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Nonlocal heat flux was measured using Thomson scattering 
from electron plasma waves

• Classical theory is in good agreement with the measurement at the lowest-gradient location

• The measurements show a reduction in heat flux from classical Spitzer–Härm theory 
in regions of large temperature gradients (mei/bLTb> 0.01)

• The differences are consistent with nonlocal effects

• Simulations using the Schurtz–Nicolaï–Busquet (SNB) model calculate heat flux slightly reduced 
from classical values in the nonlocal region and overestimate the heat flux in low-gradient locations
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An accurate description of thermal transport in plasmas has large implications 
in direct-drive inertial confinement fusion

4

Motivation
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Classical thermal transport (i.e., Spitzer–Härm) requires the collisional 
distance of electrons to be small compared to the temperature scale length 
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Classical theory only requires information (including dTe) 
at a particular location to determine heat flux.

Position

“Local” conditions
El

ec
tro

n 
te

m
pe

ra
tu

re

mei

qSH = –ldTe

L
T
Te

eiT
ed
& m=

T
T

e
e
d



Position

v
f e

v

f e

Position

“Local” conditions “Nonlocal” conditions

El
ec

tro
n 

te
m

pe
ra

tu
re

El
ec

tro
n 

te
m

pe
ra

tu
re

LT

mei

LT

mei

–ldTe –ldTe

E27784

The classical model breaks down in regions with large temperature gradients 
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The validity of the classical theory can be expressed 
in terms of the collision parameter mei/LT.
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The Spitzer–Härm (classical theory) model accounts for heat flux 
by introducing a correction term to the electron distribution function
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The collective Thomson-scattering spectrum is sensitive 
to the electron distribution function
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The collective Thomson-scattering spectrum is sensitive 
to the electron distribution function
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Thomson scattering (TS) makes local measurements of plasma 
parameters (e.g., heat flux, electron temperature, and density)
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Thomson scattering makes local measurements of plasma 
parameters (e.g., heat flux, electron temperature, and density)
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The Thomson-scattering spectrum provides an accurate measure 
of the electron temperature, density, and heat flux
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Measurements at five locations in the corona provided 
high-quality Thomson-scattering data
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Using classical (SH) theory, the Thomson-scattering spectra were used to determine 
the electron temperature, density, and heat flux (mei/LT) at all five locations
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Measurements of electron temperature, density, and mei/LT  were obtained 
using classical theory (SH)
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Temperature and density profiles were used to infer the classical thermal flux

16

n e
 (#

10
20

 c
m

–3
)

0.0

0.5

1.0

1.5

1.10

1.15

1.20

1.25

1.30

Distance from target (nm)

Absolute 
error bars

T e
 (k

eV
)

1100 1200 14001300 1500
0.000

0.005

0.010

0.015

Distance from target (nm)

m
ei

 /
OL

TO

1100 1200 14001300 1500

Measured plasma
parameters

Spitzer–Härm limit

Heat flux inferred by temperature and density profiles 
violate classical theory (mei/bLTb > 7 × 10–3).

q
Lqfs

SH ei
T

?
m



E27792

When mei/OLTb > 7 × 10–3, there are noticeable discrepancies between the 
flux inferred from the measured plasma conditions (qSH = –ldTe) and the 
measured Thomson-scattering spectra
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Fokker–Planck calculations,* which include the relevant nonlocal thermal 
transport physics, were used to determine electron distribution functions 
consistent with the measured plasma conditions
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Fokker–Planck electron distribution functions recovered the amplitude 
of observed scattering features at all positions
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The excellent agreement between calculated and measured 
spectra provided a path to measure heat flux.
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In the most nonlocal conditions, the calculated spectra reproduce the 
amplitude of the scattering peaks, but underestimate the width
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The SNB* model is a computationally efficient method that uses multigroup 
diffusion to calculate nonlocal heat flux
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The SNB model overestimates the heat flux at all measured locations.
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The measured heat flux is reduced from values predicted by classical theory in 
the nonlocal regions and agrees with classical theory in small-gradient regions
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These results highlight the need to include physics often missing from computationally 
efficient models (i.e., high-order polynomials to properly resolve velocity space.)
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Summary/Conclusions

Nonlocal heat flux was measured using Thomson scattering 
from electron plasma waves

• Classical theory is in good agreement with the measurement at the lowest-gradient location

• The measurements show a reduction in heat flux from classical Spitzer–Härm theory 
in regions of large temperature gradients (mei/bLTb > 0.01)

• The differences are consistent with nonlocal effects

• Simulations using the Schurtz–Nicolaï–Busquet (SNB) model calculate heat flux slightly reduced 
from classical values in the nonlocal region and overestimate the heat flux in low-gradient locations

R. J. Henchen et al., Phys. Rev. Lett. 121, 125001 (2018). 


