Plasma Wakefield Acceleration
with Positron Beams
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The Case for Electron Acceleration
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Trailing beam

Nonlinear wakefield is IDEAL for accelerating/focusing electrons
Trailing beam does not modify focusing fields of wake

Drive beam
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W. Mori, PAC 2011 Tutorial



http://accelconf.web.cern.ch/AccelConf/PAC2011/talks/thoan1_talk.pdf

“Ideal” Positron PWFA
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Can we create conditions where the plasma electron density in the vicinity of the
positron beam roughly recreates the “ideal” equations?




Strategies
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 How do we create an “ideal” situation for positron
acceleration?

Hollow Channel: Eliminate transverse focusing.

Filament Plasma: Tailor transverse focusing.

lon motion: Create focusing with positively-charged ions.
Moderately Non-Linear: Accept variation in wake strength
across the witness bunch.



Hollow Channel with Asymmetric Modes A
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Transversely Tailored Plasmas
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By driving a wakefield in a plasma filament, you can create a region of uniform focusing and
acceleration for positrons at the back of the wake.

Transverse plasma electron motion appears to be an important factor.


https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.22.081301

Transversely Tailored Plasmas

Positron Acceleration in an Elongated Bubble Regime

Tianhong Wang!, Vladimir Khudik?, and Gennady Shvets!
! School of Applied and Engineering Physics, Cornell University, Ithaca, New York 14850, USA.
2 Departmentz of Physics and Institute for Fusion Studies,
The University of Texas at Austin, Austin, Texas 78712, USA.
(Dated: October 22, 2021)

A new concept is proposed for accelerating positrons in a nonlinear plasma wakefield accelerator.
By loading the wakefield (back of the plasma bubble) with a short electron bunch, an extended area
of excessive plasma electron accumulation is created after the first bubble, resulting in a favorable
region with simultaneous focusing and accelerating fields for positrons. Scaling laws for optimized
loading parameters are obtained through extensive parameters scans. Owing to the good quality
of the focusing field, positron acceleration with emittance preservation can be achieved in this new
regime and it has been demonstrated in the three-dimensional particle-in-cell simulations.

https://arxiv.org/pdf/2110.10290.pdf




Transverse Tailoring has a HUGE Parameter Space
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It is possible to reproduce some features of the wake seen in the narrow plasma filament
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Positron Acceleration in lon Channels
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https://agenda.infn.it/event/17304/contributions/98934/

Transversely Tailored Drivers
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* Linear focusing force for e*

* Width of linear focusing region on the order
of the skin depth

* Focusing varies but may not compromise
divergence/emittance growth
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* e+ can accelerate at the front
* Beam loading is possible

* Energy spread growth can be controlled

Vieira, et al. PRL 112 215001 (2014)
N. Jain et al. PRL 115 195001(2015)



Quasi-Linear Regime
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Efficiency and beam quality for positron acceleration in loaded plasma wakefields
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All scenarios have beam matching challenges
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Focusing fields in general will not be perfectly linear,
but approximate matching to minimize emittance
growth is still possible. How do we limit number of
electron on axis?
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C. Benedetti et. al. Phys. Rev. Accel. Beams 20 111301 (2017)



https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.22.081301
https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeams.20.111301

Positron Beams at FACET-II




Positron Beams at FACET-II

New Positron Damping Ring New UFO e*/e- Chicane

2.9 m diameter ri

Next generation of experiments are planned for FACET-II.




Restating the Challenges -
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* In most (all?) cases, there is no region of the wake with a
uniform distribution of plasma electrons that can provide
linear focusing for a positron witness bunch.

« Event if such a region existed, it would be modified by the
presence of the positron witness bunch.

* Is there a strategy for tailoring the plasma and witness
bunch parameters such that the net effect is uniform

focusing for the witness bunch?
* Would such a scenario be stable to perturbations?



