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plasma accelerators at a glance

Beam density (5.0 x 106 cm3)
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from M. Litos et al., “"High-efficiency acceleration of an electron
beam in a plasma wakefield accelerator”, Nature 92, 515 (2014).
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the beam break-up instability
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fig. from A. Chao, Physics of Collective Beam Instabilities
in High Energy Physics, . Wiley & Sons (1993).
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BBU is mitigated with BNS

a difference in betatron frequency
across the bunch detunes the instability
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see V. Balakin, A. Novokhatsky, and V. Smirnov, Proc.
12t Int’l. Conf. High Energy Accel. Fermilab (1983).
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how this applies to plasma accelerators: hosing instability

We turn next to consider mechanisms which will tend to reduce
growth. We observe from the dispersion relation of Eq. (8), that there are in
principle two methods of “curing” the electron-hose. We may diminish the
resonance at w?—wg?, or at k2—kg? . On the other hand, since focussing is
typically weak, damping mechanisms relying on a spread or sweep in betatron
wavenumber, Akg~1/L,, ére ineffective, as they require an impractically large
spread, Akp/kg~1/kgLo>1. This rules out Landau damping due to a spread in
energy within a beam slice,24 and “BNS damping” due to a sWeep in energy
from head to tail.2é6 This also rules out “phase-mix damping” of BBU growth

due to nonlinear focussing, arising from a radially non-uniform plasma.l3

from D. H. Whittum et al., “Electron-hose instability in
the ion-focused regime”, Phys. Rev. Lett. 67, 991 (1991).
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efficiency vs. instability

power transferred
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in a plasma accelerator, the focusing and
accelerating structure is the same, and
these quantities are related.

2
)
Nt =~ &

- 4(1 — 771))

Achieving high efficiency in a plasma
accelerator makes the BBU instability
in the witness bunch worse.

see V. Lebedeyv, A. Burov, S. Nagaitsev, “Efficiency versus instability
in plasma accelerators” Phys. Rev. Acc. Beams 20, 121301 (2017).
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How does all this apply to a plasma wakefield accelerator?
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can we describe this different with wake functions?

E, w/ and w/o witness bunch
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extracting wake functions from PIC simulations
of PV\r/lIi,Z aP:\(;ISci;nr;J:jLEEcZnﬂelds / FET KFZ? FJ_,)V(Cj XJ—)] —
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the plasma hollow channel: a test case

|
|

A r a d’ a s O ff Boulder, Colorado USA - www.radiasoff.net

12



the hollow channel has analytic solutions
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see C. B. Schroeder, D. H. Whittum, and J. S. Wurtele, “Multimode
Analysis of the Hollow Plasma Channel Wakefield Accelerator”,
Phys. Rev. Lett. 82, 1177 (1999).
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FBPIC replicates this behavior well for short range...
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... and this discrepancy comes from the hollow channel edge

(a) Longitudinal wakefield
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(FZ7 FJ-)(Ca XJ-)

Hollow channel E, near axis
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FFT[(F,,F1)(¢,x.)] =
(an FJ_)(]C,XJ_)
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(Fz,FJ_)(k,XJ_) X
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IFET [(Zo, Z1 )n(k)] =
(WO> WJ_)n
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Thank you!

Stephen D. Webb
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