz
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Beam analysis
e beam vacuum - : . 027

phatons

electrons
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Pulsed laser/cavity feedback technique

Specificity =2 properties of passive
mode locked laser beams -

Fourier

transformation
®,= NO+0,

6
n~10

Frequency comb = all the comb
must be locked to the cavity

=>» Feedback with 2 degrees

of freedom :

control of the g >l w

Dilatation (rep. Rate)
2 T. Udem et al. Nature 416 (2002) 233
Translation (CEP)

(well known metrological technics)
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Illustration of one issue : the laser cavity feedback

ERL Facility Cavity resonance

‘ frequency linewidth

Av=c/(LF)~1.3 kHz !

Av/v=A/(LF)="102

Same numbers as in metrology !!!

Cavity finesse : F~10% x 7T
Optical path length : L~7.5m

» Typical length: 10 cm

—>Free spectral range ~ 1.5 GHz

» Ultra-Low Expansion
(ULE) Glass:

inewidth ~ 5 kHz

- power enhancement ~1 n°

+ [Nypical finesse: 300,000
x4l

Linewidth 1w.3kHzJ

[applied power (CW):
» Single-crystal
Sapphire
(cryogenic: ~4 K)

NPL M. Oxborrow

intracavity power (CW e S

« Mirrors optically
contacted to spacer




Besides
In metrology experiments :

‘ The hyper stable small cavity is ‘hyper’ temperature stabilised Into an hyper isolated room

For y Compton machines

v’ ‘Geant’ mechanical structure
«8 v Noisy accelerator environment
v'Pulsed laser beam regime

‘ Put on an

v [] 1kHz linewidth oscillator er s used,
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Stack power in pulsed regime
State of the art (Garching MPI):

~670kW, 10ps pulses, 1040nm @250MHz (F~5600)
0L39(2014)2595

Fiber lager svstem Analvsis
Dutput power up to 420 W Power meter, E
Repetition rate 250 MHz CCD eamera, B
Pulse duration 250 fa Photodiode, &
Autoeorrelator 3
FD ;E
Input coupler HE E
\ 4 :
]
Berva E
electronica HE HE T
=
Vacuum chamber *

- (i} 100 200 300 400 S00 GO0 T00
Cireulating power P (kW]

Issues
=>» control of thermal lensing an thermoelastic

effects
=» Damage threshold of mirror coatings
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Highest cavity gain/finesse in pulsed regime

2-mirror cavity

Non planar 4-mirror cavity

LAL, LMA CELIA/KEK/LMA/LAL

oYb fiber oscillator

0100fs pulses @ ~200MHz
oStable lock, finesse~30000
(=»BW feedback~10MHz)

oYb fiber system amplifier

oTi:sapph oscillator

oPicosecond pulses @ ~75MHz
oStable lock ,finesse~30000
(=»BW feedback~100kHz)

Installed /tested at ATF/KEK
(Compton e+ polarized source)
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Some of the ATF/KEK
4-m|rror cavities

' By .'_/

y - 1
Laser Undulator Compact m Source Grouv Meeting J. Ura kawa KEK




Very long monolithic cavity setup (Finesse~300) for harmonic generation

Vibration and sound isolation for external cavity

4-mirrors bow-tie cavity
(30m cavity length=> 10MHz rep rate)

Ozawa-san, University of Tokyo, Japan. U 023/Da vos



Caviy for the ERL Fcilit

e 4-mirror cavity of 7.5 m round-trip length
* 1inch mirror diameter
* HR coatings
* 40 MHz Yb doped oscillator and fiber
amplifier

- RF

| feedback
e PD
[

E EOM - SHG
Laser amplifier ozt
oscillator

M3




UNIVERSITE
Compact X ray s.ource ( PARIS
ThomX machine

Under construction at Orsay
~10m

Beam dump &

Injection matching

S e L peaie] ~7m

1” :
+
A Injection and extraction system
2

Optical resonator
37MHz

Interaction region

-

Compton interaction
v GOAL:
Energy spread A
measurement 1 & ’/r ‘/10'20p5
i : v'>150W incident
H==Ir X Rays power
Triplet for RF cavity for Users

v Cavity

finesse~30000
=»goal : IMW
average power

g emittance measurement

Diagnostic station Accelerating section 50-70 MeV
and beam dump

Electron gun

yag I ﬁ;’c“»'éi'%ﬂe 2 {:}' izl
m‘ SVLEIL CEVUA. o I"ferm ) THALES

B O R o RE$TAV(ATICN
AC AT

LA RE
DE c ER Wen DE$MV$EE$
PE LG CRRITECE SYNCHROTRON LA




Mechanical stability
=>» 4-mirror cavity
=>» 8 m round-trip

Interaction point




Input laser beam: Configuration 1
‘higher’ finesse / ‘lower’ input power

SNl Stretcher Fiber Compressor o0 W
Oscillator amplifiers P 10 ps
1030 nm

Frequency
Feedback doubling
loop Gain(MAX) ~10000
L Fabry Perot \ 0w
Cavity /ps
515nm

E. Cormier (CELIA)




Input laser beam: Configuration 2

‘Lower’ finesse / ’higher’ input power

D ————— ..\

ps master

Oscillator

Feedback

loop

Stretcher

Fiber
amplifiers

Coherent
combiner

Fiber
amplifiers

Gain(MAX) <10000

Fabry Perot \

Compressor

Frequency

doubling

Nx 70 W

Cavity /

7 ps
515nm

E. Cormier (CELIA)




Possible
implementation

2 plane 2 concave
mirrors mirrors

Gamma beam

Room

For
optimization

0 Yood 2000 3000 4000 5000 6000 7000 8000
Optical length [mm]



Summary

 LHeC ERL offers the opportunity to provide gamma ray
facility
— Very high flux expected (at least 2 orders of magnitude above
expected upgrades of existing facilities)

— Spectral density above existing facilities
* Fabry-Perot cavities are suitable to produce this high
gamma ray flux
— 670kW average power demonstrated (@1040nm...)
— Technology tested on accelerators (e.g. ATF/KEK)
— Various projects are under-way to push the technology at its
limits (= 1MW stacked power)
* High average power Yb doped fiber mature technology &
related techniques mitigate the risks

— Higher/lower cavity finesse % lower/higher input laser average
power

25




Low frequency e-bunch ‘Low’ frequency cw e-beam High frequency cw e-beam
trains ((1100Hz) & low (<1MHz) (CJ10MHz)
nb bunch/train

e.g. vy colliders e.g. compact X ray
arXiv:1208.2827 Compton machines
e.g ELI-NP y ray Huang&Ruth PRL80(1998)977
P _— 00 Mev :_fniemr (Lyncean Co.)
°‘°'"'“:°' | ‘ 2 - f cavit ’/rf;f -

S~ lectran mjector

10, 30, 50,70 GeV

total circumference ~ 9 km

=‘reasonable’ laser _
average power it
=‘Large’ peak power
=»laser pulse

=  COMPact storage ring —

=Large average power

recirculator IMW — werben s
=Large peak power
1TW =Large average power
=‘reasonable’ peak power
http://www.izest.polytechnique.edu -)Fabry-Perot cavity
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