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Particle accelerators: from RF to optical/photonic drive?

RF cavity (TESLA, DESY)

Conventional linear
accelerator (RF)

Based on (Supercond.) RF cavities

Surface breakdown:
200 MV/m

Max. achievable 100 MeV/m

gradients

Peak field limited by
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Particle accelerators: from RF to optical/photonic drive?

RF cavity (TESLA, DESY)

Conventional linear Laser-based dielectric
accelerator (RF) accelerator (optical)
Based on (Supercond.) RF cavities | Silicon nano structures
: . Surface breakdown: Damage threshold:
Peak field limited by 200 MV/m 30 GV/m
Max. achievabl
o, acIeVanie 100 MeV/m 10 GeV/m
gradients
o
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Acceleration by phase-synchronous propagation
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Dielectric Laser Acceleration

Incident field: 0.5 GV/m P. Yousefi et al., Optics Letters Vol. 44,
Pulse duration: 650 fs Issue 6, pp. 1520-1523 (2019)
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Dielectric Laser Acceleration

— With DBR
—— Without DBR
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Dielectric Laser Acceleration: Dynamics
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Streak camera

J—l— Oo— sweep circuit

trigger signal sSweep streak image on
electrode phosphor screen
lens
..QJ@A\ ¢ 00 0 %
lntenSIty space
tlme time
slit photo-
cathode acceleratmg - phosphor :
pace
mesh screen
o
http://rasmus-ischebeck.de/media/Accelerator%20Physics/Drawings/PDFs/slides/Streak%20Camera.html ® l
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Streak camera
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Dielectric Laser Acceleration: Dynamics

—=2f Norbert Schdnenberger EAAC September 2019



Dielectric Laser Acceleration: Dynamics
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Dielectric Laser Acceleration: Dynamics

Energy (keV)
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Energy (keV)

Dielectric Laser Acceleration: Dynamics
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Dielectric Laser Acceleration: Dynamics
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Dielectric Laser Acceleration: Bunching

Experimment Simulation Electron density Phase space
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Dielectric Laser Acceleration: Bunching

Experimment Simulation N Electron density Phase space
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Shortest bunches

Simulation Experiment
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Bunching
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Net acceleration
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Net acceleration

buncher strong acceleration
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Net acceleration

buncher strong acceleration
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Measured net acceleration

 Relatively low energy
gain due to large input
energy spread into
secon structure

* Inclusion of
demodulator would
greatly increase
accepatance

“lectron counts
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Phase-reset structure — towards a photonic LINAC

S$4800 2.0kV x1.50k SE(M) " 30.0um
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Keeping the beam together

Alternate between transverse focusing-longitudinal defocusing and
transverse defocusing-longitudinal focusing

:> net focusing
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Keeping the beam together

Alternate between transverse focusing-longitudinal defocusing and
transverse defocusing-longitudinal focusing

:> net focusing
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Keeping the beam together

Alternate between transverse focusing-longitudinal defocusing and

transverse defocusing-longitudinal focusing

" net focusing
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Keeping the beam together

Alternate between transverse focusing-longitudinal defocusing and

transverse defocusing-longitudinal focusing

" net focusing
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Keeping the beam together

Alternate between transverse focusing-longitudinal defocusing and

transverse defocusing-longitudinal focusing

:> net focusing
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Thank you for your attention!
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