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¢ They produce highly
directional beams.

* They have a narrow
spectrum (bandwidth).

:
F

\ Wavelength nm)

~
¢ They are spatially and
temporally coherent. T Lser I )
J

Diagram courtesy Prof. S. Hooker, Oxford
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Coulomb field of
relativistic bunch

probe
laSeL e )

non-linear crystal

See for example:
*  Pan et. al., MOPMEQ77, IPAC 2013.
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Lasers for particle beam diagnostics
* Laser based beam size measurement.

Laser system — choice of parameters Beam transport

Particle beam — energy,
temporal structure Beam separation and extraction

photons

Detection

Post — IP — diagnostics, energy, beam dumping

* Measure electron beams (Compton scattering) - SLC, ATF2.
* Also ion beams (photoneutralisation) - H™ laserwire at Linac 4, CERN.

See for example:
¢ Nevay et. al., Phys. Rev. ST Accel. Beams 17, 072802 (2014).

¢ Kruchinin et. al., MOPWI003, IPAC 2015. p
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Lasers for particle beam diagnostics
* Measuring really small beam sizes
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For < 1um beams need something different — can’t focus laser spot to much less than this.

* Cross 2 laser beams at large angle to make very narrow interference fringe pattern.

Scan interference fringes across beam and look for modulation in Compton signal.

This monitor is *really* hard to align and make work well. Requires very stable laser source.

See for example:
¢ White et. al., Phys. Rev. Letts. 112, 034802 (2014).

*  Yanet.al, 261, TIPP 2014.
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* Using q
16 days giving 0.6fs rms drift.

See for example:

* Peng et. al., Optics Letters 21, 19982 (2013)

« https://desy.cfel.de/ultrafast_optics_and__x_rays_division/research/timing_distribution_and_synchronization/
(Ao
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high-brightness
(low emittance)
electron bunches
(sent into the
linear accelerator)

See for example: A, Photocathode laser wavdengh

*  Penco et. al., Phys. Rev. Letts. 112 044801 (2014) R>W
e Schreiber et. al., NIM A 445 (2000).

1= I = =
1047 nm_ 523 om 262 nm
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Diamond

LHC
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Huge accelerating gradients — 1000 x
conventional accelerators.

— 4 GeV in 9cm.
— 3.25 GeV in 14mm.

— Massive potential for reducing size and
cost of particle accelerators.

Diagram courtesy Prof. S. Hooker, Oxford — Shown positron acceleration, important
for colliders.

See for example:

* Esarey et. al., Rev. Mod. Phys 81 1229 (2009)

* Kim et. al., Phys. Rev. Letts. 111 165002 (2013)
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* Not forgetting laser driven proton and ion acceleration too!
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— Can be more efficient at exciting plasma wave
than single pulse.
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Fibre laser driven plasma acceleration

[
I | |mmm

Stretcher / UL
compressor

Delay lines to create stretched pulse train

Pulse train $ Main amplifiers
’ " | A s

I | Delay lines to recreate single pulse

* Research teams developing fibre laser driver for pulse train driven acceleration.

» Fibres are more efficient, better spatial quality, smaller, operate at kHz repetition rates.
* Major improvement in plasma accelerators possible.

* Demonstrates how laser research can help drive accelerator research.
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Dielectric laser accelerators

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 | Quartz grating structures

Surface breakdown:

Peak field limited by 200 MV/m

Damage threshold: 30 GV/m

Max. achievable

gradients 50 MeV/m 10 GeV/m

P. Hommelhoff, ARD lunch sem., DESY, Jan. 2014

Slide courtesy Dr. P. Hommelhoff, Friedrich-Alexander-Universitat, Erlangen
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Dielectric laser accelerators

New area of accelerator research.

Have shown acceleration of relativistic and non-relativistic electrons using laser and
dielectric structures.

Also beam manipulation e.g. deflection for use as beam position monitor.

ol
-

https://www.liv.ac.uk/quasar/research/novel_accelerators/

See for example:

* Breuer et. al,, Phys. Rev. ST Accel. Beams 17 021301 (2014)

e Peralta et. al., Nature 503 91 (2014) ;
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Direct laser acceleration in vacuum

0y
. -

u generation
) Laser-lectron interaction

il solenoid focusing

) Magnetic defection

1@ Detection

Figure 1] Conceptual schematic. A non-relativistic monoenergetic electron bunch is generated via a 40 kV DC gun (i) triggered
by a small fraction of the optical beam. The electron bunch is then focused (ii) at the laser-electron IP using a solenoid. A
subsequent off-axis parabola with a thru-hole allows for tight focusing of the optical beam to overlap with the electron bunch
(i) After the interaction, the electrons enter a dipole magnet deflector (iv) and are then mapped onto a CCD camera from the
emission of a fluorescent i hannel pl .

arXiv:1501.05101

» Light has a strong electric field — can we use this to accelerate electrons?

» How to get large on axis component? Focus radially polarised light beam.

e Vacuum acceleration — no medium to breakdown, not unstable.

» Carbajo et. al. Phys Rev. ST Accel. Beams 19, 021303 (2016) shown 3GeV/m —
exciting result!
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