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Motivation
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Can we use plasma wakefield technology to create
high-gradient, highly-efficient accelerators?
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From Conception to Experiment
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An intense electromagnetic pulse can create a weak of plasma oscillations through the
action of the nonlinear ponderomotive force. Electrons trapped in the wake can be ac-
celerated to high energy. Existing glass lasers of power density 10'®W/cm?® shone on plas-

A new scheme for accelerating electrons, ing a ivistic electron beam in a
mas of densities 10'® cm™? can yield gigaelectronvolts of electron energy per centimeter cold plasma, is analyzed. We show that energy gradients can exceed 1 GeV/m and that the driven
h to

f electrons can be accelerated from yomc? to 3yomc? before the driving beam slows down enougl
oi acie{eratizn d]ljstagce. This at‘:celeratlon mechanism is demonstrated through computer degrade the plasma wave. If the dnvlng electrons are removed before they cause the collapse of the
simulation, App! to ators and pulsers are examined. plasma wave, energies up to 4y§mc? are possible. A ion scheme is in

order that the driving electrons can be removed.
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What is a Plasma Wakefield Accelerator? UCLA
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Vacuum

An electron beam propagates to the right into a neutral plasma.




What is a Plasma Wakefield Accelerator? UCLA
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Vacuum

As the beam enters the plasma, plasma electrons are expelled,
leaving behind plasma ions.




What is a Plasma Wakefield Accelerator? UCLA
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Vacuum

Plasma iomn
“bubble”

The plasma ions are heavy and stationary. They exert a restoring
force on the plasma electrons pulling them back to the axis.




What is a Plasma Wakefield Accelerator? UCLA
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Vacuum

The field is decelerating in the front half of the bubble. The plasma
extracts energy from the electron beam.




What is a Plasma Wakefield Accelerator? UCLA

Vacuum MELINE]

The field is accelerating in the back half of the bubble. Beam
electrons can extract energy from the plasma wake in this region.




What is a Plasma Wakefield Accelerator? UCLA

Vacuum Plasma
Focusing

-
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The field is everywhere in the bubble.




What is a Plasma Wakefield Accelerator?

Plasma

The plasma electrons keep oscillating after the beam has passed by.




FACET Milestones

FACET is executing a five year program that will help
answer whether or not PWFA can be used as a
technology in future accelerators:
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QuickPIC (UCLA) Plasma Wake
simulation for FACET
beam and plasma
parameters:

Nb = 1.0nC
0, = 25um Drive Bun

GeV/m: The unit of measure for PWFA
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Results: Extremely High Gradients in Ar UCLA

Energy Spectrum in Argon (2013)

27 GeV energy gain in just 25 -
cm of plasma!
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The accelerating gradients are
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Plasma Wakefield Acceleration: High Efficiency UCLA
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Plasma Wakefield Acceleration: High Efficiency UCLA
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Two-Bunch Beam Generation
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3. Compress
4. Accelerate

Electron and Positron Plasma Wakefield Acceleration at FACET
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Results: High-efficiency PWFA UCLA
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Plasma Wakefield Acceleration: Positrons UCLA

Plasma Wake
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Drive Bunch

Where can positrons be accelerated and focused in
a non-linear plasma wakefield?
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Plasma Wakefield Acceleration: Positrons UCLA

Plasma Wake

- unch
Direction

Drive Bunch

The field is accelerating behind the pinch in the first
bubble.
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Plasma Wakefield Acceleration: Positrons

UCLA
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Direction

Drive Bunch

But the field is defocusing in this region.
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Previous results with positrons UCLA
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Phys. Rev. Lett. 90, 205002 (2003 ) Phys. Rev. Lett. 101, 055001 (2008)

Experiments at SLAC FFTB in 2003 showed that the positron beam
was distorted after passing through a low density plasma.
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Previous results with positrons UCLA
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Positrons

The plasma confines and channels the electron beam as it passes
through the plasma.
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Previous results with positrons UCLA
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Positrons

For similar beam and plasma parameters, the plasma distorts the
positron beam and a halo forms.
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Results: Multi-GeV Acceleration of Positrons

An unexpected result!

We observed a
spectrally-distinct
positron beamlet gain 6
GeV of energy.

The beamlet has low
energy spread.
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Understanding the Result:

Longitudinal and Transverse Beam Loading UCLA
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Transverse beam loading is an important effect for
positron driven wakes!
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Plasma Wakefield Acceleration: Hollow Channels cpa
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Can we harness the accelerating power of plasmas
without the transverse forces?
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Plasma Wakefield Acceleration: Hollow Channels cpa
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Hollow channels provide large accelerating fields
without focusing fields.

Electron and Positron Plasma Wakefield Acceleration at FACET
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Creation of a Hollow Channel Plasma UCLA

-1000

-500

1000

-1000 -500 ~ 500 1000

We use a spiral phase grating to create hollow laser beams.
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Creation of a Hollow Channel Plasma UCLA
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We’ve observed the effect of the hollow channel on a
positron beam!
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Take-Aways UCLA
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* Progress at FACET has been rapid:

Meter-long plasma source (2012)

Ultra-high gradient accelerator (2013)

High-efficiency, two-bunch acceleration (2013)

Multi-GeV positron acceleration (2014)
« Unexpected positron results means that there is a lot more
to study! There is more positron beam time planned for

FACET.
 Lot’'s of momentum. We want to keep it going at FACET-II !
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Thanks!
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More Results: Hollow Channel Acceleration UCLA
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We use a spiral phase grating to create hollow laser beams.
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More Results: Hollow Channel Acceleration UCLA
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More Results: Hollow Channel Acceleration UCLA

We’ve observed the effect of the hollow channel on a
positron beam!

Electron and Positron Plasma Wakefield Acceleration at FACET
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More Results: Plasma Imaging
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