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Talk overview

eWhat is the relativistic transparent regime?
eWhy is might it be relevant to fast ignition?
eExperiment

eSimulations

ePropagation model

eSUuMmMary
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Relativistic Transparency Regime

The critical plasma density, n. is when the laser frequency, o,
equals the plasma frequency, o,:

gOme

2
— mengL

2
e

Above this density the laser is unable to propagate.

However, for a;, > 1, the electrons have relativistic motion so
m, —» <y>m, where <y> = (1 + ay2/2)¥2 for linear polarisation.
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Therefore there is a modification to the critical density:
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Consequence — the laser can propagate to higher densities.
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Relevance of relativistic transparency to fast ignition

Distance from critical surface to dense core for different wavelengths

Ao (nm)  ne (ecm™) pc (gecm-3)
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Distance that fast electrons have to travel from the critical surface is quite far
considering the large divergence observed in electron beams.

Maybe can use relativistic transparency in hole boring scheme to get closer to core?
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Near critical density experiment
Foam targets

Images taken by C Sp/nd/oe
(c} 20 mg.fcm3 funm

e Wigen Nazarov produced these CHO foam targets

e Assuming full ionisation, electron plasma densities of 0.9n_ to 30n,
were shot
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Relativistic laser pulse
The Vulcan Petawatt laser system

1 Petawatt = 500 J / 500 fs
1.054 pm - n. = 1.0 x 10%! cm™3

For our experiment:
Energy = 255 £ 70 ]

Pulse length = 550 + 150 fs
Focal spot = 5.0 £ 0.5 um

Peak intensity = (7.7 £ 3.4) x 1020 Wcm2
Peak a, ~ 35
Ne, = 25 N,

Contrast ratio ~ 107
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Near critical density experiment
Experimental set up
Foam targets 10m mylar comparison targets
on axis on axis
electron , electron ,
spectometer | spectometer |
burn paper :
screen :
: Copper

stack

' activation
Copper :
activation - :
stack .

mylar target ¢
at 45° \
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Near critical density experiment
Electron spectra
1{]1"_1

Initial results measuring
the electron spectra = 3 mglem?’
along the_laser axis = 10 mglem?
showed high energy = 15 oo’
electron spectra B0 E
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Near critical density experiment

Proton acceleration

Copper activation stacks
were used to measure the
whole proton beam spectra.

Proton spectra have higher
maximum energy and
greater number for both the
10 ym mylar and 3 mg/cm3
(0.9n.) foam.

]D]I .
—&— 10pm mylar

—€-3 mg/cm’
—€-20 mg!cm"
845 mg/cm’

—®— 100 mg/cm’
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Number of protons / MeV
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Near critical density experiment
Proton acceleration
n, (n,)
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Near critical density experiment
Proton beam divergence

3mg/cm® 20 mg/cm® 45 mg/cm® 100 mg/cm?® 10 gm mylar
(249 J) (214 1) (202 1)) {169] (182 1J)

449
"l'
.

FWHM 429 320 46°

proton

energy
>7 MeV

>12.5 MeV

>22 MeV
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Near critical density simulations
Simulation set up

OSIRIS - 3D3V particle-in-cell code (Run as 2D3V)
- Run on a computer cluster using up to 32 nodes

1. Stationary box - allows the observation of plasma evolution
after the laser has passed

2. Moving box - simulation box travels at the speed of light so that
large propagation lengths can be investigated

ap = 15, 7 = 500 fs Simulations performed using
_ _ OSIRIS. We gratefully
Ne = 0.9 - 30 n acknowledge the OSIRIS
Proton plasma consortium UCLA/USC/IST
for the use of the code
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Near critical density simulations
Laser propagation

20 -10 0 10 20 z-direction electric field (m co/e)
10.5n,

00000 1

Moving box simulations R

The retardation of the laser pulse  {0.9n,
can be seen as the density 1000000t et
increases - still the laser is '
propagating beyond n., the non- ' ' ' '

et : 115
relativistic plasma density ] Sty »
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x-direction (pum)
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Near critical density simulations
Laser propagation direction Stationary box

laser envelope : wavefront angle
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Near critical density simulations
Laser propagation Stationary box

As the density increases the laser propagation is reduced.
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Near critical density simulations
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Similar general trends in maximum proton energy
The larger the distance from the end of the channel to
the rear surface, the larger the area the electrons
emerge from, reducing the electric field strength
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Near critical density simulations

Propagation depth 200
Ponderomotive hole boring (Wilks, PRL, 1992): ¢ simulation
150 [** -=-d
m n hb
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mn, g
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Near critical density simulations
Shock acceleration of protons

Evidence for shock acceleration of the protons is seen in some of the simulations,
particularly in the n, = 3n. - 15n..

The shock ion acceleration does not reach such high energies that are observed
from the rear side TNSA.
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Summary
Relativistic transparency regime investigation

Experiments: ;
eFoam targets produced near Hapem mylas —= 3

L. . 5 L8 oyl i
critical density plasma 2 ﬁr 3y
eproton acceleration diagnosed ;
interaction -3 S
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Simulations:
eObserved large changes in oo |°, 10 i T T
[} ®  srmilaleeEn
propagation direction 00" gé. . _m?M
. Pl 1 = - . - w—_—

eInvestigate laser propagation = 4| '* v ey ST
depth -~ P ! :;w- =, 100

ep wrdn| | - 1A gS E .
eTrends observed agree with gl 8 L £ o
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