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Hansson, Martin, et al. "Down-ramp injection and independently controlled
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Density down-ramp injection
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Gaussian laser pulse: a9 = 1.8, FWHM laser focus 18 um, 30 fs
FWHM temporal duration
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CALDER-Circ
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Azimuthal Fourier Modes
Mainly developed at LOA and CEA

Reduces the computational load
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Lifschitz, A. F., et al. " Particle-in-Cell modelling of laserplasma
interaction using Fourier decomposition.” Journal of Computational
Physics 228.5 (2009): 1803-1814.
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Charge

Varying lower density
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Charge

Varying lower density
(\3 T T

200

100

Q [pC]

Varying down-ramp steepness

x |7f,+;| =013
N O[22 =0.76 2

X
220 |- X b
(&) x
Q 200 . 8
S s0f :
H 160 - x R
Il Il Il Il
0 0.2 0.4 0.6 0.8
] |2 22
T
X
= .
g 201 I
~ _X
I9) .-
= 10f
2
< X,x/
0p > I I I I
0 0.2 0.4 0.6 0.8
|2n Ap1
ozl Ty
on
Q - k]_aiL + k2L
X

15



Bubble expansion
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Bunch length
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Bunch length
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Bunch length
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Bunch length
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Expansion speed
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Emittance
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Gentle transition
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Steep transition
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Steep transition
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Steep transition
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Steep transition
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Summary

With a density down-ramp, we can
» Control bunch charge
» Control bunch length
» Control bunch emittance

However, not entirely independently
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A tunable electron beam source
using trapping of electrons in
a density down-ramp in laser

-wakefield acceleration

Henrik Ekerfelt!, Martin Hansson', Isabel Gallardo Gonzalez!, Xavier Davoine? & Olle Lundh®

One chall in the devel of laser wakefield l istod: aty ient control
and reproducibility of th ofthe g bunches of . Herewe
report on a numerical study, where we demonstrate that trapping using density down-ramps allows

- for tuning of several electron bunch parameters by varying the properties of the density down-ramp.

We show that the electron bunch length is determined by the difference in density before and after the
ramp. Fur , the transverse emi of the bunch is controlled by the steepness of the ramp.

© Finally, the amount of trapped charge depends both on the density difference and on the steepness of

the ramp. We emphasize that both parameters of the density ramp are feasible to vary experimentally.
‘We therefore conclude that this tunable electron accelerator makes it suitable for a wide range of

: applications, from those requiring short pulse length and low emittance, such as the free-electron
© lasers, to those requiring high-charge, large-emi bunches to maximize betatron X-ray generation.
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