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SClences of Particle ACcelerators
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Inverse Compton sources
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SCle of Particle ACcelerato

» Very small cross-section of the inverse
Compton scattering process (= 0.6barn)

« Maximization of the X-ray flux

» Fixed e beam parameters

» Very high average laser power needed : >
100kW

ThomX @ IJCLab
« X-ray energy : 45-90 keV
e X-ray flux: 101-103 ph.s?
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SClences of Particle ACcelerators

 PERLE specifications :
« Space requirements
— Choice of frep_> Leays di, da, R, HCrossing

0

Emission
Iaser beam + optical resonator

X-ray

emission
cone “
« X-ray flux maximization :
« X-ray flux maximization without geometrical coupling
« Geometrical maximization

« Accounting for thermal effects — minimization of the flux and coupling losses due to changes
in the fundamental transverse eigenmode of the cavity

— Choice of R
— Telescope design
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Gb Design of a 515nm cavity for the PERLE ERL
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SClences of Particle ACcelerators

« Design of a telescope :

Non optlmlzed telesccpe
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the PERLE ERL : R

WCLab's Laser-El
pulsed regime. The main application of this technology s the production of h\ully manochromatic X-ray beams thraugh Inverse Compton scattering’ 2. The

» Design of a cavity e S e i A o L e v s
- Design of a telescope —

Accounting for thermal effects occuring at ‘
a high intracavity power ' = | ey

+gain, high W ted in

L E L

Seattered prater energy . Lkt

Inverse Compton Sources' - Combs lines spacing matching : Make the cavity mode's and the laser's
— Frep = PSR waist_positions and sizes match by
. N inac - Combs postions mihing : carrer means of a Hense lescope.

emeiope phase (CEP)
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Some challenges’ %4 %
+ Seeder laser phase noise : frequancy [dler < v (= a few kifz). 1um
i aser optical frequency = 30DTIHz — very low phase noise

+ Mirrors surface - high reflectiviy, low absorption and scaflering
Qmu ‘effects with a high iniracaviy pewer — changs in the mirmors'

radii of curvature — changes in the cavity's rensverse mode(s) and in
ihe cavitys resonance frequencies — coupling losses

ﬂmmm stored power in pulsed regime (MCLab)
4751 input in & Z-meror cavity? and 550K for a 7 ad
i bow.le caviy: (stable for = 10 mioutes wih o reloiie standord
devialion = 0.6% in bo cases) n 2024

+ Maximum stored power in CW regime (Tsinghua University) = 70410
for a B5W input in April 2025 (stabie for 2 minutes wih & relative standard
deviation < 0.6%) and = B00KW for a = 100W Input (stable for 1 minute)
in & d-mirar bow-{is cavity in June 2025

+ Current applications - grauational waves dstectors (LIGO, VIRGOE),
igh-harmonic generation, X-ray proguction’ *

+ Potential future applications = steady-stale microbunching of electrons
for the production of high-power and high-repetiion rate EUV beams for
EUV lithography, phatonewlraization of negative hydrogen and deuleman

\m beams for nuclear fusion experiments

— Experimental R&D with these cavities
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SClences of Particle ACeelerators
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Thank you for your attention
Any questions ?




