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Overview

1. Background
• What is inertial confinement fusion (ICF)? 
• ICF with lasers
• How does the National Ignition Facility (NIF), the world’s highest-energy laser, work?

2. If  at first you don’t succeed, try, try again… ICF on the NIF
• Initial set-back and recovery
• Late 2020/early 2021: first burning plasma
• August 2021: first significant self-heating
• December 2022: ignition

3. How do we do even better? Approaches for delivering high-gain ICF experiments in the next 5 years
• Novel plasma physics: leveraging the exotic material properties of  magnetised, weakly 

collisional plasmas

4. Inertial fusion energy: what do we need to solve to make this work?



What is inertial confinement fusion (ICF)?
To make fusion happen, need to confine very hot plasma   

Magnetic confinement fusion (MCF): 
use magnetic “cage” 
(tokamak/stellarator)

Credit: IPP, adapted by C. Bickel/Science Nuclear bombs not practical… use lasers instead!
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Inertial confinement fusion (ICF): 
make fusion reactions happen before 

plasma has a chance to escape



ICF with lasers
Atmosphere 
formation 

Compression Ignition Burn
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Laser ICF capsules
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+ P↵ ⇠ n2T 4
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T 7/2
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Compression Alpha heating
<latexit sha1_base64="dyPdhv9w7t/9KO/carMPKIZO7n8="></latexit>

D+T ! n(14.1MeV) +
4
He(3.5MeV)
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D+T ! n(14.1MeV) +
4
He(3.5MeV)

Radiation Thermal 
conduction

Heating Cooling

Hot DT
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Cold, dense DT
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Laser ICF capsules

~2 mm

Hot DT
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Cold, dense DT
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Laser ICF capsules

~2 mm

DT shot N120716 
at bang timeHot DT

<latexit sha1_base64="bO7iRr83I876OLlmIfv6Fo5tAdE=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjPB7Rjw4jGCWSAZQk+nJ2nSy9BdEwhDPsOLB0W8+jXe/Bs7yRw08UHB470qqupFieAWfP/bK2xsbm3vFHdLe/sHh0fl45OW1amhrEm10KYTEcsEV6wJHATrJIYRGQnWjsb3c789YcZyrZ5gmrBQkqHiMacEnNSd9LOekZjLZNYvV/yqvwBeJ0FOKihHo1/+6g00TSVTQAWxthv4CYQZMcCpYLNSL7UsIXRMhqzrqCKS2TBbnDzDF04Z4FgbVwrwQv09kRFp7VRGrlMSGNlVby7+53VTiO/CjKskBaboclGcCgwaz//HA24YBTF1hFDD3a2YjoghFFxKJRdCsPryOmnVqsFN9frxqlKv5XEU0Rk6R5coQLeojh5QAzURRRo9o1f05oH34r17H8vWgpfPnKI/8D5/AG1ckVA=</latexit>vimp

Cold, dense DT
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Direct-drive vs. indirect drive
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Indirect drive only 
couples ~10% laser 
energy in x-rays…

...but direct drive more 
prone to instabilities!

Credit:  R Patel, LLNL

Credit: USA Department of Energy

Credit:  R Patel, LLNL



The world’s highest energy lasers

OMEGA60, 
OMEGA-EP

NIF  
Janus, Titan

LULI
LMJ

VulcanOrion
ISKRA-5

Gekko-12
SG-II

SG-III



The National Ignition Facility (NIF) 

Lawrence Livermore 
National Laboratory

National 
Ignition 
Facility
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The National Ignition Facility (NIF) 

3. 192 beams converge onto 
~mm3 volume in 1 ns

4. Warp drive of  the Enterprise!

Credit: LLNL

1. Most energetic laser in the world (> 2 MJ)

2. Power output = US national grid
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How do NIF’s lasers work?
Basic principle of  lasers: leveraging stimulated emission of  excited atoms!  

1. Population inversion: 

2. Rate of  spontaneous emission < rate of  decay of  lower level

3. High pumping rate/long lifetime of  upper level

<latexit sha1_base64="koWEZKr312S8EWdlIT8bdgOuInI=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6yQBLx4jmAcmyzI76U2GzM4uM7NCCPkLLx4U8erfePNvnCR70MSChqKqm+6uMBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhUyeZYthgiUhUO6QaBZfYMNwIbKcKaRwKbIXD26nfekKleSIfzChFP6Z9ySPOqLHSowyq5IbIwCNBqexW3BnIMvFyUoYc9aD01e0lLItRGiao1h3PTY0/pspwJnBS7GYaU8qGtI8dSyWNUfvj2cUTcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vk5no2h9zmWYGJZsvijJBTEKm75MeV8iMGFlCmeL2VsIGVFFmbEhFG4K3+PIyaVYr3mXl4v68XKvmcRTgGE7gDDy4ghrcQR0awEDCM7zCm6OdF+fd+Zi3rjj5zBH8gfP5A3svj3M=</latexit>

n2 > n1

To achieve this in practice, need system (gain medium) with > 2 levels…

Credit: Lance Miller, Oxford

Credit: Lance Miller, Oxford



NIF’s amplifiers
Credit: LLNLGain medium on NIF: Nd-doped phosphate glass   
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Beam transport
Credit: LLNLPost-amplification, need to fine-tune the beams…

Credit: LLNL

Credit: LLNL



NIF’s final optics
Credit: LLNL

…convert them to higher-frequency light…

Credit: LLNL

Credit: LLNL



NIF’s target chamber
Credit: LLNL

…and then focus them into the chamber!

Credit: LLNL



NIF indirect-drive targets
~1 cm scale hohlraums containing ~1 mm scale capsules 
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H.Abu-Shawareb et al. (2022), PRL 129 075001



NIF’s operators
All aspects of  shot delivery controlled at central location by highly professional LLNL staff!
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What are the key numbers to remember for NIF? 
1. Energy stored in capacitors: ~320 MJ

2. Energy in laser beams: ~2 MJ

3. Energy in capsule-imploding x-rays: ~170 kJ 

NAS definition of  ignition: 
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“Fusion energy out > Laser energy in” 

“Burning” plasma: 

“Fusion energy out > X-ray energy in” 

“Self-heating” plasma: 

“Fusion energy out      X-ray energy in” <latexit sha1_base64="QsiNu5ZxATSKMDjQCWJNjgHeAm0=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU8kuWttbwYvHitYW2qVk0+w2NJtdkqxQSn+CFw+KePUXefPfmG0rqOiDgcd7M8zMC1LBtcH4wymsrK6tbxQ3S1vbO7t75f2DO51kirI2TUSiugHRTHDJ2oYbwbqpYiQOBOsE48vc79wzpXkib80kZX5MIslDTomx0k0/igblCq5ii1oN5cStY9eSRqPueQ3kzi2MK7BEa1B+7w8TmsVMGiqI1j0Xp8afEmU4FWxW6meapYSOScR6lkoSM+1P56fO0IlVhihMlC1p0Fz9PjElsdaTOLCdMTEj/dvLxb+8XmbCuj/lMs0Mk3SxKMwEMgnK/0ZDrhg1YmIJoYrbWxEdEUWosemUbAhfn6L/yZ1XdWvV8+uzStNbxlGEIziGU3DhAppwBS1oA4UIHuAJnh3hPDovzuuiteAsZw7hB5y3T5S9jfk=</latexit>�

IFE needs
“Fusion energy out > Wall-plug energy in”



National Ignition Campaign (NIC): 2009-12
Goal of  NIC: to reach ignition  

Outcome of  NIC: energy yields < 3 kJ

Increasing laser energy to maximum values degraded performance... Hydro instabilities responsible!
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Recovering from a disappointing start…
Post NIC: science-driven campaign to address known issues with implosion experiments  

Better stability Better stability, symmetry, 
energetics

Low foot (2 kJ) High foot (27 kJ) HDC/Big foot (55 kJ)
HDC/Big 

foot

CH high foot

Low foot
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Significant progress towards higher pressures, but less improvement in energy



Further progress…
How to increase energy? Increase capsule size…? 
…but initially lost hotspot pressure in doing so.

Why? Coast time too long, capsule deficiencies 

Capsule 
radius

Coasting 
timeLaser 

power

Radiation 
drive

Time Peak 
compression

Team then improved capsules, redesigned coast…
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…to make a burning plasma!
Key metric: fusion yield of  170 kJ ~ X-ray energy! 

A.B. Zylstra et al. (2022) Nature 601 542
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…to make a burning plasma!
Key metric: fusion yield of  170 kJ ~ X-ray energy! 

<latexit sha1_base64="UlxSNtyUEiDqY27QvL5qoQJSfFA=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTFqhuh4EKXLdgHtCFMppN26MwkzEyEErJw46+4caGIWz/CnX/jtM1CWw9cOJxzL/feE8SMKu0431ZhbX1jc6u4XdrZ3ds/sA+POipKJCZtHLFI9gKkCKOCtDXVjPRiSRAPGOkGk5uZ330gUtFI3OtpTDyORoKGFCNtJN8u3/rpQHIYJoRl8BrWYcsIiMVjlPl2xak6c8BV4uakAnI0fftrMIxwwonQmCGl+q4Tay9FUlPMSFYaJIrECE/QiPQNFYgT5aXzJzJ4apQhDCNpSmg4V39PpIgrNeWB6eRIj9WyNxP/8/qJDq+8lIo40UTgxaIwYVBHcJYIHFJJsGZTQxCW1NwK8RhJhLXJrWRCcJdfXiWdWtW9qNZb55VGLY+jCMrgBJwBF1yCBrgDTdAGGDyCZ/AK3qwn68V6tz4WrQUrnzkGf2B9/gBLq5c0</latexit> G
fu
el
=

5Q
↵

𝛼 heating of  plasma ~ external heating
A.B. Zylstra et al. (2022) Nature 601 542



August 2021: significant self-heating…
Next: reduce the size of  the entrance hole, reduce coast, better ablator quality… 
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H.Abu-Shawareb et al. (2022) Phys. Rev. Lett. 129 075001

Fusion yield of  1.3 MJ ~ X-ray energy x8!, x0.7 of  laser energy (1.9 MJ) 



August 2021: significant self-heating…
Next: reduce the size of  the entrance hole, reduce coast, better ablator quality… 

Fusion yield of  1.3 MJ ~ X-ray energy x8!, x0.7 of  laser energy (1.9 MJ) 

H.Abu-Shawareb et al. (2022) Phys. Rev. Lett. 129 075001

H.Abu-Shawareb et al. (2022) Phys. Rev. Lett. 129 075001



Taking stock: over 500 times improvement…
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…cue headlines!

Credit for slide:  T. Ma (2022), LLNL



Variability post August 2021…
How repeatable was shot N210808? Initially, not very…

What went wrong? 1) Ablator mixing into the hot spot; 2) Low mode asymmetries; 3) Ignition cliff  

Credit:  T. Ma (2022), LLNLCredit:  T. Ma (2022), LLNL



Attempts to improve robustness 
How do we overcome variability? Take advance of  ignition cliff, leverage ~7% increase in laser energy

Use thicker ablator

Adjust 
laser pulse 

shape

Result: comparable to previous record, not better 

Why? 1) Capsule manufacturing issues; 2) new implosion asymmetry

Credit for figure:  A. Kritcher (2023), LLNL Credit for figure:  A. Kritcher (2023), LLNL



And then in December 2022…
Solution: optimise laser irradiation to remove asymmetric drive! 

Headline results

Fusion yield of  3.15 MJ

~17x x-ray energy

<latexit sha1_base64="r64AJHgyS4S6knH6nZfuP8xI7MY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGXxch4MVjAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupv5rSdUmsfywYwT9CM6kDzkjBor1W97xZJbducgq8TLSAky1HrFr24/ZmmE0jBBte54bmL8CVWGM4HTQjfVmFA2ogPsWCpphNqfzA+dkjOr9EkYK1vSkLn6e2JCI63HUWA7I2qGetmbif95ndSEN/6EyyQ1KNliUZgKYmIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2BC85ZdXSbNS9q7Kl/WLUrWSxZGHEziFc/DgGqpwDzVoAAOEZ3iFN+fReXHenY9Fa87JZo7hD5zPH4s9jLs=</latexit>

=

~1.5x laser energy

<latexit sha1_base64="r64AJHgyS4S6knH6nZfuP8xI7MY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGXxch4MVjAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupv5rSdUmsfywYwT9CM6kDzkjBor1W97xZJbducgq8TLSAky1HrFr24/ZmmE0jBBte54bmL8CVWGM4HTQjfVmFA2ogPsWCpphNqfzA+dkjOr9EkYK1vSkLn6e2JCI63HUWA7I2qGetmbif95ndSEN/6EyyQ1KNliUZgKYmIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2BC85ZdXSbNS9q7Kl/WLUrWSxZGHEziFc/DgGqpwDzVoAAOEZ3iFN+fReXHenY9Fa87JZo7hD5zPH4s9jLs=</latexit>

=

Ignition!

<latexit sha1_base64="r64AJHgyS4S6knH6nZfuP8xI7MY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGXxch4MVjAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupv5rSdUmsfywYwT9CM6kDzkjBor1W97xZJbducgq8TLSAky1HrFr24/ZmmE0jBBte54bmL8CVWGM4HTQjfVmFA2ogPsWCpphNqfzA+dkjOr9EkYK1vSkLn6e2JCI63HUWA7I2qGetmbif95ndSEN/6EyyQ1KNliUZgKYmIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2BC85ZdXSbNS9q7Kl/WLUrWSxZGHEziFc/DgGqpwDzVoAAOEZ3iFN+fReXHenY9Fa87JZo7hD5zPH4s9jLs=</latexit>

=

x1,500 improvement in 10 
years 

Credit for figure:  A. Kritcher (2023), LLNL



*Hot topic*: how can we even do better?

A1: Optimising the current approach:
• Improved laser to x-ray energy coupling using more efficient hohlraums
• Achieve higher compression with further pulse shape improvements
• Scale to larger capsules using further laser-energy improvements at NIF (plans to go to ~2.5-3 MJ)

Q: how do we go from gains of  ~1.5 to >40 (i.e. what’s needed for power generation)?

A2: can we leverage plasma physics to design better capsules? 
• Neutron spectra observations (E. Hartouni et al. 2022) indicate novel kinetic physics in NIF hotspots:

• Magnetic fields…!



<latexit sha1_base64="jZ/QR/T78WseqDDXt5IDhs3HX24=">AAACCHicbVC7TsMwFHXKq5RXgJEBi4JUJKgS3mMlFsYi0YfUhMpxndaqnUS2g1RFGVn4FRYGEGLlE9j4G5w2A7QcydLxOffq3nu8iFGpLOvbKMzNLywuFZdLK6tr6xvm5lZThrHApIFDFoq2hyRhNCANRRUj7UgQxD1GWt7wOvNbD0RIGgZ3ahQRl6N+QH2KkdJS19x1xCCEzhGsOBypgeDJsJ99+X1yfJqmh12zbFWtMeAssXNSBjnqXfPL6YU45iRQmCEpO7YVKTdBQlHMSFpyYkkihIeoTzqaBogT6SbjQ1J4oJUe9EOhX6DgWP3dkSAu5Yh7ujLbVk57mfif14mVf+UmNIhiRQI8GeTHDKoQZqnAHhUEKzbSBGFB9a4QD5BAWOnsSjoEe/rkWdI8qdoX1fPbs3JtP4+jCHbAHqgAG1yCGrgBddAAGDyCZ/AK3own48V4Nz4mpQUj79kGf2B8/gBFFZgl</latexit>

⇢ (kgm�3)
<latexit sha1_base64="dSzmf45sVFyJx5dradgZY5wNwQA=">AAAB/XicdVDLSgMxFM3UV62v+ti5CVahgpQZsT52BTcuK/QF7TBk0ts2NJkZkoxQh+KvuHGhiFv/w51/Y6Yt4vNA4HDOvdyT40ecKW3b71Zmbn5hcSm7nFtZXVvfyG9uNVQYSwp1GvJQtnyigLMA6pppDq1IAhE+h6Y/vEz95g1IxcKgpkcRuIL0A9ZjlGgjefmdmge4c4SLHUH0QIoEGuNDL1+wSxcpytgp2RP8JgU0Q9XLv3W6IY0FBJpyolTbsSPtJkRqRjmMc51YQUTokPShbWhABCg3maQf4wOjdHEvlOYFGk/UrxsJEUqNhG8m04zqp5eKf3ntWPfO3YQFUawhoNNDvZhjHeK0CtxlEqjmI0MIlcxkxXRAJKHaFJYzJfz/90/SOC45p6Xy9Umhsj+rI4t20R4qIgedoQq6QlVURxTdonv0iJ6sO+vBerZepqMZa7azjb7Bev0AM7yUXA==</latexit>

Te (eV)

<latexit sha1_base64="ThHllO3hBQMdpSV1o234YhOV85M=">AAAB+nicdVDLSgMxFM34rPU11aWbYBUqSJkR62NXdOOyQl/QGUomzbShSWZIMkoZ+yluXCji1i9x59+YaYv4PBA4nHMv9+QEMaNKO867NTe/sLi0nFvJr66tb2zaha2mihKJSQNHLJLtACnCqCANTTUj7VgSxANGWsHwMvNbN0QqGom6HsXE56gvaEgx0kbq2oUL6B3CkseRHkie1scHXbvolM8zVKBbdib4TYpghlrXfvN6EU44ERozpFTHdWLtp0hqihkZ571EkRjhIeqTjqECcaL8dBJ9DPeN0oNhJM0TGk7Urxsp4kqNeGAms4jqp5eJf3mdRIdnfkpFnGgi8PRQmDCoI5j1AHtUEqzZyBCEJTVZIR4gibA2beVNCf///ZM0j8ruSblyfVys7s3qyIEdsAtKwAWnoAquQA00AAa34B48gifrznqwnq2X6eicNdvZBt9gvX4AzqqTAQ==</latexit>

B (T)
<latexit sha1_base64="pQLgrCVuhNYQKf18PrPJmGpzGr0=">AAACBHicdVDLSsNAFJ3UV62vqMtuBqvgKiRifeCm4KbLCvYBTSiT6aQdOjMJMxOhhC7c+CtuXCji1o9w5984aYv4PHDhcM693HtPmDCqtOu+W4WFxaXlleJqaW19Y3PL3t5pqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB2OLnO/fUOkorG41uOEBBwNBI0oRtpIPbvsc6SHkmd1xBj0LyBMkEScaCInPbviOuc5qtBz3Cl+kwqYo9Gz3/x+jFNOhMYMKdX13EQHGZKaYkYmJT9VJEF4hAaka6gwe1SQTZ+YwAOj9GEUS1NCw6n6dSJDXKkxD01nfrL66eXiX1431dFZkFGRpJoIPFsUpQzqGOaJwD6VBGs2NgRhSc2tEA9NCNhkoEomhP9//yStI8c7capXx5Xa/jyOIiiDPXAIPHAKaqAOGqAJMLgF9+ARPFl31oP1bL3MWgvWfGYXfIP1+gF/fpfv</latexit>

Hall parameter

Why do magnetic fields matter in ICF experiments?
Magnetic fields spontaneously generated in NIF ICF experiments magnetise the plasma’s electrons

C. Walsh et al. 2017 PRL 118 155001Magnetic field 
line

Electron

Credit: M. Barnes!

<latexit sha1_base64="vI7OwvLUOXxFt0JkCKty/rIsEYw=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFZL06a4ggssK9gFNCJPJpB06eTAzKZTQP3HjQhG3/ok7/8ZJW0FFD1w4nHMv997jp4wKaZofWmljc2t7p7xb2ds/ODzSj0/6Isk4Jj2csIQPfSQIozHpSSoZGaacoMhnZOBPrwt/MCNc0CS+l/OUuBEaxzSkGEklebruBIRJBG+83OERxAtPr5rGVbtpN2xoGqbZsmvNgtitul2DllIKVMEaXU9/d4IEZxGJJWZIiJFlptLNEZcUM7KoOJkgKcJTNCYjRWMUEeHmy8sX8EIpAQwTriqWcKl+n8hRJMQ88lVnhORE/PYK8S9vlMmw7eY0TjNJYrxaFGYMygQWMcCAcoIlmyuCMKfqVogniCMsVVgVFcLXp/B/0rcNq2k07urVjr2OowzOwDm4BBZogQ64BV3QAxjMwAN4As9arj1qL9rrqrWkrWdOwQ9ob59H/JNp</latexit>

�Ec <latexit sha1_base64="jZ/QR/T78WseqDDXt5IDhs3HX24=">AAACCHicbVC7TsMwFHXKq5RXgJEBi4JUJKgS3mMlFsYi0YfUhMpxndaqnUS2g1RFGVn4FRYGEGLlE9j4G5w2A7QcydLxOffq3nu8iFGpLOvbKMzNLywuFZdLK6tr6xvm5lZThrHApIFDFoq2hyRhNCANRRUj7UgQxD1GWt7wOvNbD0RIGgZ3ahQRl6N+QH2KkdJS19x1xCCEzhGsOBypgeDJsJ99+X1yfJqmh12zbFWtMeAssXNSBjnqXfPL6YU45iRQmCEpO7YVKTdBQlHMSFpyYkkihIeoTzqaBogT6SbjQ1J4oJUe9EOhX6DgWP3dkSAu5Yh7ujLbVk57mfif14mVf+UmNIhiRQI8GeTHDKoQZqnAHhUEKzbSBGFB9a4QD5BAWOnsSjoEe/rkWdI8qdoX1fPbs3JtP4+jCHbAHqgAG1yCGrgBddAAGDyCZ/AK3own48V4Nz4mpQUj79kGf2B8/gBFFZgl</latexit>

⇢ (kgm�3)
<latexit sha1_base64="dSzmf45sVFyJx5dradgZY5wNwQA=">AAAB/XicdVDLSgMxFM3UV62v+ti5CVahgpQZsT52BTcuK/QF7TBk0ts2NJkZkoxQh+KvuHGhiFv/w51/Y6Yt4vNA4HDOvdyT40ecKW3b71Zmbn5hcSm7nFtZXVvfyG9uNVQYSwp1GvJQtnyigLMA6pppDq1IAhE+h6Y/vEz95g1IxcKgpkcRuIL0A9ZjlGgjefmdmge4c4SLHUH0QIoEGuNDL1+wSxcpytgp2RP8JgU0Q9XLv3W6IY0FBJpyolTbsSPtJkRqRjmMc51YQUTokPShbWhABCg3maQf4wOjdHEvlOYFGk/UrxsJEUqNhG8m04zqp5eKf3ntWPfO3YQFUawhoNNDvZhjHeK0CtxlEqjmI0MIlcxkxXRAJKHaFJYzJfz/90/SOC45p6Xy9Umhsj+rI4t20R4qIgedoQq6QlVURxTdonv0iJ6sO+vBerZepqMZa7azjb7Bev0AM7yUXA==</latexit>

Te (eV)



Why are these magnetic fields important?

Example: ICM of  galaxy clusters

<latexit sha1_base64="yuVRGBxujJ4+LB3s+7CMcQjdHNg=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBg4REi7W3ghePLdgPaEPZbDft2s0m7G6EEvoLvHhQxKs/yZv/xm0aQUUfDDzem2Fmnh9zprTjfFiFldW19Y3iZmlre2d3r7x/0FFRIgltk4hHsudjRTkTtK2Z5rQXS4pDn9OuP71e+N17KhWLxK2exdQL8ViwgBGsjdS6GJYrjl3PgJakVs1J3UWu7WSoQI7msPw+GEUkCanQhGOl+q4Tay/FUjPC6bw0SBSNMZniMe0bKnBIlZdmh87RiVFGKIikKaFRpn6fSHGo1Cz0TWeI9UT99hbiX14/0cGVlzIRJ5oKslwUJBzpCC2+RiMmKdF8ZggmkplbEZlgiYk22ZRMCF+fov9J59x2L+1qq1ppnOVxFOEIjuEUXKhBA26gCW0gQOEBnuDZurMerRfrddlasPKZQ/gB6+0TTy+NPQ==</latexit>

3

<latexit sha1_base64="Gic8c8Y9MM5LAEubGbiGR9Bnedg=">AAAB5HicdVDLSgNBEOyNrxhf0auXwSB4kGVXgjG3gBePEcwDkiXMTnqTMbMPZmaFsOQLvHhQvPpN3vwbJ5sVVLSgoajqprvLTwRX2nE+rNLa+sbmVnm7srO7t39QrRx2VZxKhh0Wi1j2fapQ8Ag7mmuB/UQiDX2BPX92vfR7DygVj6M7PU/QC+kk4gFnVBvptj6q1hy7mYOsSKNekKZLXNvJUYMC7VH1fTiOWRpipJmgSg1cJ9FeRqXmTOCiMkwVJpTN6AQHhkY0ROVl+aELcmqUMQliaSrSJFe/T2Q0VGoe+qYzpHqqfntL8S9vkOrgyst4lKQaI7ZaFKSC6JgsvyZjLpFpMTeEMsnNrYRNqaRMm2wqJoSvT8n/pHthu5d2vdY6L8IowzGcwBm40IAW3EAbOsAA4RGe4cW6t56s11VjySomjuAHrLdP5AqMFA==</latexit>

4

<latexit sha1_base64="bso3QtidaQ+u1JH8jI8mCl//sA0=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBg4REqrW3ghePLdgPaEPZbDft2s0m7G6EEvoLvHhQxKs/yZv/xm0aQUUfDDzem2Fmnh9zprTjfFiFldW19Y3iZmlre2d3r7x/0FFRIgltk4hHsudjRTkTtK2Z5rQXS4pDn9OuP71e+N17KhWLxK2exdQL8ViwgBGsjdS6GJYrjl3PgJakVs1J3UWu7WSoQI7msPw+GEUkCanQhGOl+q4Tay/FUjPC6bw0SBSNMZniMe0bKnBIlZdmh87RiVFGKIikKaFRpn6fSHGo1Cz0TWeI9UT99hbiX14/0cGVlzIRJ5oKslwUJBzpCC2+RiMmKdF8ZggmkplbEZlgiYk22ZRMCF+fov9J59x2L+1qq1ppnOVxFOEIjuEUXKhBA26gCW0gQOEBnuDZurMerRfrddlasPKZQ/gB6+0TUjeNPw==</latexit>

5

<latexit sha1_base64="U5pZgsrhMiSISJmupK5WDRLJ9IA=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBg4RESmtvBS8eW7Af0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds0goo+GHi8N8PMPD/mTGnH+bAKa+sbm1vF7dLO7t7+QfnwqKuiRFLo0IhHsu8TBZwJ6GimOfRjCST0OfT82fXS792DVCwSt3oegxeSiWABo0QbqV0blSuO3ciAV6RezUnDxa7tZKigHK1R+X04jmgSgtCUE6UGrhNrLyVSM8phURomCmJCZ2QCA0MFCUF5aXboAp8ZZYyDSJoSGmfq94mUhErNQ990hkRP1W9vKf7lDRIdXHkpE3GiQdDVoiDhWEd4+TUeMwlU87khhEpmbsV0SiSh2mRTMiF8fYr/J91L263Z1Xa10rzI4yiiE3SKzpGL6qiJblALdRBFgB7QE3q27qxH68V6XbUWrHzmGP2A9fYJU7uNQA==</latexit>

6

<latexit sha1_base64="TMkno3EiZIexKrJbiI1Y91O7t1s=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8yLIrwZhbwIvHBMwDkiXMTnqTMbMPZmaFEPIFXjwo4tVP8ubfONmsoKIFDUVVN91dfiK40o7zYa2srq1vbBa2its7u3v7pYPDtopTybDFYhHLrk8VCh5hS3MtsJtIpKEvsONPrhd+5x6l4nF0q6cJeiEdRTzgjGojNauDUtmxaxnIklQrOam5xLWdDGXI0RiU3vvDmKUhRpoJqlTPdRLtzajUnAmcF/upwoSyCR1hz9CIhqi8WXbonJwaZUiCWJqKNMnU7xMzGio1DX3TGVI9Vr+9hfiX10t1cOXNeJSkGiO2XBSkguiYLL4mQy6RaTE1hDLJza2EjamkTJtsiiaEr0/J/6R9YbuXdqVZKdfP8zgKcAwncAYuVKEON9CAFjBAeIAneLburEfrxXpdtq5Y+cwR/ID19glVP41B</latexit>

7

<latexit sha1_base64="hqanrUMBhtCStJNoIuL2oICDkPo=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBg4REim1vBS8eW7Af0Iay2W7atZtN2N0IJfQXePGgiFd/kjf/jds0goo+GHi8N8PMPD/mTGnH+bAKa+sbm1vF7dLO7t7+QfnwqKuiRBLaIRGPZN/HinImaEczzWk/lhSHPqc9f3a99Hv3VCoWiVs9j6kX4olgASNYG6ldH5Urjt3IgFakVs1Jw0Wu7WSoQI7WqPw+HEckCanQhGOlBq4Tay/FUjPC6aI0TBSNMZnhCR0YKnBIlZdmhy7QmVHGKIikKaFRpn6fSHGo1Dz0TWeI9VT99pbiX94g0UHdS5mIE00FWS0KEo50hJZfozGTlGg+NwQTycytiEyxxESbbEomhK9P0f+ke2m7V3a1Xa00L/I4inACp3AOLtSgCTfQgg4QoPAAT/Bs3VmP1ov1umotWPnMMfyA9fYJVsONQg==</latexit>

8

<latexit sha1_base64="yC+XP4FpPsNjh/RSIVQBq7EGJ2g=">AAACFnicdZDNSgMxFIUz9a/Wv6pLN8EiKGiZkWLtruDGZQVbC50yZNLbNjTJDElGKEOfwo2v4saFIm7FnW9jOq2gogcCH+feS+49YcyZNq774eQWFpeWV/KrhbX1jc2t4vZOS0eJotCkEY9UOyQaOJPQNMxwaMcKiAg53ISji2n95haUZpG8NuMYuoIMJOszSoy1guKJz4kccMDXAWBfZRykvhK4PcH+MT70BTFDJdIRtCZHQbHklmuZ8AyqlTnUPOyV3UwlNFcjKL77vYgmAqShnGjd8dzYdFOiDKMcJgU/0RATOiID6FiURIDuptlZE3xgnR7uR8o+aXDmfp9IidB6LELbOV1S/65Nzb9qncT0z7spk3FiQNLZR/2EYxPhaUa4xxRQw8cWCFXM7orpkChCjU2yYEP4uhT/D63TsndWrlxVSvXjeRx5tIf20SHyUBXV0SVqoCai6A49oCf07Nw7j86L8zprzTnzmV30Q87bJ7VRnxU=</latexit> hT
e
i X

(k
eV

)
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Magnetised electrons à suppressed heat conduction…!

Magnetic field 
line

Electron

<latexit sha1_base64="vI7OwvLUOXxFt0JkCKty/rIsEYw=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFZL06a4ggssK9gFNCJPJpB06eTAzKZTQP3HjQhG3/ok7/8ZJW0FFD1w4nHMv997jp4wKaZofWmljc2t7p7xb2ds/ODzSj0/6Isk4Jj2csIQPfSQIozHpSSoZGaacoMhnZOBPrwt/MCNc0CS+l/OUuBEaxzSkGEklebruBIRJBG+83OERxAtPr5rGVbtpN2xoGqbZsmvNgtitul2DllIKVMEaXU9/d4IEZxGJJWZIiJFlptLNEZcUM7KoOJkgKcJTNCYjRWMUEeHmy8sX8EIpAQwTriqWcKl+n8hRJMQ88lVnhORE/PYK8S9vlMmw7eY0TjNJYrxaFGYMygQWMcCAcoIlmyuCMKfqVogniCMsVVgVFcLXp/B/0rcNq2k07urVjr2OowzOwDm4BBZogQ64BV3QAxjMwAN4As9arj1qL9rrqrWkrWdOwQ9ob59H/JNp</latexit>

�Ec
<latexit sha1_base64="tXmLJf7U5XPgbYNa8ZCilc05yTo=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1gEQShJ0Nruim5cVrAPaEKYTCbt0JkkzEyEEgr+ihsXirj1O9z5N07aCip64MLhnHu5954gZVQqy/owSkvLK6tr5fXKxubW9o65u9eVSSYw6eCEJaIfIEkYjUlHUcVIPxUE8YCRXjC+KvzeHRGSJvGtmqTE42gY04hipLTkmwenbkiYQvDSz13BIadYJFPfrFo1S6NehwWxG5atSbPZcJwmtGeWZVXBAm3ffHfDBGecxAozJOXAtlLl5UgoihmZVtxMkhThMRqSgaYx4kR6+ez8KTzWSgijROiKFZyp3ydyxKWc8EB3cqRG8rdXiH95g0xFDS+ncZopEuP5oihjUCWwyAKGVBCs2EQThAXVt0I8QgJhpROr6BC+PoX/k65Ts+u185uzastZxFEGh+AInAAbXIAWuAZt0AEY5OABPIFn4954NF6M13lryVjM7IMfMN4+AelQlXM=</latexit>

+�Bmicro

<latexit sha1_base64="6plcZ+T77cS37ZiJwvgyNNf2HIQ=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwVSZBa7uRghuXFewDmhAm00k7dDIJM5NCCf0TNy4UceufuPNvnLQVVPTAhcM593LvPWHKmdIIfViltfWNza3ydmVnd2//wD486qokk4R2SMIT2Q+xopwJ2tFMc9pPJcVxyGkvnNwUfm9KpWKJuNezlPoxHgkWMYK1kQLb9kQW5J6MIY2iObyGgV1FNWRQr8OCOA3kGNJsNly3CZ2FhVAVrNAO7HdvmJAspkITjpUaOCjVfo6lZoTTecXLFE0xmeARHRgqcEyVny8un8MzowxhlEhTQsOF+n0ix7FSszg0nTHWY/XbK8S/vEGmo4afM5FmmgqyXBRlHOoEFjHAIZOUaD4zBBPJzK2QjLHERJuwKiaEr0/h/6Tr1px67fLuotpyV3GUwQk4BefAAVegBW5BG3QAAVPwAJ7As5Vbj9aL9bpsLVmrmWPwA9bbJ94WkyI=</latexit>

⌫e↵ > <latexit sha1_base64="Ln/4NWgU3NY9Hq29zTDmk2HuTGs=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZL06a7gxmUF+4AmlMl00g6dTMI8hBL6G25cKOLWn3Hn3zhpK6jogQuHc+7l3nvClFGpHOfDKmxsbm3vFHdLe/sHh0fl45OeTLTApIsTlohBiCRhlJOuooqRQSoIikNG+uHsOvf790RImvA7NU9JEKMJpxHFSBnJ97keZb6IIV7AUbni2Fethlf3oGM7TtOrNnLiNWteFbpGyVEBa3RG5Xd/nGAdE64wQ1IOXSdVQYaEopiRRcnXkqQIz9CEDA3lKCYyyJY3L+CFUcYwSoQpruBS/T6RoVjKeRyazhipqfzt5eJf3lCrqBVklKdaEY5XiyLNoEpgHgAcU0GwYnNDEBbU3ArxFAmElYmpZEL4+hT+T3qe7Tbs+m2t0vbWcRTBGTgHl8AFTdAGN6ADugCDFDyAJ/BsaevRerFeV60Faz1zCn7AevsEAq6RpA==</latexit>⌫c

Suppressed across field lines by large scale fields …

…and along field lines by microinstabilities



Why investigate this possibility now? 

<latexit sha1_base64="h+g95ezZpVWFYjPtng1wU+IguPE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnrwEPDiMQHzgGQJs5PeZMzs7DIzK4SQL/DiQRGvfpI3/8ZJsgdNLGgoqrrp7goSwbVx3W8nt7a+sbmV3y7s7O7tHxQPj5o6ThXDBotFrNoB1Si4xIbhRmA7UUijQGArGN3N/NYTKs1j+WDGCfoRHUgeckaNleoXvWLJLbtzkFXiZaQEGWq94le3H7M0QmmYoFp3PDcx/oQqw5nAaaGbakwoG9EBdiyVNELtT+aHTsmZVfokjJUtachc/T0xoZHW4yiwnRE1Q73szcT/vE5qwht/wmWSGpRssShMBTExmX1N+lwhM2JsCWWK21sJG1JFmbHZFGwI3vLLq6R5WfauypV6pVS9zeLIwwmcwjl4cA1VuIcaNIABwjO8wpvz6Lw4787HojXnZDPH8AfO5w9ypYyy</latexit>

+

Bespoke laser-plasma experimentsKinetic simulations

<latexit sha1_base64="LxVVw2s0GuIXYJM+tnkFK5H8qJg=">AAAB/3icbVDLSsNAFJ3UV62vqODGzdAiuCpJEXUjFNy4rGAf0IQwmU7aoZNJmLkRS+zCX3HjQhG3/oY7/8bpY6GtBy4czrmXe+8JU8E1OM63VVhZXVvfKG6WtrZ3dvfs/YOWTjJFWZMmIlGdkGgmuGRN4CBYJ1WMxKFg7XB4PfHb90xpnsg7GKXMj0lf8ohTAkYK7CPAV9ipOtgDkgW5p2LMHtJxYFeMOAVeJu6cVNAcjcD+8noJzWImgQqiddd1UvBzooBTwcYlL9MsJXRI+qxrqCQx034+vX+MT4zSw1GiTEnAU/X3RE5irUdxaDpjAgO96E3E/7xuBtGln3OZZsAknS2KMoEhwZMwcI8rRkGMDCFUcXMrpgOiCAUTWcmE4C6+vExatap7Xq3dnlXq5XkcRXSMyugUuegC1dENaqAmougRPaNX9GY9WS/Wu/Uxay1Y85lD9AfW5w/vnpSy</latexit>

t =
0.0

⌧ex
p

<latexit sha1_base64="LmnxCYEn2wPKNvh+Ux6MzBHdjXs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GVoEVyEpRd0IBTcuK9gHNCFMppN26OTBzI1YYhf+ihsXirj1N9z5N07bLLT1wIXDOfdy7z1BKrgC2/42VlbX1jc2S1vl7Z3dvX3z4LCtkkxS1qKJSGQ3IIoJHrMWcBCsm0pGokCwTjC6nvqdeyYVT+I7GKfMi8gg5iGnBLTkm8eAr7Bt1bELJPNzV0aYPaQT36zalj0DXiZOQaqoQNM3v9x+QrOIxUAFUarn2Cl4OZHAqWCTspsplhI6IgPW0zQmEVNePrt/gk+10sdhInXFgGfq74mcREqNo0B3RgSGatGbiv95vQzCSy/ncZoBi+l8UZgJDAmehoH7XDIKYqwJoZLrWzEdEkko6MjKOgRn8eVl0q5ZzrlVu61XG5UijhI6QRV0hhx0gRroBjVRC1H0iJ7RK3oznowX4934mLeuGMXMEfoD4/MH9eqUtg==</latexit>

t =
0.4

⌧ ex
p

<latexit sha1_base64="gTv6mlIM5gzGavpx3Joo+nPnnE4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzdAiuApJEXUjFNy4rGAf0IQwmU7aoZMHMzdiiV34K25cKOLW33Dn3zhts9DWAxcO59zLvfcEqeAKbPvbKK2srq1vlDcrW9s7u3vm/kFbJZmkrEUTkchuQBQTPGYt4CBYN5WMRIFgnWB0PfU790wqnsR3ME6ZF5FBzENOCWjJN48AX2HHqmMXSObnrowwe0gnvlmzLXsGvEycgtRQgaZvfrn9hGYRi4EKolTPsVPwciKBU8EmFTdTLCV0RAasp2lMIqa8fHb/BJ9opY/DROqKAc/U3xM5iZQaR4HujAgM1aI3Ff/zehmEl17O4zQDFtP5ojATGBI8DQP3uWQUxFgTQiXXt2I6JJJQ0JFVdAjO4svLpF23nHOrfntWa1SLOMroGFXRKXLQBWqgG9RELUTRI3pGr+jNeDJejHfjY95aMoqZQ/QHxucP9FmUtQ==</latexit>

t =
1.2

⌧ex
p

<latexit sha1_base64="791ROR9xg11+Ud9FQyUYEygdows=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GVoEVzUpoi5L3bisYB/QhDCZTNuhM5MwMxFrKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPWHCqNKO820VVlbX1jeKm6Wt7Z3dPXv/oK3iVGLSwjGLZTdEijAqSEtTzUg3kQTxkJFOOLqe+p17IhWNxZ0eJ8TnaCBon2KkjRTYR15EmEawETycNYLMkxwOJoFdcarODHCZuDmpgBzNwP7yohinnAiNGVKq5zqJ9jMkNcWMTEpeqkiC8AgNSM9QgThRfja7fgJPjBLBfixNCQ1n6u+JDHGlxjw0nRzpoVr0puJ/Xi/V/Ss/oyJJNRF4vqifMqhjOI0CRlQSrNnYEIQlNbdCPEQSYW0CK5kQ3MWXl0m7VnUvqrXb80q9nMdRBMegDE6BCy5BHdyAJmgBDB7BM3gFb9aT9WK9Wx/z1oKVzxyCP7A+fwB+J5SD</latexit>

�B
x
/B

g

<latexit sha1_base64="e47LVqqxk8DzFAHrriXVmjPOTuk=">AAAB8nicbVBNS8NAEJ34WetX1aOXpUXwVJMi6rHgxWMF+wFtKJvtpl26yYbdiVhCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23jEo1402mpNKdgBouRcybKFDyTqI5jQLJ28H4dua3H7k2QsUPOEm4H9FhLELBKFqp+3TR0yPVz4Q77ZcqbtWdg6wSLycVyNHol756A8XSiMfIJDWm67kJ+hnVKJjk02IvNTyhbEyHvGtpTCNu/Gx+8pScWWVAQqVtxUjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwxs/E3GSIo/ZYlGYSoKKzP4nA6E5QzmxhDIt7K2EjaimDG1KRRuCt/zyKmnVqt5VtXZ/WamX8zgKcAplOAcPrqEOd9CAJjBQ8Ayv8Oag8+K8Ox+L1jUnnzmBP3A+fwAajJEL</latexit>

x/⇢i0

<latexit sha1_base64="iBF0inMFyTgXTY88RSh2G1m5/nM=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LC2Cp5oUUY8FLx4r2A9IQ9lsN+3SzW7YnQgh9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XTu7nfe2LacCUfIUtYEJOx5BGnBKzkZ5cDPVHDnLuzYbXuNtwF8DrxClJHBdrD6tdgpGgaMwlUEGN8z00gyIkGTgWbVQapYQmhUzJmvqWSxMwE+eLkGT63yghHStuSgBfq74mcxMZkcWg7YwITs+rNxf88P4XoNsi5TFJgki4XRanAoPD8fzzimlEQmSWEam5vxXRCNKFgU6rYELzVl9dJt9nwrhvNh6t6q1bEUUZnqIYukIduUAvdozbqIIoUekav6M0B58V5dz6WrSWnmDlFf+B8/gAcGpEM</latexit>

y/
⇢ i

0

<latexit sha1_base64="z+nel67/cEH7+muAHHye9pl2NV0=">AAAB8nicbVBNS8NAEJ34WetX1aOXpUXwVJMi6rHgxWMF+wFtKJvtpl26yYbdiVBDf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23jEo1402mpNKdgBouRcybKFDyTqI5jQLJ28H4dua3H7k2QsUPOEm4H9FhLELBKFqp+3TR0yPVz4Q77ZcqbtWdg6wSLycVyNHol756A8XSiMfIJDWm67kJ+hnVKJjk02IvNTyhbEyHvGtpTCNu/Gx+8pScWWVAQqVtxUjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwxs/E3GSIo/ZYlGYSoKKzP4nA6E5QzmxhDIt7K2EjaimDG1KRRuCt/zyKmnVqt5VtXZ/WamX8zgKcAplOAcPrqEOd9CAJjBQ8Ayv8Oag8+K8Ox+L1jUnnzmBP3A+fwAdqJEN</latexit>

z/⇢i0

<latexit sha1_base64="e47LVqqxk8DzFAHrriXVmjPOTuk=">AAAB8nicbVBNS8NAEJ34WetX1aOXpUXwVJMi6rHgxWMF+wFtKJvtpl26yYbdiVhCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23jEo1402mpNKdgBouRcybKFDyTqI5jQLJ28H4dua3H7k2QsUPOEm4H9FhLELBKFqp+3TR0yPVz4Q77ZcqbtWdg6wSLycVyNHol756A8XSiMfIJDWm67kJ+hnVKJjk02IvNTyhbEyHvGtpTCNu/Gx+8pScWWVAQqVtxUjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwxs/E3GSIo/ZYlGYSoKKzP4nA6E5QzmxhDIt7K2EjaimDG1KRRuCt/zyKmnVqt5VtXZ/WamX8zgKcAplOAcPrqEOd9CAJjBQ8Ayv8Oag8+K8Ox+L1jUnnzmBP3A+fwAajJEL</latexit>

x/⇢i0

<latexit sha1_base64="iBF0inMFyTgXTY88RSh2G1m5/nM=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LC2Cp5oUUY8FLx4r2A9IQ9lsN+3SzW7YnQgh9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XTu7nfe2LacCUfIUtYEJOx5BGnBKzkZ5cDPVHDnLuzYbXuNtwF8DrxClJHBdrD6tdgpGgaMwlUEGN8z00gyIkGTgWbVQapYQmhUzJmvqWSxMwE+eLkGT63yghHStuSgBfq74mcxMZkcWg7YwITs+rNxf88P4XoNsi5TFJgki4XRanAoPD8fzzimlEQmSWEam5vxXRCNKFgU6rYELzVl9dJt9nwrhvNh6t6q1bEUUZnqIYukIduUAvdozbqIIoUekav6M0B58V5dz6WrSWnmDlFf+B8/gAcGpEM</latexit>

y/
⇢ i

0

<latexit sha1_base64="z+nel67/cEH7+muAHHye9pl2NV0=">AAAB8nicbVBNS8NAEJ34WetX1aOXpUXwVJMi6rHgxWMF+wFtKJvtpl26yYbdiVBDf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23jEo1402mpNKdgBouRcybKFDyTqI5jQLJ28H4dua3H7k2QsUPOEm4H9FhLELBKFqp+3TR0yPVz4Q77ZcqbtWdg6wSLycVyNHol756A8XSiMfIJDWm67kJ+hnVKJjk02IvNTyhbEyHvGtpTCNu/Gx+8pScWWVAQqVtxUjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwxs/E3GSIo/ZYlGYSoKKzP4nA6E5QzmxhDIt7K2EjaimDG1KRRuCt/zyKmnVqt5VtXZ/WamX8zgKcAplOAcPrqEOd9CAJjBQ8Ayv8Oag8+K8Ox+L1jUnnzmBP3A+fwAdqJEN</latexit>

z/⇢i0

<latexit sha1_base64="e47LVqqxk8DzFAHrriXVmjPOTuk=">AAAB8nicbVBNS8NAEJ34WetX1aOXpUXwVJMi6rHgxWMF+wFtKJvtpl26yYbdiVhCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23jEo1402mpNKdgBouRcybKFDyTqI5jQLJ28H4dua3H7k2QsUPOEm4H9FhLELBKFqp+3TR0yPVz4Q77ZcqbtWdg6wSLycVyNHol756A8XSiMfIJDWm67kJ+hnVKJjk02IvNTyhbEyHvGtpTCNu/Gx+8pScWWVAQqVtxUjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwxs/E3GSIo/ZYlGYSoKKzP4nA6E5QzmxhDIt7K2EjaimDG1KRRuCt/zyKmnVqt5VtXZ/WamX8zgKcAplOAcPrqEOd9CAJjBQ8Ayv8Oag8+K8Ox+L1jUnnzmBP3A+fwAajJEL</latexit>

x/⇢i0

<latexit sha1_base64="iBF0inMFyTgXTY88RSh2G1m5/nM=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LC2Cp5oUUY8FLx4r2A9IQ9lsN+3SzW7YnQgh9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XTu7nfe2LacCUfIUtYEJOx5BGnBKzkZ5cDPVHDnLuzYbXuNtwF8DrxClJHBdrD6tdgpGgaMwlUEGN8z00gyIkGTgWbVQapYQmhUzJmvqWSxMwE+eLkGT63yghHStuSgBfq74mcxMZkcWg7YwITs+rNxf88P4XoNsi5TFJgki4XRanAoPD8fzzimlEQmSWEam5vxXRCNKFgU6rYELzVl9dJt9nwrhvNh6t6q1bEUUZnqIYukIduUAvdozbqIIoUekav6M0B58V5dz6WrSWnmDlFf+B8/gAcGpEM</latexit>

y/
⇢ i

0

<latexit sha1_base64="z+nel67/cEH7+muAHHye9pl2NV0=">AAAB8nicbVBNS8NAEJ34WetX1aOXpUXwVJMi6rHgxWMF+wFtKJvtpl26yYbdiVBDf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23jEo1402mpNKdgBouRcybKFDyTqI5jQLJ28H4dua3H7k2QsUPOEm4H9FhLELBKFqp+3TR0yPVz4Q77ZcqbtWdg6wSLycVyNHol756A8XSiMfIJDWm67kJ+hnVKJjk02IvNTyhbEyHvGtpTCNu/Gx+8pScWWVAQqVtxUjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwxs/E3GSIo/ZYlGYSoKKzP4nA6E5QzmxhDIt7K2EjaimDG1KRRuCt/zyKmnVqt5VtXZ/WamX8zgKcAplOAcPrqEOd9CAJjBQ8Ayv8Oag8+K8Ox+L1jUnnzmBP3A+fwAdqJEN</latexit>

z/⇢i0

<latexit sha1_base64="9A40HB7LF/xEC+zDgcDrb+h1zy8=">AAAB7HicbVBNS8NAEJ3Ur1q/ql4EL4tF8GJIilqPBS8eK5i20Iay2W7apZtN2N0IJfQ3ePGgiFd/kDf/jZs2B219MPB4b4aZeUHCmdKO822V1tY3NrfK25Wd3b39g+rhUVvFqSTUIzGPZTfAinImqKeZ5rSbSIqjgNNOMLnL/c4TlYrF4lFPE+pHeCRYyAjWRvIuHbtxPajWHNuZA60StyA1KNAaVL/6w5ikERWacKxUz3US7WdYakY4nVX6qaIJJhM8oj1DBY6o8rP5sTN0bpQhCmNpSmg0V39PZDhSahoFpjPCeqyWvVz8z+ulOrz1MyaSVFNBFovClCMdo/xzNGSSEs2nhmAimbkVkTGWmGiTT8WE4C6/vEraddu9sesPV7XmSRFHGU7hDC7AhQY04R5a4AEBBs/wCm+WsF6sd+tj0Vqyiplj+APr8wcx7o2A</latexit>

�0.75

<latexit sha1_base64="5py10zwKCq8G90SFV7TcIe8hbzM=">AAAB7HicbVBNS8NAEJ34WetX1YvgZbEIXgyb4tex4MVjBdMW2lA22027dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF1wbjb2dldW19Y7O0Vd7e2d3brxwcNnWSKcp8mohEtUOimeCS+YYbwdqpYiQOBWuFo7up33piSvNEPppxyoKYDCSPOCXGSv4Fdq9wr1LFLp4BLROvIFUo0OhVvrr9hGYxk4YKonXHw6kJcqIMp4JNyt1Ms5TQERmwjqWSxEwH+ezYCTqzSh9FibIlDZqpvydyEms9jkPbGRMz1IveVPzP62Qmug1yLtPMMEnni6JMIJOg6eeozxWjRowtIVRxeyuiQ6IINTafsg3BW3x5mTRrrnft1h4uq/XjIo4SnMApnIMHN1CHe2iADxQ4PMMrvDnSeXHenY9564pTzBzBHzifPydQjXk=</latexit>
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In addition to fusion applications… perfect time for advancing our understanding of  such plasmas! 



Some theoretical, numerical and experimental studies!

What have we done so far?

Simulations: “The transport properties of  firehose-susceptible plasmas”
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Experiments: “Suppression of  heat conduction in a laboratory replica of  galaxy-
cluster turbulent plasmas” (J. Meinecke et al 2022 Sci. Advances 8 eabj6799)

Theory: “Kinetic stability of  weakly collisional, 
magnetised plasmas”
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Promising first steps: Moody et al. (2022)
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What about imposing a background field? Initial results from NIF experiments very promising 

DT experiments in the next two years: watch this space…



Inertial Fusion Energy (IFE)
Q: what would need to happen to make IFE a reality?

NIF

IFE 
power 
plant

1. High gain

2. Laser efficiency (0.6% à 15-20% wall plug efficiency) 

3. High repetition shot rate 

4. Simplified, economic target design

5. Material science

Credit:  T. Ma (2022), LLNL



Thank you for listening!


