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Mean-free path of heat
carrying electrons long

Can’t use diffusive LTE
transport T,

Solve kinetic equation for
‘right’ answer — can be slow

Reduced non-local models
must be used

Flux limiter — arbitrarily limit heat flux when unphysical

Reduced kinetic models also available (e.g. SNB)
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* Ab-intio calculation — Vlasov-Fokker-Planck (VFP) equation
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v —— - v — - {0+11 code
1, v coll - 3D (2 spatial, 1

._ velocity)
Solve for distribution  Collective Collisions _ B-fields

function — non-LTE fields

* Flux limiter — arbitrarily limit heat flux when unphysical
LTE (Braginskii) heat flow

1 1
— P /1/ Max heat flow = free streaming limit (qFS)
1 Arbitrary limiter = f
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* Ab-intio calculation — Vlasov-Fokker-Planck (VFP) equation
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High flux model
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High flux model

e XSN + £=0.05

first model for
NIC

 DCA + Non-
local

Better NLTE
physics but slow

M.D. Rosen et al., HEDP, 7, 180 (2011)
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deflects heat flow
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* Heat transport determines B-field evolution
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Magnetic fields & transport
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Magnetic fields & transport
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Magnetic fields & transport

* Magnetize hohlraum to imporove
capsule yield

e Simulations indicate Nernst
effect crucial in magnetized
hohlraums

* VFP simulations after 400ps with
7.5T applied field, density
5X10®Wcm-2. Ray tracing,
intensity ~5X10“Wcm-

A. Joglekar et al., Phys. Rev. E, 93, 043206 (2016)
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Magnetic fields & nonlocal Transport

* Magnetic fields modify degree of
nonlocality

* Magnetic field evolution non-local

e Need non-local models which self-
consistently include B-field

9B .1 vy,
ot en
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What can you do if you dont have an
ignition-scale facility?

* Large-scale ICF experiments inherently multi-scale —
necessitates simple models for kinetic processes

* Small-scale experiments can stress-test these models

(e.g. atomic kinetics, plasma kinetics, LPI, transport,
WDM.....)



Nonlocal transport experiment
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Nonlocal transport experiment
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Nonlocal transport experiment
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Nonlocal transport model
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Nonlocal transport model
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Nonlocal transport model
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Nonlocal transport model
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Nonlocal transport model
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Magnetic fields & nonlocal transport
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Magnetic fields & nonlocal transport

Biermann Biermann + Nernst
Te/keV

0.3
0.2
0.1
0.0
=01k
=02}
-0.3-

-06 -04 -0.2 0.0 0.2 0.4 0.6
z (cm) 0

No B-field
OB

E ~ V n,x V T, V- ( ) 1. Restricts conduction
. 2. Righi-Leduc
VN oC qe

W.A. Farmer et al., Phys. Plasmas, 24, 052703 (2017)

r (cm)
1N

w

Mo

—ke

* Magnetic field deflects heat flow



Nonlocal transport experiment

gas jet

2w probe

Twdriver

Thomson scattering collection spectrometer
+ periscope and CCD detector



Nonlocal transport experiment

N, Gas Jet

6.7 '1-mm nozzle
1w Heater Beam

10
2w Probe Beam

Thomson-scattering Volume
(70um x 60pum x 2000 pm)

Solenoid

f/5 collection
lens

/10 focusing optic

D.H. Froula et al., PRL, 98, 135001 (2007)

gas jet

2w probe

Twdriver

spectrometer
and CCD detector

Thomson scattering collection
+ periscope



Nonlocal transport experiment
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Nonlocal transport experiment
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Nonlocal transport experiment
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Nonlocal transport experiment
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Observing Nernst effect

* Gas-jet target — easily
change collisionality (n,

~5x1018-5x1019cm-?)

* Impose a magnetic field
(~3T)

* Diagnose B-field using
proton radiography
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Magnetic fields & transport
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* Biermann-producing
electric field is

en,E~—V P,
e But this assumes L.TE

* Relax this assumption
m, V(nv’)
6 (v

R.J. Kingham & A.R. Bell, PRL, 88, 045004 (2002)
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Kinetic Biermann

* Biermann-producing 087

electric field is 307 B muaton
= 0.6 -
en,E —VPe %D.E-
* But this assumes LTE EE;

* Relax this assumption 5 0.2-

m, V(n,v")§ ol

en, E~— 001 01
e 6 <V3> Mol 17

M. Sherlock & J.J Bissell, PRL, 124 055001 (2020)
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Laser

* Laser intensity 2x10“Wcm-,

spot size 33um. Gas density
1.5x10%cm?-3

VT, e 1D IMPACT simulations

C.P. Ridgers et al., Phil. Trans. R. Soc. A, 379, 20200079 (2020)
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M1 model - work in progress

M1 model — similar to SNB (more
complicated)

Naturally includes B-fields
LEARN project to assess accuracy

Relaxation of sine-wave is
promising
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Summary

Non-local transport must be captured accurately in ICF
simulations

Full kinetic codes too slow but reduced models exist

We can benchmark these using full kinetic codes and
simplified experiments

Need to include magnetic fields

No nonlocal model incuding B-fields has been
benchmarked...
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Non-local transport in MCF

e Scrape-Off Layer (SOL) - ‘open’ h%
field lines outside core plasma
onto divertor

e Heat load on divertor limitation
for high power devices

* Transport nonlocal in SOL
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Disclaimer

This document was prepared as an account of work sponsored by an agency of the
United States government. Neither the United States government nor Lawrence
Livermore National Security, LLC, nor any of their employees makes any warranty,
expressed or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States government or
Lawrence Livermore National Security, LLC. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States
government or Lawrence Livermore National Security, LLC, and shall not be used for
advertising or product endorsement purposes.
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