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Relativistic Current Filamentation Instability
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PIC Modelling of Current Filamentation Instability
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Current Filamentation Instability - Previous Works

e Proof-of-concept LWFA experiment has been done by our ™ Tpiasma Off 0
group in the past (Huntington et al.) a1l ®
mw
e Previous experiments demonstrate early growth of instability, - e
100
but do not explore a large parameter space. i
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Huntington, et al. "Current filamentation instability in laser wakefield accelerators." Physical review Allen, Brian, et al. "Experimental study of current
letters (2011) filamentation instability." Physical Review Letters (2012)
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. Beam Energy Scaling from Lu, W. et al. PRAB (2007)
Laser Wakefield oo >
. 3.10
Acceleration (LWFA) of 2.48
1.86
Electron Beams 124
0.62
0.00
-0. 62(3
~1.24'>, >
-1.86 ,_
1017 -2. 48|_|_|
10° 102
Laser Power [TW]

Density Colormap, Normalized, 0.000e+00 5

eV]) of Electron Beams

4.0e-05

Plasma Density [cm ™3]
=
o

2De-05

log(En

x2 [m]
o
g
3

e |WFA produces ultrashort (fs time scale), high current
density, low-divergence, relativistic electron beams.

e Beam parameters (high current density, GeV-class
energy, tunability) make LWFA an attractive source of
particle beams to study current filamentation instability in
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Experiment at CSU: Scan Length, Plasma Density, and
Filamentation Gas Species to Characterize Instability
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Surveyed Length & Plasma Density in Filamentation Cell

Parameter Space for Hydrogen Filamentation Gas
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Example of Parameter Space Measured

Califano et.al. 1D Homogenous Gr_owth Rate

7.5 15.0

10.0 12.5
Filamentation Length [cm]

2.5 5.0

478.4

426.0

373.7

321.3

ings

268.97T

-Fol

216.5 "

164.2

111.8

59.4

Peterson et.al. Growth Rate

1024

6 x 1023

4x10%3

23
3x10 0.2 -5 cm Cell

5-10 cm Cell
10 - 15 cm Cell

15.0

23
2x10 125

7.5
Filamentation Length [cm]

2.5 5.0 10.0

Cardarelli, J. “Characterizing the growth of current filamentation instability using laser wakefield accelerated beams”

75.18
67.17
59.17

51.16 .,

ing

43.16 ©

-Fol

3515

27.15

19.14

11.14

3.13




Filamentation Stage: Variable-Length Cell Designs

10 -15cm
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Sequential Off / On Test of Filamentation Gas Cell

Hydrogen 500 PSI 0.7 cm Argon 400 PSI 0.3 cm Nitrogen 20 PSI 11.5 cm
Shot 199 Shot 201 Shot 203|Shot 114 Shot 116 Shot 118|Shot 143 Shot 145 Shot 147

1.32
/
1.30

Shot 198 Shot 200 Shot 202|Shot 113 Shot 115 Shot 117|Shot 144 Shot 146 Shot 148 [ ~2°
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E \
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Gas Off
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Scanning Length of Instability for Similar Gas Densities

Hydrogen, 500 PSI, 0.2 - 5 cm Gas Cell Longer

Shot 181: 0.0 cm

Shot 62: 0.0 cm

Shot 51: 0.0 cm

Cardarelli, J.

Shot 226: 0.3 cm Shot 162: 0.5 cm

Shot 202: 0.7 cm Shot 154: 1.5 cm Shot 144: 2.5 cm Shot 180: 3.5 cm Shot 196: 4.5 cm

Shot 93: 9.5 cm

Hydrogen, 40 PSI, 5 - 10 cm Gas Cell

Shot 134: 5.5 cm Shot 125: 6.5 cm Shot 114: 7.5 cm

Hydrogen, 40 PSI, 10 - 15 cm Gas Cell

Shot 100: 8.5 cm

Shot 187: 10.5 cm Shot 163: 11.5 cm Shot 138: 12.5 cm Shot 118: 13.5 cm Shot 92: 14.5 cm

<
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Scanning Plasma Density: Clear Dependence

Hydrogen, 14.5 cm Instability Length
Shot 57: 20 PSI Shot 64: 40 PSI Shot 74: 80 PSI Shot 83: 120 PSI

Shot 58: 20 PSI Shot 65: 40 PSI Shot 75: 80 PSI Shot 85: 120 PSI
[
Shot 60: 20 PSI Shot 67: 40 PSI Shot 78: 80 PSI Shot 87: 120 PSI
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Conclusion / Ongoing Analysis

e Filamentation was observed over a wide range of instability parameters.
e \Work is ongoing to quantify the growth rate as a function of the experiment’s
parameter space.
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Thank you! Questions?

Email: jcardar@umich.edu
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Extra: Spectrometer Measurements From CSU Setup

Accelerator-Only ESPEC Diagnostic: Dispcirsion Fit Assuming Straight Pointing
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Extra: ESPEC On/Off test ~3 mm long, 500 PSI
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Continued...
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Continued...
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