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High field compact
Designs from 
MIT “SPARC” – “ARC”

And this Princeton
one shown in NAS
report.

High Tc at ~ 200

Superconductors
~25T on coil
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Cost of plant – Simplistic Rule of Thumb
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Empirical fit to the machines/experiments that have been built 

This formula results from the cost of engineering not
the cost of stuff (steel, tungsten, niobium etc.).  I think it is misleading.  
>60% of cost is from coils, power supplies, cryogenics

SIMPLICITY MATTERS
Must add the cost of Balance of Plant – in fission this is > 80% of the 
cost.  It depends critically on the thermal output of the fusion system

Constants?
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Can we make it smaller and cheaper?
What sets the size?

6/14/20 Go to Insert > Header and Footer to change date and footer 5



Supercomputing the Plasma

27/29
Thanks to Ron Waltz, Geoff Candy



For ITER N ~ 106.

Energy Confinement -- Random walk of heat/particles.

Eddy turnover time = 

N random turbulent steps to leave machine
Eddy size ρi – Larmor radius
Vthi = ion thermal velocity

⌧E = N⌧eddy / B2R3T�3/2
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⌧eddy ⇠ R

vthi
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Work at constant temperature the community
defines an enhancement factor H such that

⌧E / H
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Ignoring subtleties of the geometry

See Saskia Mordijck’s lecture tomorrow



Burning
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energy density
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H and beta depends on shape profiles etc.  Physics!
SCALING FOR SELF SIMILAR TOKAMAKS

P ⌧E > 10(atmopsphere, s) “Lawson Triple Product”
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⌧E / H
3
B

2
R

3
<latexit sha1_base64="LBuzsMa/6Y8ZyT0SUE8kRpCQRnU=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCqzLTCrosFaHLKvYBnemQSdM2NJMJSUYoQ934K25cKOLWv3Dn35i2s9DWA4HDOfdyc04oGFXacb6tldW19Y3N3FZ+e2d3b98+OGyqOJGYNHDMYtkOkSKMctLQVDPSFpKgKGSkFY6up37rgUhFY36vx4L4ERpw2qcYaSMF9rGnURLcQE/IWOgY1rrlard01y0HdsEpOjPAZeJmpAAy1AP7y+vFOIkI15ghpTquI7SfIqkpZmSS9xJFBMIjNCAdQzmKiPLTWYIJPDNKD/ZjaR7XcKb+3khRpNQ4Cs1khPRQLXpT8T+vk+j+lZ9SLhJNOJ4f6icMmqjTOmCPSoI1GxuCsKTmrxAPkURYm9LypgR3MfIyaZaKrlN0by8KlWpWRw6cgFNwDlxwCSqgBuqgATB4BM/gFbxZT9aL9W59zEdXrGznCPyB9fkDpIaVsw==</latexit><latexit sha1_base64="LBuzsMa/6Y8ZyT0SUE8kRpCQRnU=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCqzLTCrosFaHLKvYBnemQSdM2NJMJSUYoQ934K25cKOLWv3Dn35i2s9DWA4HDOfdyc04oGFXacb6tldW19Y3N3FZ+e2d3b98+OGyqOJGYNHDMYtkOkSKMctLQVDPSFpKgKGSkFY6up37rgUhFY36vx4L4ERpw2qcYaSMF9rGnURLcQE/IWOgY1rrlard01y0HdsEpOjPAZeJmpAAy1AP7y+vFOIkI15ghpTquI7SfIqkpZmSS9xJFBMIjNCAdQzmKiPLTWYIJPDNKD/ZjaR7XcKb+3khRpNQ4Cs1khPRQLXpT8T+vk+j+lZ9SLhJNOJ4f6icMmqjTOmCPSoI1GxuCsKTmrxAPkURYm9LypgR3MfIyaZaKrlN0by8KlWpWRw6cgFNwDlxwCSqgBuqgATB4BM/gFbxZT9aL9W59zEdXrGznCPyB9fkDpIaVsw==</latexit><latexit sha1_base64="LBuzsMa/6Y8ZyT0SUE8kRpCQRnU=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCqzLTCrosFaHLKvYBnemQSdM2NJMJSUYoQ934K25cKOLWv3Dn35i2s9DWA4HDOfdyc04oGFXacb6tldW19Y3N3FZ+e2d3b98+OGyqOJGYNHDMYtkOkSKMctLQVDPSFpKgKGSkFY6up37rgUhFY36vx4L4ERpw2qcYaSMF9rGnURLcQE/IWOgY1rrlard01y0HdsEpOjPAZeJmpAAy1AP7y+vFOIkI15ghpTquI7SfIqkpZmSS9xJFBMIjNCAdQzmKiPLTWYIJPDNKD/ZjaR7XcKb+3khRpNQ4Cs1khPRQLXpT8T+vk+j+lZ9SLhJNOJ4f6icMmqjTOmCPSoI1GxuCsKTmrxAPkURYm9LypgR3MfIyaZaKrlN0by8KlWpWRw6cgFNwDlxwCSqgBuqgATB4BM/gFbxZT9aL9W59zEdXrGznCPyB9fkDpIaVsw==</latexit><latexit sha1_base64="LBuzsMa/6Y8ZyT0SUE8kRpCQRnU=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCqzLTCrosFaHLKvYBnemQSdM2NJMJSUYoQ934K25cKOLWv3Dn35i2s9DWA4HDOfdyc04oGFXacb6tldW19Y3N3FZ+e2d3b98+OGyqOJGYNHDMYtkOkSKMctLQVDPSFpKgKGSkFY6up37rgUhFY36vx4L4ERpw2qcYaSMF9rGnURLcQE/IWOgY1rrlard01y0HdsEpOjPAZeJmpAAy1AP7y+vFOIkI15ghpTquI7SfIqkpZmSS9xJFBMIjNCAdQzmKiPLTWYIJPDNKD/ZjaR7XcKb+3khRpNQ4Cs1khPRQLXpT8T+vk+j+lZ9SLhJNOJ4f6icMmqjTOmCPSoI1GxuCsKTmrxAPkURYm9LypgR3MfIyaZaKrlN0by8KlWpWRw6cgFNwDlxwCSqgBuqgATB4BM/gFbxZT9aL9W59zEdXrGznCPyB9fkDpIaVsw==</latexit>

P = 4�B2
<latexit sha1_base64="Jze9+5y0v/dxDuAc54WOk6SVFok=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgF6EEC8eI5gHJGuYncwmQ2YfzvQGwpLv8OJBEa9+jDf/xkmyB00saCiquunu8mIpNNr2t5Xb2Nza3snvFvb2Dw6PiscnLR0livEmi2SkOh7VXIqQN1Gg5J1YcRp4kre98e3cb0+40iIKH3Aaczegw1D4glE0ktu4IdWex5GS+mOlXyzZZXsBsk6cjJQgQ6Nf/OoNIpYEPEQmqdZdx47RTalCwSSfFXqJ5jFlYzrkXUNDGnDtpoujZ+TCKAPiR8pUiGSh/p5IaaD1NPBMZ0BxpFe9ufif103Qv3ZTEcYJ8pAtF/mJJBiReQJkIBRnKKeGUKaEuZWwEVWUocmpYEJwVl9eJ61K2bHLzn21VKtnceThDM7hEhy4ghrcQQOawOAJnuEV3qyJ9WK9Wx/L1pyVzZzCH1ifP8ILkMc=</latexit><latexit sha1_base64="Jze9+5y0v/dxDuAc54WOk6SVFok=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgF6EEC8eI5gHJGuYncwmQ2YfzvQGwpLv8OJBEa9+jDf/xkmyB00saCiquunu8mIpNNr2t5Xb2Nza3snvFvb2Dw6PiscnLR0livEmi2SkOh7VXIqQN1Gg5J1YcRp4kre98e3cb0+40iIKH3Aaczegw1D4glE0ktu4IdWex5GS+mOlXyzZZXsBsk6cjJQgQ6Nf/OoNIpYEPEQmqdZdx47RTalCwSSfFXqJ5jFlYzrkXUNDGnDtpoujZ+TCKAPiR8pUiGSh/p5IaaD1NPBMZ0BxpFe9ufif103Qv3ZTEcYJ8pAtF/mJJBiReQJkIBRnKKeGUKaEuZWwEVWUocmpYEJwVl9eJ61K2bHLzn21VKtnceThDM7hEhy4ghrcQQOawOAJnuEV3qyJ9WK9Wx/L1pyVzZzCH1ifP8ILkMc=</latexit><latexit sha1_base64="Jze9+5y0v/dxDuAc54WOk6SVFok=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgF6EEC8eI5gHJGuYncwmQ2YfzvQGwpLv8OJBEa9+jDf/xkmyB00saCiquunu8mIpNNr2t5Xb2Nza3snvFvb2Dw6PiscnLR0livEmi2SkOh7VXIqQN1Gg5J1YcRp4kre98e3cb0+40iIKH3Aaczegw1D4glE0ktu4IdWex5GS+mOlXyzZZXsBsk6cjJQgQ6Nf/OoNIpYEPEQmqdZdx47RTalCwSSfFXqJ5jFlYzrkXUNDGnDtpoujZ+TCKAPiR8pUiGSh/p5IaaD1NPBMZ0BxpFe9ufif103Qv3ZTEcYJ8pAtF/mJJBiReQJkIBRnKKeGUKaEuZWwEVWUocmpYEJwVl9eJ61K2bHLzn21VKtnceThDM7hEhy4ghrcQQOawOAJnuEV3qyJ9WK9Wx/L1pyVzZzCH1ifP8ILkMc=</latexit><latexit sha1_base64="Jze9+5y0v/dxDuAc54WOk6SVFok=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgF6EEC8eI5gHJGuYncwmQ2YfzvQGwpLv8OJBEa9+jDf/xkmyB00saCiquunu8mIpNNr2t5Xb2Nza3snvFvb2Dw6PiscnLR0livEmi2SkOh7VXIqQN1Gg5J1YcRp4kre98e3cb0+40iIKH3Aaczegw1D4glE0ktu4IdWex5GS+mOlXyzZZXsBsk6cjJQgQ6Nf/OoNIpYEPEQmqdZdx47RTalCwSSfFXqJ5jFlYzrkXUNDGnDtpoujZ+TCKAPiR8pUiGSh/p5IaaD1NPBMZ0BxpFe9ufif103Qv3ZTEcYJ8pAtF/mJJBiReQJkIBRnKKeGUKaEuZWwEVWUocmpYEJwVl9eJ61K2bHLzn21VKtnceThDM7hEhy4ghrcQQOawOAJnuEV3qyJ9WK9Wx/L1pyVzZzCH1ifP8ILkMc=</latexit>

CONDITION TO BE SELF HEATED

�H
3
B

4
R

3 � constant
<latexit sha1_base64="Yx57psNdZWzI+w/FiIkHbjzpbM0=">AAACBnicbVDJSgNBEO1xjXGLehShMQiewowJ6DHES45RzALZ6OlUkiY9PWN3jRBCTl78FS8eFPHqN3jzb+wsB018UPB4r4qqen4khUHX/XZWVtfWNzYTW8ntnd29/dTBYcWEseZQ5qEMdc1nBqRQUEaBEmqRBhb4Eqr+4HriVx9AGxGqOxxG0AxYT4mu4Ayt1E6dNHxARoutbKGVu21laaMH95SHyiBT2E6l3Yw7BV0m3pykyRylduqr0Ql5HIBCLpkxdc+NsDliGgWXME42YgMR4wPWg7qligVgmqPpG2N6ZpUO7YbalkI6VX9PjFhgzDDwbWfAsG8WvYn4n1ePsXvVHAkVxQiKzxZ1Y0kxpJNMaEdo4CiHljCuhb2V8j7TjKNNLmlD8BZfXiaVi4znZrybXDpfmMeRIMfklJwTj1ySPCmSEikTTh7JM3klb86T8+K8Ox+z1hVnPnNE/sD5/AFCSZe4</latexit><latexit sha1_base64="Yx57psNdZWzI+w/FiIkHbjzpbM0=">AAACBnicbVDJSgNBEO1xjXGLehShMQiewowJ6DHES45RzALZ6OlUkiY9PWN3jRBCTl78FS8eFPHqN3jzb+wsB018UPB4r4qqen4khUHX/XZWVtfWNzYTW8ntnd29/dTBYcWEseZQ5qEMdc1nBqRQUEaBEmqRBhb4Eqr+4HriVx9AGxGqOxxG0AxYT4mu4Ayt1E6dNHxARoutbKGVu21laaMH95SHyiBT2E6l3Yw7BV0m3pykyRylduqr0Ql5HIBCLpkxdc+NsDliGgWXME42YgMR4wPWg7qligVgmqPpG2N6ZpUO7YbalkI6VX9PjFhgzDDwbWfAsG8WvYn4n1ePsXvVHAkVxQiKzxZ1Y0kxpJNMaEdo4CiHljCuhb2V8j7TjKNNLmlD8BZfXiaVi4znZrybXDpfmMeRIMfklJwTj1ySPCmSEikTTh7JM3klb86T8+K8Ox+z1hVnPnNE/sD5/AFCSZe4</latexit><latexit sha1_base64="Yx57psNdZWzI+w/FiIkHbjzpbM0=">AAACBnicbVDJSgNBEO1xjXGLehShMQiewowJ6DHES45RzALZ6OlUkiY9PWN3jRBCTl78FS8eFPHqN3jzb+wsB018UPB4r4qqen4khUHX/XZWVtfWNzYTW8ntnd29/dTBYcWEseZQ5qEMdc1nBqRQUEaBEmqRBhb4Eqr+4HriVx9AGxGqOxxG0AxYT4mu4Ayt1E6dNHxARoutbKGVu21laaMH95SHyiBT2E6l3Yw7BV0m3pykyRylduqr0Ql5HIBCLpkxdc+NsDliGgWXME42YgMR4wPWg7qligVgmqPpG2N6ZpUO7YbalkI6VX9PjFhgzDDwbWfAsG8WvYn4n1ePsXvVHAkVxQiKzxZ1Y0kxpJNMaEdo4CiHljCuhb2V8j7TjKNNLmlD8BZfXiaVi4znZrybXDpfmMeRIMfklJwTj1ySPCmSEikTTh7JM3klb86T8+K8Ox+z1hVnPnNE/sD5/AFCSZe4</latexit><latexit sha1_base64="Yx57psNdZWzI+w/FiIkHbjzpbM0=">AAACBnicbVDJSgNBEO1xjXGLehShMQiewowJ6DHES45RzALZ6OlUkiY9PWN3jRBCTl78FS8eFPHqN3jzb+wsB018UPB4r4qqen4khUHX/XZWVtfWNzYTW8ntnd29/dTBYcWEseZQ5qEMdc1nBqRQUEaBEmqRBhb4Eqr+4HriVx9AGxGqOxxG0AxYT4mu4Ayt1E6dNHxARoutbKGVu21laaMH95SHyiBT2E6l3Yw7BV0m3pykyRylduqr0Ql5HIBCLpkxdc+NsDliGgWXME42YgMR4wPWg7qligVgmqPpG2N6ZpUO7YbalkI6VX9PjFhgzDDwbWfAsG8WvYn4n1ePsXvVHAkVxQiKzxZ1Y0kxpJNMaEdo4CiHljCuhb2V8j7TjKNNLmlD8BZfXiaVi4znZrybXDpfmMeRIMfklJwTj1ySPCmSEikTTh7JM3klb86T8+K8Ox+z1hVnPnNE/sD5/AFCSZe4</latexit>

(�1/4
H

3/4) BR
3/4 � constant

<latexit sha1_base64="yC9//0RqSaQnZ4n6vDg9VwM3OEY=">AAACF3icbZDLSgMxFIYzXmu9VV26CRahbuqMCgpupG66rGJV6ExLJj2toZnMmJwRytC3cOOruHGhiFvd+Taml4W3AyEf/38OyfnDRAqDrvvpTE3PzM7N5xbyi0vLK6uFtfVLE6eaQ53HMtbXITMghYI6CpRwnWhgUSjhKuydDv2rO9BGxOoC+wkEEesq0RGcoZVahXLJDwFZM/N2Dwa02sz27b3jH9PK+Zip34VbymNlkClsFYpu2R0V/QveBIpkUrVW4cNvxzyNQCGXzJiG5yYYZEyj4BIGeT81kDDeY11oWFQsAhNko70GdNsqbdqJtT0K6Uj9PpGxyJh+FNrOiOGN+e0Nxf+8RoqdoyATKkkRFB8/1EklxZgOQ6JtoYGj7FtgXAv7V8pvmGYcbZR5G4L3e+W/cLlX9tyyd3ZQPKlM4siRTbJFSsQjh+SEVEmN1Akn9+SRPJMX58F5cl6dt3HrlDOZ2SA/ynn/AjH6nXg=</latexit><latexit sha1_base64="yC9//0RqSaQnZ4n6vDg9VwM3OEY=">AAACF3icbZDLSgMxFIYzXmu9VV26CRahbuqMCgpupG66rGJV6ExLJj2toZnMmJwRytC3cOOruHGhiFvd+Taml4W3AyEf/38OyfnDRAqDrvvpTE3PzM7N5xbyi0vLK6uFtfVLE6eaQ53HMtbXITMghYI6CpRwnWhgUSjhKuydDv2rO9BGxOoC+wkEEesq0RGcoZVahXLJDwFZM/N2Dwa02sz27b3jH9PK+Zip34VbymNlkClsFYpu2R0V/QveBIpkUrVW4cNvxzyNQCGXzJiG5yYYZEyj4BIGeT81kDDeY11oWFQsAhNko70GdNsqbdqJtT0K6Uj9PpGxyJh+FNrOiOGN+e0Nxf+8RoqdoyATKkkRFB8/1EklxZgOQ6JtoYGj7FtgXAv7V8pvmGYcbZR5G4L3e+W/cLlX9tyyd3ZQPKlM4siRTbJFSsQjh+SEVEmN1Akn9+SRPJMX58F5cl6dt3HrlDOZ2SA/ynn/AjH6nXg=</latexit><latexit sha1_base64="yC9//0RqSaQnZ4n6vDg9VwM3OEY=">AAACF3icbZDLSgMxFIYzXmu9VV26CRahbuqMCgpupG66rGJV6ExLJj2toZnMmJwRytC3cOOruHGhiFvd+Taml4W3AyEf/38OyfnDRAqDrvvpTE3PzM7N5xbyi0vLK6uFtfVLE6eaQ53HMtbXITMghYI6CpRwnWhgUSjhKuydDv2rO9BGxOoC+wkEEesq0RGcoZVahXLJDwFZM/N2Dwa02sz27b3jH9PK+Zip34VbymNlkClsFYpu2R0V/QveBIpkUrVW4cNvxzyNQCGXzJiG5yYYZEyj4BIGeT81kDDeY11oWFQsAhNko70GdNsqbdqJtT0K6Uj9PpGxyJh+FNrOiOGN+e0Nxf+8RoqdoyATKkkRFB8/1EklxZgOQ6JtoYGj7FtgXAv7V8pvmGYcbZR5G4L3e+W/cLlX9tyyd3ZQPKlM4siRTbJFSsQjh+SEVEmN1Akn9+SRPJMX58F5cl6dt3HrlDOZ2SA/ynn/AjH6nXg=</latexit><latexit sha1_base64="yC9//0RqSaQnZ4n6vDg9VwM3OEY=">AAACF3icbZDLSgMxFIYzXmu9VV26CRahbuqMCgpupG66rGJV6ExLJj2toZnMmJwRytC3cOOruHGhiFvd+Taml4W3AyEf/38OyfnDRAqDrvvpTE3PzM7N5xbyi0vLK6uFtfVLE6eaQ53HMtbXITMghYI6CpRwnWhgUSjhKuydDv2rO9BGxOoC+wkEEesq0RGcoZVahXLJDwFZM/N2Dwa02sz27b3jH9PK+Zip34VbymNlkClsFYpu2R0V/QveBIpkUrVW4cNvxzyNQCGXzJiG5yYYZEyj4BIGeT81kDDeY11oWFQsAhNko70GdNsqbdqJtT0K6Uj9PpGxyJh+FNrOiOGN+e0Nxf+8RoqdoyATKkkRFB8/1EklxZgOQ6JtoYGj7FtgXAv7V8pvmGYcbZR5G4L3e+W/cLlX9tyyd3ZQPKlM4siRTbJFSsQjh+SEVEmN1Akn9+SRPJMX58F5cl6dt3HrlDOZ2SA/ynn/AjH6nXg=</latexit>



9Tom Brown, Jon Menard PPPL

National Academy of Sciences calls for Pilot Plant by 2040/50

High field compact
Designs from 
MIT “SPARC” – “ARC”

And this Princeton
one shown in NAS
report.

High Tc at ~ 200

Superconductors
~25T on coil

SELF SIMILAR SCALING AT CONSTANT GAIN, ”H” AND SHAPE

ITER: R= 6.2m, B = 5.3T    BR3/4 = 20.8 

SPARC: R = 1.78m B = 12.5T  BR3/4 = 19.2  



Self Similar Power and Stored Energy

FUSION POWER FROM DEVICE =

�H
3
B

4
R

3 = constant
<latexit sha1_base64="o0S2N/JEDtvFR4+TFjB/rreF/jA=">AAACA3icbVDLSgNBEJz1GeNr1ZteBoPgKeyagF6EEC85RjEPSDZhdjKbDJmdXWZ6hbAEvPgrXjwo4tWf8ObfOHkcNLGgoajqprvLjwXX4Djf1srq2vrGZmYru72zu7dvHxzWdZQoymo0EpFq+kQzwSWrAQfBmrFiJPQFa/jDm4nfeGBK80jewyhmXkj6kgecEjBS1z5u+wwIrnQK5U7xrlPA15hGUgOR0LVzTt6ZAi8Td05yaI5q1/5q9yKahEwCFUTrluvE4KVEAaeCjbPtRLOY0CHps5ahkoRMe+n0hzE+M0oPB5EyJQFP1d8TKQm1HoW+6QwJDPSiNxH/81oJBFdeymWcAJN0tihIBIYITwLBPa4YBTEyhFDFza2YDogiFExsWROCu/jyMqlf5F0n794Wc6XyPI4MOkGn6By56BKVUAVVUQ1R9Iie0St6s56sF+vd+pi1rljzmSP0B9bnD6Yslj4=</latexit><latexit sha1_base64="o0S2N/JEDtvFR4+TFjB/rreF/jA=">AAACA3icbVDLSgNBEJz1GeNr1ZteBoPgKeyagF6EEC85RjEPSDZhdjKbDJmdXWZ6hbAEvPgrXjwo4tWf8ObfOHkcNLGgoajqprvLjwXX4Djf1srq2vrGZmYru72zu7dvHxzWdZQoymo0EpFq+kQzwSWrAQfBmrFiJPQFa/jDm4nfeGBK80jewyhmXkj6kgecEjBS1z5u+wwIrnQK5U7xrlPA15hGUgOR0LVzTt6ZAi8Td05yaI5q1/5q9yKahEwCFUTrluvE4KVEAaeCjbPtRLOY0CHps5ahkoRMe+n0hzE+M0oPB5EyJQFP1d8TKQm1HoW+6QwJDPSiNxH/81oJBFdeymWcAJN0tihIBIYITwLBPa4YBTEyhFDFza2YDogiFExsWROCu/jyMqlf5F0n794Wc6XyPI4MOkGn6By56BKVUAVVUQ1R9Iie0St6s56sF+vd+pi1rljzmSP0B9bnD6Yslj4=</latexit><latexit sha1_base64="o0S2N/JEDtvFR4+TFjB/rreF/jA=">AAACA3icbVDLSgNBEJz1GeNr1ZteBoPgKeyagF6EEC85RjEPSDZhdjKbDJmdXWZ6hbAEvPgrXjwo4tWf8ObfOHkcNLGgoajqprvLjwXX4Djf1srq2vrGZmYru72zu7dvHxzWdZQoymo0EpFq+kQzwSWrAQfBmrFiJPQFa/jDm4nfeGBK80jewyhmXkj6kgecEjBS1z5u+wwIrnQK5U7xrlPA15hGUgOR0LVzTt6ZAi8Td05yaI5q1/5q9yKahEwCFUTrluvE4KVEAaeCjbPtRLOY0CHps5ahkoRMe+n0hzE+M0oPB5EyJQFP1d8TKQm1HoW+6QwJDPSiNxH/81oJBFdeymWcAJN0tihIBIYITwLBPa4YBTEyhFDFza2YDogiFExsWROCu/jyMqlf5F0n794Wc6XyPI4MOkGn6By56BKVUAVVUQ1R9Iie0St6s56sF+vd+pi1rljzmSP0B9bnD6Yslj4=</latexit><latexit sha1_base64="o0S2N/JEDtvFR4+TFjB/rreF/jA=">AAACA3icbVDLSgNBEJz1GeNr1ZteBoPgKeyagF6EEC85RjEPSDZhdjKbDJmdXWZ6hbAEvPgrXjwo4tWf8ObfOHkcNLGgoajqprvLjwXX4Djf1srq2vrGZmYru72zu7dvHxzWdZQoymo0EpFq+kQzwSWrAQfBmrFiJPQFa/jDm4nfeGBK80jewyhmXkj6kgecEjBS1z5u+wwIrnQK5U7xrlPA15hGUgOR0LVzTt6ZAi8Td05yaI5q1/5q9yKahEwCFUTrluvE4KVEAaeCjbPtRLOY0CHps5ahkoRMe+n0hzE+M0oPB5EyJQFP1d8TKQm1HoW+6QwJDPSiNxH/81oJBFdeymWcAJN0tihIBIYITwLBPa4YBTEyhFDFza2YDogiFExsWROCu/jyMqlf5F0n794Wc6XyPI4MOkGn6By56BKVUAVVUQ1R9Iie0St6s56sF+vd+pi1rljzmSP0B9bnD6Yslj4=</latexit>
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Total power essentially independent of size/field
Small high field devices have large heat fluxes

ENERGY STORED IN PLASMA:

IGNITED DEVICE
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Use scaling



Disruption
Sometimes the plasma becomes unstable and deposits its energy on the wall

(often as relativistic electrons) this is called a disruption

Machine learning being used to predict the
Disruption and avoid it. 

Disruption energy per unit area of wall
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Worse in smaller high field machines

Most disruptions driven by the plasma current. 



Or 3D?  No Plasma Current.
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Stellarator – is 3D better?
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Innovation – permanent magnet stellarator – Gates, Zarnstorff, SC
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Perfect Energy?
Safe, no waste legacy, abundant, minimal 

land use.  But……

Development is not optional
We must push down the cost and scale if we 

are to get to market.



Thank you


