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Beam-based THZ radiation generation N. Lockmann, Dissertation (2021)

* THz automatically synced to machine/X-ray [~ N;

Longitudinal form factor for different charges
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Dielectric loaded waveguides
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S. Jiang et al., MDPI (2018)

ECHO2D simulation by J. Richards (2023)

* Electron beam travels at
* Interface dielectric boundary: inside light travels slower
* The light experiences Cherenkov effect, coherent wavefront forms

* Electron beam is stripped of its electric field, loses energy in form of light
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Dielectric loaded waveguides

* Array of DLWs to cover freq. spectrum, held together in copper block
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Dielectric loaded waveguides

* Array of DLWs to cover freq. spectrum, held together in copper block
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Dielectric loaded waveguides

* Array of DLWs to cover freq. spectrum, held together in copper block

* Using varying charge optimizes power/energy for given frequency
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Broadband waveguides: tapering

Power spectrum of electric field
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Broadband waveguides: off-axis excitation

E, of mode 1 at ct = 0.06 mm
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Diffraction radiation

* Beam passes through hole in aluminum sheet - excite broadband spectrum

* Electric field of bunch ‘bounces off’ and turns into light

E me
Y r

Nils Lockmann
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Diffraction radiation: energy

Energy in a pulse centered at the given frequency,
screen size = 10 cm, hole diameter = 2 mm
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High bandwidth pulses contain enough energy to satisfy user’s wishes
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STERN layout
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. Outcoupling
mirrors
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Filipe Giesteira, Lukas Miiller,
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Transport to diagnostics area

* After production, radiation
Is transported to a safe
diagnostics area

* How can we optimize
mirror focal lengths for
maximal transmission?

=» Treat THz beam as a
particle beam and use
Ocelot
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Transport to diagnostics area

* Beam parameters are found by simulating travel through drift,

* Optimization done for inner ring of -field

Source parameters: f = 300.0 GHz, g = 722.21 pm
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Transport to diagnostics area

Optimised transport line for 300.0 GHz, 0, ¢ = 722.2um and M? = 3.20
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Transport to diagnostics area

Outcoupling: Outcoupling

mirrors with
through hole

* Too close = radiation lost in

electron through hole

 Too far = radiation lost at

mirror edges

=» Two mirrors for close and far

regime, DLW on S||d|ng rall Fi/ipiesteira, Lukas L'il/er,

Torsten Wohlenberg
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Transport to diagnostics area

Losses at through hole
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Summary

* Radiation generation methods:

* Narrowband: dielectric-loaded waveguides

* Broadband: tapered waveguides, diffraction radiation
* Radiation transport:

* Modeled THz transport as lattice optimization problem (currently only DLW)

* Preliminary result: source to lab efficiency of for to
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