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Wakefield Acceleration
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Limitations

Wg ain & LtotalEz

Energy gain is limited by the amplitude of the fields
and the distance over which they can be driven
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Following this scaling
pushes us towards
longer, lower gradient
accelerators.

We need to find a solution that maximizes the effective gradient,

current goalis 1 GV/m.
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Potential Solutions: Staging Vg

Staging demonstrated by
Steinke et al at LBNL

Cell 2: Acceleration

Cell 1: Injection

Laser #1

Challenges:

* Beam blow-up between stages
* Coupling in the driving beams (whilst minimizing L)
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Experimental Design

Cell 1: Injection Cell 2: Acceleration
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Cell 1: Low Divergence Beams

Cell 1: Injection Cell 2: Acceleration

Laser #1
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Cell 1: Injection

Cell 1: Low Divergence Beams
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Figure 6.19: Plasma density ramps at the end of the simulations (top), electron beam
divergence across all energies (middle), and geometric (phase) normalised emittance
(bottom). The divergence and emittance values plotted here are the average of the values
projected into the & and 7 directions.

From M. Backhouse
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Cell 1: Low Divergence Beams
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Helium Atomic Number Density / m 3

Cell 1: Low Divergence Beams
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Cell 1: Injection

Accepted manuscript
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Cell 1: Low Divergence Beams
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Coupling in a driving beam:
Plasma mirrors
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Coupling in a driving beam:
Plasma mirrors
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Experimental Design

(a)

o
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Coupling in a driving beam:
Plasma mirrors
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Coupling in a driving beam: ‘
Plasma mirrors -
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Cell 1: Injection ell 2: Acceleration

Coupling in a driving beam:
Plasma mirrors
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Coupling in a driving beam:
Plasma mirrors
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Driving a LWFA with a plasma-mirror
reflected beam

Cell 1: Injection Cell 2: Acceleration

Laser #1
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Driving a LWFA with a plasma-mirror
reflected beam
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Cell 1: Injection

-MIrror

m o o o n_U o o
) L0 o LO o L0 o
00) (o0} M~ M~ (@) O
(qV)] (wu) yibusjonep
o 2
AjiIsuaju| aAIle|9Y
© < o © < N <
h — o o o o o
B |
e

LWEFA wi

reflected beam

iving a

o o o o o o o
LN o LN o Tg] o LN
o N~ N~ (o) O N N <
o (wr) A
O ©
—

0.1 05 1.0 1.4 1.7 2.1 2.3 2.5 2.7

350 400 450 500 550 600 650

Density (10%4m—3)

X (um)



Energy (MeV)

500

400

w
o
o

200

100

O, (mrad)

Driving a LWFA with a plasma-mirror
reflected beam
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Outline

1. Beam Blow up between stages
* Modelled and implemented experimentally a novel appeture design
« Demonstrated the production of low divergence (<0.2 mrad) beams

2. Coupling in the driving beam

« Plasma mirror reflectivity (max 80%) and reflected beam quality highly
dependent on pre-plasma

. Ir}}prct)vements operating at close focus — taking advantage of spatial filtering
effects

3. Driving a stable wakefield in the acceleration cell

« Able to drive a wakefield to injection

* |Injection occurred at a lower than expected threshold, indicating contribution
from outside the FWHM

4. Bonus: Beam driven acceleration to 4 GeV

Beam

Transport




Bonus:
Beam-driven WFA

ell 1: Injection Cell 2: Acceleratio




Bonus:
Beam-driven WFA
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Questions?
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