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Abstract 

We will first relate our previous calculations on the radial electric 
field at the H-mode pedestal with the actual magnetic fusion 
experimental measurements. We will then discuss the new 
pressure balance due to the E × B current, which is induced by 
the resulting radial electric field, and its impact on the 
gyrokinetic MHD equations as well as their relationship to the 
force-free steady state. 
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Corresponding 
steep gradient region

Radial electric field  at the H-mode pedestal is believed to be caused by the charge 
separation resulting from the gyroradius differences between the electrons and the 
ions in the presence of sharp pressure gradients

A. Diallo et al., Nucl. Fusion, 53, 1 (2013) Lee and White, Phys. Plasmas 24, 081204 (2017)

NSTX Discharge and Theoretical Comparison
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Basis for Experimental Measurements 
 [K. Ida,  PPCF 40, 1429 (1998)]

• Force Balance Equation:

• Radial Direction: 

• Poloidal Drifts: 

• Pressure balance

• Radial Electric Field 
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<latexit sha1_base64="e8HID3pdqiAhmCFmconhDX7C/ng=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgxpqIoBuhVAouK/QFTQyT6aQdOkmGmYlQQr7Ajb/ixoUibl2782+ctllo64ELh3Pu5d57fM6oVJb1bRRWVtfWN4qbpa3tnd09c/+gI+NEYNLGMYtFz0eSMBqRtqKKkR4XBIU+I11/fDP1uw9ESBpHLTXhxA3RMKIBxUhpyTMrHS91OBEc0uw+bUBH0ZBIWM/gNTyFuOGJs7rX8syyVbVmgMvEzkkZ5Gh65pcziHESkkhhhqTs2xZXboqEopiRrOQkknCEx2hI+ppGSC9109k7GaxoZQCDWOiKFJypvydSFEo5CX3dGSI1koveVPzP6ycquHJTGvFEkQjPFwUJgyqG02zggAqCFZtogrCg+laIR0ggrHSCJR2CvfjyMumcV22rat9dlGv1PI4iOALH4ATY4BLUwC1ogjbA4BE8g1fwZjwZL8a78TFvLRj5zCH4A+PzB3B4mmg=</latexit><latexit sha1_base64="e8HID3pdqiAhmCFmconhDX7C/ng=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgxpqIoBuhVAouK/QFTQyT6aQdOkmGmYlQQr7Ajb/ixoUibl2782+ctllo64ELh3Pu5d57fM6oVJb1bRRWVtfWN4qbpa3tnd09c/+gI+NEYNLGMYtFz0eSMBqRtqKKkR4XBIU+I11/fDP1uw9ESBpHLTXhxA3RMKIBxUhpyTMrHS91OBEc0uw+bUBH0ZBIWM/gNTyFuOGJs7rX8syyVbVmgMvEzkkZ5Gh65pcziHESkkhhhqTs2xZXboqEopiRrOQkknCEx2hI+ppGSC9109k7GaxoZQCDWOiKFJypvydSFEo5CX3dGSI1koveVPzP6ycquHJTGvFEkQjPFwUJgyqG02zggAqCFZtogrCg+laIR0ggrHSCJR2CvfjyMumcV22rat9dlGv1PI4iOALH4ATY4BLUwC1ogjbA4BE8g1fwZjwZL8a78TFvLRj5zCH4A+PzB3B4mmg=</latexit><latexit sha1_base64="e8HID3pdqiAhmCFmconhDX7C/ng=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgxpqIoBuhVAouK/QFTQyT6aQdOkmGmYlQQr7Ajb/ixoUibl2782+ctllo64ELh3Pu5d57fM6oVJb1bRRWVtfWN4qbpa3tnd09c/+gI+NEYNLGMYtFz0eSMBqRtqKKkR4XBIU+I11/fDP1uw9ESBpHLTXhxA3RMKIBxUhpyTMrHS91OBEc0uw+bUBH0ZBIWM/gNTyFuOGJs7rX8syyVbVmgMvEzkkZ5Gh65pcziHESkkhhhqTs2xZXboqEopiRrOQkknCEx2hI+ppGSC9109k7GaxoZQCDWOiKFJypvydSFEo5CX3dGSI1koveVPzP6ycquHJTGvFEkQjPFwUJgyqG02zggAqCFZtogrCg+laIR0ggrHSCJR2CvfjyMumcV22rat9dlGv1PI4iOALH4ATY4BLUwC1ogjbA4BE8g1fwZjwZL8a78TFvLRj5zCH4A+PzB3B4mmg=</latexit><latexit sha1_base64="e8HID3pdqiAhmCFmconhDX7C/ng=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgxpqIoBuhVAouK/QFTQyT6aQdOkmGmYlQQr7Ajb/ixoUibl2782+ctllo64ELh3Pu5d57fM6oVJb1bRRWVtfWN4qbpa3tnd09c/+gI+NEYNLGMYtFz0eSMBqRtqKKkR4XBIU+I11/fDP1uw9ESBpHLTXhxA3RMKIBxUhpyTMrHS91OBEc0uw+bUBH0ZBIWM/gNTyFuOGJs7rX8syyVbVmgMvEzkkZ5Gh65pcziHESkkhhhqTs2xZXboqEopiRrOQkknCEx2hI+ppGSC9109k7GaxoZQCDWOiKFJypvydSFEo5CX3dGSI1koveVPzP6ycquHJTGvFEkQjPFwUJgyqG02zggAqCFZtogrCg+laIR0ggrHSCJR2CvfjyMumcV22rat9dlGv1PI4iOALH4ATY4BLUwC1ogjbA4BE8g1fwZjwZL8a78TFvLRj5zCH4A+PzB3B4mmg=</latexit>

Er =
1

2nie

@pi
@r

<latexit sha1_base64="2JWueKQ1OrYTPbPsLd1QOU7kteI=">AAACIHicbVDNS8MwHE3n15xfVY9egkPwNNohzIswFMHjBPcBaylplm5haVKSVBhlf4oX/xUvHhTRm/41plsR3XwQeLz3fkl+L0wYVdpxPq3Syura+kZ5s7K1vbO7Z+8fdJRIJSZtLJiQvRApwignbU01I71EEhSHjHTD8VXud++JVFTwOz1JiB+jIacRxUgbKbAb14GEFzBzoSdMDtYhDygkU5h5CZKaIgYTI8zNH0lOA7vq1JwZ4DJxC1IFBVqB/eENBE5jwjVmSKm+6yTaz/ILMSPTipcqkiA8RkPSN5SjmCg/my04hSdGGcBISHO4hjP190SGYqUmcWiSMdIjtejl4n9eP9XRuZ9RnqSacDx/KEoZ1ALmbcEBlQRrNjEEYUnNXyEeIYmwNp1WTAnu4srLpFOvuU7NvT2rNi+LOsrgCByDU+CCBmiCG9ACbYDBA3gCL+DVerSerTfrfR4tWcXMIfgD6+sbR+Oh3g==</latexit><latexit sha1_base64="2JWueKQ1OrYTPbPsLd1QOU7kteI=">AAACIHicbVDNS8MwHE3n15xfVY9egkPwNNohzIswFMHjBPcBaylplm5haVKSVBhlf4oX/xUvHhTRm/41plsR3XwQeLz3fkl+L0wYVdpxPq3Syura+kZ5s7K1vbO7Z+8fdJRIJSZtLJiQvRApwignbU01I71EEhSHjHTD8VXud++JVFTwOz1JiB+jIacRxUgbKbAb14GEFzBzoSdMDtYhDygkU5h5CZKaIgYTI8zNH0lOA7vq1JwZ4DJxC1IFBVqB/eENBE5jwjVmSKm+6yTaz/ILMSPTipcqkiA8RkPSN5SjmCg/my04hSdGGcBISHO4hjP190SGYqUmcWiSMdIjtejl4n9eP9XRuZ9RnqSacDx/KEoZ1ALmbcEBlQRrNjEEYUnNXyEeIYmwNp1WTAnu4srLpFOvuU7NvT2rNi+LOsrgCByDU+CCBmiCG9ACbYDBA3gCL+DVerSerTfrfR4tWcXMIfgD6+sbR+Oh3g==</latexit><latexit sha1_base64="2JWueKQ1OrYTPbPsLd1QOU7kteI=">AAACIHicbVDNS8MwHE3n15xfVY9egkPwNNohzIswFMHjBPcBaylplm5haVKSVBhlf4oX/xUvHhTRm/41plsR3XwQeLz3fkl+L0wYVdpxPq3Syura+kZ5s7K1vbO7Z+8fdJRIJSZtLJiQvRApwignbU01I71EEhSHjHTD8VXud++JVFTwOz1JiB+jIacRxUgbKbAb14GEFzBzoSdMDtYhDygkU5h5CZKaIgYTI8zNH0lOA7vq1JwZ4DJxC1IFBVqB/eENBE5jwjVmSKm+6yTaz/ILMSPTipcqkiA8RkPSN5SjmCg/my04hSdGGcBISHO4hjP190SGYqUmcWiSMdIjtejl4n9eP9XRuZ9RnqSacDx/KEoZ1ALmbcEBlQRrNjEEYUnNXyEeIYmwNp1WTAnu4srLpFOvuU7NvT2rNi+LOsrgCByDU+CCBmiCG9ACbYDBA3gCL+DVerSerTfrfR4tWcXMIfgD6+sbR+Oh3g==</latexit><latexit sha1_base64="2JWueKQ1OrYTPbPsLd1QOU7kteI=">AAACIHicbVDNS8MwHE3n15xfVY9egkPwNNohzIswFMHjBPcBaylplm5haVKSVBhlf4oX/xUvHhTRm/41plsR3XwQeLz3fkl+L0wYVdpxPq3Syura+kZ5s7K1vbO7Z+8fdJRIJSZtLJiQvRApwignbU01I71EEhSHjHTD8VXud++JVFTwOz1JiB+jIacRxUgbKbAb14GEFzBzoSdMDtYhDygkU5h5CZKaIgYTI8zNH0lOA7vq1JwZ4DJxC1IFBVqB/eENBE5jwjVmSKm+6yTaz/ILMSPTipcqkiA8RkPSN5SjmCg/my04hSdGGcBISHO4hjP190SGYqUmcWiSMdIjtejl4n9eP9XRuZ9RnqSacDx/KEoZ1ALmbcEBlQRrNjEEYUnNXyEeIYmwNp1WTAnu4srLpFOvuU7NvT2rNi+LOsrgCByDU+CCBmiCG9ACbYDBA3gCL+DVerSerTfrfR4tWcXMIfgD6+sbR+Oh3g==</latexit>

V E⇥B
?i = �1
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c
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ni

@pi
@r

<latexit sha1_base64="uA/zZlzl5zS2Bke6evfe2MB+j5g="></latexit><latexit sha1_base64="uA/zZlzl5zS2Bke6evfe2MB+j5g="></latexit><latexit sha1_base64="uA/zZlzl5zS2Bke6evfe2MB+j5g="></latexit><latexit sha1_base64="uA/zZlzl5zS2Bke6evfe2MB+j5g="></latexit>

• Question: what are the different drifts active at the pedestal?  

[Lee and White, PoP ’17 & ‘18] 

@Ti

@r
+

Ti

ni

@ni

@r

<latexit sha1_base64="HGoM7t6Jjcqeg7Tb66RbvZzuvcM=">AAACPHicbVDNS8MwHE3n15xfVY9egkMQhNGKoMehF48T9wVrKWmWbmFpWpJUGKV/mBf/CG+evHhQxKtn06043fYg8Hjv95L8nh8zKpVlvRilldW19Y3yZmVre2d3z9w/aMsoEZi0cMQi0fWRJIxy0lJUMdKNBUGhz0jHH93kfueBCEkj3lTjmLghGnAaUIyUljzzPnViJBRFDDY9Cp1ID8NfSWTwDKYzg3s0g7MEX5qAnlm1atYEcJHYBamCAg3PfHb6EU5CwhVmSMqebcXKTfMrMSNZxUkkiREeoQHpacpRSKSbTpbP4IlW+jCIhD5cwYn6N5GiUMpx6OvJEKmhnPdycZnXS1Rw5aaUx4kiHE8fChIGVQTzJmGfCoIVG2uCsKD6rxAPkUBY6b4rugR7fuVF0j6v2VbNvruo1q+LOsrgCByDU2CDS1AHt6ABWgCDR/AK3sGH8WS8GZ/G13S0ZBSZQ/APxvcPykit0A==</latexit><latexit sha1_base64="HGoM7t6Jjcqeg7Tb66RbvZzuvcM=">AAACPHicbVDNS8MwHE3n15xfVY9egkMQhNGKoMehF48T9wVrKWmWbmFpWpJUGKV/mBf/CG+evHhQxKtn06043fYg8Hjv95L8nh8zKpVlvRilldW19Y3yZmVre2d3z9w/aMsoEZi0cMQi0fWRJIxy0lJUMdKNBUGhz0jHH93kfueBCEkj3lTjmLghGnAaUIyUljzzPnViJBRFDDY9Cp1ID8NfSWTwDKYzg3s0g7MEX5qAnlm1atYEcJHYBamCAg3PfHb6EU5CwhVmSMqebcXKTfMrMSNZxUkkiREeoQHpacpRSKSbTpbP4IlW+jCIhD5cwYn6N5GiUMpx6OvJEKmhnPdycZnXS1Rw5aaUx4kiHE8fChIGVQTzJmGfCoIVG2uCsKD6rxAPkUBY6b4rugR7fuVF0j6v2VbNvruo1q+LOsrgCByDU2CDS1AHt6ABWgCDR/AK3sGH8WS8GZ/G13S0ZBSZQ/APxvcPykit0A==</latexit><latexit sha1_base64="HGoM7t6Jjcqeg7Tb66RbvZzuvcM=">AAACPHicbVDNS8MwHE3n15xfVY9egkMQhNGKoMehF48T9wVrKWmWbmFpWpJUGKV/mBf/CG+evHhQxKtn06043fYg8Hjv95L8nh8zKpVlvRilldW19Y3yZmVre2d3z9w/aMsoEZi0cMQi0fWRJIxy0lJUMdKNBUGhz0jHH93kfueBCEkj3lTjmLghGnAaUIyUljzzPnViJBRFDDY9Cp1ID8NfSWTwDKYzg3s0g7MEX5qAnlm1atYEcJHYBamCAg3PfHb6EU5CwhVmSMqebcXKTfMrMSNZxUkkiREeoQHpacpRSKSbTpbP4IlW+jCIhD5cwYn6N5GiUMpx6OvJEKmhnPdycZnXS1Rw5aaUx4kiHE8fChIGVQTzJmGfCoIVG2uCsKD6rxAPkUBY6b4rugR7fuVF0j6v2VbNvruo1q+LOsrgCByDU2CDS1AHt6ABWgCDR/AK3sGH8WS8GZ/G13S0ZBSZQ/APxvcPykit0A==</latexit><latexit sha1_base64="HGoM7t6Jjcqeg7Tb66RbvZzuvcM=">AAACPHicbVDNS8MwHE3n15xfVY9egkMQhNGKoMehF48T9wVrKWmWbmFpWpJUGKV/mBf/CG+evHhQxKtn06043fYg8Hjv95L8nh8zKpVlvRilldW19Y3yZmVre2d3z9w/aMsoEZi0cMQi0fWRJIxy0lJUMdKNBUGhz0jHH93kfueBCEkj3lTjmLghGnAaUIyUljzzPnViJBRFDDY9Cp1ID8NfSWTwDKYzg3s0g7MEX5qAnlm1atYEcJHYBamCAg3PfHb6EU5CwhVmSMqebcXKTfMrMSNZxUkkiREeoQHpacpRSKSbTpbP4IlW+jCIhD5cwYn6N5GiUMpx6OvJEKmhnPdycZnXS1Rw5aaUx4kiHE8fChIGVQTzJmGfCoIVG2uCsKD6rxAPkUBY6b4rugR7fuVF0j6v2VbNvruo1q+LOsrgCByDU2CDS1AHt6ABWgCDR/AK3sGH8WS8GZ/G13S0ZBSZQ/APxvcPykit0A==</latexit>

/
<latexit sha1_base64="2Ef02Zs1+UPMC8yBXkJbKN7kpsk=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj04jGCeUCyhNnJbDJkdmaY6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KteAWg+DbW1vf2NzaLu2Ud/f2Dw4rR8ctqzJDWZMqoUwnJpYJLlkTOQrW0YaRNBasHY/vZn77iRnLlXzEiWZRSoaSJ5wSdFK7p43SqPqValAL5vBXSViQKhRo9CtfvYGiWcokUkGs7YaBxignBjkVbFruZZZpQsdkyLqOSpIyG+Xzc6f+uVMGfqKMK4n+XP09kZPU2kkau86U4MguezPxP6+bYXIT5VzqDJmki0VJJnxU/ux3f8ANoygmjhBquLvVpyNiCEWXUNmFEC6/vEpal7UwqIUPV9X6bRFHCU7hDC4ghGuowz00oAkUxvAMr/Dmae/Fe/c+Fq1rXjFzAn/gff4AotuPwA==</latexit><latexit sha1_base64="2Ef02Zs1+UPMC8yBXkJbKN7kpsk=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj04jGCeUCyhNnJbDJkdmaY6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KteAWg+DbW1vf2NzaLu2Ud/f2Dw4rR8ctqzJDWZMqoUwnJpYJLlkTOQrW0YaRNBasHY/vZn77iRnLlXzEiWZRSoaSJ5wSdFK7p43SqPqValAL5vBXSViQKhRo9CtfvYGiWcokUkGs7YaBxignBjkVbFruZZZpQsdkyLqOSpIyG+Xzc6f+uVMGfqKMK4n+XP09kZPU2kkau86U4MguezPxP6+bYXIT5VzqDJmki0VJJnxU/ux3f8ANoygmjhBquLvVpyNiCEWXUNmFEC6/vEpal7UwqIUPV9X6bRFHCU7hDC4ghGuowz00oAkUxvAMr/Dmae/Fe/c+Fq1rXjFzAn/gff4AotuPwA==</latexit><latexit sha1_base64="2Ef02Zs1+UPMC8yBXkJbKN7kpsk=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj04jGCeUCyhNnJbDJkdmaY6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KteAWg+DbW1vf2NzaLu2Ud/f2Dw4rR8ctqzJDWZMqoUwnJpYJLlkTOQrW0YaRNBasHY/vZn77iRnLlXzEiWZRSoaSJ5wSdFK7p43SqPqValAL5vBXSViQKhRo9CtfvYGiWcokUkGs7YaBxignBjkVbFruZZZpQsdkyLqOSpIyG+Xzc6f+uVMGfqKMK4n+XP09kZPU2kkau86U4MguezPxP6+bYXIT5VzqDJmki0VJJnxU/ux3f8ANoygmjhBquLvVpyNiCEWXUNmFEC6/vEpal7UwqIUPV9X6bRFHCU7hDC4ghGuowz00oAkUxvAMr/Dmae/Fe/c+Fq1rXjFzAn/gff4AotuPwA==</latexit><latexit sha1_base64="2Ef02Zs1+UPMC8yBXkJbKN7kpsk=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj04jGCeUCyhNnJbDJkdmaY6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KteAWg+DbW1vf2NzaLu2Ud/f2Dw4rR8ctqzJDWZMqoUwnJpYJLlkTOQrW0YaRNBasHY/vZn77iRnLlXzEiWZRSoaSJ5wSdFK7p43SqPqValAL5vBXSViQKhRo9CtfvYGiWcokUkGs7YaBxignBjkVbFruZZZpQsdkyLqOSpIyG+Xzc6f+uVMGfqKMK4n+XP09kZPU2kkau86U4MguezPxP6+bYXIT5VzqDJmki0VJJnxU/ux3f8ANoygmjhBquLvVpyNiCEWXUNmFEC6/vEpal7UwqIUPV9X6bRFHCU7hDC4ghGuowz00oAkUxvAMr/Dmae/Fe/c+Fq1rXjFzAn/gff4AotuPwA==</latexit>

•Answer: since     is small and magnetic gradients are small,                 
it is most likely the dominant mechanism at the pedestal is 

Ti

<latexit sha1_base64="tN0sBnPo09oBLsN7Np/BiMm5fNA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V+wVtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/udJ1Sax7Jppgn6ER1JHnJGjZUemwM+KFfcqrsAWSdeTiqQozEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/W5w6IxdWGZIwVrakIQv190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZ/02GXCEzYmoJZYrbWwkbU0WZsemUbAje6svrpH1V9dyq93Bdqd/mcRThDM7hEjyoQR3uoQEtYDCCZ3iFN0c4L86787FsLTj5zCn8gfP5Aym4jbQ=</latexit><latexit sha1_base64="tN0sBnPo09oBLsN7Np/BiMm5fNA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V+wVtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/udJ1Sax7Jppgn6ER1JHnJGjZUemwM+KFfcqrsAWSdeTiqQozEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/W5w6IxdWGZIwVrakIQv190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZ/02GXCEzYmoJZYrbWwkbU0WZsemUbAje6svrpH1V9dyq93Bdqd/mcRThDM7hEjyoQR3uoQEtYDCCZ3iFN0c4L86787FsLTj5zCn8gfP5Aym4jbQ=</latexit><latexit sha1_base64="tN0sBnPo09oBLsN7Np/BiMm5fNA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V+wVtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/udJ1Sax7Jppgn6ER1JHnJGjZUemwM+KFfcqrsAWSdeTiqQozEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/W5w6IxdWGZIwVrakIQv190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZ/02GXCEzYmoJZYrbWwkbU0WZsemUbAje6svrpH1V9dyq93Bdqd/mcRThDM7hEjyoQR3uoQEtYDCCZ3iFN0c4L86787FsLTj5zCn8gfP5Aym4jbQ=</latexit><latexit sha1_base64="tN0sBnPo09oBLsN7Np/BiMm5fNA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V+wVtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/udJ1Sax7Jppgn6ER1JHnJGjZUemwM+KFfcqrsAWSdeTiqQozEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/W5w6IxdWGZIwVrakIQv190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZ/02GXCEzYmoJZYrbWwkbU0WZsemUbAje6svrpH1V9dyq93Bdqd/mcRThDM7hEjyoQR3uoQEtYDCCZ3iFN0c4L86787FsLTj5zCn8gfP5Aym4jbQ=</latexit>

V E⇥B
?i
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[i.e., Lee and Qin, PoP ’03]
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• Since the L and H modes have the same magnetic 
configuration with the same magnetic drifts at the edge 
region, the difference is in the existence of the E x B drift 
motion for the H-mode.

 8

This is why! 

• The E x B drift motion apparently facilitates the plasmas 
evolving into an optimum confinement configuration. 

• The E x B drift motion for the H-mode comes from the 
equilibrium zonal flow due to FLR effects in the region of 
sharp pressure gradient, but is not related to the turbulence.



ni|particle
ni

= 1 +
1

2
⇢2i

1

pi
r2

?pi

[Lee and Kolesnikov, PoP 16, 044506 (2009); Lee, PoP 23, 070705 (2016); 
 Lee and White, PoP 24, 081204 (2017); Lee and White, PoP 25, 054701 (2018).]
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Gyrokinetic Quasineutrality
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-- Difference in gyroradius effects  

between ions and electrons 

-- FLR modification of  
pressure balance

-- Equilibrium Zonal Flow
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related to gyroviscosity in 2 fluid mom eqts [Scott, 2007]  



Gyrokinetic MHD Equations 
[Lee, PoP 23, 070705 (2016); Lee, Hudson and Ma, PoP 24, 124508 (2017)]
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= 0
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v2A
c2

|rAk|2
◆
dx = �v2A

c2

Z
E? · J?dx,

<latexit sha1_base64="62PiHCGtRTzlk+3oM/BeNRgdPWI="></latexit><latexit sha1_base64="62PiHCGtRTzlk+3oM/BeNRgdPWI="></latexit><latexit sha1_base64="62PiHCGtRTzlk+3oM/BeNRgdPWI="></latexit><latexit sha1_base64="62PiHCGtRTzlk+3oM/BeNRgdPWI="></latexit>

Vorticity Equation:

Ohm’s Law:

Equations of State:

Energy Conservation:

Ampere’s Law:

r · (Jk + J?) = 0

<latexit sha1_base64="GfeYc2KGX2k/DupjNxlH2f5KCJ4=">AAACHXicbVDLSsNAFJ34rPVVdelmsAgVoSRSsBuh4EZcVbAPaEqYTG7aoZNJmJkIJfRH3Pgrblwo4sKN+DdOH/hoPXDhcM693HuPn3CmtG1/WkvLK6tr67mN/ObW9s5uYW+/qeJUUmjQmMey7RMFnAloaKY5tBMJJPI5tPzB5dhv3YFULBa3ephANyI9wUJGiTaSV6i4gvicYJcGscalzPVDfD3y3IRIwjlwfIp/NJDJCb7Atlco2mV7AvxNnHlSRDPUvcK7G8Q0jUBoyolSHcdOdDcjUjPKYZR3UwUJoQPSg46hgkSgutnkuxE+NkqAw1iaEhpP1N8TGYmUGka+6YyI7qt5byz+53VSHVa7GRNJqkHQ6aIw5VjHeBwVDpgEqvnQEEIlM7di2je5UG0CzZsQFl5eJM2zsmOXnZtKsVadxZFDh+gIlZCDzlENXaE6aiCK7tEjekYv1oP1ZL1ab9PWJWs2c4D+wPr4AoBWoDk=</latexit><latexit sha1_base64="GfeYc2KGX2k/DupjNxlH2f5KCJ4=">AAACHXicbVDLSsNAFJ34rPVVdelmsAgVoSRSsBuh4EZcVbAPaEqYTG7aoZNJmJkIJfRH3Pgrblwo4sKN+DdOH/hoPXDhcM693HuPn3CmtG1/WkvLK6tr67mN/ObW9s5uYW+/qeJUUmjQmMey7RMFnAloaKY5tBMJJPI5tPzB5dhv3YFULBa3ephANyI9wUJGiTaSV6i4gvicYJcGscalzPVDfD3y3IRIwjlwfIp/NJDJCb7Atlco2mV7AvxNnHlSRDPUvcK7G8Q0jUBoyolSHcdOdDcjUjPKYZR3UwUJoQPSg46hgkSgutnkuxE+NkqAw1iaEhpP1N8TGYmUGka+6YyI7qt5byz+53VSHVa7GRNJqkHQ6aIw5VjHeBwVDpgEqvnQEEIlM7di2je5UG0CzZsQFl5eJM2zsmOXnZtKsVadxZFDh+gIlZCDzlENXaE6aiCK7tEjekYv1oP1ZL1ab9PWJWs2c4D+wPr4AoBWoDk=</latexit><latexit sha1_base64="GfeYc2KGX2k/DupjNxlH2f5KCJ4=">AAACHXicbVDLSsNAFJ34rPVVdelmsAgVoSRSsBuh4EZcVbAPaEqYTG7aoZNJmJkIJfRH3Pgrblwo4sKN+DdOH/hoPXDhcM693HuPn3CmtG1/WkvLK6tr67mN/ObW9s5uYW+/qeJUUmjQmMey7RMFnAloaKY5tBMJJPI5tPzB5dhv3YFULBa3ephANyI9wUJGiTaSV6i4gvicYJcGscalzPVDfD3y3IRIwjlwfIp/NJDJCb7Atlco2mV7AvxNnHlSRDPUvcK7G8Q0jUBoyolSHcdOdDcjUjPKYZR3UwUJoQPSg46hgkSgutnkuxE+NkqAw1iaEhpP1N8TGYmUGka+6YyI7qt5byz+53VSHVa7GRNJqkHQ6aIw5VjHeBwVDpgEqvnQEEIlM7di2je5UG0CzZsQFl5eJM2zsmOXnZtKsVadxZFDh+gIlZCDzlENXaE6aiCK7tEjekYv1oP1ZL1ab9PWJWs2c4D+wPr4AoBWoDk=</latexit><latexit sha1_base64="GfeYc2KGX2k/DupjNxlH2f5KCJ4=">AAACHXicbVDLSsNAFJ34rPVVdelmsAgVoSRSsBuh4EZcVbAPaEqYTG7aoZNJmJkIJfRH3Pgrblwo4sKN+DdOH/hoPXDhcM693HuPn3CmtG1/WkvLK6tr67mN/ObW9s5uYW+/qeJUUmjQmMey7RMFnAloaKY5tBMJJPI5tPzB5dhv3YFULBa3ephANyI9wUJGiTaSV6i4gvicYJcGscalzPVDfD3y3IRIwjlwfIp/NJDJCb7Atlco2mV7AvxNnHlSRDPUvcK7G8Q0jUBoyolSHcdOdDcjUjPKYZR3UwUJoQPSg46hgkSgutnkuxE+NkqAw1iaEhpP1N8TGYmUGka+6YyI7qt5byz+53VSHVa7GRNJqkHQ6aIw5VjHeBwVDpgEqvnQEEIlM7di2je5UG0CzZsQFl5eJM2zsmOXnZtKsVadxZFDh+gIlZCDzlENXaE6aiCK7tEjekYv1oP1ZL1ab9PWJWs2c4D+wPr4AoBWoDk=</latexit>

MHD equilibrium:
 10



d

dt
r2

?�+ 4⇡
v2A
c

@

@xk
(r2Ak) = 0

<latexit sha1_base64="MbhvTuexV+8TEt+HsxxE+BZQx1k="></latexit><latexit sha1_base64="MbhvTuexV+8TEt+HsxxE+BZQx1k="></latexit><latexit sha1_base64="MbhvTuexV+8TEt+HsxxE+BZQx1k="></latexit><latexit sha1_base64="MbhvTuexV+8TEt+HsxxE+BZQx1k="></latexit>

Ek ⌘ �1

c

@Ak

@t
� @�

@xk
= 0

<latexit sha1_base64="Zb30tzBAb8WgF57aDyTc4kFIPpY="></latexit><latexit sha1_base64="Zb30tzBAb8WgF57aDyTc4kFIPpY="></latexit><latexit sha1_base64="Zb30tzBAb8WgF57aDyTc4kFIPpY="></latexit><latexit sha1_base64="Zb30tzBAb8WgF57aDyTc4kFIPpY="></latexit>

!2 = kkv
2
A

<latexit sha1_base64="zaPJFSaRZEV4XOxq4vG3pu5grdo=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KkkR7EaouHFZwT6gTcNketMOnUzCzKRQQjdu/BU3LhRx6z+482+cPhBtPXDhcM693HtPkHCmtON8WSura+sbm7mt/PbO7t6+fXBYV3EqKdRozGPZDIgCzgTUNNMcmokEEgUcGsHgZuI3hiAVi8W9HiXgRaQnWMgo0Uby7ZN2HEGPdEr4Cg/8dkIk4Rw4HvrXnZJvF5yiMwX+Ie4iKaA5qr792e7GNI1AaMqJUi3XSbSXEakZ5TDOt1MFCaED0oOWoYJEoLxs+sUYnxmli8NYmhIaT9XfExmJlBpFgemMiO6rRW8i/ue1Uh2WvYyJJNUg6GxRmHKsYzyJBHeZBKr5yBBCJTO3Yto3QVBtgsubEJZeXib1UtF1iu7dRaFSnseRQ8foFJ0jF12iCrpFVVRDFD2gJ/SCXq1H69l6s95nrSvWfOYI/YH18Q27V5dl</latexit><latexit sha1_base64="zaPJFSaRZEV4XOxq4vG3pu5grdo=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KkkR7EaouHFZwT6gTcNketMOnUzCzKRQQjdu/BU3LhRx6z+482+cPhBtPXDhcM693HtPkHCmtON8WSura+sbm7mt/PbO7t6+fXBYV3EqKdRozGPZDIgCzgTUNNMcmokEEgUcGsHgZuI3hiAVi8W9HiXgRaQnWMgo0Uby7ZN2HEGPdEr4Cg/8dkIk4Rw4HvrXnZJvF5yiMwX+Ie4iKaA5qr792e7GNI1AaMqJUi3XSbSXEakZ5TDOt1MFCaED0oOWoYJEoLxs+sUYnxmli8NYmhIaT9XfExmJlBpFgemMiO6rRW8i/ue1Uh2WvYyJJNUg6GxRmHKsYzyJBHeZBKr5yBBCJTO3Yto3QVBtgsubEJZeXib1UtF1iu7dRaFSnseRQ8foFJ0jF12iCrpFVVRDFD2gJ/SCXq1H69l6s95nrSvWfOYI/YH18Q27V5dl</latexit><latexit sha1_base64="zaPJFSaRZEV4XOxq4vG3pu5grdo=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KkkR7EaouHFZwT6gTcNketMOnUzCzKRQQjdu/BU3LhRx6z+482+cPhBtPXDhcM693HtPkHCmtON8WSura+sbm7mt/PbO7t6+fXBYV3EqKdRozGPZDIgCzgTUNNMcmokEEgUcGsHgZuI3hiAVi8W9HiXgRaQnWMgo0Uby7ZN2HEGPdEr4Cg/8dkIk4Rw4HvrXnZJvF5yiMwX+Ie4iKaA5qr792e7GNI1AaMqJUi3XSbSXEakZ5TDOt1MFCaED0oOWoYJEoLxs+sUYnxmli8NYmhIaT9XfExmJlBpFgemMiO6rRW8i/ue1Uh2WvYyJJNUg6GxRmHKsYzyJBHeZBKr5yBBCJTO3Yto3QVBtgsubEJZeXib1UtF1iu7dRaFSnseRQ8foFJ0jF12iCrpFVVRDFD2gJ/SCXq1H69l6s95nrSvWfOYI/YH18Q27V5dl</latexit><latexit sha1_base64="zaPJFSaRZEV4XOxq4vG3pu5grdo=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KkkR7EaouHFZwT6gTcNketMOnUzCzKRQQjdu/BU3LhRx6z+482+cPhBtPXDhcM693HtPkHCmtON8WSura+sbm7mt/PbO7t6+fXBYV3EqKdRozGPZDIgCzgTUNNMcmokEEgUcGsHgZuI3hiAVi8W9HiXgRaQnWMgo0Uby7ZN2HEGPdEr4Cg/8dkIk4Rw4HvrXnZJvF5yiMwX+Ie4iKaA5qr792e7GNI1AaMqJUi3XSbSXEakZ5TDOt1MFCaED0oOWoYJEoLxs+sUYnxmli8NYmhIaT9XfExmJlBpFgemMiO6rRW8i/ue1Uh2WvYyJJNUg6GxRmHKsYzyJBHeZBKr5yBBCJTO3Yto3QVBtgsubEJZeXib1UtF1iu7dRaFSnseRQ8foFJ0jF12iCrpFVVRDFD2gJ/SCXq1H69l6s95nrSvWfOYI/YH18Q27V5dl</latexit>

r?pi ⇡ 0
<latexit sha1_base64="Lpm6CGHD6qPRseEcSH7cB3LFTr0=">AAACA3icbVDLSgNBEJyNrxhfq970MhgET2FXBHMMePEYwTwguyy9k0kyZHZ2mJkVwxLw4q948aCIV3/Cm3/j5IFoYkFDUdVNd1csOdPG876cwsrq2vpGcbO0tb2zu+fuHzR1milCGyTlqWrHoClngjYMM5y2paKQxJy24uHVxG/dUaVZKm7NSNIwgb5gPUbAWClyjwIBMYcokFRJLCOGA5BSpffYi9yyV/GmwD/EXyRlNEc9cj+DbkqyhApDOGjd8T1pwhyUYYTTcSnINJVAhtCnHUsFJFSH+fSHMT61Shf3UmVLGDxVf0/kkGg9SmLbmYAZ6EVvIv7ndTLTq4Y5EzIzVJDZol7GsUnxJBDcZYoSw0eWAFHM3orJABQQY2Mr2RCWXl4mzfOK71X8m4tyrTqPo4iO0Qk6Qz66RDV0jeqogQh6QE/oBb06j86z8+a8z1oLznzmEP2B8/ENNk2XMA==</latexit><latexit sha1_base64="Lpm6CGHD6qPRseEcSH7cB3LFTr0=">AAACA3icbVDLSgNBEJyNrxhfq970MhgET2FXBHMMePEYwTwguyy9k0kyZHZ2mJkVwxLw4q948aCIV3/Cm3/j5IFoYkFDUdVNd1csOdPG876cwsrq2vpGcbO0tb2zu+fuHzR1milCGyTlqWrHoClngjYMM5y2paKQxJy24uHVxG/dUaVZKm7NSNIwgb5gPUbAWClyjwIBMYcokFRJLCOGA5BSpffYi9yyV/GmwD/EXyRlNEc9cj+DbkqyhApDOGjd8T1pwhyUYYTTcSnINJVAhtCnHUsFJFSH+fSHMT61Shf3UmVLGDxVf0/kkGg9SmLbmYAZ6EVvIv7ndTLTq4Y5EzIzVJDZol7GsUnxJBDcZYoSw0eWAFHM3orJABQQY2Mr2RCWXl4mzfOK71X8m4tyrTqPo4iO0Qk6Qz66RDV0jeqogQh6QE/oBb06j86z8+a8z1oLznzmEP2B8/ENNk2XMA==</latexit><latexit sha1_base64="Lpm6CGHD6qPRseEcSH7cB3LFTr0=">AAACA3icbVDLSgNBEJyNrxhfq970MhgET2FXBHMMePEYwTwguyy9k0kyZHZ2mJkVwxLw4q948aCIV3/Cm3/j5IFoYkFDUdVNd1csOdPG876cwsrq2vpGcbO0tb2zu+fuHzR1milCGyTlqWrHoClngjYMM5y2paKQxJy24uHVxG/dUaVZKm7NSNIwgb5gPUbAWClyjwIBMYcokFRJLCOGA5BSpffYi9yyV/GmwD/EXyRlNEc9cj+DbkqyhApDOGjd8T1pwhyUYYTTcSnINJVAhtCnHUsFJFSH+fSHMT61Shf3UmVLGDxVf0/kkGg9SmLbmYAZ6EVvIv7ndTLTq4Y5EzIzVJDZol7GsUnxJBDcZYoSw0eWAFHM3orJABQQY2Mr2RCWXl4mzfOK71X8m4tyrTqPo4iO0Qk6Qz66RDV0jeqogQh6QE/oBb06j86z8+a8z1oLznzmEP2B8/ENNk2XMA==</latexit><latexit sha1_base64="Lpm6CGHD6qPRseEcSH7cB3LFTr0=">AAACA3icbVDLSgNBEJyNrxhfq970MhgET2FXBHMMePEYwTwguyy9k0kyZHZ2mJkVwxLw4q948aCIV3/Cm3/j5IFoYkFDUdVNd1csOdPG876cwsrq2vpGcbO0tb2zu+fuHzR1milCGyTlqWrHoClngjYMM5y2paKQxJy24uHVxG/dUaVZKm7NSNIwgb5gPUbAWClyjwIBMYcokFRJLCOGA5BSpffYi9yyV/GmwD/EXyRlNEc9cj+DbkqyhApDOGjd8T1pwhyUYYTTcSnINJVAhtCnHUsFJFSH+fSHMT61Shf3UmVLGDxVf0/kkGg9SmLbmYAZ6EVvIv7ndTLTq4Y5EzIzVJDZol7GsUnxJBDcZYoSw0eWAFHM3orJABQQY2Mr2RCWXl4mzfOK71X8m4tyrTqPo4iO0Qk6Qz66RDV0jeqogQh6QE/oBb06j86z8+a8z1oLznzmEP2B8/ENNk2XMA==</latexit>

J? ⇡ 0

<latexit sha1_base64="9AUox81a8+duZ/hjvlThxaWAvA8=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4KrMiGCXBTfiqoJ9QGcYMmmmDc0kIcmIZZiNv+LGhSJu/Qx3/o3pA9HWAxcO59zLvffEklFtPO/LKa2srq1vlDcrW9s7u3vu/kFbi0xh0sKCCdWNkSaMctIy1DDSlYqgNGakE4+uJn7nnihNBb8zY0nCFA04TShGxkqRe5QHcQJviiiQREkYICmVeIBe5Fa9mjcF/CH+IqmCOZqR+xn0Bc5Swg1mSOue70kT5kgZihkpKkGmiUR4hAakZylHKdFhPn2ggKdW6cNEKFvcwKn6eyJHqdbjNLadKTJDvehNxP+8XmaSephTLjNDOJ4tSjIGjYCTNGCfKoING1uCsKL2VoiHSCFsbGYVG8LSy8ukfV7zvZp/e1Ft1OdxlMExOAFnwAeXoAGuQRO0AAYFeAIv4NV5dJ6dN+d91lpy5jOH4A+cj2/ieZXm</latexit><latexit sha1_base64="9AUox81a8+duZ/hjvlThxaWAvA8=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4KrMiGCXBTfiqoJ9QGcYMmmmDc0kIcmIZZiNv+LGhSJu/Qx3/o3pA9HWAxcO59zLvffEklFtPO/LKa2srq1vlDcrW9s7u3vu/kFbi0xh0sKCCdWNkSaMctIy1DDSlYqgNGakE4+uJn7nnihNBb8zY0nCFA04TShGxkqRe5QHcQJviiiQREkYICmVeIBe5Fa9mjcF/CH+IqmCOZqR+xn0Bc5Swg1mSOue70kT5kgZihkpKkGmiUR4hAakZylHKdFhPn2ggKdW6cNEKFvcwKn6eyJHqdbjNLadKTJDvehNxP+8XmaSephTLjNDOJ4tSjIGjYCTNGCfKoING1uCsKL2VoiHSCFsbGYVG8LSy8ukfV7zvZp/e1Ft1OdxlMExOAFnwAeXoAGuQRO0AAYFeAIv4NV5dJ6dN+d91lpy5jOH4A+cj2/ieZXm</latexit><latexit sha1_base64="9AUox81a8+duZ/hjvlThxaWAvA8=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4KrMiGCXBTfiqoJ9QGcYMmmmDc0kIcmIZZiNv+LGhSJu/Qx3/o3pA9HWAxcO59zLvffEklFtPO/LKa2srq1vlDcrW9s7u3vu/kFbi0xh0sKCCdWNkSaMctIy1DDSlYqgNGakE4+uJn7nnihNBb8zY0nCFA04TShGxkqRe5QHcQJviiiQREkYICmVeIBe5Fa9mjcF/CH+IqmCOZqR+xn0Bc5Swg1mSOue70kT5kgZihkpKkGmiUR4hAakZylHKdFhPn2ggKdW6cNEKFvcwKn6eyJHqdbjNLadKTJDvehNxP+8XmaSephTLjNDOJ4tSjIGjYCTNGCfKoING1uCsKL2VoiHSCFsbGYVG8LSy8ukfV7zvZp/e1Ft1OdxlMExOAFnwAeXoAGuQRO0AAYFeAIv4NV5dJ6dN+d91lpy5jOH4A+cj2/ieZXm</latexit><latexit sha1_base64="9AUox81a8+duZ/hjvlThxaWAvA8=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4KrMiGCXBTfiqoJ9QGcYMmmmDc0kIcmIZZiNv+LGhSJu/Qx3/o3pA9HWAxcO59zLvffEklFtPO/LKa2srq1vlDcrW9s7u3vu/kFbi0xh0sKCCdWNkSaMctIy1DDSlYqgNGakE4+uJn7nnihNBb8zY0nCFA04TShGxkqRe5QHcQJviiiQREkYICmVeIBe5Fa9mjcF/CH+IqmCOZqR+xn0Bc5Swg1mSOue70kT5kgZihkpKkGmiUR4hAakZylHKdFhPn2ggKdW6cNEKFvcwKn6eyJHqdbjNLadKTJDvehNxP+8XmaSephTLjNDOJ4tSjIGjYCTNGCfKoING1uCsKL2VoiHSCFsbGYVG8LSy8ukfV7zvZp/e1Ft1OdxlMExOAFnwAeXoAGuQRO0AAYFeAIv4NV5dJ6dN+d91lpy5jOH4A+cj2/ieZXm</latexit>

r⇥B = µB

<latexit sha1_base64="/jtZ3pzM2xyRcZdDbPUTJvrC6aw=">AAACDHicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzEUIevEYwTwgG0LvZDYZMju7zMwKYckHePFXvHhQxKsf4M2/cfJQNLFgoLqqm56uIBFcG9f9dJaWV1bX1nMb+c2t7Z3dwt5+XcepoqxGYxGrZoCaCS5ZzXAjWDNRDKNAsEYwuBr7jTumNI/lrRkmrB1hT/KQUzRW6hSKvsRAIPENj5gmmR+E5HJELogfpd+V7XJL7gTkh3jzpAgzVDuFD78b0zRi0lCBWrc8NzHtDJXhVLBR3k81S5AOsMdalkq0q9vZ5JgRObZKl4Sxsk8aMlF/T2QYaT2MAtsZoenreW8s/ue1UhOW2xmXSWqYpNNFYSqIick4GdLlilEjhpYgVdz+ldA+KqTG5pe3ISycvEjqpyXPLXk3Z8VKeRZHDg7hCE7Ag3OowDVUoQYU7uERnuHFeXCenFfnbdq65MxmDuAPnPcvfNCZ7w==</latexit><latexit sha1_base64="/jtZ3pzM2xyRcZdDbPUTJvrC6aw=">AAACDHicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzEUIevEYwTwgG0LvZDYZMju7zMwKYckHePFXvHhQxKsf4M2/cfJQNLFgoLqqm56uIBFcG9f9dJaWV1bX1nMb+c2t7Z3dwt5+XcepoqxGYxGrZoCaCS5ZzXAjWDNRDKNAsEYwuBr7jTumNI/lrRkmrB1hT/KQUzRW6hSKvsRAIPENj5gmmR+E5HJELogfpd+V7XJL7gTkh3jzpAgzVDuFD78b0zRi0lCBWrc8NzHtDJXhVLBR3k81S5AOsMdalkq0q9vZ5JgRObZKl4Sxsk8aMlF/T2QYaT2MAtsZoenreW8s/ue1UhOW2xmXSWqYpNNFYSqIick4GdLlilEjhpYgVdz+ldA+KqTG5pe3ISycvEjqpyXPLXk3Z8VKeRZHDg7hCE7Ag3OowDVUoQYU7uERnuHFeXCenFfnbdq65MxmDuAPnPcvfNCZ7w==</latexit><latexit sha1_base64="/jtZ3pzM2xyRcZdDbPUTJvrC6aw=">AAACDHicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzEUIevEYwTwgG0LvZDYZMju7zMwKYckHePFXvHhQxKsf4M2/cfJQNLFgoLqqm56uIBFcG9f9dJaWV1bX1nMb+c2t7Z3dwt5+XcepoqxGYxGrZoCaCS5ZzXAjWDNRDKNAsEYwuBr7jTumNI/lrRkmrB1hT/KQUzRW6hSKvsRAIPENj5gmmR+E5HJELogfpd+V7XJL7gTkh3jzpAgzVDuFD78b0zRi0lCBWrc8NzHtDJXhVLBR3k81S5AOsMdalkq0q9vZ5JgRObZKl4Sxsk8aMlF/T2QYaT2MAtsZoenreW8s/ue1UhOW2xmXSWqYpNNFYSqIick4GdLlilEjhpYgVdz+ldA+KqTG5pe3ISycvEjqpyXPLXk3Z8VKeRZHDg7hCE7Ag3OowDVUoQYU7uERnuHFeXCenFfnbdq65MxmDuAPnPcvfNCZ7w==</latexit><latexit sha1_base64="/jtZ3pzM2xyRcZdDbPUTJvrC6aw=">AAACDHicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzEUIevEYwTwgG0LvZDYZMju7zMwKYckHePFXvHhQxKsf4M2/cfJQNLFgoLqqm56uIBFcG9f9dJaWV1bX1nMb+c2t7Z3dwt5+XcepoqxGYxGrZoCaCS5ZzXAjWDNRDKNAsEYwuBr7jTumNI/lrRkmrB1hT/KQUzRW6hSKvsRAIPENj5gmmR+E5HJELogfpd+V7XJL7gTkh3jzpAgzVDuFD78b0zRi0lCBWrc8NzHtDJXhVLBR3k81S5AOsMdalkq0q9vZ5JgRObZKl4Sxsk8aMlF/T2QYaT2MAtsZoenreW8s/ue1UhOW2xmXSWqYpNNFYSqIick4GdLlilEjhpYgVdz+ldA+KqTG5pe3ISycvEjqpyXPLXk3Z8VKeRZHDg7hCE7Ag3OowDVUoQYU7uERnuHFeXCenFfnbdq65MxmDuAPnPcvfNCZ7w==</latexit>

r⇥B = 0

<latexit sha1_base64="BpfpeuQIh86XfQVvTaBeEGk5sb8=">AAACAnicbVDLSgNBEOz1GeMr6km8DAbBU9gVwVyEoBePEcwDsiH0TmaTIbOzy8ysEJbgxV/x4kERr36FN//GyQPRxIKGoqqb7q4gEVwb1/1ylpZXVtfWcxv5za3tnd3C3n5dx6mirEZjEatmgJoJLlnNcCNYM1EMo0CwRjC4HvuNe6Y0j+WdGSasHWFP8pBTNFbqFA59iYFA4hseMU0yPwjJ1YhcErdTKLoldwLyQ7x5UoQZqp3Cp9+NaRoxaahArVuem5h2hspwKtgo76eaJUgH2GMtSyXahe1s8sKInFilS8JY2ZKGTNTfExlGWg+jwHZGaPp63huL/3mt1ITldsZlkhom6XRRmApiYjLOg3S5YtSIoSVIFbe3EtpHhdTY1PI2hIWXF0n9rOS5Je/2vFgpz+LIwREcwyl4cAEVuIEq1IDCAzzBC7w6j86z8+a8T1uXnNnMAfyB8/ENEsKV3w==</latexit><latexit sha1_base64="BpfpeuQIh86XfQVvTaBeEGk5sb8=">AAACAnicbVDLSgNBEOz1GeMr6km8DAbBU9gVwVyEoBePEcwDsiH0TmaTIbOzy8ysEJbgxV/x4kERr36FN//GyQPRxIKGoqqb7q4gEVwb1/1ylpZXVtfWcxv5za3tnd3C3n5dx6mirEZjEatmgJoJLlnNcCNYM1EMo0CwRjC4HvuNe6Y0j+WdGSasHWFP8pBTNFbqFA59iYFA4hseMU0yPwjJ1YhcErdTKLoldwLyQ7x5UoQZqp3Cp9+NaRoxaahArVuem5h2hspwKtgo76eaJUgH2GMtSyXahe1s8sKInFilS8JY2ZKGTNTfExlGWg+jwHZGaPp63huL/3mt1ITldsZlkhom6XRRmApiYjLOg3S5YtSIoSVIFbe3EtpHhdTY1PI2hIWXF0n9rOS5Je/2vFgpz+LIwREcwyl4cAEVuIEq1IDCAzzBC7w6j86z8+a8T1uXnNnMAfyB8/ENEsKV3w==</latexit><latexit sha1_base64="BpfpeuQIh86XfQVvTaBeEGk5sb8=">AAACAnicbVDLSgNBEOz1GeMr6km8DAbBU9gVwVyEoBePEcwDsiH0TmaTIbOzy8ysEJbgxV/x4kERr36FN//GyQPRxIKGoqqb7q4gEVwb1/1ylpZXVtfWcxv5za3tnd3C3n5dx6mirEZjEatmgJoJLlnNcCNYM1EMo0CwRjC4HvuNe6Y0j+WdGSasHWFP8pBTNFbqFA59iYFA4hseMU0yPwjJ1YhcErdTKLoldwLyQ7x5UoQZqp3Cp9+NaRoxaahArVuem5h2hspwKtgo76eaJUgH2GMtSyXahe1s8sKInFilS8JY2ZKGTNTfExlGWg+jwHZGaPp63huL/3mt1ITldsZlkhom6XRRmApiYjLOg3S5YtSIoSVIFbe3EtpHhdTY1PI2hIWXF0n9rOS5Je/2vFgpz+LIwREcwyl4cAEVuIEq1IDCAzzBC7w6j86z8+a8T1uXnNnMAfyB8/ENEsKV3w==</latexit><latexit sha1_base64="BpfpeuQIh86XfQVvTaBeEGk5sb8=">AAACAnicbVDLSgNBEOz1GeMr6km8DAbBU9gVwVyEoBePEcwDsiH0TmaTIbOzy8ysEJbgxV/x4kERr36FN//GyQPRxIKGoqqb7q4gEVwb1/1ylpZXVtfWcxv5za3tnd3C3n5dx6mirEZjEatmgJoJLlnNcCNYM1EMo0CwRjC4HvuNe6Y0j+WdGSasHWFP8pBTNFbqFA59iYFA4hseMU0yPwjJ1YhcErdTKLoldwLyQ7x5UoQZqp3Cp9+NaRoxaahArVuem5h2hspwKtgo76eaJUgH2GMtSyXahe1s8sKInFilS8JY2ZKGTNTfExlGWg+jwHZGaPp63huL/3mt1ITldsZlkhom6XRRmApiYjLOg3S5YtSIoSVIFbe3EtpHhdTY1PI2hIWXF0n9rOS5Je/2vFgpz+LIwREcwyl4cAEVuIEq1IDCAzzBC7w6j86z8+a8T1uXnNnMAfyB8/ENEsKV3w==</latexit>
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dx ⇡ 0

<latexit sha1_base64="JMQzmXeE00oU70gEBJReVvta8sk="></latexit><latexit sha1_base64="JMQzmXeE00oU70gEBJReVvta8sk="></latexit><latexit sha1_base64="JMQzmXeE00oU70gEBJReVvta8sk="></latexit><latexit sha1_base64="JMQzmXeE00oU70gEBJReVvta8sk="></latexit>

• Vorticity Equation:

What happens when              ? 

• Collisonless Ohm’s Law:

• Normal Modes: — Alfven waves, weakly damped kinetically

• Modified Pressure balance:

• H-mode like pressure profile:
at the core 

at the edge

• Energy conservation: 

• Force-free Steady State:

• Woltjer/Taylor Equilibrium State:

[

• Beltrami Equilibrium State:

r⇥B =
4⇡

c
Jk

<latexit sha1_base64="ohDLBN3ba0HEd+r24PBkY7Nqot4=">AAACInicbVDLSgMxFM3UV62vUZdugkVwVWakYF0IRTfiqoKthc5QMmmmDc0kIckIZZhvceOvuHGhqCvBjzF9INp6IHA45x5y74kko9p43qdTWFpeWV0rrpc2Nre2d9zdvZYWqcKkiQUTqh0hTRjlpGmoYaQtFUFJxMhdNLwc+3f3RGkq+K0ZSRImqM9pTDEyVuq6ZwFHEUMwMDQhGmZBFMOLHJ7DrAoDSWEgbBrifOpc591AIoUYI6zrlr2KNwH8If48KYMZGl33PegJnCaEG8yQ1h3fkybMkDIUM5KXglQTifAQ9UnHUo7sQmE2OTGHR1bpwVgo+7iBE/V3IkOJ1qMkspMJMgM9743F/7xOauJamFEuU0M4nn4UpwwaAcd9wR5VBBs2sgRhRe2uEA9sBdjYVku2hIWTF0nrpOJ7Ff+mWq7XZnUUwQE4BMfAB6egDq5AAzQBBg/gCbyAV+fReXbenI/paMGZZfbBHzhf3zzgotk=</latexit><latexit sha1_base64="ohDLBN3ba0HEd+r24PBkY7Nqot4=">AAACInicbVDLSgMxFM3UV62vUZdugkVwVWakYF0IRTfiqoKthc5QMmmmDc0kIckIZZhvceOvuHGhqCvBjzF9INp6IHA45x5y74kko9p43qdTWFpeWV0rrpc2Nre2d9zdvZYWqcKkiQUTqh0hTRjlpGmoYaQtFUFJxMhdNLwc+3f3RGkq+K0ZSRImqM9pTDEyVuq6ZwFHEUMwMDQhGmZBFMOLHJ7DrAoDSWEgbBrifOpc591AIoUYI6zrlr2KNwH8If48KYMZGl33PegJnCaEG8yQ1h3fkybMkDIUM5KXglQTifAQ9UnHUo7sQmE2OTGHR1bpwVgo+7iBE/V3IkOJ1qMkspMJMgM9743F/7xOauJamFEuU0M4nn4UpwwaAcd9wR5VBBs2sgRhRe2uEA9sBdjYVku2hIWTF0nrpOJ7Ff+mWq7XZnUUwQE4BMfAB6egDq5AAzQBBg/gCbyAV+fReXbenI/paMGZZfbBHzhf3zzgotk=</latexit><latexit sha1_base64="ohDLBN3ba0HEd+r24PBkY7Nqot4=">AAACInicbVDLSgMxFM3UV62vUZdugkVwVWakYF0IRTfiqoKthc5QMmmmDc0kIckIZZhvceOvuHGhqCvBjzF9INp6IHA45x5y74kko9p43qdTWFpeWV0rrpc2Nre2d9zdvZYWqcKkiQUTqh0hTRjlpGmoYaQtFUFJxMhdNLwc+3f3RGkq+K0ZSRImqM9pTDEyVuq6ZwFHEUMwMDQhGmZBFMOLHJ7DrAoDSWEgbBrifOpc591AIoUYI6zrlr2KNwH8If48KYMZGl33PegJnCaEG8yQ1h3fkybMkDIUM5KXglQTifAQ9UnHUo7sQmE2OTGHR1bpwVgo+7iBE/V3IkOJ1qMkspMJMgM9743F/7xOauJamFEuU0M4nn4UpwwaAcd9wR5VBBs2sgRhRe2uEA9sBdjYVku2hIWTF0nrpOJ7Ff+mWq7XZnUUwQE4BMfAB6egDq5AAzQBBg/gCbyAV+fReXbenI/paMGZZfbBHzhf3zzgotk=</latexit><latexit sha1_base64="ohDLBN3ba0HEd+r24PBkY7Nqot4=">AAACInicbVDLSgMxFM3UV62vUZdugkVwVWakYF0IRTfiqoKthc5QMmmmDc0kIckIZZhvceOvuHGhqCvBjzF9INp6IHA45x5y74kko9p43qdTWFpeWV0rrpc2Nre2d9zdvZYWqcKkiQUTqh0hTRjlpGmoYaQtFUFJxMhdNLwc+3f3RGkq+K0ZSRImqM9pTDEyVuq6ZwFHEUMwMDQhGmZBFMOLHJ7DrAoDSWEgbBrifOpc591AIoUYI6zrlr2KNwH8If48KYMZGl33PegJnCaEG8yQ1h3fkybMkDIUM5KXglQTifAQ9UnHUo7sQmE2OTGHR1bpwVgo+7iBE/V3IkOJ1qMkspMJMgM9743F/7xOauJamFEuU0M4nn4UpwwaAcd9wR5VBBs2sgRhRe2uEA9sBdjYVku2hIWTF0nrpOJ7Ff+mWq7XZnUUwQE4BMfAB6egDq5AAzQBBg/gCbyAV+fReXbenI/paMGZZfbBHzhf3zzgotk=</latexit>

[

MHD stable for q > 1 
[H. Strauss PoP (’76)], 
unstable for q > 1 when  
[H. Strauss PoP (’77)]

J? 6= 0

<latexit sha1_base64="KjjgBKKtvDNk7I6SPOvS7OueS24=">AAAB/HicbVBNS8NAEN3Ur1q/qj16WSyCp5KIYI8FL+Kpgm2FJoTNdtIu3WyW3Y0QQv0rXjwo4tUf4s1/4/YD0dYHA4/3ZpiZF0nOtHHdL6e0tr6xuVXeruzs7u0fVA+PujrNFIUOTXmq7iOigTMBHcMMh3upgCQRh140vpr6vQdQmqXizuQSgoQMBYsZJcZKYbVW+FGMbyahL0FJ7AvAblituw13BvxDvGVSRwu0w+qnP0hploAwlBOt+54rTVAQZRjlMKn4mQZJ6JgMoW+pIAnooJgdP8GnVhngOFW2hMEz9fdEQRKt8ySynQkxI73sTcX/vH5m4mZQMCEzA4LOF8UZxybF0yTwgCmghueWEKqYvRXTEVGEGptXxYaw8vIq6Z43PLfh3V7UW81FHGV0jE7QGfLQJWqha9RGHURRjp7QC3p1Hp1n5815n7eWnMVMDf2B8/ENfNCT9w==</latexit><latexit sha1_base64="KjjgBKKtvDNk7I6SPOvS7OueS24=">AAAB/HicbVBNS8NAEN3Ur1q/qj16WSyCp5KIYI8FL+Kpgm2FJoTNdtIu3WyW3Y0QQv0rXjwo4tUf4s1/4/YD0dYHA4/3ZpiZF0nOtHHdL6e0tr6xuVXeruzs7u0fVA+PujrNFIUOTXmq7iOigTMBHcMMh3upgCQRh140vpr6vQdQmqXizuQSgoQMBYsZJcZKYbVW+FGMbyahL0FJ7AvAblituw13BvxDvGVSRwu0w+qnP0hploAwlBOt+54rTVAQZRjlMKn4mQZJ6JgMoW+pIAnooJgdP8GnVhngOFW2hMEz9fdEQRKt8ySynQkxI73sTcX/vH5m4mZQMCEzA4LOF8UZxybF0yTwgCmghueWEKqYvRXTEVGEGptXxYaw8vIq6Z43PLfh3V7UW81FHGV0jE7QGfLQJWqha9RGHURRjp7QC3p1Hp1n5815n7eWnMVMDf2B8/ENfNCT9w==</latexit><latexit sha1_base64="KjjgBKKtvDNk7I6SPOvS7OueS24=">AAAB/HicbVBNS8NAEN3Ur1q/qj16WSyCp5KIYI8FL+Kpgm2FJoTNdtIu3WyW3Y0QQv0rXjwo4tUf4s1/4/YD0dYHA4/3ZpiZF0nOtHHdL6e0tr6xuVXeruzs7u0fVA+PujrNFIUOTXmq7iOigTMBHcMMh3upgCQRh140vpr6vQdQmqXizuQSgoQMBYsZJcZKYbVW+FGMbyahL0FJ7AvAblituw13BvxDvGVSRwu0w+qnP0hploAwlBOt+54rTVAQZRjlMKn4mQZJ6JgMoW+pIAnooJgdP8GnVhngOFW2hMEz9fdEQRKt8ySynQkxI73sTcX/vH5m4mZQMCEzA4LOF8UZxybF0yTwgCmghueWEKqYvRXTEVGEGptXxYaw8vIq6Z43PLfh3V7UW81FHGV0jE7QGfLQJWqha9RGHURRjp7QC3p1Hp1n5815n7eWnMVMDf2B8/ENfNCT9w==</latexit><latexit sha1_base64="KjjgBKKtvDNk7I6SPOvS7OueS24=">AAAB/HicbVBNS8NAEN3Ur1q/qj16WSyCp5KIYI8FL+Kpgm2FJoTNdtIu3WyW3Y0QQv0rXjwo4tUf4s1/4/YD0dYHA4/3ZpiZF0nOtHHdL6e0tr6xuVXeruzs7u0fVA+PujrNFIUOTXmq7iOigTMBHcMMh3upgCQRh140vpr6vQdQmqXizuQSgoQMBYsZJcZKYbVW+FGMbyahL0FJ7AvAblituw13BvxDvGVSRwu0w+qnP0hploAwlBOt+54rTVAQZRjlMKn4mQZJ6JgMoW+pIAnooJgdP8GnVhngOFW2hMEz9fdEQRKt8ySynQkxI73sTcX/vH5m4mZQMCEzA4LOF8UZxybF0yTwgCmghueWEKqYvRXTEVGEGptXxYaw8vIq6Z43PLfh3V7UW81FHGV0jE7QGfLQJWqha9RGHURRjp7QC3p1Hp1n5815n7eWnMVMDf2B8/ENfNCT9w==</latexit>
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(r?pi)

✓
1� 1

2
⇢2i

r2
?pi
pi

◆
⇡ 0,

<latexit sha1_base64="3yM6Jh63pXHoQpAsJfxjI0Lov74="></latexit><latexit sha1_base64="3yM6Jh63pXHoQpAsJfxjI0Lov74="></latexit><latexit sha1_base64="3yM6Jh63pXHoQpAsJfxjI0Lov74="></latexit><latexit sha1_base64="3yM6Jh63pXHoQpAsJfxjI0Lov74="></latexit>

pi / exp(�
p
2r/⇢i)

<latexit sha1_base64="bwrANemqdM0wLjfAcQUc5417uZY=">AAACC3icbVDLSgMxFM3UV62vUZduQotQF9aZIthlwY3LCvYBnWHIpJk2NDOJSUYsQ/du/BU3LhRx6w+4829MH4i2HggczrmXm3NCwajSjvNl5VZW19Y38puFre2d3T17/6CleCoxaWLOuOyESBFGE9LUVDPSEZKgOGSkHQ4vJ377jkhFeXKjR4L4MeonNKIYaSMFdlEEFHpCcqE5JPeifOqpW6mz6lieeXLAA3oS2CWn4kwBf4i7SEpgjkZgf3o9jtOYJBozpFTXdYT2MyQ1xYyMC16qiEB4iPqka2iCYqL8bJplDI+N0oMRl+YlGk7V3xsZipUaxaGZjJEeqEVvIv7ndVMd1fyMJiLVJMGzQ1HKoMk9KQb2qCRYs5EhCEtq/grxAEmEtamvYEpYirxMWtWK61Tc6/NSvTavIw+OQBGUgQsuQB1cgQZoAgwewBN4Aa/Wo/VsvVnvs9GcNd85BH9gfXwDZaqalw==</latexit><latexit sha1_base64="bwrANemqdM0wLjfAcQUc5417uZY=">AAACC3icbVDLSgMxFM3UV62vUZduQotQF9aZIthlwY3LCvYBnWHIpJk2NDOJSUYsQ/du/BU3LhRx6w+4829MH4i2HggczrmXm3NCwajSjvNl5VZW19Y38puFre2d3T17/6CleCoxaWLOuOyESBFGE9LUVDPSEZKgOGSkHQ4vJ377jkhFeXKjR4L4MeonNKIYaSMFdlEEFHpCcqE5JPeifOqpW6mz6lieeXLAA3oS2CWn4kwBf4i7SEpgjkZgf3o9jtOYJBozpFTXdYT2MyQ1xYyMC16qiEB4iPqka2iCYqL8bJplDI+N0oMRl+YlGk7V3xsZipUaxaGZjJEeqEVvIv7ndVMd1fyMJiLVJMGzQ1HKoMk9KQb2qCRYs5EhCEtq/grxAEmEtamvYEpYirxMWtWK61Tc6/NSvTavIw+OQBGUgQsuQB1cgQZoAgwewBN4Aa/Wo/VsvVnvs9GcNd85BH9gfXwDZaqalw==</latexit><latexit sha1_base64="bwrANemqdM0wLjfAcQUc5417uZY=">AAACC3icbVDLSgMxFM3UV62vUZduQotQF9aZIthlwY3LCvYBnWHIpJk2NDOJSUYsQ/du/BU3LhRx6w+4829MH4i2HggczrmXm3NCwajSjvNl5VZW19Y38puFre2d3T17/6CleCoxaWLOuOyESBFGE9LUVDPSEZKgOGSkHQ4vJ377jkhFeXKjR4L4MeonNKIYaSMFdlEEFHpCcqE5JPeifOqpW6mz6lieeXLAA3oS2CWn4kwBf4i7SEpgjkZgf3o9jtOYJBozpFTXdYT2MyQ1xYyMC16qiEB4iPqka2iCYqL8bJplDI+N0oMRl+YlGk7V3xsZipUaxaGZjJEeqEVvIv7ndVMd1fyMJiLVJMGzQ1HKoMk9KQb2qCRYs5EhCEtq/grxAEmEtamvYEpYirxMWtWK61Tc6/NSvTavIw+OQBGUgQsuQB1cgQZoAgwewBN4Aa/Wo/VsvVnvs9GcNd85BH9gfXwDZaqalw==</latexit><latexit sha1_base64="bwrANemqdM0wLjfAcQUc5417uZY=">AAACC3icbVDLSgMxFM3UV62vUZduQotQF9aZIthlwY3LCvYBnWHIpJk2NDOJSUYsQ/du/BU3LhRx6w+4829MH4i2HggczrmXm3NCwajSjvNl5VZW19Y38puFre2d3T17/6CleCoxaWLOuOyESBFGE9LUVDPSEZKgOGSkHQ4vJ377jkhFeXKjR4L4MeonNKIYaSMFdlEEFHpCcqE5JPeifOqpW6mz6lieeXLAA3oS2CWn4kwBf4i7SEpgjkZgf3o9jtOYJBozpFTXdYT2MyQ1xYyMC16qiEB4iPqka2iCYqL8bJplDI+N0oMRl+YlGk7V3xsZipUaxaGZjJEeqEVvIv7ndVMd1fyMJiLVJMGzQ1HKoMk9KQb2qCRYs5EhCEtq/grxAEmEtamvYEpYirxMWtWK61Tc6/NSvTavIw+OQBGUgQsuQB1cgQZoAgwewBN4Aa/Wo/VsvVnvs9GcNd85BH9gfXwDZaqalw==</latexit>

as a part of vorticity equation 
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Note that the fact that α is a constant in this equilibrium case is 
to satisfy the condition that               , which is not needed for 
our dynamic cases.

r ·H = 0

<latexit sha1_base64="IG6pgAWsVKSYqnf0iaXoXbyw8Rc=">AAACAXicdVDLSgMxFM3UV62vUTeCm2ARXJWkiG0XQsFNlxXsAzqlZNJMG5rJDElGKEPd+CtuXCji1r9w59+YaSuo6IELh3Pu5d57/FhwbRD6cHIrq2vrG/nNwtb2zu6eu3/Q1lGiKGvRSESq6xPNBJesZbgRrBsrRkJfsI4/ucr8zi1Tmkfyxkxj1g/JSPKAU2KsNHCPPEl8QaBHh5GBqecHsDGDlxAN3CIqIYQwxjAjuHKBLKnVqmVchTizLIpgiebAffeGEU1CJg0VROseRrHpp0QZTgWbFbxEs5jQCRmxnqWShEz30/kHM3hqlSEMImVLGjhXv0+kJNR6Gvq2MyRmrH97mfiX10tMUO2nXMaJYZIuFgWJgCaCWRxwyBWjRkwtIVRxeyukY6IINTa0gg3h61P4P2mXSxiV8PV5sV5dxpEHx+AEnAEMKqAOGqAJWoCCO/AAnsCzc+88Oi/O66I15yxnDsEPOG+fggCVmA==</latexit><latexit sha1_base64="IG6pgAWsVKSYqnf0iaXoXbyw8Rc=">AAACAXicdVDLSgMxFM3UV62vUTeCm2ARXJWkiG0XQsFNlxXsAzqlZNJMG5rJDElGKEPd+CtuXCji1r9w59+YaSuo6IELh3Pu5d57/FhwbRD6cHIrq2vrG/nNwtb2zu6eu3/Q1lGiKGvRSESq6xPNBJesZbgRrBsrRkJfsI4/ucr8zi1Tmkfyxkxj1g/JSPKAU2KsNHCPPEl8QaBHh5GBqecHsDGDlxAN3CIqIYQwxjAjuHKBLKnVqmVchTizLIpgiebAffeGEU1CJg0VROseRrHpp0QZTgWbFbxEs5jQCRmxnqWShEz30/kHM3hqlSEMImVLGjhXv0+kJNR6Gvq2MyRmrH97mfiX10tMUO2nXMaJYZIuFgWJgCaCWRxwyBWjRkwtIVRxeyukY6IINTa0gg3h61P4P2mXSxiV8PV5sV5dxpEHx+AEnAEMKqAOGqAJWoCCO/AAnsCzc+88Oi/O66I15yxnDsEPOG+fggCVmA==</latexit><latexit sha1_base64="IG6pgAWsVKSYqnf0iaXoXbyw8Rc=">AAACAXicdVDLSgMxFM3UV62vUTeCm2ARXJWkiG0XQsFNlxXsAzqlZNJMG5rJDElGKEPd+CtuXCji1r9w59+YaSuo6IELh3Pu5d57/FhwbRD6cHIrq2vrG/nNwtb2zu6eu3/Q1lGiKGvRSESq6xPNBJesZbgRrBsrRkJfsI4/ucr8zi1Tmkfyxkxj1g/JSPKAU2KsNHCPPEl8QaBHh5GBqecHsDGDlxAN3CIqIYQwxjAjuHKBLKnVqmVchTizLIpgiebAffeGEU1CJg0VROseRrHpp0QZTgWbFbxEs5jQCRmxnqWShEz30/kHM3hqlSEMImVLGjhXv0+kJNR6Gvq2MyRmrH97mfiX10tMUO2nXMaJYZIuFgWJgCaCWRxwyBWjRkwtIVRxeyukY6IINTa0gg3h61P4P2mXSxiV8PV5sV5dxpEHx+AEnAEMKqAOGqAJWoCCO/AAnsCzc+88Oi/O66I15yxnDsEPOG+fggCVmA==</latexit><latexit sha1_base64="IG6pgAWsVKSYqnf0iaXoXbyw8Rc=">AAACAXicdVDLSgMxFM3UV62vUTeCm2ARXJWkiG0XQsFNlxXsAzqlZNJMG5rJDElGKEPd+CtuXCji1r9w59+YaSuo6IELh3Pu5d57/FhwbRD6cHIrq2vrG/nNwtb2zu6eu3/Q1lGiKGvRSESq6xPNBJesZbgRrBsrRkJfsI4/ucr8zi1Tmkfyxkxj1g/JSPKAU2KsNHCPPEl8QaBHh5GBqecHsDGDlxAN3CIqIYQwxjAjuHKBLKnVqmVchTizLIpgiebAffeGEU1CJg0VROseRrHpp0QZTgWbFbxEs5jQCRmxnqWShEz30/kHM3hqlSEMImVLGjhXv0+kJNR6Gvq2MyRmrH97mfiX10tMUO2nXMaJYZIuFgWJgCaCWRxwyBWjRkwtIVRxeyukY6IINTa0gg3h61P4P2mXSxiV8PV5sV5dxpEHx+AEnAEMKqAOGqAJWoCCO/AAnsCzc+88Oi/O66I15yxnDsEPOG+fggCVmA==</latexit>
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Conclusion

The H-modes are related to the spontaneous relaxation  
of magnetically confined plasmas to a nearly force-free 
steady state as described by time-dependent GK MHD 
equations, where 

is a part of the vorticity equation.

r⇥B =
4⇡

c
Jk

<latexit sha1_base64="ohDLBN3ba0HEd+r24PBkY7Nqot4=">AAACInicbVDLSgMxFM3UV62vUZdugkVwVWakYF0IRTfiqoKthc5QMmmmDc0kIckIZZhvceOvuHGhqCvBjzF9INp6IHA45x5y74kko9p43qdTWFpeWV0rrpc2Nre2d9zdvZYWqcKkiQUTqh0hTRjlpGmoYaQtFUFJxMhdNLwc+3f3RGkq+K0ZSRImqM9pTDEyVuq6ZwFHEUMwMDQhGmZBFMOLHJ7DrAoDSWEgbBrifOpc591AIoUYI6zrlr2KNwH8If48KYMZGl33PegJnCaEG8yQ1h3fkybMkDIUM5KXglQTifAQ9UnHUo7sQmE2OTGHR1bpwVgo+7iBE/V3IkOJ1qMkspMJMgM9743F/7xOauJamFEuU0M4nn4UpwwaAcd9wR5VBBs2sgRhRe2uEA9sBdjYVku2hIWTF0nrpOJ7Ff+mWq7XZnUUwQE4BMfAB6egDq5AAzQBBg/gCbyAV+fReXbenI/paMGZZfbBHzhf3zzgotk=</latexit><latexit sha1_base64="ohDLBN3ba0HEd+r24PBkY7Nqot4=">AAACInicbVDLSgMxFM3UV62vUZdugkVwVWakYF0IRTfiqoKthc5QMmmmDc0kIckIZZhvceOvuHGhqCvBjzF9INp6IHA45x5y74kko9p43qdTWFpeWV0rrpc2Nre2d9zdvZYWqcKkiQUTqh0hTRjlpGmoYaQtFUFJxMhdNLwc+3f3RGkq+K0ZSRImqM9pTDEyVuq6ZwFHEUMwMDQhGmZBFMOLHJ7DrAoDSWEgbBrifOpc591AIoUYI6zrlr2KNwH8If48KYMZGl33PegJnCaEG8yQ1h3fkybMkDIUM5KXglQTifAQ9UnHUo7sQmE2OTGHR1bpwVgo+7iBE/V3IkOJ1qMkspMJMgM9743F/7xOauJamFEuU0M4nn4UpwwaAcd9wR5VBBs2sgRhRe2uEA9sBdjYVku2hIWTF0nrpOJ7Ff+mWq7XZnUUwQE4BMfAB6egDq5AAzQBBg/gCbyAV+fReXbenI/paMGZZfbBHzhf3zzgotk=</latexit><latexit sha1_base64="ohDLBN3ba0HEd+r24PBkY7Nqot4=">AAACInicbVDLSgMxFM3UV62vUZdugkVwVWakYF0IRTfiqoKthc5QMmmmDc0kIckIZZhvceOvuHGhqCvBjzF9INp6IHA45x5y74kko9p43qdTWFpeWV0rrpc2Nre2d9zdvZYWqcKkiQUTqh0hTRjlpGmoYaQtFUFJxMhdNLwc+3f3RGkq+K0ZSRImqM9pTDEyVuq6ZwFHEUMwMDQhGmZBFMOLHJ7DrAoDSWEgbBrifOpc591AIoUYI6zrlr2KNwH8If48KYMZGl33PegJnCaEG8yQ1h3fkybMkDIUM5KXglQTifAQ9UnHUo7sQmE2OTGHR1bpwVgo+7iBE/V3IkOJ1qMkspMJMgM9743F/7xOauJamFEuU0M4nn4UpwwaAcd9wR5VBBs2sgRhRe2uEA9sBdjYVku2hIWTF0nrpOJ7Ff+mWq7XZnUUwQE4BMfAB6egDq5AAzQBBg/gCbyAV+fReXbenI/paMGZZfbBHzhf3zzgotk=</latexit><latexit sha1_base64="ohDLBN3ba0HEd+r24PBkY7Nqot4=">AAACInicbVDLSgMxFM3UV62vUZdugkVwVWakYF0IRTfiqoKthc5QMmmmDc0kIckIZZhvceOvuHGhqCvBjzF9INp6IHA45x5y74kko9p43qdTWFpeWV0rrpc2Nre2d9zdvZYWqcKkiQUTqh0hTRjlpGmoYaQtFUFJxMhdNLwc+3f3RGkq+K0ZSRImqM9pTDEyVuq6ZwFHEUMwMDQhGmZBFMOLHJ7DrAoDSWEgbBrifOpc591AIoUYI6zrlr2KNwH8If48KYMZGl33PegJnCaEG8yQ1h3fkybMkDIUM5KXglQTifAQ9UnHUo7sQmE2OTGHR1bpwVgo+7iBE/V3IkOJ1qMkspMJMgM9743F/7xOauJamFEuU0M4nn4UpwwaAcd9wR5VBBs2sgRhRe2uEA9sBdjYVku2hIWTF0nrpOJ7Ff+mWq7XZnUUwQE4BMfAB6egDq5AAzQBBg/gCbyAV+fReXbenI/paMGZZfbBHzhf3zzgotk=</latexit>
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J? ⇡ 0
<latexit sha1_base64="9AUox81a8+duZ/hjvlThxaWAvA8=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4KrMiGCXBTfiqoJ9QGcYMmmmDc0kIcmIZZiNv+LGhSJu/Qx3/o3pA9HWAxcO59zLvffEklFtPO/LKa2srq1vlDcrW9s7u3vu/kFbi0xh0sKCCdWNkSaMctIy1DDSlYqgNGakE4+uJn7nnihNBb8zY0nCFA04TShGxkqRe5QHcQJviiiQREkYICmVeIBe5Fa9mjcF/CH+IqmCOZqR+xn0Bc5Swg1mSOue70kT5kgZihkpKkGmiUR4hAakZylHKdFhPn2ggKdW6cNEKFvcwKn6eyJHqdbjNLadKTJDvehNxP+8XmaSephTLjNDOJ4tSjIGjYCTNGCfKoING1uCsKL2VoiHSCFsbGYVG8LSy8ukfV7zvZp/e1Ft1OdxlMExOAFnwAeXoAGuQRO0AAYFeAIv4NV5dJ6dN+d91lpy5jOH4A+cj2/ieZXm</latexit><latexit sha1_base64="9AUox81a8+duZ/hjvlThxaWAvA8=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4KrMiGCXBTfiqoJ9QGcYMmmmDc0kIcmIZZiNv+LGhSJu/Qx3/o3pA9HWAxcO59zLvffEklFtPO/LKa2srq1vlDcrW9s7u3vu/kFbi0xh0sKCCdWNkSaMctIy1DDSlYqgNGakE4+uJn7nnihNBb8zY0nCFA04TShGxkqRe5QHcQJviiiQREkYICmVeIBe5Fa9mjcF/CH+IqmCOZqR+xn0Bc5Swg1mSOue70kT5kgZihkpKkGmiUR4hAakZylHKdFhPn2ggKdW6cNEKFvcwKn6eyJHqdbjNLadKTJDvehNxP+8XmaSephTLjNDOJ4tSjIGjYCTNGCfKoING1uCsKL2VoiHSCFsbGYVG8LSy8ukfV7zvZp/e1Ft1OdxlMExOAFnwAeXoAGuQRO0AAYFeAIv4NV5dJ6dN+d91lpy5jOH4A+cj2/ieZXm</latexit><latexit sha1_base64="9AUox81a8+duZ/hjvlThxaWAvA8=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4KrMiGCXBTfiqoJ9QGcYMmmmDc0kIcmIZZiNv+LGhSJu/Qx3/o3pA9HWAxcO59zLvffEklFtPO/LKa2srq1vlDcrW9s7u3vu/kFbi0xh0sKCCdWNkSaMctIy1DDSlYqgNGakE4+uJn7nnihNBb8zY0nCFA04TShGxkqRe5QHcQJviiiQREkYICmVeIBe5Fa9mjcF/CH+IqmCOZqR+xn0Bc5Swg1mSOue70kT5kgZihkpKkGmiUR4hAakZylHKdFhPn2ggKdW6cNEKFvcwKn6eyJHqdbjNLadKTJDvehNxP+8XmaSephTLjNDOJ4tSjIGjYCTNGCfKoING1uCsKL2VoiHSCFsbGYVG8LSy8ukfV7zvZp/e1Ft1OdxlMExOAFnwAeXoAGuQRO0AAYFeAIv4NV5dJ6dN+d91lpy5jOH4A+cj2/ieZXm</latexit><latexit sha1_base64="9AUox81a8+duZ/hjvlThxaWAvA8=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4KrMiGCXBTfiqoJ9QGcYMmmmDc0kIcmIZZiNv+LGhSJu/Qx3/o3pA9HWAxcO59zLvffEklFtPO/LKa2srq1vlDcrW9s7u3vu/kFbi0xh0sKCCdWNkSaMctIy1DDSlYqgNGakE4+uJn7nnihNBb8zY0nCFA04TShGxkqRe5QHcQJviiiQREkYICmVeIBe5Fa9mjcF/CH+IqmCOZqR+xn0Bc5Swg1mSOue70kT5kgZihkpKkGmiUR4hAakZylHKdFhPn2ggKdW6cNEKFvcwKn6eyJHqdbjNLadKTJDvehNxP+8XmaSephTLjNDOJ4tSjIGjYCTNGCfKoING1uCsKL2VoiHSCFsbGYVG8LSy8ukfV7zvZp/e1Ft1OdxlMExOAFnwAeXoAGuQRO0AAYFeAIv4NV5dJ6dN+d91lpy5jOH4A+cj2/ieZXm</latexit>


