
Picosecond Characterization of Underdense Plasmas 
for Studying Nonlinear Electron Plasma Wave Dynamics

A. Davies
University of Rochester
Laboratory for Laser Energetics

1

58th Annual Meeting of the
American Physical Society
Division of Plasma Physics

San Jose, CA
31 October–4 November 2016

520500 540 560 580

Thomson spectrum

P
o

w
er

 (
ar

b
it

ra
ry

 u
n

it
s)

0.0

0.5

1.0

1.5

Wavelength (nm)
480

Time = 15 ps
Te = 90 eV
ne = 9.0 × 1018 cm–3

–40 0 40 80 120160

Streaked Thomson-
scattering spectrum

W
av

el
en

g
th

 (
n

m
) 560

540

520

500

480

Time (ps)



E25686

Summary

Time-resolved Thomson scattering was used to characterize the temperature 
and density of a low-density plasma on a picosecond time scale

• The electron temperature was measured to increase rapidly to 90 eV over the first 15 ps 
and continues to 100 eV by 50 ps

• Initial measurements of the stimulated Raman scattering (SRS) backscatter spectrum 
have shown evidence of nonlinear electron plasma waves (EPW’s) at high intensities

• Dynamic Thomson scattering will be used to directly probe the amplitude 
and frequency of the EPW’s

– trapping-induced frequency shifts
– wavebreaking threshold 
– Landau damping
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Initial experiments are focusing on characterizing the plasma and measuring 
SRS backscatter dynamics in the nonlinear regime
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• Pump
– mcen = 1053 nm
– Emax = 50 J
– Dt = 1 to 100 ps

• Thomson-scattering probe
– mprobe = 527 nm
– ~1 J
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An H2 gas cell was used to create a 4-mm-long homogenous plasma 
and characterized using interferometry
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Interferometry indicates a neutral gas uniformity less than 4% rms.
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A novel high-throughput (f/5), ultrafast (ps), Thomson-scattering system* 
was used to measure the evolution of the plasma conditions
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This system is >20× faster than an equivalent (f/5) conventional streaked spectrometer diagnostic.

*J. Katz et al., Rev. Sci. Instrum. 87, 11E535 (2016).
†IAW: ion-acoustic wave
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Thermal Thomson scattering was used to measure 
the electron temperature and density
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The electron temperature was measured to increase rapidly in 15 ps to 90 eV.
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The backscatter spectrum suggests nonlinear physics are involved 
in high-intensity short-pulse experiments  
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A dynamic Thomson-scattering diagnostic will measure the frequency 
and amplitude of driven electron plasma waves
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These experiments will quantify the effects of trapping (D~NL) and the wavebreaking 
threshold in a well-characterized plasma.
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Summary/Conclusions
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Time-resolved Thomson scattering was used to characterize the temperature 
and density of a low-density plasma on a picosecond time scale

• The electron temperature was measured to increase rapidly to 90 eV over the first 15 ps 
and continues to 100 eV by 50 ps

• Initial measurements of the stimulated Raman scattering (SRS) backscatter spectrum 
have shown evidence of nonlinear electron plasma waves (EPW’s) at high intensities

• Dynamic Thomson scattering will be used to directly probe the amplitude 
and frequency of the EPW’s

– trapping-induced frequency shifts
– wavebreaking threshold 
– Landau damping


