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Plasma density scalelength is a key parameter effecting laser driven ion

acceleration & beyond...

R.J Gray et al. New J. Phys. 16, 113074 (2014)
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...self-focusing and filamentation modify
laser-coupling and ultimately proton max
energy and conversion efficiency...

...for beam stability and control, pulse
evolution has to be carefully monitored
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Motivating question... s
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Can we measure the plasma evolution and pulse

propagation during a single shot?




Existing pump-probe methodologies...

Optical Probing Proton Radiography

distance (mm)

FIG. 1. Shadowgraph taken with n,=2.9X10' cm™3, 7,~0.9 ps, P/P
~19 (image taken approximately 30 ps after main interaction).

Optical Streaking, Compressed ultrafast
photography, etc...
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Existing pump-probe methodologies...

Optical Probing Proton Radiography
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distance (mm)

FIG. 1. Shadowgraph taken with 7,=2.9X10'° cm™3, 7,~0.9 ps, P/P_
~19 (image taken approximately 30 ps after main interaction).

(1) Single shot measurements with temporal resolution

(2) Arbitrary control over the probe time (independent probes)

Optical Streaking, Compressed t

ot v et (3) 2D Spatial resolution (no streaking)
photography, etc...

(4) Any laser system (no bandwidth effects)
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Using muItipIexingﬁ_to iIncrease frame rate for optical probing...
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Optical Probe Pulse

In other words...how do we transfer more information over a single output line...
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A multiplexed optical probe...concept
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A multiplexed optical probe...optical design

Pump beam
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* 1w pulse is split and doubled to create 1w and 2w pulses

* These are split again and half of them are then rotated in polarisation by 90°

* This produced 4x pulses: 1w(P), 1w(S), 2w(P), 2w(S)
* These are then delayed relative to each other (and the drive pulse)

e 4x pulse are then sent through plasma and split, image upon exit
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Initial tests using gas targets...
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Gas jet results on Vulcan TAW:

Vulcan @ 1054 nm, up to 200J in 20 ps
1 ps probe pulse duration (x4 pulses)
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- * |In gas targets across shots with otherwise very similar
conditions we measure significant changes in
propagation, filamentation growth...

* Via conventional, multi-shot optical probing these
variations are easily resolvable
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Initial tests using solid targets...

Intensity changed by spot size Intensity changed by energy...

Intensity (W/cm?)

—— TNSA Fit Est. |

NE g AEy

L | A AFp i
=3 ok T AFp TNSA Est. ]
B\ PR IS SR TR SR [ ST TR T TR NS TR T TR TN NN TN NN SRS S [N TN SN SN S NN SO SN SN SO N SN SN SN SO AN SO ST S S |
é 0 1 2 3 4 5 6 7 3
g Nominal I, (Wem™?) x10'®

Time (ps)

We find the front surface expansion dynamics are different in laser intensity is
varied by laser energy compared to laser spot size

* This is helping us to understand differences in the proton energy scaling with
energy and spot size

Time (ps)



Key Issues/challenges with first design...

Losses in the system require high Good image quality at both Relative complexity and large
power levels...leading to damage wavelengths simultaneously footprint of the system gives large
on the first optics Is difficult with refractive optics delay offset




Ongoing development...
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» Second design is considerably more energy efficient therefore lower probe energies can be used (damage issue)

* Also, much more compact (~600 x 300) and therefore less path length (less additional time added compared to the
driver)






Summary...

University of

Strathclyde
* We have developed a polarisation and wavelength multiplexing optical probe Glasgow

e This has been demonstrated to enable 4-frames with picosecond-scale temporal resolution and
~<10 um 2D spatial resolution

* First tests using gas targets show the high degree of shot-to-shot variability in laser propagation and
therefore the need for this type of system

* Insolid targets we can also now able to see the difference in front surface plasma expansion
dynamics

* A more compact, efficient design has been completed (due to run in April 2020 but delayed due to
COVID-19)

* This design will be much more suited to smaller footprint and femtosecond scale sytems
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Thank you for your attention!
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