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High flux model
● XSN + f=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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Magnetic fields & transport

S. Glenzer et al., Phys. Plasmas, 6, 2117 (1999)

● B-fields grow via Biermann battery
● Modify heat tranport

B

q
e

Magnetic field 
deflects heat flow

1. Restricts 
conduction

2. Righi-Leduc

∇ T e
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Magnetic fields & transport
● Magnetize hohlraum to imporove 

capsule yield
● Simulations indicate Nernst 

effect crucial in magnetized 
hohlraums

● VFP simulations after 400ps with 
7.5T applied field, density 
5x1019Wcm-2. Ray tracing, 
intensity ~5x1014Wcm-2 

A. Joglekar et al., Phys. Rev. E, 93, 043206 (2016) 
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● Magnetic field deflects heat flow

1. Restricts conduction

2. Righi-Leduc
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● Black – LASNEX simulationsD.H. Froula et al., PRL, 98, 135001 (2007)  
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Observing Nernst effect
● Gas-jet target → easily 

change collisionality (ne 
~5x1018-5x1019cm-3)

● Impose a magnetic field  
(~3T)

● Diagnose B-field using 
proton radiography
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Nonlocality in magnetised plasmas

C. Arran et al., 100, arXiV:2105.07414 (2021)  



  

Nonlocality in magnetised plasmas

C. Arran et al., 100, arXiV:2105.07414 (2021)  

ω τ≈10



  

Magnetic fields & transport
∂B
∂ t

≈−
1
ene

∇ ne×∇ T e−∇×(vN×B)



  

Magnetic fields & transport
∂B
∂ t

≈−
1
ene

∇ ne×∇ T e−∇×(vN×B)



  

Magnetic fields & transport
∂B
∂ t

≈−
1
ene

∇ ne×∇ T e−∇×(vN×B)



  

Magnetic fields & transport
∂B
∂ t

≈−
1
ene

∇ ne×∇ T e−∇×(vN×B)



  

Kinetic Biermann
● Biermann-producing 

electric field is

● But this assumes LTE

eneE≈−∇ Pe

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



  

Kinetic Biermann
● Biermann-producing 

electric field is

● But this assumes LTE
● Relax this assumption

eneE≈−∇ Pe

eneE≈−
me
6

∇ ⟨ne v
5
⟩

⟨v3
⟩

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



  

Kinetic Biermann
● Biermann-producing 

electric field is

● But this assumes LTE
● Relax this assumption

eneE≈−∇ Pe
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M. Sherlock & J.J Bissell, PRL, 124 055001 (2020) 
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● Laser intensity 2x1014Wcm-2, 
spot size 33mm.  Gas density 
1.5x1019cm-3

● 1D IMPACT simulations∇T e
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● 2D MHD simulations with density gradient
● B-field after 60ps 

f=0.05 ∇ ne f=0.15
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Kinetic Biermann

● Proton radiograph 
(normalised 
intensity map)
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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
● LDRD (M. Sherlock) to develop 

robust, fast VFP
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Future experiments
● Ongoing analysis 

of Vulcan expt. 
May see kinetic 
Biermann

● Kinetic Nernst 
needs lower -field
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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
● Scrape-Off Layer (SOL) - ‘open’ 

field lines outside core plasma 
onto divertor

● 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.


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 98
	Slide 99
	Slide 100
	Slide 101
	Slide 102
	Slide 103
	Slide 104
	Slide 105
	Slide 106
	Slide 107
	Slide 108
	Slide 109
	Slide 110
	Slide 111
	Slide 112
	Slide 113
	Slide 114
	Slide 115
	Slide 116
	Slide 117
	Slide 118
	Slide 119
	Slide 120
	Slide 121
	Slide 122
	Slide 123
	Slide 124
	Slide 125
	Slide 126
	Slide 127
	Slide 128
	Slide 129
	Slide 130
	Slide 131
	Slide 132
	Slide 133
	Slide 134
	Slide 135
	Slide 136
	Slide 137
	Slide 138
	Slide 139

