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Onset and effect of
relativistic transparency

 Particle acceleration
mechanisms still
unfolding story for solid
targets

* Applications: Proton
radiography, ion
cancer therapy, neutron
Imaging.

« Critical parameters:

« Target thickness

e Laser contrast
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M. Schollmeier et al., Physics of Plasmas 22, 043116 (2015)



Scarlet Laser

Specifications

15 J energy per pulse

30 fs pulse duration

Center wavelength at 815 nm
1 shot per minute

Intensity of >5 x 10 W/cm?
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2.7 nm

Smectic

Characterized by additional phases between
solid and liquid

Phases distinguished by molecular
orientation and ordering

Smectic phase forms films in stacked
sheets ~3 nm per layer

Vapor pressure well below
106 Torr

Surface tension in smectic phase forms
freely suspended film

Films contain ~ 100 nL of 8CB, so
hundreds can be made for $1
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P. L. Poole, et al., Physics of Plasmas 21, 063109 (2014).

Vertical film




Max proton energy along target normal direction (22.5° laser Aol)

5 J on target, ~5x10%° W/cm?

Max proton energy (MeV)
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Optimizing target normal ions
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10 nm to >40 pm

Better than 2 um RMS positioning
repeatability

$15 = 1 mL = well over 1000 films
seconds/film for thinnest films

BUT poor thickness reproducibility

P. L. Poole, et al., Physics of Plasmas 21,
063109 (2014).

C. Willis et al., Review of Scientific
Instruments 86, 053303 (2015)

LSTI paper submitted,
http://arxiv.org/abs/1507.08259

Patents pending
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Paul Gibbon, Nature Physics 3, 369 - 370 (2007);
d0i:10.1038/nphys639.

Plasma mirror requirements, issues:

Low weak field reflectivity (usually AR coating)
High strong field reflectivity

Flat over wide area

Vacuum compatible

Available at laser rep rate

For high rep rate systems: low cost
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Thickness
measurement

Transmission

Far field

Near field 2

Run on Astra at RAL to test liquid
crystal plasma mirrors

0.6 J input to chamber

40 fs pulse width

F/7 focus onto plasma mirror

S and P polarizations on target
Reflection and transmission diagnostics

University Pierre et Marie Curie
o A. Krygier

Rutherford Appleton Laboratory

o P.S. Foster, G. G. Scott, L. Wilson,
N. Bourgeois, J. Bailey

o D. Neely, R. Pattathil



Transmittance

Low intensity: ~5x101 W/cm?

S polarization

~15° Incident angle, 800 nm light
First reflectance minimum is ~270 nm with R < 0.2%
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 Initial results:
reflectance of ~ 75%

 Implied contrast
enhancement >350

 P-polarization results
lower by ~10%

S Thickness Scan--Near Field reflectance
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Input laser with
prepulse

N

14 MeV from 167 nm target
(not optimized)

Transmitted

prepulse

/\

Cleaned
pulse

Yy £ : 4 ..n" ;‘:‘ )- . ‘ E -;I g

2¥ N r‘s ri‘f%z -

S| Plasma | g Ve g
A mirror Lk >

« 1 meter focal length allows plasma mirror installation just before target

» While enhancing contrast, turning beam away from OAP protects it as well

« Key: liquid crystal plasma mirror is renewed on each shot, so prolonged debris-free
operation is possible
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Dielectric (low field)




Dielectric (low field)

270 nm target
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Dielectric 1onization




Plasma (high field)




Plasma (high field) 270 nm target
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2D3V (x-z) LSP [1] simulations
Laser
— 60 fs FWHM pulse duration
— 800 nm, I, =5 x 10?16 W/cm?
— 1.2 pm FWHM spot
— 16° angle of incidence
— s-polarized

Target
— 270 nm thick (reflection minimum)
— neutral atoms of 8CB (C,;H,:N) at 1 eV — 1 g/cc
— Index of refraction: n = 1.52 in target [2]

— lonization model: I'(t) = IS/Z%ex'p [—%I;’/Z %] [3]

[1] Welch & Rose, Comp. Phys. Comm. 164, 183-188 (2004)
[2] R.G. Horn. Journal de Physique 39, 1 (1978)
[3] P.B. Corkum. Phys. Rev. Lett. 71, 12 (1993)

Numerics

10 particles per species per cell
2.5 by 3 nm cells

Fully explicit

At =0.75 Courant limit

4 um vacuum gap
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2D simulations can’t capture a 3D
experimental laser focus

Estimate 3D reflectivity by approximating
Intensity distribution as several line foci
and using 2D sim reflectivities

Define bins around 2D intensities and
weight the energy in each by 2D
reflectivity:
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(b) Atomic potential deformed

@ Electron by the laser field
lonization
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http://wof-cluster.desy.de/sites/site_photonscience/content/e58/e186104/e186825/e186879
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Filmetrics commercial unit Confocal positioner for~1 HMm alignment

* 2 nm measurement accuracy. « Establish TCC using traditional techniques

* Draw a spot on the film using scatter from
a low power cw laser -

« Measure relative position using
confocal microscopy

» Works regardless of target
surface morphology

» 50 ms acquisition time.

» 48> standoff distance (or more
with imaging)

Pinhole (misalignment
results in lower intensity)

Objective
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 Runningat | ~
5x1011 W/cm?
and spot size ~ 0.5
mm

« Little change to laser
mode

Laser input
far field

Au slide
far field

Liquid crystal
far field

Laser input
near field

Au slide
near field

Liquid crystal
near field

4 mm







8CB film between crossed polarizers

p-polarization, 632 nm
Film at ~45° angle
(ideal for protecting laser)

et

Large area films would
needed In practice

Percent light transmitted
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