Guiding of high intensity laser pulses in 100 mm-
long all-optical plasma channels
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* Introduction to plasma channels

* Motivation for 100 mm plasma channels for laser wakefield acceleration

* Physics of our plasma channels

* Experiments with the Astra-Gemini TA3 laser
* Experimental setup
* Demonstration of guiding over 100 mm
* Increasing the attenuation length

Picksley, A, et al., PRAB (2020), 23(8), 81303.
Picksley, A, et al., PRE (2020), 102(9), 53201.




Laser Wakefield Acceleration

e Laser wakefield cavities
E~ 100 GV/m

* Towards multi-GeV electron
beams, at kKHz repetition rates

* Inherent limits on accelerator
length include:

* diffraction —small laser spot size
has short Rayleigh range, zp ~ w§

» dephasing — electrons catch up
with laser, Ly ~ 1/n,

EuPRAXIA design:
* Ny ~ 2% 107cm™3
* Ly ~ 120 mm
» 5 GeV beams

T. Audet et al., EUPRAXIA Milestone Report M3.1 (2017)
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HOFI plasma channels as laser waveguide

e Hydrodynamic Optical-Field-lonised (HOFI) plasma channels
overcome diffraction length limitation

A r A
Laser Wakefield n(r) Ne (r)\
Driver — ~ ~~"T- "~~~ < * /

EuPRAXIA design:
* Ng ~ 2% 107cm ™3
* Ly ~ 120 mm
» 5 GeV beams

* HOFI channels can be:
 All-optical, free-standing
* Low density = 10*”cm ™2 and lower
* Long =100 mm +
 Efficient

Durfee & Milchberg (1993), PRL, 71(15), 2409-2412.
Durfree, Lynch and Milchberg (1995). PRE, 51(3), 2368-2387.




Axicon

Physics of HOFI channels

Channel-forming
* Axicon focuses a channel-forming

ﬁx\
beam to a line longitudinally

e Optical field ionisation liberates and ’

instantaneously heats electrons

Plasma

* Rapid radial expansion leads to Channel
plasma channel with low on-axis
density and high density walls

Expanding
cylindrical blast
wave

* Electron density corresponds to
refractive index variation

Shalloo et al., (2018), PRE, 97(5), 1-8
Lemos, N., et al. (2013). Physics of Plasmas, 20(6).
Lemos, N., et al. (2013). Physics of Plasmas, 20(10).
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Experimental demonstration of
100 mm guiding



Experimental setup

* Experiments performed on the Astra-Gemini TA3 laser at the Rutherford
Appleton Laboratory in 2019

* Objective: demonstrate 100 mm guiding of high intensity laser pulses
using a HOFI plasma channel

| Channel-forming
le— Beam

—> —
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from f/40 To interferometer beam diagnostics

Picksley, A, et al., PRAB (2020), 23(8), 81303.

Aimee Ross, JAI Fest 2020 — All-optical plasma channels for GeV LWFA 7



Z=0mm

Z=50 mm

(a)
Guiding results

mbar i

=

100

.same scale as (a)

No Channel

z=1(Emm

(d) »

0.5

Normalised Intensity

o 4L mbar
lg 3
= Input Spot
E 2
> I z =50 mm
S )
- (c)
"% B0 75 100 1% 150
r (um) "
e 100 mm ~ 20 Rayleigh ranges @-
* Parameters for 100 mm guide:
* Neg =1 x 10" cm™3
e[, = 6 X107 Wcem™2 Channel

Channel

Picksley, A, et al., PRAB (2020), 23(8), 81303.
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Picksley, A, et al., PRAB (2020), 23(8), 81303.
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Increasing the attenuation length
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Picksley, A, et al., PRE (2020), 102(9), 53201.
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Ssummary

 HOFI plasma channels offer a route towards all-optical, free-standing,
low density waveguides

* We have demonstrated guiding of high intensity laser pulses over
100 mm with n, ~ 10’ cm™3

* Conditioned HOFI plasma channels allow attenuation lengths to be
extended to the metre-scale

Picksley, A, et al., PRAB (2020), 23(8), 81303.
Picksley, A, et al., PRE (2020), 102(9), 53201.




New Oxford Laser-Plasma Accelerator Lab
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