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Positron PWFA in Homogenous Plasma
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Positron PWFA N a Hollow Channel
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Collider Requirements

Ultimate objective: plasma-based e-e+ linear collider

Two figure-of-merit parameters for linear colliders:
» Acceleration gradient

» Luminosity per wall-plug power
o Small beam size (low emittance and small energy spread)
o High charge
o High efficiency
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What's missing: beam quality
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New proposals try to address these issues. ;
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Proposed Schemes Comparison

Dimensionless luminosity-per-power, Lp = NextrQ/€n
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L, is independent of plasma density

Ideal working point
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Dimensionless luminosity-per-power, £p = NextrQ/én
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e- PWFA and CLIC are at least 2.5 orders of
magnitude higher in £, than all e+ schemes
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Dimensionless luminosity-per-power, Lp = NextrQ/€n
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Dimensionless luminosity-per-power, Lp = r]extré/fn
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> Electron-motion limit
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Dimensionless luminosity-per-power, Lp = nextré/&'n

Why is there an ion/electron motion limit

and what do they mean?
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Dimensionless luminosity-per-power, Lp = nextré/en
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Dimensionless luminosity-per-power, Lp = next,(j/é:n
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Some schemes go beyond the limit
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We can go beyond the limit in several ways

ze'l' Use and maintain
p weak focusing:

Plasma temperature
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Some parameters may work against each other

Plasma e- oscillate less in
shorter bunches

/AN
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The finite-radius plasma channel is not limited
by electron motion
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2. Does not rely on plasma e- oscillations
for focusing 27



Conclusion

» Several strategies exist to go beyond the electron-motion limit or even get around the

problem!
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More details in the review paper
(submitted to PRAB)
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Positron Acceleration in Plasma Wakefields

G.).Cao, C.A.Lindstrem, E.Adli, S.Corde, S.Gessner Questions?

Plasma acceleration has emerged as a promising technology for future particle accelerators, particularly linear colliders. Significant
progress has been made in recent decades toward high-efficiency and high-quality acceleration of electrons in plasmas. However,
this progress does not generalize to acceleration of positrons, as plasmas are inherently charge asymmetric. Here, we present a
comprehensive review of historical and current efforts to accelerate positrons using plasma wakefields. Proposed schemes that aim
to increase the energy efficiency and beam quality are summarised and quantitatively compared. A dimensionless metric that scales
with the luminosity-per-beam power is introduced, indicating that positron-acceleration schemes are currently below the ultimate
requirement for colliders. The primary issue is electron motion; the high mobility of plasma electrons compared to plasma ions,
which leads to non-uniform accelerating and focusing fields that degrade the beam quality of the positron bunch, particularly for
high efficiency acceleration. Finally, we discuss possible mitigation strategies and directions for future research.
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