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High Average Power FELs
e Operational
— JLab, ERL FEL oscillator, infrared > 10 KW

— JAERI, ERL FEL osclillator, infrared 10 kW
class

— Budker INP, ERL, NovoFEL, oscillator, THz 1
kW class
e Design
— 4GLS, ERL FEL oscillator, VUV > 300 W (@
43 MHz)
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e High average power
— Radiation extraction
— Mirror distortion due to thermal loading

e OPC
— Optical propagation in paraxial approximation
— Genesis 1.3 or Medusa for gain section

— Phase masks
e Build-in Zernike polynomials
o User supplied external file
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Phase change and Zernike polynomials
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ERL, 80 pC, |, =300 A, n x 473 MHz
Undulator, 3 modules, A,=58 mm, N =52
E, =549.3 MeV, K=1.98 = A =123.9 nm

Cavity

— Length
— US ROC
— DS ROC
— Hole r,,

34.6 m 0,9, 0.82
14.5 m R 60 %
21.75m w, 0.38 mm
1.8 mm
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Thermal distortion — DS mirror
Y+ @=20mm

Thick = 10 mm
Cooling
h-=1000 W/m?K

ROC ~21.75 m
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Fit used n=0, 2,..., 8

Difference << A/10
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 OPC can model arbitrary mirror aberrations
— Build in Zernike polynomials
— External supplied Phase Mask

« OPC can interface with external programs

e Used to model thermal distortions
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S VUV-oscillator

* Hole coupled output mirror

— Finite element program gives surface displacement for
Gaussian load

— OPC generates Phase Mask using build in Zernike
polynomials
« Applying full mirror distortion instantaneous after
oscillator saturates:
— Oscillator is quite resilient
— Average powers in excess of 1 kW can be expected
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Summary 4GLS VUV FEL oscillator

o Gradually applied mirror distortions
(13 MH2z)
— Power starts to drop after several hundred milliseconds
— After 4 seconds close to steady state

— More work is required

e Comparison between Medusa and Genesis 1.3
— Some difference in start-up phase

— Just started using Medusa in combination with thermal
distortions
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