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Emittance Growth
• Beam emittance: area occupied by beam in transverse phase space
• Electron beams must have low emittance to be useful
• LPA-accelerated electron beams have low emittance inside the plasma
• Upon exit to vacuum, emittance significantly grows [1]

Emittance Growth Reduction
• Emittance growth is reduced by an adiabatic transition [2,3]
• Density should decrease gradually; ideal: 𝑛𝑒 𝑧 = 𝑛𝑒0/ 1 + 𝑧/𝑑 4

• Adiabaticity condition: length scale 𝑑 ≫ Twiss 𝛽 parameter
• Larger 𝑑 ⇒ beam gets more collimated, i.e. divergence reduces
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Figure 1: phase space behavior. Inside the plasma (a), a matched particle beam oscillates
while preserving its phase space area, i.e. emittance is constant. However, in vacuum (b),
particles with the same transverse momentum (vertical coordinate) but different energies,
depicted by different colors, drift with different transverse velocities. This spreads the
particle distribution; each of the three ellipses in (b) has the same area as the one in (a), but
the total area occupied by the beam – i.e., its emittance – grows.
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Abrupt transition
from plasma to vacuum

Figure 2: comparison of plasma-to-vacuum transitions. Going from (a) to (c), the density
profile 𝑛𝑒(𝑧) (gray, mostly visible for 𝑧 < 0) changes from step-like to more moderate. The
profile is that of a constant-density plasma (𝑧 < 0) which transitions to vacuum starting
from 𝑧 = 0. Effect of adiabaticity on extracted beam dynamics is evident. Shown in color
are random particle trajectories, moving under the influence of the density down-ramps. All
three panels start from the same beam inside plasma. In this figure, trajectories were
calculated analytically (not simulated).

Implementation for Emittance Growth Reduction
• The device we designed provides a profile closely resembling the ideal
• Device soon to be manufactured; data based on Fluent simulations
• Profile scale 𝑑 is tunable, allowing adiabatic and non-adiabatic regimes
• PIC simulations show emittance growth reduction with our profile
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Figure 3: ideal density profile (red line) versus the proposed
density profile (blue points). The length scale 𝑑 can be tuned
(scaling the profile in the 𝑧 axis), allowing control over adiabaticity.

Figure 4: PIC simulation results for our proposed density
tapering region, with different length scales 𝑑. Panels show
dynamics of beam size (a), divergence (b) and emittance (c).
Blue (pink) curves are the least (most) adiabatic profile in the
simulation batch. For very low 𝑧 values, plots are inaccurate due
to numerical reasons. Other than that, beam quality correlation
with adiabaticity is again evident.
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