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= The scattering of a low energy photon from an EM field 
to a high-energy photon (X-ray or gamma ray) during the 
interaction with a charged particle.

One of the few compact light sources capable of 
generating MeV photons with a small energy bandwidth.

Inverse Compton Scattering
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How to maximise the photon flux?  
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∼ Train charge

∼ Laser effective 
energy Crossing angle 2° 5°
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The burst mode operation of a Fabry-Perot cavity:
1. Has a temporal pattern of the laser pulses similar to the 

incoming electron train. 

2. The effective gain is 2 to 3 orders of magnitude larger 
than for the continuous wave mode.

3. Due to the lower intracavity average power, thermal 
effects on the cavity mirrors are minimised. 

Why burst mode operation?
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Credits 
10.1103/PhysRevAccelBeams.21.121601

• A planar bowtie cavity was chosen, providing good 
stability of the resonator modes.  

• The electron train interacts with the intracavity laser 
beam with a crossing angle 𝝓.



Why burst mode operation?
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Credits 
10.1103/PhysRevAccelBeams.21.121601

Maximisation of the number of laser 
photons for the interaction

Optimisation of the burst mode parameters

Minimisation of the laser waist size at the IP & 
maximisation of the macropulse energy

Optimisation of the geometrical parameters



Burst mode optimisation
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Burst mode FPC optimisation
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The laser circulating power determines the effective energy 𝓔𝒕𝒐𝒕 𝝐 𝑵𝒑,𝑵𝟎,𝑵𝒆,𝑭 𝑵𝒑𝓔𝟎
• Flux increases linearly with ℰ𝒕𝒐𝒕.
• 𝑵𝒑𝓔𝟎 𝑼 is limited by the FPC geometry (mirror LIDT).

• Input: the number of electron bunches per train

• A large finesse (F) allows for more laser pulses to be stored 
in the cavity → larger ℰ𝒕𝒐𝒕. 

• High finesse cavities (e.g., 𝑭 𝟏𝟎𝟎𝟎𝟎), require precise laser 
matching and mirror tuning → restrict the maximum finesse 
to 1000.

From Pedrotti: 
Fabry-Perot 
fringe profile



Optimisation strategy: burst mode parameters
Previous study

29 August 2023 Vlad Musat | 67th ICFA Advanced Beam Dynamics Workshop on Future Light Sources 9

Nb electron bunches 

Laser input 
parameters

Input the 
number of 
electron 
bunches

Numerically 
maximise the 
effective gain 

Obtain the 
burst mode 
parameters

Derive the 
input laser 
parameters 

𝓔𝒕𝒐𝒕 𝝐 𝑵𝒑,𝑵𝟎,𝑵𝒆,𝑭 𝑵𝒑𝓔𝟎

Previous study: Aurélien Martens, 
10.1103/PhysRevAccelBeams.21.121601



Optimisation strategy: burst mode parameters
Current study
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Set the nb of electron 
bunches AND 

The laser micropulse
energy AND

the maximum finesse

Scan the optimised 
effective gain for a 

range of 𝑁 Obtain a curve for ℰ
and identify the 
maximum value

Obtain burst mode 
parameters and 

requirements on the 
input laser

The previous study presents some issues:
1. The 𝝐 was maximised by tuning 𝑵𝒑, 𝑵𝟎, and F, although there is a missing 𝑵𝒑 term.

2. The ℰ𝟎 is treated as a free variable, although it is fixed by the input laser. 

3. The maximisation of 𝝐 does not correspond to a global maximum of 𝓔𝒕𝒐𝒕.

𝓔𝒕𝒐𝒕 = 𝝐 𝑵𝒑,𝑵𝟎,𝑵𝒆,𝑭 𝑵𝒑𝓔𝟎



Parametric scans of the effective energy and the 
effective gain
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Input: 𝓔𝟎 = 𝟏𝟎 𝛍𝐉 ; 𝑵𝒆 = 𝟏𝟎𝟎𝟎

• For any F, 𝝐 has a local 
maximum.

• However, 𝓔𝐭𝐨𝐭 continues to 
increases past the point of 
maximum 𝝐.

• The optimisation of the burst 
mode parameters should 
maximise ℰ𝐭𝐨𝐭 directly.𝝐 𝓔 𝐭𝐨𝐭

𝓔𝒕𝒐𝒕 = 𝝐 𝑵𝒑,𝑵𝟎,𝑵𝒆,𝑭 𝑵𝒑𝓔𝟎



Parametric scans of the effective energy and the 
effective gain
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Input: 𝓔𝟎 = 𝟏𝟎 𝛍𝐉 ; 𝑭𝐦𝐚𝐱 = 𝟏𝟎𝟎𝟎

By choosing the max 𝓔𝒕𝒐𝒕 instead of the max 𝝐,     
a 40% increase in the effective energy is obtained.

40% 
shift



Geometry optimisation
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• To maximise flux, Fabry-Perot cavities require a small waist 
size at the IP, and a large macropulse energy.

• The only input is the cavity round-trip length (set to a harmonic 
of the laser pulse repetition rate / electron bunch spacing). 

• The previous study used a Monte-Carlo technique for the 
optimisation; we used the simplex algorithm → four orders of 
magnitude faster convergence.

Inputs and requirements
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Parameter Symbol Unit
Roundtrip length 𝐿 cm

Cavity height h cm

Distance between spherical mirrors 2𝑑 cm

Distance between planar mirrors 2𝑑 cm

Radius of curvature R cm

Mirror diameter Φ deg

Crossing angle 𝜙 deg



Optimisation strategy: geometrical parameters
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Select the round-trip 
length of the cavity Get 𝑑 ,𝑑 ,𝑅,ℎ

Compute the ABCD 
matrix of the cavity

Determine the cavity 
stability (𝑇𝑟 𝑀 2) 

Compute the optical 
beam size at the four 

mirrors

Get U from the 
maximum fluence 

allowed on the mirrors

(If the geometry fulfils 
the constraints) 

Get the flux obtained 
from the FPC

Get the minimum 
crossing angle

Monte-Carlo
(previous study)

Simplex
(this study)

Generate millions of 
randomised 
geometries

Set a merit function 
maximising flux 
under the set 
constraints

Select configuration 
with the highest flux

Run the optimisation 
until it converges



Runtime test of Monte-Carlo vs Simplex 
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Monte-Carlo (previous study) Simplex (this study)
> 10 million iterations for convergence < 100 iterations for convergence

The simplex optimisation is more than four orders of magnitude faster than the Monte-Carlo technique



Impact of thermal effects
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• The performance of the Fabry-Perot cavity can be affected by 
thermal effects, such as thermal lensing.

• Main contribution to thermal lensing is from the temperature 
dependence of the refractive index of the optical substrate𝒇𝐭𝐡𝐞𝐫𝐦𝐚𝐥 = 𝟐𝝅𝜿𝟏.𝟑𝒃 𝒅𝒏 𝒅𝑻⁄ 𝒍 𝒘𝟐𝑷 = 𝟏𝒎𝟎 𝒘𝟐𝑷

Note: 𝒎𝟎 is a material-dependent parameter.

Thermal lensing
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Parameter Symbol Unit

Beam power P W

Beam waist w M

Thermal conductivity 𝜅 W/(m K)

Temperature dependence of 
the refractive index

dn/dT 1/K

Thickness of the medium l m

Absorption coefficient b 1/m

From 10.1103/PhysRevA.44.7022

ABCD matrix 
w/o thermal 

effects

Get the laser 
beam size on 
the 4 mirrors

Get 𝑓
for each 
mirror 

ABCD matrix 
w thermal 

effects

Get waist 
size at the IP 

and U



Implementation of thermal effects
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• Thermal effects were implemented for a 
cavity with FS substrates.

• The thermal focal length is typically in the 
100 - 1000 m range. 

• Flux decrease up to 83% from adding 
thermal effects to a pre-optimised cavity

• Effect can be cancelled by running the 
optimisation with the thermal effects.

Parameter Symbol W/O 
thermal 
lensing

W 
thermal 
lensing

Waist size 
sagittal

𝑤
[μm]

15.6 33.6

Waist size 
tangential 

𝑤
[μm]

23.3 41.5

Pulse energy U
[mJ]

140 36 

83% loss 
in flux



Example case: HPCI
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Baseline Parameters of a High-Pulse Current Injector 
(HPCI) ICS source (optimised Fabry-Perot cavity)
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See talk on Thursday 2 pm by A. Latina, TH4A2 



Significant improvements were made for the optimisation of a burst-mode operated Fabry-Perot cavity. 

The goal of the optimisation is to provide the maximum possible flux, with state-of-the-art technology.

Burst parameters optimisation: By maximising the effective energy of the cavity, an increase in the total 
flux of more than 40% was obtained. 

Geometry optimisation: By using the simplex algorithm, the computation runtime was reduced by more 
than four orders of magnitude. Thermal effects were implemented in the geometrical optimisation.

Example case: The present considerations can be used to design high-intensity linac-based ICS 
sources. By applying this optimization to the HPCI source, a total flux of 𝟏𝟎𝟏𝟑 ph/s could be obtained.

Conclusions 
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