Stable positron acceleration in self-generated

quasi-hollow channels

Thales Silval, ].Vieiral

M. ]. Hogan4, V. Yakimenko?, K.V. Lotov?,
R. Zgadza)t, M. C. Downer*

" GolP / Instituto de Plasmas e Fusao Nuclear, Instituto Superior Técnico
Lisbon, Portugal

2 SLAC National Accelerator Laboratory
Menlo Park; California, USA

3 Budker Institute of Nuclear Physics & Novosibirsk State University
Novosibirsk, Russia

4 Department of Physics, The University of Texas at Austin
Austin, Texas, USA

epp.-tecnico.ulisboa.pt || golp.tecnico.ulisboa.pt

ﬂ&i’ig C'))\» |pfn TECNICO m Simulations performed at Marenostrum at Barcelona Supercomputing Center
3 / / INSTITUTO DE PLASMAS

INSTITUTO DE PLAC LlSBOA and JUWELS at Jdlich Supercomputing Centre




. . TECNICO
Positron acceleration and hollow channels W LISBOA

Positron acceleration Hollow channels

* Linear regime has low acceleration gradients and non-linear
transverse forces

Hollow channels are promising candidates for electron and
, o , | positron acceleration.

Blowout regime has a very limited region of accelerating

and focusing fields for positrons.

v (Nearly) vanishing transverse forces3; emittance preservation
v Long drivers are allowed; high transformer ratio

| X Beam breakup instabilities are a severe constrain for this
- Self-loaded wakefields! [energy transfer from head to tall]

e Some alternatives studied are

scheme?
- On-axis filaments driven by Laguerre-Gaussian lasers?

ollow channel generation
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- Laser with high order Bessel profile-

- Tightly focused positron beams®

Recent breakthrough: coaxial plasma filament mitigates beam
breakup’.
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Generation of a quasi-hollow channel suitable for e* acceleration W LISBOA

Quasi-hollow channels have been proposed as a way to mitigate beam breakup for acceleration of electron beams!

This work

® Self-consistent generation of a quasi-hollow channel with structures near the axis that can focus positrons.
® Positron acceleration in the generated structures
® Hosing is not a problem!

- Saturates at acceptable levels

| C. B. Schroeder et al., PoP 20,080/01 (201 3)
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Blowout regime in beam driven plasma accelerators and the long-time w TECNICO

plasma evolution

All the simulation results shown in this presentation are in 3D using m

with the Fel solver for
Cherenkov mitigation!
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* Previous work: how does the energy deposited by the beam In the plasma Is distributed among the
barticles and fields at large timescales!
* Observation of quasi-hollow channels in certain regimes.

| F Li et al, Computer Physics Communications 214 (2017)

2 R Zgadzaj et al., submitted.
T.Silva | 2019 ATF Science Planning Workshop | October, 2019



Ponderomotive-like force rules the plasma

long-time evolution W s tor

200

E o
>

100 [\

-200

200

100

X [m]
=

-100

-200

100 -

12
3 5 3 Looking over several plasma
- 8 E wave periods
O (@)
© M
2 *8 — —
Y BN
1 € c
0 0

lllIlllIllII-

_[ll.'lllllllll

Ponderomotive-like average
fields dictates the ion motion!:23

§ * Gray region: ons are attracted

G towards the axis.

u¥ | © White region:l jons are pushed
10 away from axis.
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Positron beam is accelerated with

minimal hosing growth
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Positron beam is accelerated without losing quality W st
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Acceleration characteristics

Initially chirped energy™ is partially
compensated during accelerationt

Acceleration gradient 3.5GV/m
< 30% emittance growth
Somewhat optimized beam-
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Hosing saturation W TECNICO
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Hosing growth and saturation
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* Black curve: initially symmetric beam
 Other curves are different levels of initial seed

Saturation at very reasonable values!
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Plasma long-time evolution after the blowout generates a quasi-hollow channels with structures
that can focus positrons

Simulations show quality positron acceleration in this scheme

Small emittance growth

Minimal hosing growth, saturation at reasonable values

On-going work: optimal beam loading and different drivers

Setup not fully optimized. Driver(s) beam(s) optimization (charge, shape) could lead to higher
acceleration gradients. Plasma density and gas used could also have an impact
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