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Design of a Tuneable Monochromatic Gamma Ray Source 
using Inverse Compton Scattering (ICS)



Applications of 
Monochromatic Gamma rays
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Hayakawa, T., et al. (2010) Nuclear Instruments and Methods in Physics Research, Section A: 
Accelerators, Spectrometers, Detectors and Associated Equipment, 621(1–3), 695–700. Li, D., et al. (2009) Journal of Nuclear Science and Technology, 46(8), 831–835. 

Nuclear transmutation via (γ,n) reaction for 
treating nuclear waste or creating medical 
radioisotopes – source ~10 MeV is needed

Nuclear resonance fluorescence (NRF) for scanning and 
detecting nuclear material – Narrow bandwidth source of 
~2 MeV is needed.



Why Inverse Compton 
Scattering?

Bremsstrahlung:

High energy but not 
monochromatic
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Synchrotron:

Not high enough energy to 
generate MeV photons.

Characteristic energy is:

𝐸 =
ℎ𝑒𝐵𝛾2

2𝜋𝑚𝑒

e.g. B = 1 T, 1 GeV electrons 
results in 460 eV photons



ICS Theory-
Monochromatic Gamma rays
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Deitrick, K., et al. (2021). Physical Review Accelerators and Beams, 24(5), 1–17. https://doi.org/10.1103/PhysRevAccelBeams.24.050701
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ICS Theory-
Collimation to reduce bandwidth
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Deitrick, K., et al. (2021). Physical Review Accelerators and Beams, 24(5), 1–17. https://doi.org/10.1103/PhysRevAccelBeams.24.050701

Bandwidth 
of the source

The energy of the scattered photon depends on the angle 
it scattered through.

Collimating the scattered photons will exclude the photons 
scattered though larger angles, thus reducing the 
bandwidth of the source.



ICS Theory - Photon Production

• More photons are produced in the forward or backward 
directions because of the final Lorentz transform. 

• Photons are produced in the forward direction into a θ = 1/γ
cone.
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Design of Experiment –
Electron Beam
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CLARA 
accelerator 
& FEBE 
upgrade

Electron 
beam 
parameters

Angal-Kalinin, D. et al. (2020). Physical Review Accelerators and Beams, 23(4), 44801. https://doi.org/10.1103/PhysRevAccelBeams.23.044801



Design of Experiment - Laser
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Ti:Sapphire
laser

Nd:YAG
laser



Collimation of Gamma Source

• Gamma source will be collimated to reduce the bandwidth of the source 
and to reduce the flux before impinging on a detector 10 m away.

• The flux is reduced so that a detector would not be saturated and single 
photons events can detected, ~1000 photons per interaction event 
(assuming an efficiency of detector of 0.1%).
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Gamma source parameters
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Optical Cavities future work

• Optical cavities recirculate 
the laser pulses to store 
power in the cavity

• Can be used to increase the 
effective repetition rate of the 
laser pulses
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Joe Crone, thesis

Carstens, H. (2016). Enhancement cavities for the generation 
of extreme ultraviolet and hard x-ray radiation.



Summary

• ICS is a method of producing tunable, high energy 
monochromatic photons.

• I am currently designing an ICS demonstrator experiment.

• I am undertaking a secondment to the Université Paris Saclay
to learn about optical cavities, as this would be a major 
improvement for an ICS source.

12



Any questions?

Thank you for listening!


