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Single-Point Measurements
Spacecraft measurements are typically limited to a single-point

Define:  Phase-space energy density ws(r,v, t) =
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This term is responsible 
for particle energization



Single-Point Measurements
Spacecraft measurements are typically limited to a single-point

Define:  Phase-space energy density ws(r,v, t) =
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How do we isolate the physics 
responsible for the energy transfer?

This term is responsible 
for particle energization



Single-Point Measurements
Spacecraft measurements are typically limited to a single-point

Define:  Phase-space energy density ws(r,v, t) =
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How do we isolate the physics 
responsible for the energy transfer?

This term is responsible 
for particle energization

Take correlation of field      
and particle          measurements
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How do we isolate the physics 
responsible for the energy transfer?

This term is responsible 
for particle energization

Take correlation of field      
and particle          measurements

E
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(Klein & Howes, 2016; Howes, Klein, & Li, 2017)
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Field-particle correlation



Example of Field-Particle Correlations
Consider Evolution of a single Kinetic Alfven Wave with k?⇢i = 1
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Strong Plasma Turbulence
Driven nonlinear gyrokinetic simulation of solar wind turbulence
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Ti/Te = 1
<latexit sha1_base64="ces1J8W0O7POiP1I3FcKIpi43X8=">AAAB73icbVC7SgNBFL0bXzG+opY2g0GwkLhroxZCwMbCIkLWRJJ1mZ1MkiEzs8vMrBCWfIOFjYWKrX/hN9j5N04ehSYeuHA4517uvSdKONPGdb+d3MLi0vJKfrWwtr6xuVXc3rnVcaoI9UnMY9WIsKacSeobZjhtJIpiEXFaj/qXI7/+QJVmsayZQUIDgbuSdRjBxkp3tZAd10J64YXFklt2x0DzxJuSUuXo8f4TAKph8avVjkkqqDSEY62bnpuYIMPKMMLpsNBKNU0w6eMubVoqsaA6yMYHD9GBVdqoEytb0qCx+nsiw0LrgYhsp8Cmp2e9kfif10xN5yzImExSQyWZLOqkHJkYjb5HbaYoMXxgCSaK2VsR6WGFibEZFWwI3uzL88Q/KZ+X3RsbxjVMkIc92IdD8OAUKnAFVfCBgIAneIFXRznPzpvzPmnNOdOZXfgD5+MH6OCRlw==</latexit><latexit sha1_base64="xXUBkdjx89sLYh5BzrkX80A7mZk=">AAAB73icbVA9SwNBEN2LXzFGjVraLAbBQuKdjVoIARsLiwg5E0nOY28zlyzZvTt294Rw5DdY2Fio2Ar+EGs7/42bj0ITHww83pthZl6QcKa0bX9buYXFpeWV/Gphrbi+sVna2r5RcSopuDTmsWwGRAFnEbiaaQ7NRAIRAYdG0L8Y+Y17kIrFUV0PEvAE6UYsZJRoI93WfXZU9+Hc8Utlu2KPgeeJMyXl6uHD3WdRfdT80le7E9NUQKQpJ0q1HDvRXkakZpTDsNBOFSSE9kkXWoZGRIDysvHBQ7xvlA4OY2kq0nis/p7IiFBqIALTKYjuqVlvJP7ntVIdnnoZi5JUQ0Qni8KUYx3j0fe4wyRQzQeGECqZuRXTHpGEapNRwYTgzL48T9zjylnFvjZhXKEJ8mgX7aED5KATVEWXqIZcRJFAj+gZvVjSerJerbdJa86azuygP7DefwCBXZLK</latexit><latexit sha1_base64="xXUBkdjx89sLYh5BzrkX80A7mZk=">AAAB73icbVA9SwNBEN2LXzFGjVraLAbBQuKdjVoIARsLiwg5E0nOY28zlyzZvTt294Rw5DdY2Fio2Ar+EGs7/42bj0ITHww83pthZl6QcKa0bX9buYXFpeWV/Gphrbi+sVna2r5RcSopuDTmsWwGRAFnEbiaaQ7NRAIRAYdG0L8Y+Y17kIrFUV0PEvAE6UYsZJRoI93WfXZU9+Hc8Utlu2KPgeeJMyXl6uHD3WdRfdT80le7E9NUQKQpJ0q1HDvRXkakZpTDsNBOFSSE9kkXWoZGRIDysvHBQ7xvlA4OY2kq0nis/p7IiFBqIALTKYjuqVlvJP7ntVIdnnoZi5JUQ0Qni8KUYx3j0fe4wyRQzQeGECqZuRXTHpGEapNRwYTgzL48T9zjylnFvjZhXKEJ8mgX7aED5KATVEWXqIZcRJFAj+gZvVjSerJerbdJa86azuygP7DefwCBXZLK</latexit>

Plasma parameters:

(Klein, Howes, & Tenbarge, 2017)



Strong Plasma Turbulence
Driven nonlinear gyrokinetic simulation of solar wind turbulence

�i = 1
<latexit sha1_base64="LvHqKqnrwo5pr+343Ov6q7wcyJA=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNiFe5s1EII2FhYRPCSSHKEvc0kWbK3d+zuieHIr7CxULH1X/gb7Pw3bj4KTXww8Hhvhpl5YSK4Nq777eSWlldW1/LrhY3Nre2d4u5eTcepYuizWMSqEVKNgkv0DTcCG4lCGoUC6+HgauzXH1BpHss7M0wwiGhP8i5n1FjpvhWioW1+6bWLJbfsTkAWiTcjpcpx7fETAKrt4lerE7M0QmmYoFo3PTcxQUaV4UzgqNBKNSaUDWgPm5ZKGqEOssnBI3JklQ7pxsqWNGSi/p7IaKT1MAptZ0RNX897Y/E/r5ma7nmQcZmkBiWbLuqmgpiYjL8nHa6QGTG0hDLF7a2E9amizNiMCjYEb/7lReKfli/K7q0N4wamyMMBHMIJeHAGFbiGKvjAIIIneIFXRznPzpvzPm3NObOZffgD5+MHRVuRzw==</latexit><latexit sha1_base64="HP5Bz9aCeAKd8qd10fEMtkxxajc=">AAAB73icbVA9SwNBEJ1TozF+RS1tFoNiY7izUQslYGNhEcFLIskR9jZ7yZLdvWN3TwxHfoWNhYqt/8LfYOe/cfNRaOKDgcd7M8zMCxPOtHHdb2dhcSm3vJJfLaytb2xuFbd3ajpOFaE+iXmsGiHWlDNJfcMMp41EUSxCTuth/2rk1x+o0iyWd2aQ0EDgrmQRI9hY6b4VUoPb7MJrF0tu2R0DzRNvSkqVw9rjZ+7yuNoufrU6MUkFlYZwrHXTcxMTZFgZRjgdFlqppgkmfdylTUslFlQH2fjgITqwSgdFsbIlDRqrvycyLLQeiNB2Cmx6etYbif95zdREZ0HGZJIaKslkUZRyZGI0+h51mKLE8IElmChmb0WkhxUmxmZUsCF4sy/PE/+kfF52b20YNzBBHvZgH47Ag1OowDVUwQcCAp7gBV4d5Tw7b877pHXBmc7swh84Hz/aY5I/</latexit><latexit sha1_base64="HP5Bz9aCeAKd8qd10fEMtkxxajc=">AAAB73icbVA9SwNBEJ1TozF+RS1tFoNiY7izUQslYGNhEcFLIskR9jZ7yZLdvWN3TwxHfoWNhYqt/8LfYOe/cfNRaOKDgcd7M8zMCxPOtHHdb2dhcSm3vJJfLaytb2xuFbd3ajpOFaE+iXmsGiHWlDNJfcMMp41EUSxCTuth/2rk1x+o0iyWd2aQ0EDgrmQRI9hY6b4VUoPb7MJrF0tu2R0DzRNvSkqVw9rjZ+7yuNoufrU6MUkFlYZwrHXTcxMTZFgZRjgdFlqppgkmfdylTUslFlQH2fjgITqwSgdFsbIlDRqrvycyLLQeiNB2Cmx6etYbif95zdREZ0HGZJIaKslkUZRyZGI0+h51mKLE8IElmChmb0WkhxUmxmZUsCF4sy/PE/+kfF52b20YNzBBHvZgH47Ag1OowDVUwQcCAp7gBV4d5Tw7b877pHXBmc7swh84Hz/aY5I/</latexit>

Ti/Te = 1
<latexit sha1_base64="ces1J8W0O7POiP1I3FcKIpi43X8=">AAAB73icbVC7SgNBFL0bXzG+opY2g0GwkLhroxZCwMbCIkLWRJJ1mZ1MkiEzs8vMrBCWfIOFjYWKrX/hN9j5N04ehSYeuHA4517uvSdKONPGdb+d3MLi0vJKfrWwtr6xuVXc3rnVcaoI9UnMY9WIsKacSeobZjhtJIpiEXFaj/qXI7/+QJVmsayZQUIDgbuSdRjBxkp3tZAd10J64YXFklt2x0DzxJuSUuXo8f4TAKph8avVjkkqqDSEY62bnpuYIMPKMMLpsNBKNU0w6eMubVoqsaA6yMYHD9GBVdqoEytb0qCx+nsiw0LrgYhsp8Cmp2e9kfif10xN5yzImExSQyWZLOqkHJkYjb5HbaYoMXxgCSaK2VsR6WGFibEZFWwI3uzL88Q/KZ+X3RsbxjVMkIc92IdD8OAUKnAFVfCBgIAneIFXRznPzpvzPmnNOdOZXfgD5+MH6OCRlw==</latexit><latexit sha1_base64="xXUBkdjx89sLYh5BzrkX80A7mZk=">AAAB73icbVA9SwNBEN2LXzFGjVraLAbBQuKdjVoIARsLiwg5E0nOY28zlyzZvTt294Rw5DdY2Fio2Ar+EGs7/42bj0ITHww83pthZl6QcKa0bX9buYXFpeWV/Gphrbi+sVna2r5RcSopuDTmsWwGRAFnEbiaaQ7NRAIRAYdG0L8Y+Y17kIrFUV0PEvAE6UYsZJRoI93WfXZU9+Hc8Utlu2KPgeeJMyXl6uHD3WdRfdT80le7E9NUQKQpJ0q1HDvRXkakZpTDsNBOFSSE9kkXWoZGRIDysvHBQ7xvlA4OY2kq0nis/p7IiFBqIALTKYjuqVlvJP7ntVIdnnoZi5JUQ0Qni8KUYx3j0fe4wyRQzQeGECqZuRXTHpGEapNRwYTgzL48T9zjylnFvjZhXKEJ8mgX7aED5KATVEWXqIZcRJFAj+gZvVjSerJerbdJa86azuygP7DefwCBXZLK</latexit><latexit sha1_base64="xXUBkdjx89sLYh5BzrkX80A7mZk=">AAAB73icbVA9SwNBEN2LXzFGjVraLAbBQuKdjVoIARsLiwg5E0nOY28zlyzZvTt294Rw5DdY2Fio2Ar+EGs7/42bj0ITHww83pthZl6QcKa0bX9buYXFpeWV/Gphrbi+sVna2r5RcSopuDTmsWwGRAFnEbiaaQ7NRAIRAYdG0L8Y+Y17kIrFUV0PEvAE6UYsZJRoI93WfXZU9+Hc8Utlu2KPgeeJMyXl6uHD3WdRfdT80le7E9NUQKQpJ0q1HDvRXkakZpTDsNBOFSSE9kkXWoZGRIDysvHBQ7xvlA4OY2kq0nis/p7IiFBqIALTKYjuqVlvJP7ntVIdnnoZi5JUQ0Qni8KUYx3j0fe4wyRQzQeGECqZuRXTHpGEapNRwYTgzL48T9zjylnFvjZhXKEJ8mgX7aED5KATVEWXqIZcRJFAj+gZvVjSerJerbdJa86azuygP7DefwCBXZLK</latexit>

Plasma parameters: Turbulence parameters:

(Klein, Howes, & Tenbarge, 2017)



Strong Plasma Turbulence
Driven nonlinear gyrokinetic simulation of solar wind turbulence

�i = 1
<latexit sha1_base64="LvHqKqnrwo5pr+343Ov6q7wcyJA=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNiFe5s1EII2FhYRPCSSHKEvc0kWbK3d+zuieHIr7CxULH1X/gb7Pw3bj4KTXww8Hhvhpl5YSK4Nq777eSWlldW1/LrhY3Nre2d4u5eTcepYuizWMSqEVKNgkv0DTcCG4lCGoUC6+HgauzXH1BpHss7M0wwiGhP8i5n1FjpvhWioW1+6bWLJbfsTkAWiTcjpcpx7fETAKrt4lerE7M0QmmYoFo3PTcxQUaV4UzgqNBKNSaUDWgPm5ZKGqEOssnBI3JklQ7pxsqWNGSi/p7IaKT1MAptZ0RNX897Y/E/r5ma7nmQcZmkBiWbLuqmgpiYjL8nHa6QGTG0hDLF7a2E9amizNiMCjYEb/7lReKfli/K7q0N4wamyMMBHMIJeHAGFbiGKvjAIIIneIFXRznPzpvzPm3NObOZffgD5+MHRVuRzw==</latexit><latexit sha1_base64="HP5Bz9aCeAKd8qd10fEMtkxxajc=">AAAB73icbVA9SwNBEJ1TozF+RS1tFoNiY7izUQslYGNhEcFLIskR9jZ7yZLdvWN3TwxHfoWNhYqt/8LfYOe/cfNRaOKDgcd7M8zMCxPOtHHdb2dhcSm3vJJfLaytb2xuFbd3ajpOFaE+iXmsGiHWlDNJfcMMp41EUSxCTuth/2rk1x+o0iyWd2aQ0EDgrmQRI9hY6b4VUoPb7MJrF0tu2R0DzRNvSkqVw9rjZ+7yuNoufrU6MUkFlYZwrHXTcxMTZFgZRjgdFlqppgkmfdylTUslFlQH2fjgITqwSgdFsbIlDRqrvycyLLQeiNB2Cmx6etYbif95zdREZ0HGZJIaKslkUZRyZGI0+h51mKLE8IElmChmb0WkhxUmxmZUsCF4sy/PE/+kfF52b20YNzBBHvZgH47Ag1OowDVUwQcCAp7gBV4d5Tw7b877pHXBmc7swh84Hz/aY5I/</latexit><latexit sha1_base64="HP5Bz9aCeAKd8qd10fEMtkxxajc=">AAAB73icbVA9SwNBEJ1TozF+RS1tFoNiY7izUQslYGNhEcFLIskR9jZ7yZLdvWN3TwxHfoWNhYqt/8LfYOe/cfNRaOKDgcd7M8zMCxPOtHHdb2dhcSm3vJJfLaytb2xuFbd3ajpOFaE+iXmsGiHWlDNJfcMMp41EUSxCTuth/2rk1x+o0iyWd2aQ0EDgrmQRI9hY6b4VUoPb7MJrF0tu2R0DzRNvSkqVw9rjZ+7yuNoufrU6MUkFlYZwrHXTcxMTZFgZRjgdFlqppgkmfdylTUslFlQH2fjgITqwSgdFsbIlDRqrvycyLLQeiNB2Cmx6etYbif95zdREZ0HGZJIaKslkUZRyZGI0+h51mKLE8IElmChmb0WkhxUmxmZUsCF4sy/PE/+kfF52b20YNzBBHvZgH47Ag1OowDVUwQcCAp7gBV4d5Tw7b877pHXBmc7swh84Hz/aY5I/</latexit>

Ti/Te = 1
<latexit sha1_base64="ces1J8W0O7POiP1I3FcKIpi43X8=">AAAB73icbVC7SgNBFL0bXzG+opY2g0GwkLhroxZCwMbCIkLWRJJ1mZ1MkiEzs8vMrBCWfIOFjYWKrX/hN9j5N04ehSYeuHA4517uvSdKONPGdb+d3MLi0vJKfrWwtr6xuVXc3rnVcaoI9UnMY9WIsKacSeobZjhtJIpiEXFaj/qXI7/+QJVmsayZQUIDgbuSdRjBxkp3tZAd10J64YXFklt2x0DzxJuSUuXo8f4TAKph8avVjkkqqDSEY62bnpuYIMPKMMLpsNBKNU0w6eMubVoqsaA6yMYHD9GBVdqoEytb0qCx+nsiw0LrgYhsp8Cmp2e9kfif10xN5yzImExSQyWZLOqkHJkYjb5HbaYoMXxgCSaK2VsR6WGFibEZFWwI3uzL88Q/KZ+X3RsbxjVMkIc92IdD8OAUKnAFVfCBgIAneIFXRznPzpvzPmnNOdOZXfgD5+MH6OCRlw==</latexit><latexit sha1_base64="xXUBkdjx89sLYh5BzrkX80A7mZk=">AAAB73icbVA9SwNBEN2LXzFGjVraLAbBQuKdjVoIARsLiwg5E0nOY28zlyzZvTt294Rw5DdY2Fio2Ar+EGs7/42bj0ITHww83pthZl6QcKa0bX9buYXFpeWV/Gphrbi+sVna2r5RcSopuDTmsWwGRAFnEbiaaQ7NRAIRAYdG0L8Y+Y17kIrFUV0PEvAE6UYsZJRoI93WfXZU9+Hc8Utlu2KPgeeJMyXl6uHD3WdRfdT80le7E9NUQKQpJ0q1HDvRXkakZpTDsNBOFSSE9kkXWoZGRIDysvHBQ7xvlA4OY2kq0nis/p7IiFBqIALTKYjuqVlvJP7ntVIdnnoZi5JUQ0Qni8KUYx3j0fe4wyRQzQeGECqZuRXTHpGEapNRwYTgzL48T9zjylnFvjZhXKEJ8mgX7aED5KATVEWXqIZcRJFAj+gZvVjSerJerbdJa86azuygP7DefwCBXZLK</latexit><latexit sha1_base64="xXUBkdjx89sLYh5BzrkX80A7mZk=">AAAB73icbVA9SwNBEN2LXzFGjVraLAbBQuKdjVoIARsLiwg5E0nOY28zlyzZvTt294Rw5DdY2Fio2Ar+EGs7/42bj0ITHww83pthZl6QcKa0bX9buYXFpeWV/Gphrbi+sVna2r5RcSopuDTmsWwGRAFnEbiaaQ7NRAIRAYdG0L8Y+Y17kIrFUV0PEvAE6UYsZJRoI93WfXZU9+Hc8Utlu2KPgeeJMyXl6uHD3WdRfdT80le7E9NUQKQpJ0q1HDvRXkakZpTDsNBOFSSE9kkXWoZGRIDysvHBQ7xvlA4OY2kq0nis/p7IiFBqIALTKYjuqVlvJP7ntVIdnnoZi5JUQ0Qni8KUYx3j0fe4wyRQzQeGECqZuRXTHpGEapNRwYTgzL48T9zjylnFvjZhXKEJ8mgX7aED5KATVEWXqIZcRJFAj+gZvVjSerJerbdJa86azuygP7DefwCBXZLK</latexit>

Plasma parameters: Turbulence parameters:

(Klein, Howes, & Tenbarge, 2017)

k? � kk
<latexit sha1_base64="2eClskF2kug7oNH1oDYXQ8UvL+g=">AAAB/3icbZC7SgNBFIbPeo3xtmphYTMYBKuwEUHtAjYWFhFcE0iWZXZykgyZ3R1mZoWwpPFVbCxUbH0NOzvfwRdwcik08YeBj/+cw5nzR1JwbTzv01lYXFpeWS2sFdc3Nre23Z3dO51miqHPUpGqRkQ1Cp6gb7gR2JAKaRwJrEf9y1G9fo9K8zS5NQOJQUy7Ce9wRo21Qne/H7YkKkla3S4ZMVVUCBShW/LK3lhkHipTKFVPve8vAKiF7kernbIsxsQwQbVuVjxpgpwqw5nAYbGVaZSU9WkXmxYTGqMO8vEBQ3JknTbppMq+xJCx+3sip7HWgziynTE1PT1bG5n/1ZqZ6ZwHOU9kZjBhk0WdTBCTklEapM0VMiMGFihT3P6VsJ6NgBmbWdGGUJk9eR78k/JF2buxYVzDRAU4gEM4hgqcQRWuoAY+MBjCIzzDi/PgPDmvztukdcGZzuzBHznvPye5mJs=</latexit><latexit sha1_base64="SPRpSIXxuAuvsQtLJGylhoGKGrU=">AAAB/3icbZDNSsNAFIUn1Wqtf1EXLtwMFsFVSUVQdwU3LkQqGFtoQphMb9Khkx9mJkIJ3fgqblyouPU13Am+hT6Ak7YLbT0w8HHuvdy5x085k8qyPozSwmJ5abmyUl1dW9/YNLe2b2WSCQo2TXgiOj6RwFkMtmKKQycVQCKfQ9sfnBf19h0IyZL4Rg1TcCMSxixglChteebuwHNSECl2whAXTAThHLhn1qy6NRaeh8YUas1j6+uzfPXd8sx3p5fQLIJYUU6k7DasVLk5EYpRDqOqk0lICR2QELoaYxKBdPPxASN8oJ0eDhKhX6zw2P09kZNIymHk686IqL6crRXmf7VupoJTN2dxmimI6WRRkHGsElykgXtMAFV8qIFQwfRfMe3rCKjSmVV1CI3Zk+fBPqqf1a1rHcYlmqiC9tA+OkQNdIKa6AK1kI0oGqEH9ISejXvj0XgxXietJWM6s4P+yHj7AdUQmd4=</latexit><latexit sha1_base64="SPRpSIXxuAuvsQtLJGylhoGKGrU=">AAAB/3icbZDNSsNAFIUn1Wqtf1EXLtwMFsFVSUVQdwU3LkQqGFtoQphMb9Khkx9mJkIJ3fgqblyouPU13Am+hT6Ak7YLbT0w8HHuvdy5x085k8qyPozSwmJ5abmyUl1dW9/YNLe2b2WSCQo2TXgiOj6RwFkMtmKKQycVQCKfQ9sfnBf19h0IyZL4Rg1TcCMSxixglChteebuwHNSECl2whAXTAThHLhn1qy6NRaeh8YUas1j6+uzfPXd8sx3p5fQLIJYUU6k7DasVLk5EYpRDqOqk0lICR2QELoaYxKBdPPxASN8oJ0eDhKhX6zw2P09kZNIymHk686IqL6crRXmf7VupoJTN2dxmimI6WRRkHGsElykgXtMAFV8qIFQwfRfMe3rCKjSmVV1CI3Zk+fBPqqf1a1rHcYlmqiC9tA+OkQNdIKa6AK1kI0oGqEH9ISejXvj0XgxXietJWM6s4P+yHj7AdUQmd4=</latexit>

(Anisotropic)



Strong Plasma Turbulence
Driven nonlinear gyrokinetic simulation of solar wind turbulence

�i = 1
<latexit sha1_base64="LvHqKqnrwo5pr+343Ov6q7wcyJA=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNiFe5s1EII2FhYRPCSSHKEvc0kWbK3d+zuieHIr7CxULH1X/gb7Pw3bj4KTXww8Hhvhpl5YSK4Nq777eSWlldW1/LrhY3Nre2d4u5eTcepYuizWMSqEVKNgkv0DTcCG4lCGoUC6+HgauzXH1BpHss7M0wwiGhP8i5n1FjpvhWioW1+6bWLJbfsTkAWiTcjpcpx7fETAKrt4lerE7M0QmmYoFo3PTcxQUaV4UzgqNBKNSaUDWgPm5ZKGqEOssnBI3JklQ7pxsqWNGSi/p7IaKT1MAptZ0RNX897Y/E/r5ma7nmQcZmkBiWbLuqmgpiYjL8nHa6QGTG0hDLF7a2E9amizNiMCjYEb/7lReKfli/K7q0N4wamyMMBHMIJeHAGFbiGKvjAIIIneIFXRznPzpvzPm3NObOZffgD5+MHRVuRzw==</latexit><latexit sha1_base64="HP5Bz9aCeAKd8qd10fEMtkxxajc=">AAAB73icbVA9SwNBEJ1TozF+RS1tFoNiY7izUQslYGNhEcFLIskR9jZ7yZLdvWN3TwxHfoWNhYqt/8LfYOe/cfNRaOKDgcd7M8zMCxPOtHHdb2dhcSm3vJJfLaytb2xuFbd3ajpOFaE+iXmsGiHWlDNJfcMMp41EUSxCTuth/2rk1x+o0iyWd2aQ0EDgrmQRI9hY6b4VUoPb7MJrF0tu2R0DzRNvSkqVw9rjZ+7yuNoufrU6MUkFlYZwrHXTcxMTZFgZRjgdFlqppgkmfdylTUslFlQH2fjgITqwSgdFsbIlDRqrvycyLLQeiNB2Cmx6etYbif95zdREZ0HGZJIaKslkUZRyZGI0+h51mKLE8IElmChmb0WkhxUmxmZUsCF4sy/PE/+kfF52b20YNzBBHvZgH47Ag1OowDVUwQcCAp7gBV4d5Tw7b877pHXBmc7swh84Hz/aY5I/</latexit><latexit sha1_base64="HP5Bz9aCeAKd8qd10fEMtkxxajc=">AAAB73icbVA9SwNBEJ1TozF+RS1tFoNiY7izUQslYGNhEcFLIskR9jZ7yZLdvWN3TwxHfoWNhYqt/8LfYOe/cfNRaOKDgcd7M8zMCxPOtHHdb2dhcSm3vJJfLaytb2xuFbd3ajpOFaE+iXmsGiHWlDNJfcMMp41EUSxCTuth/2rk1x+o0iyWd2aQ0EDgrmQRI9hY6b4VUoPb7MJrF0tu2R0DzRNvSkqVw9rjZ+7yuNoufrU6MUkFlYZwrHXTcxMTZFgZRjgdFlqppgkmfdylTUslFlQH2fjgITqwSgdFsbIlDRqrvycyLLQeiNB2Cmx6etYbif95zdREZ0HGZJIaKslkUZRyZGI0+h51mKLE8IElmChmb0WkhxUmxmZUsCF4sy/PE/+kfF52b20YNzBBHvZgH47Ag1OowDVUwQcCAp7gBV4d5Tw7b877pHXBmc7swh84Hz/aY5I/</latexit>

Ti/Te = 1
<latexit sha1_base64="ces1J8W0O7POiP1I3FcKIpi43X8=">AAAB73icbVC7SgNBFL0bXzG+opY2g0GwkLhroxZCwMbCIkLWRJJ1mZ1MkiEzs8vMrBCWfIOFjYWKrX/hN9j5N04ehSYeuHA4517uvSdKONPGdb+d3MLi0vJKfrWwtr6xuVXc3rnVcaoI9UnMY9WIsKacSeobZjhtJIpiEXFaj/qXI7/+QJVmsayZQUIDgbuSdRjBxkp3tZAd10J64YXFklt2x0DzxJuSUuXo8f4TAKph8avVjkkqqDSEY62bnpuYIMPKMMLpsNBKNU0w6eMubVoqsaA6yMYHD9GBVdqoEytb0qCx+nsiw0LrgYhsp8Cmp2e9kfif10xN5yzImExSQyWZLOqkHJkYjb5HbaYoMXxgCSaK2VsR6WGFibEZFWwI3uzL88Q/KZ+X3RsbxjVMkIc92IdD8OAUKnAFVfCBgIAneIFXRznPzpvzPmnNOdOZXfgD5+MH6OCRlw==</latexit><latexit sha1_base64="xXUBkdjx89sLYh5BzrkX80A7mZk=">AAAB73icbVA9SwNBEN2LXzFGjVraLAbBQuKdjVoIARsLiwg5E0nOY28zlyzZvTt294Rw5DdY2Fio2Ar+EGs7/42bj0ITHww83pthZl6QcKa0bX9buYXFpeWV/Gphrbi+sVna2r5RcSopuDTmsWwGRAFnEbiaaQ7NRAIRAYdG0L8Y+Y17kIrFUV0PEvAE6UYsZJRoI93WfXZU9+Hc8Utlu2KPgeeJMyXl6uHD3WdRfdT80le7E9NUQKQpJ0q1HDvRXkakZpTDsNBOFSSE9kkXWoZGRIDysvHBQ7xvlA4OY2kq0nis/p7IiFBqIALTKYjuqVlvJP7ntVIdnnoZi5JUQ0Qni8KUYx3j0fe4wyRQzQeGECqZuRXTHpGEapNRwYTgzL48T9zjylnFvjZhXKEJ8mgX7aED5KATVEWXqIZcRJFAj+gZvVjSerJerbdJa86azuygP7DefwCBXZLK</latexit><latexit sha1_base64="xXUBkdjx89sLYh5BzrkX80A7mZk=">AAAB73icbVA9SwNBEN2LXzFGjVraLAbBQuKdjVoIARsLiwg5E0nOY28zlyzZvTt294Rw5DdY2Fio2Ar+EGs7/42bj0ITHww83pthZl6QcKa0bX9buYXFpeWV/Gphrbi+sVna2r5RcSopuDTmsWwGRAFnEbiaaQ7NRAIRAYdG0L8Y+Y17kIrFUV0PEvAE6UYsZJRoI93WfXZU9+Hc8Utlu2KPgeeJMyXl6uHD3WdRfdT80le7E9NUQKQpJ0q1HDvRXkakZpTDsNBOFSSE9kkXWoZGRIDysvHBQ7xvlA4OY2kq0nis/p7IiFBqIALTKYjuqVlvJP7ntVIdnnoZi5JUQ0Qni8KUYx3j0fe4wyRQzQeGECqZuRXTHpGEapNRwYTgzL48T9zjylnFvjZhXKEJ8mgX7aED5KATVEWXqIZcRJFAj+gZvVjSerJerbdJa86azuygP7DefwCBXZLK</latexit>

Plasma parameters: Turbulence parameters:

(Klein, Howes, & Tenbarge, 2017)

� ⇠ 1
<latexit sha1_base64="PMsiL8lmsdg0arnt5s6xwSc973w=">AAAB8XicbVC7TsNAEFyHVwivACXNiQhEFdk0QBeJhoIiSDiJZFvR+XJOTrk7W3dnRGTlM2goANHyE3wDHX/D5VFAwkgrjWZ2tbsTZ5xp47rfTmlldW19o7xZ2dre2d2r7h+0dJorQn2S8lR1YqwpZ5L6hhlOO5miWMSctuPh9cRvP1ClWSrvzSijkcB9yRJGsLFSEJIBQ6FmAnndas2tu1OgZeLNSa1x2nr8BIBmt/oV9lKSCyoN4VjrwHMzExVYGUY4HVfCXNMMkyHu08BSiQXVUTE9eYxOrNJDSapsSYOm6u+JAgutRyK2nQKbgV70JuJ/XpCb5DIqmMxyQyWZLUpyjkyKJv+jHlOUGD6yBBPF7K2IDLDCxNiUKjYEb/HlZeKf16/q7p0N4xZmKMMRHMMZeHABDbiBJvhAIIUneIFXxzjPzpvzPmstOfOZQ/gD5+MHSpmSWw==</latexit><latexit sha1_base64="ntDtsDBT4u7TkCMz12ko/uJau90=">AAAB8XicbVA9SwNBEN1TozF+RS1tFoNiY7izURsJ2FhYRPCSQO4Ie5u9ZMnu3rE7J4YjP8PGQsXWP+FvsPPfuPkoNPHBwOO9GWbmRangBlz321laXimsrhXXSxubW9s75d29hkkyTZlPE5HoVkQME1wxHzgI1ko1IzISrBkNrsd+84FpwxN1D8OUhZL0FI85JWCldkD7HAeGS+x1yhW36k6AF4k3I5XacePxs3B1Wu+Uv4JuQjPJFFBBjGl7bgphTjRwKtioFGSGpYQOSI+1LVVEMhPmk5NH+MgqXRwn2pYCPFF/T+REGjOUke2UBPpm3huL/3ntDOKLMOcqzYApOl0UZwJDgsf/4y7XjIIYWkKo5vZWTPtEEwo2pZINwZt/eZH4Z9XLqntnw7hFUxTRATpEJ8hD56iGblAd+YiiBD2hF/TqgPPsvDnv09YlZzazj/7A+fgB36GSyw==</latexit><latexit sha1_base64="ntDtsDBT4u7TkCMz12ko/uJau90=">AAAB8XicbVA9SwNBEN1TozF+RS1tFoNiY7izURsJ2FhYRPCSQO4Ie5u9ZMnu3rE7J4YjP8PGQsXWP+FvsPPfuPkoNPHBwOO9GWbmRangBlz321laXimsrhXXSxubW9s75d29hkkyTZlPE5HoVkQME1wxHzgI1ko1IzISrBkNrsd+84FpwxN1D8OUhZL0FI85JWCldkD7HAeGS+x1yhW36k6AF4k3I5XacePxs3B1Wu+Uv4JuQjPJFFBBjGl7bgphTjRwKtioFGSGpYQOSI+1LVVEMhPmk5NH+MgqXRwn2pYCPFF/T+REGjOUke2UBPpm3huL/3ntDOKLMOcqzYApOl0UZwJDgsf/4y7XjIIYWkKo5vZWTPtEEwo2pZINwZt/eZH4Z9XLqntnw7hFUxTRATpEJ8hD56iGblAd+YiiBD2hF/TqgPPsvDnv09YlZzazj/7A+fgB36GSyw==</latexit>

(Critical balance)
k? � kk

<latexit sha1_base64="2eClskF2kug7oNH1oDYXQ8UvL+g=">AAAB/3icbZC7SgNBFIbPeo3xtmphYTMYBKuwEUHtAjYWFhFcE0iWZXZykgyZ3R1mZoWwpPFVbCxUbH0NOzvfwRdwcik08YeBj/+cw5nzR1JwbTzv01lYXFpeWS2sFdc3Nre23Z3dO51miqHPUpGqRkQ1Cp6gb7gR2JAKaRwJrEf9y1G9fo9K8zS5NQOJQUy7Ce9wRo21Qne/H7YkKkla3S4ZMVVUCBShW/LK3lhkHipTKFVPve8vAKiF7kernbIsxsQwQbVuVjxpgpwqw5nAYbGVaZSU9WkXmxYTGqMO8vEBQ3JknTbppMq+xJCx+3sip7HWgziynTE1PT1bG5n/1ZqZ6ZwHOU9kZjBhk0WdTBCTklEapM0VMiMGFihT3P6VsJ6NgBmbWdGGUJk9eR78k/JF2buxYVzDRAU4gEM4hgqcQRWuoAY+MBjCIzzDi/PgPDmvztukdcGZzuzBHznvPye5mJs=</latexit><latexit sha1_base64="SPRpSIXxuAuvsQtLJGylhoGKGrU=">AAAB/3icbZDNSsNAFIUn1Wqtf1EXLtwMFsFVSUVQdwU3LkQqGFtoQphMb9Khkx9mJkIJ3fgqblyouPU13Am+hT6Ak7YLbT0w8HHuvdy5x085k8qyPozSwmJ5abmyUl1dW9/YNLe2b2WSCQo2TXgiOj6RwFkMtmKKQycVQCKfQ9sfnBf19h0IyZL4Rg1TcCMSxixglChteebuwHNSECl2whAXTAThHLhn1qy6NRaeh8YUas1j6+uzfPXd8sx3p5fQLIJYUU6k7DasVLk5EYpRDqOqk0lICR2QELoaYxKBdPPxASN8oJ0eDhKhX6zw2P09kZNIymHk686IqL6crRXmf7VupoJTN2dxmimI6WRRkHGsElykgXtMAFV8qIFQwfRfMe3rCKjSmVV1CI3Zk+fBPqqf1a1rHcYlmqiC9tA+OkQNdIKa6AK1kI0oGqEH9ISejXvj0XgxXietJWM6s4P+yHj7AdUQmd4=</latexit><latexit sha1_base64="SPRpSIXxuAuvsQtLJGylhoGKGrU=">AAAB/3icbZDNSsNAFIUn1Wqtf1EXLtwMFsFVSUVQdwU3LkQqGFtoQphMb9Khkx9mJkIJ3fgqblyouPU13Am+hT6Ak7YLbT0w8HHuvdy5x085k8qyPozSwmJ5abmyUl1dW9/YNLe2b2WSCQo2TXgiOj6RwFkMtmKKQycVQCKfQ9sfnBf19h0IyZL4Rg1TcCMSxixglChteebuwHNSECl2whAXTAThHLhn1qy6NRaeh8YUas1j6+uzfPXd8sx3p5fQLIJYUU6k7DasVLk5EYpRDqOqk0lICR2QELoaYxKBdPPxASN8oJ0eDhKhX6zw2P09kZNIymHk686IqL6crRXmf7VupoJTN2dxmimI6WRRkHGsElykgXtMAFV8qIFQwfRfMe3rCKjSmVV1CI3Zk+fBPqqf1a1rHcYlmqiC9tA+OkQNdIKa6AK1kI0oGqEH9ISejXvj0XgxXietJWM6s4P+yHj7AdUQmd4=</latexit>

(Anisotropic)



Strong Plasma Turbulence
Driven nonlinear gyrokinetic simulation of solar wind turbulence

�i = 1
<latexit sha1_base64="LvHqKqnrwo5pr+343Ov6q7wcyJA=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNiFe5s1EII2FhYRPCSSHKEvc0kWbK3d+zuieHIr7CxULH1X/gb7Pw3bj4KTXww8Hhvhpl5YSK4Nq777eSWlldW1/LrhY3Nre2d4u5eTcepYuizWMSqEVKNgkv0DTcCG4lCGoUC6+HgauzXH1BpHss7M0wwiGhP8i5n1FjpvhWioW1+6bWLJbfsTkAWiTcjpcpx7fETAKrt4lerE7M0QmmYoFo3PTcxQUaV4UzgqNBKNSaUDWgPm5ZKGqEOssnBI3JklQ7pxsqWNGSi/p7IaKT1MAptZ0RNX897Y/E/r5ma7nmQcZmkBiWbLuqmgpiYjL8nHa6QGTG0hDLF7a2E9amizNiMCjYEb/7lReKfli/K7q0N4wamyMMBHMIJeHAGFbiGKvjAIIIneIFXRznPzpvzPm3NObOZffgD5+MHRVuRzw==</latexit><latexit sha1_base64="HP5Bz9aCeAKd8qd10fEMtkxxajc=">AAAB73icbVA9SwNBEJ1TozF+RS1tFoNiY7izUQslYGNhEcFLIskR9jZ7yZLdvWN3TwxHfoWNhYqt/8LfYOe/cfNRaOKDgcd7M8zMCxPOtHHdb2dhcSm3vJJfLaytb2xuFbd3ajpOFaE+iXmsGiHWlDNJfcMMp41EUSxCTuth/2rk1x+o0iyWd2aQ0EDgrmQRI9hY6b4VUoPb7MJrF0tu2R0DzRNvSkqVw9rjZ+7yuNoufrU6MUkFlYZwrHXTcxMTZFgZRjgdFlqppgkmfdylTUslFlQH2fjgITqwSgdFsbIlDRqrvycyLLQeiNB2Cmx6etYbif95zdREZ0HGZJIaKslkUZRyZGI0+h51mKLE8IElmChmb0WkhxUmxmZUsCF4sy/PE/+kfF52b20YNzBBHvZgH47Ag1OowDVUwQcCAp7gBV4d5Tw7b877pHXBmc7swh84Hz/aY5I/</latexit><latexit sha1_base64="HP5Bz9aCeAKd8qd10fEMtkxxajc=">AAAB73icbVA9SwNBEJ1TozF+RS1tFoNiY7izUQslYGNhEcFLIskR9jZ7yZLdvWN3TwxHfoWNhYqt/8LfYOe/cfNRaOKDgcd7M8zMCxPOtHHdb2dhcSm3vJJfLaytb2xuFbd3ajpOFaE+iXmsGiHWlDNJfcMMp41EUSxCTuth/2rk1x+o0iyWd2aQ0EDgrmQRI9hY6b4VUoPb7MJrF0tu2R0DzRNvSkqVw9rjZ+7yuNoufrU6MUkFlYZwrHXTcxMTZFgZRjgdFlqppgkmfdylTUslFlQH2fjgITqwSgdFsbIlDRqrvycyLLQeiNB2Cmx6etYbif95zdREZ0HGZJIaKslkUZRyZGI0+h51mKLE8IElmChmb0WkhxUmxmZUsCF4sy/PE/+kfF52b20YNzBBHvZgH47Ag1OowDVUwQcCAp7gBV4d5Tw7b877pHXBmc7swh84Hz/aY5I/</latexit>

Ti/Te = 1
<latexit sha1_base64="ces1J8W0O7POiP1I3FcKIpi43X8=">AAAB73icbVC7SgNBFL0bXzG+opY2g0GwkLhroxZCwMbCIkLWRJJ1mZ1MkiEzs8vMrBCWfIOFjYWKrX/hN9j5N04ehSYeuHA4517uvSdKONPGdb+d3MLi0vJKfrWwtr6xuVXc3rnVcaoI9UnMY9WIsKacSeobZjhtJIpiEXFaj/qXI7/+QJVmsayZQUIDgbuSdRjBxkp3tZAd10J64YXFklt2x0DzxJuSUuXo8f4TAKph8avVjkkqqDSEY62bnpuYIMPKMMLpsNBKNU0w6eMubVoqsaA6yMYHD9GBVdqoEytb0qCx+nsiw0LrgYhsp8Cmp2e9kfif10xN5yzImExSQyWZLOqkHJkYjb5HbaYoMXxgCSaK2VsR6WGFibEZFWwI3uzL88Q/KZ+X3RsbxjVMkIc92IdD8OAUKnAFVfCBgIAneIFXRznPzpvzPmnNOdOZXfgD5+MH6OCRlw==</latexit><latexit sha1_base64="xXUBkdjx89sLYh5BzrkX80A7mZk=">AAAB73icbVA9SwNBEN2LXzFGjVraLAbBQuKdjVoIARsLiwg5E0nOY28zlyzZvTt294Rw5DdY2Fio2Ar+EGs7/42bj0ITHww83pthZl6QcKa0bX9buYXFpeWV/Gphrbi+sVna2r5RcSopuDTmsWwGRAFnEbiaaQ7NRAIRAYdG0L8Y+Y17kIrFUV0PEvAE6UYsZJRoI93WfXZU9+Hc8Utlu2KPgeeJMyXl6uHD3WdRfdT80le7E9NUQKQpJ0q1HDvRXkakZpTDsNBOFSSE9kkXWoZGRIDysvHBQ7xvlA4OY2kq0nis/p7IiFBqIALTKYjuqVlvJP7ntVIdnnoZi5JUQ0Qni8KUYx3j0fe4wyRQzQeGECqZuRXTHpGEapNRwYTgzL48T9zjylnFvjZhXKEJ8mgX7aED5KATVEWXqIZcRJFAj+gZvVjSerJerbdJa86azuygP7DefwCBXZLK</latexit><latexit sha1_base64="xXUBkdjx89sLYh5BzrkX80A7mZk=">AAAB73icbVA9SwNBEN2LXzFGjVraLAbBQuKdjVoIARsLiwg5E0nOY28zlyzZvTt294Rw5DdY2Fio2Ar+EGs7/42bj0ITHww83pthZl6QcKa0bX9buYXFpeWV/Gphrbi+sVna2r5RcSopuDTmsWwGRAFnEbiaaQ7NRAIRAYdG0L8Y+Y17kIrFUV0PEvAE6UYsZJRoI93WfXZU9+Hc8Utlu2KPgeeJMyXl6uHD3WdRfdT80le7E9NUQKQpJ0q1HDvRXkakZpTDsNBOFSSE9kkXWoZGRIDysvHBQ7xvlA4OY2kq0nis/p7IiFBqIALTKYjuqVlvJP7ntVIdnnoZi5JUQ0Qni8KUYx3j0fe4wyRQzQeGECqZuRXTHpGEapNRwYTgzL48T9zjylnFvjZhXKEJ8mgX7aED5KATVEWXqIZcRJFAj+gZvVjSerJerbdJa86azuygP7DefwCBXZLK</latexit>

Plasma parameters: Turbulence parameters:

(Klein, Howes, & Tenbarge, 2017)

� ⇠ 1
<latexit sha1_base64="PMsiL8lmsdg0arnt5s6xwSc973w=">AAAB8XicbVC7TsNAEFyHVwivACXNiQhEFdk0QBeJhoIiSDiJZFvR+XJOTrk7W3dnRGTlM2goANHyE3wDHX/D5VFAwkgrjWZ2tbsTZ5xp47rfTmlldW19o7xZ2dre2d2r7h+0dJorQn2S8lR1YqwpZ5L6hhlOO5miWMSctuPh9cRvP1ClWSrvzSijkcB9yRJGsLFSEJIBQ6FmAnndas2tu1OgZeLNSa1x2nr8BIBmt/oV9lKSCyoN4VjrwHMzExVYGUY4HVfCXNMMkyHu08BSiQXVUTE9eYxOrNJDSapsSYOm6u+JAgutRyK2nQKbgV70JuJ/XpCb5DIqmMxyQyWZLUpyjkyKJv+jHlOUGD6yBBPF7K2IDLDCxNiUKjYEb/HlZeKf16/q7p0N4xZmKMMRHMMZeHABDbiBJvhAIIUneIFXxzjPzpvzPmstOfOZQ/gD5+MHSpmSWw==</latexit><latexit sha1_base64="ntDtsDBT4u7TkCMz12ko/uJau90=">AAAB8XicbVA9SwNBEN1TozF+RS1tFoNiY7izURsJ2FhYRPCSQO4Ie5u9ZMnu3rE7J4YjP8PGQsXWP+FvsPPfuPkoNPHBwOO9GWbmRangBlz321laXimsrhXXSxubW9s75d29hkkyTZlPE5HoVkQME1wxHzgI1ko1IzISrBkNrsd+84FpwxN1D8OUhZL0FI85JWCldkD7HAeGS+x1yhW36k6AF4k3I5XacePxs3B1Wu+Uv4JuQjPJFFBBjGl7bgphTjRwKtioFGSGpYQOSI+1LVVEMhPmk5NH+MgqXRwn2pYCPFF/T+REGjOUke2UBPpm3huL/3ntDOKLMOcqzYApOl0UZwJDgsf/4y7XjIIYWkKo5vZWTPtEEwo2pZINwZt/eZH4Z9XLqntnw7hFUxTRATpEJ8hD56iGblAd+YiiBD2hF/TqgPPsvDnv09YlZzazj/7A+fgB36GSyw==</latexit><latexit sha1_base64="ntDtsDBT4u7TkCMz12ko/uJau90=">AAAB8XicbVA9SwNBEN1TozF+RS1tFoNiY7izURsJ2FhYRPCSQO4Ie5u9ZMnu3rE7J4YjP8PGQsXWP+FvsPPfuPkoNPHBwOO9GWbmRangBlz321laXimsrhXXSxubW9s75d29hkkyTZlPE5HoVkQME1wxHzgI1ko1IzISrBkNrsd+84FpwxN1D8OUhZL0FI85JWCldkD7HAeGS+x1yhW36k6AF4k3I5XacePxs3B1Wu+Uv4JuQjPJFFBBjGl7bgphTjRwKtioFGSGpYQOSI+1LVVEMhPmk5NH+MgqXRwn2pYCPFF/T+REGjOUke2UBPpm3huL/3ntDOKLMOcqzYApOl0UZwJDgsf/4y7XjIIYWkKo5vZWTPtEEwo2pZINwZt/eZH4Z9XLqntnw7hFUxTRATpEJ8hD56iGblAd+YiiBD2hF/TqgPPsvDnv09YlZzazj/7A+fgB36GSyw==</latexit>

(Critical balance)
k? � kk

<latexit sha1_base64="2eClskF2kug7oNH1oDYXQ8UvL+g=">AAAB/3icbZC7SgNBFIbPeo3xtmphYTMYBKuwEUHtAjYWFhFcE0iWZXZykgyZ3R1mZoWwpPFVbCxUbH0NOzvfwRdwcik08YeBj/+cw5nzR1JwbTzv01lYXFpeWS2sFdc3Nre23Z3dO51miqHPUpGqRkQ1Cp6gb7gR2JAKaRwJrEf9y1G9fo9K8zS5NQOJQUy7Ce9wRo21Qne/H7YkKkla3S4ZMVVUCBShW/LK3lhkHipTKFVPve8vAKiF7kernbIsxsQwQbVuVjxpgpwqw5nAYbGVaZSU9WkXmxYTGqMO8vEBQ3JknTbppMq+xJCx+3sip7HWgziynTE1PT1bG5n/1ZqZ6ZwHOU9kZjBhk0WdTBCTklEapM0VMiMGFihT3P6VsJ6NgBmbWdGGUJk9eR78k/JF2buxYVzDRAU4gEM4hgqcQRWuoAY+MBjCIzzDi/PgPDmvztukdcGZzuzBHznvPye5mJs=</latexit><latexit sha1_base64="SPRpSIXxuAuvsQtLJGylhoGKGrU=">AAAB/3icbZDNSsNAFIUn1Wqtf1EXLtwMFsFVSUVQdwU3LkQqGFtoQphMb9Khkx9mJkIJ3fgqblyouPU13Am+hT6Ak7YLbT0w8HHuvdy5x085k8qyPozSwmJ5abmyUl1dW9/YNLe2b2WSCQo2TXgiOj6RwFkMtmKKQycVQCKfQ9sfnBf19h0IyZL4Rg1TcCMSxixglChteebuwHNSECl2whAXTAThHLhn1qy6NRaeh8YUas1j6+uzfPXd8sx3p5fQLIJYUU6k7DasVLk5EYpRDqOqk0lICR2QELoaYxKBdPPxASN8oJ0eDhKhX6zw2P09kZNIymHk686IqL6crRXmf7VupoJTN2dxmimI6WRRkHGsElykgXtMAFV8qIFQwfRfMe3rCKjSmVV1CI3Zk+fBPqqf1a1rHcYlmqiC9tA+OkQNdIKa6AK1kI0oGqEH9ISejXvj0XgxXietJWM6s4P+yHj7AdUQmd4=</latexit><latexit sha1_base64="SPRpSIXxuAuvsQtLJGylhoGKGrU=">AAAB/3icbZDNSsNAFIUn1Wqtf1EXLtwMFsFVSUVQdwU3LkQqGFtoQphMb9Khkx9mJkIJ3fgqblyouPU13Am+hT6Ak7YLbT0w8HHuvdy5x085k8qyPozSwmJ5abmyUl1dW9/YNLe2b2WSCQo2TXgiOj6RwFkMtmKKQycVQCKfQ9sfnBf19h0IyZL4Rg1TcCMSxixglChteebuwHNSECl2whAXTAThHLhn1qy6NRaeh8YUas1j6+uzfPXd8sx3p5fQLIJYUU6k7DasVLk5EYpRDqOqk0lICR2QELoaYxKBdPPxASN8oJ0eDhKhX6zw2P09kZNIymHk686IqL6crRXmf7VupoJTN2dxmimI6WRRkHGsElykgXtMAFV8qIFQwfRfMe3rCKjSmVV1CI3Zk+fBPqqf1a1rHcYlmqiC9tA+OkQNdIKa6AK1kI0oGqEH9ISejXvj0XgxXietJWM6s4P+yHj7AdUQmd4=</latexit>

(Anisotropic)



Strong Plasma Turbulence
Driven nonlinear gyrokinetic simulation of solar wind turbulence

�i = 1
<latexit sha1_base64="LvHqKqnrwo5pr+343Ov6q7wcyJA=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNiFe5s1EII2FhYRPCSSHKEvc0kWbK3d+zuieHIr7CxULH1X/gb7Pw3bj4KTXww8Hhvhpl5YSK4Nq777eSWlldW1/LrhY3Nre2d4u5eTcepYuizWMSqEVKNgkv0DTcCG4lCGoUC6+HgauzXH1BpHss7M0wwiGhP8i5n1FjpvhWioW1+6bWLJbfsTkAWiTcjpcpx7fETAKrt4lerE7M0QmmYoFo3PTcxQUaV4UzgqNBKNSaUDWgPm5ZKGqEOssnBI3JklQ7pxsqWNGSi/p7IaKT1MAptZ0RNX897Y/E/r5ma7nmQcZmkBiWbLuqmgpiYjL8nHa6QGTG0hDLF7a2E9amizNiMCjYEb/7lReKfli/K7q0N4wamyMMBHMIJeHAGFbiGKvjAIIIneIFXRznPzpvzPm3NObOZffgD5+MHRVuRzw==</latexit><latexit sha1_base64="HP5Bz9aCeAKd8qd10fEMtkxxajc=">AAAB73icbVA9SwNBEJ1TozF+RS1tFoNiY7izUQslYGNhEcFLIskR9jZ7yZLdvWN3TwxHfoWNhYqt/8LfYOe/cfNRaOKDgcd7M8zMCxPOtHHdb2dhcSm3vJJfLaytb2xuFbd3ajpOFaE+iXmsGiHWlDNJfcMMp41EUSxCTuth/2rk1x+o0iyWd2aQ0EDgrmQRI9hY6b4VUoPb7MJrF0tu2R0DzRNvSkqVw9rjZ+7yuNoufrU6MUkFlYZwrHXTcxMTZFgZRjgdFlqppgkmfdylTUslFlQH2fjgITqwSgdFsbIlDRqrvycyLLQeiNB2Cmx6etYbif95zdREZ0HGZJIaKslkUZRyZGI0+h51mKLE8IElmChmb0WkhxUmxmZUsCF4sy/PE/+kfF52b20YNzBBHvZgH47Ag1OowDVUwQcCAp7gBV4d5Tw7b877pHXBmc7swh84Hz/aY5I/</latexit><latexit sha1_base64="HP5Bz9aCeAKd8qd10fEMtkxxajc=">AAAB73icbVA9SwNBEJ1TozF+RS1tFoNiY7izUQslYGNhEcFLIskR9jZ7yZLdvWN3TwxHfoWNhYqt/8LfYOe/cfNRaOKDgcd7M8zMCxPOtHHdb2dhcSm3vJJfLaytb2xuFbd3ajpOFaE+iXmsGiHWlDNJfcMMp41EUSxCTuth/2rk1x+o0iyWd2aQ0EDgrmQRI9hY6b4VUoPb7MJrF0tu2R0DzRNvSkqVw9rjZ+7yuNoufrU6MUkFlYZwrHXTcxMTZFgZRjgdFlqppgkmfdylTUslFlQH2fjgITqwSgdFsbIlDRqrvycyLLQeiNB2Cmx6etYbif95zdREZ0HGZJIaKslkUZRyZGI0+h51mKLE8IElmChmb0WkhxUmxmZUsCF4sy/PE/+kfF52b20YNzBBHvZgH47Ag1OowDVUwQcCAp7gBV4d5Tw7b877pHXBmc7swh84Hz/aY5I/</latexit>

Ti/Te = 1
<latexit sha1_base64="ces1J8W0O7POiP1I3FcKIpi43X8=">AAAB73icbVC7SgNBFL0bXzG+opY2g0GwkLhroxZCwMbCIkLWRJJ1mZ1MkiEzs8vMrBCWfIOFjYWKrX/hN9j5N04ehSYeuHA4517uvSdKONPGdb+d3MLi0vJKfrWwtr6xuVXc3rnVcaoI9UnMY9WIsKacSeobZjhtJIpiEXFaj/qXI7/+QJVmsayZQUIDgbuSdRjBxkp3tZAd10J64YXFklt2x0DzxJuSUuXo8f4TAKph8avVjkkqqDSEY62bnpuYIMPKMMLpsNBKNU0w6eMubVoqsaA6yMYHD9GBVdqoEytb0qCx+nsiw0LrgYhsp8Cmp2e9kfif10xN5yzImExSQyWZLOqkHJkYjb5HbaYoMXxgCSaK2VsR6WGFibEZFWwI3uzL88Q/KZ+X3RsbxjVMkIc92IdD8OAUKnAFVfCBgIAneIFXRznPzpvzPmnNOdOZXfgD5+MH6OCRlw==</latexit><latexit sha1_base64="xXUBkdjx89sLYh5BzrkX80A7mZk=">AAAB73icbVA9SwNBEN2LXzFGjVraLAbBQuKdjVoIARsLiwg5E0nOY28zlyzZvTt294Rw5DdY2Fio2Ar+EGs7/42bj0ITHww83pthZl6QcKa0bX9buYXFpeWV/Gphrbi+sVna2r5RcSopuDTmsWwGRAFnEbiaaQ7NRAIRAYdG0L8Y+Y17kIrFUV0PEvAE6UYsZJRoI93WfXZU9+Hc8Utlu2KPgeeJMyXl6uHD3WdRfdT80le7E9NUQKQpJ0q1HDvRXkakZpTDsNBOFSSE9kkXWoZGRIDysvHBQ7xvlA4OY2kq0nis/p7IiFBqIALTKYjuqVlvJP7ntVIdnnoZi5JUQ0Qni8KUYx3j0fe4wyRQzQeGECqZuRXTHpGEapNRwYTgzL48T9zjylnFvjZhXKEJ8mgX7aED5KATVEWXqIZcRJFAj+gZvVjSerJerbdJa86azuygP7DefwCBXZLK</latexit><latexit sha1_base64="xXUBkdjx89sLYh5BzrkX80A7mZk=">AAAB73icbVA9SwNBEN2LXzFGjVraLAbBQuKdjVoIARsLiwg5E0nOY28zlyzZvTt294Rw5DdY2Fio2Ar+EGs7/42bj0ITHww83pthZl6QcKa0bX9buYXFpeWV/Gphrbi+sVna2r5RcSopuDTmsWwGRAFnEbiaaQ7NRAIRAYdG0L8Y+Y17kIrFUV0PEvAE6UYsZJRoI93WfXZU9+Hc8Utlu2KPgeeJMyXl6uHD3WdRfdT80le7E9NUQKQpJ0q1HDvRXkakZpTDsNBOFSSE9kkXWoZGRIDysvHBQ7xvlA4OY2kq0nis/p7IiFBqIALTKYjuqVlvJP7ntVIdnnoZi5JUQ0Qni8KUYx3j0fe4wyRQzQeGECqZuRXTHpGEapNRwYTgzL48T9zjylnFvjZhXKEJ8mgX7aED5KATVEWXqIZcRJFAj+gZvVjSerJerbdJa86azuygP7DefwCBXZLK</latexit>

Plasma parameters: Turbulence parameters:

(Klein, Howes, & Tenbarge, 2017)

� ⇠ 1
<latexit sha1_base64="PMsiL8lmsdg0arnt5s6xwSc973w=">AAAB8XicbVC7TsNAEFyHVwivACXNiQhEFdk0QBeJhoIiSDiJZFvR+XJOTrk7W3dnRGTlM2goANHyE3wDHX/D5VFAwkgrjWZ2tbsTZ5xp47rfTmlldW19o7xZ2dre2d2r7h+0dJorQn2S8lR1YqwpZ5L6hhlOO5miWMSctuPh9cRvP1ClWSrvzSijkcB9yRJGsLFSEJIBQ6FmAnndas2tu1OgZeLNSa1x2nr8BIBmt/oV9lKSCyoN4VjrwHMzExVYGUY4HVfCXNMMkyHu08BSiQXVUTE9eYxOrNJDSapsSYOm6u+JAgutRyK2nQKbgV70JuJ/XpCb5DIqmMxyQyWZLUpyjkyKJv+jHlOUGD6yBBPF7K2IDLDCxNiUKjYEb/HlZeKf16/q7p0N4xZmKMMRHMMZeHABDbiBJvhAIIUneIFXxzjPzpvzPmstOfOZQ/gD5+MHSpmSWw==</latexit><latexit sha1_base64="ntDtsDBT4u7TkCMz12ko/uJau90=">AAAB8XicbVA9SwNBEN1TozF+RS1tFoNiY7izURsJ2FhYRPCSQO4Ie5u9ZMnu3rE7J4YjP8PGQsXWP+FvsPPfuPkoNPHBwOO9GWbmRangBlz321laXimsrhXXSxubW9s75d29hkkyTZlPE5HoVkQME1wxHzgI1ko1IzISrBkNrsd+84FpwxN1D8OUhZL0FI85JWCldkD7HAeGS+x1yhW36k6AF4k3I5XacePxs3B1Wu+Uv4JuQjPJFFBBjGl7bgphTjRwKtioFGSGpYQOSI+1LVVEMhPmk5NH+MgqXRwn2pYCPFF/T+REGjOUke2UBPpm3huL/3ntDOKLMOcqzYApOl0UZwJDgsf/4y7XjIIYWkKo5vZWTPtEEwo2pZINwZt/eZH4Z9XLqntnw7hFUxTRATpEJ8hD56iGblAd+YiiBD2hF/TqgPPsvDnv09YlZzazj/7A+fgB36GSyw==</latexit><latexit sha1_base64="ntDtsDBT4u7TkCMz12ko/uJau90=">AAAB8XicbVA9SwNBEN1TozF+RS1tFoNiY7izURsJ2FhYRPCSQO4Ie5u9ZMnu3rE7J4YjP8PGQsXWP+FvsPPfuPkoNPHBwOO9GWbmRangBlz321laXimsrhXXSxubW9s75d29hkkyTZlPE5HoVkQME1wxHzgI1ko1IzISrBkNrsd+84FpwxN1D8OUhZL0FI85JWCldkD7HAeGS+x1yhW36k6AF4k3I5XacePxs3B1Wu+Uv4JuQjPJFFBBjGl7bgphTjRwKtioFGSGpYQOSI+1LVVEMhPmk5NH+MgqXRwn2pYCPFF/T+REGjOUke2UBPpm3huL/3ntDOKLMOcqzYApOl0UZwJDgsf/4y7XjIIYWkKo5vZWTPtEEwo2pZINwZt/eZH4Z9XLqntnw7hFUxTRATpEJ8hD56iGblAd+YiiBD2hF/TqgPPsvDnv09YlZzazj/7A+fgB36GSyw==</latexit>

(Critical balance)
k? � kk

<latexit sha1_base64="2eClskF2kug7oNH1oDYXQ8UvL+g=">AAAB/3icbZC7SgNBFIbPeo3xtmphYTMYBKuwEUHtAjYWFhFcE0iWZXZykgyZ3R1mZoWwpPFVbCxUbH0NOzvfwRdwcik08YeBj/+cw5nzR1JwbTzv01lYXFpeWS2sFdc3Nre23Z3dO51miqHPUpGqRkQ1Cp6gb7gR2JAKaRwJrEf9y1G9fo9K8zS5NQOJQUy7Ce9wRo21Qne/H7YkKkla3S4ZMVVUCBShW/LK3lhkHipTKFVPve8vAKiF7kernbIsxsQwQbVuVjxpgpwqw5nAYbGVaZSU9WkXmxYTGqMO8vEBQ3JknTbppMq+xJCx+3sip7HWgziynTE1PT1bG5n/1ZqZ6ZwHOU9kZjBhk0WdTBCTklEapM0VMiMGFihT3P6VsJ6NgBmbWdGGUJk9eR78k/JF2buxYVzDRAU4gEM4hgqcQRWuoAY+MBjCIzzDi/PgPDmvztukdcGZzuzBHznvPye5mJs=</latexit><latexit sha1_base64="SPRpSIXxuAuvsQtLJGylhoGKGrU=">AAAB/3icbZDNSsNAFIUn1Wqtf1EXLtwMFsFVSUVQdwU3LkQqGFtoQphMb9Khkx9mJkIJ3fgqblyouPU13Am+hT6Ak7YLbT0w8HHuvdy5x085k8qyPozSwmJ5abmyUl1dW9/YNLe2b2WSCQo2TXgiOj6RwFkMtmKKQycVQCKfQ9sfnBf19h0IyZL4Rg1TcCMSxixglChteebuwHNSECl2whAXTAThHLhn1qy6NRaeh8YUas1j6+uzfPXd8sx3p5fQLIJYUU6k7DasVLk5EYpRDqOqk0lICR2QELoaYxKBdPPxASN8oJ0eDhKhX6zw2P09kZNIymHk686IqL6crRXmf7VupoJTN2dxmimI6WRRkHGsElykgXtMAFV8qIFQwfRfMe3rCKjSmVV1CI3Zk+fBPqqf1a1rHcYlmqiC9tA+OkQNdIKa6AK1kI0oGqEH9ISejXvj0XgxXietJWM6s4P+yHj7AdUQmd4=</latexit><latexit sha1_base64="SPRpSIXxuAuvsQtLJGylhoGKGrU=">AAAB/3icbZDNSsNAFIUn1Wqtf1EXLtwMFsFVSUVQdwU3LkQqGFtoQphMb9Khkx9mJkIJ3fgqblyouPU13Am+hT6Ak7YLbT0w8HHuvdy5x085k8qyPozSwmJ5abmyUl1dW9/YNLe2b2WSCQo2TXgiOj6RwFkMtmKKQycVQCKfQ9sfnBf19h0IyZL4Rg1TcCMSxixglChteebuwHNSECl2whAXTAThHLhn1qy6NRaeh8YUas1j6+uzfPXd8sx3p5fQLIJYUU6k7DasVLk5EYpRDqOqk0lICR2QELoaYxKBdPPxASN8oJ0eDhKhX6zw2P09kZNIymHk686IqL6crRXmf7VupoJTN2dxmimI6WRRkHGsElykgXtMAFV8qIFQwfRfMe3rCKjSmVV1CI3Zk+fBPqqf1a1rHcYlmqiC9tA+OkQNdIKa6AK1kI0oGqEH9ISejXvj0XgxXietJWM6s4P+yHj7AdUQmd4=</latexit>

(Anisotropic)



Strong Plasma Turbulence
Driven nonlinear gyrokinetic simulation of solar wind turbulence

�i = 1
<latexit sha1_base64="LvHqKqnrwo5pr+343Ov6q7wcyJA=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNiFe5s1EII2FhYRPCSSHKEvc0kWbK3d+zuieHIr7CxULH1X/gb7Pw3bj4KTXww8Hhvhpl5YSK4Nq777eSWlldW1/LrhY3Nre2d4u5eTcepYuizWMSqEVKNgkv0DTcCG4lCGoUC6+HgauzXH1BpHss7M0wwiGhP8i5n1FjpvhWioW1+6bWLJbfsTkAWiTcjpcpx7fETAKrt4lerE7M0QmmYoFo3PTcxQUaV4UzgqNBKNSaUDWgPm5ZKGqEOssnBI3JklQ7pxsqWNGSi/p7IaKT1MAptZ0RNX897Y/E/r5ma7nmQcZmkBiWbLuqmgpiYjL8nHa6QGTG0hDLF7a2E9amizNiMCjYEb/7lReKfli/K7q0N4wamyMMBHMIJeHAGFbiGKvjAIIIneIFXRznPzpvzPm3NObOZffgD5+MHRVuRzw==</latexit><latexit sha1_base64="HP5Bz9aCeAKd8qd10fEMtkxxajc=">AAAB73icbVA9SwNBEJ1TozF+RS1tFoNiY7izUQslYGNhEcFLIskR9jZ7yZLdvWN3TwxHfoWNhYqt/8LfYOe/cfNRaOKDgcd7M8zMCxPOtHHdb2dhcSm3vJJfLaytb2xuFbd3ajpOFaE+iXmsGiHWlDNJfcMMp41EUSxCTuth/2rk1x+o0iyWd2aQ0EDgrmQRI9hY6b4VUoPb7MJrF0tu2R0DzRNvSkqVw9rjZ+7yuNoufrU6MUkFlYZwrHXTcxMTZFgZRjgdFlqppgkmfdylTUslFlQH2fjgITqwSgdFsbIlDRqrvycyLLQeiNB2Cmx6etYbif95zdREZ0HGZJIaKslkUZRyZGI0+h51mKLE8IElmChmb0WkhxUmxmZUsCF4sy/PE/+kfF52b20YNzBBHvZgH47Ag1OowDVUwQcCAp7gBV4d5Tw7b877pHXBmc7swh84Hz/aY5I/</latexit><latexit sha1_base64="HP5Bz9aCeAKd8qd10fEMtkxxajc=">AAAB73icbVA9SwNBEJ1TozF+RS1tFoNiY7izUQslYGNhEcFLIskR9jZ7yZLdvWN3TwxHfoWNhYqt/8LfYOe/cfNRaOKDgcd7M8zMCxPOtHHdb2dhcSm3vJJfLaytb2xuFbd3ajpOFaE+iXmsGiHWlDNJfcMMp41EUSxCTuth/2rk1x+o0iyWd2aQ0EDgrmQRI9hY6b4VUoPb7MJrF0tu2R0DzRNvSkqVw9rjZ+7yuNoufrU6MUkFlYZwrHXTcxMTZFgZRjgdFlqppgkmfdylTUslFlQH2fjgITqwSgdFsbIlDRqrvycyLLQeiNB2Cmx6etYbif95zdREZ0HGZJIaKslkUZRyZGI0+h51mKLE8IElmChmb0WkhxUmxmZUsCF4sy/PE/+kfF52b20YNzBBHvZgH47Ag1OowDVUwQcCAp7gBV4d5Tw7b877pHXBmc7swh84Hz/aY5I/</latexit>

Ti/Te = 1
<latexit sha1_base64="ces1J8W0O7POiP1I3FcKIpi43X8=">AAAB73icbVC7SgNBFL0bXzG+opY2g0GwkLhroxZCwMbCIkLWRJJ1mZ1MkiEzs8vMrBCWfIOFjYWKrX/hN9j5N04ehSYeuHA4517uvSdKONPGdb+d3MLi0vJKfrWwtr6xuVXc3rnVcaoI9UnMY9WIsKacSeobZjhtJIpiEXFaj/qXI7/+QJVmsayZQUIDgbuSdRjBxkp3tZAd10J64YXFklt2x0DzxJuSUuXo8f4TAKph8avVjkkqqDSEY62bnpuYIMPKMMLpsNBKNU0w6eMubVoqsaA6yMYHD9GBVdqoEytb0qCx+nsiw0LrgYhsp8Cmp2e9kfif10xN5yzImExSQyWZLOqkHJkYjb5HbaYoMXxgCSaK2VsR6WGFibEZFWwI3uzL88Q/KZ+X3RsbxjVMkIc92IdD8OAUKnAFVfCBgIAneIFXRznPzpvzPmnNOdOZXfgD5+MH6OCRlw==</latexit><latexit sha1_base64="xXUBkdjx89sLYh5BzrkX80A7mZk=">AAAB73icbVA9SwNBEN2LXzFGjVraLAbBQuKdjVoIARsLiwg5E0nOY28zlyzZvTt294Rw5DdY2Fio2Ar+EGs7/42bj0ITHww83pthZl6QcKa0bX9buYXFpeWV/Gphrbi+sVna2r5RcSopuDTmsWwGRAFnEbiaaQ7NRAIRAYdG0L8Y+Y17kIrFUV0PEvAE6UYsZJRoI93WfXZU9+Hc8Utlu2KPgeeJMyXl6uHD3WdRfdT80le7E9NUQKQpJ0q1HDvRXkakZpTDsNBOFSSE9kkXWoZGRIDysvHBQ7xvlA4OY2kq0nis/p7IiFBqIALTKYjuqVlvJP7ntVIdnnoZi5JUQ0Qni8KUYx3j0fe4wyRQzQeGECqZuRXTHpGEapNRwYTgzL48T9zjylnFvjZhXKEJ8mgX7aED5KATVEWXqIZcRJFAj+gZvVjSerJerbdJa86azuygP7DefwCBXZLK</latexit><latexit sha1_base64="xXUBkdjx89sLYh5BzrkX80A7mZk=">AAAB73icbVA9SwNBEN2LXzFGjVraLAbBQuKdjVoIARsLiwg5E0nOY28zlyzZvTt294Rw5DdY2Fio2Ar+EGs7/42bj0ITHww83pthZl6QcKa0bX9buYXFpeWV/Gphrbi+sVna2r5RcSopuDTmsWwGRAFnEbiaaQ7NRAIRAYdG0L8Y+Y17kIrFUV0PEvAE6UYsZJRoI93WfXZU9+Hc8Utlu2KPgeeJMyXl6uHD3WdRfdT80le7E9NUQKQpJ0q1HDvRXkakZpTDsNBOFSSE9kkXWoZGRIDysvHBQ7xvlA4OY2kq0nis/p7IiFBqIALTKYjuqVlvJP7ntVIdnnoZi5JUQ0Qni8KUYx3j0fe4wyRQzQeGECqZuRXTHpGEapNRwYTgzL48T9zjylnFvjZhXKEJ8mgX7aED5KATVEWXqIZcRJFAj+gZvVjSerJerbdJa86azuygP7DefwCBXZLK</latexit>

Plasma parameters: Turbulence parameters:

(Klein, Howes, & Tenbarge, 2017)

� ⇠ 1
<latexit sha1_base64="PMsiL8lmsdg0arnt5s6xwSc973w=">AAAB8XicbVC7TsNAEFyHVwivACXNiQhEFdk0QBeJhoIiSDiJZFvR+XJOTrk7W3dnRGTlM2goANHyE3wDHX/D5VFAwkgrjWZ2tbsTZ5xp47rfTmlldW19o7xZ2dre2d2r7h+0dJorQn2S8lR1YqwpZ5L6hhlOO5miWMSctuPh9cRvP1ClWSrvzSijkcB9yRJGsLFSEJIBQ6FmAnndas2tu1OgZeLNSa1x2nr8BIBmt/oV9lKSCyoN4VjrwHMzExVYGUY4HVfCXNMMkyHu08BSiQXVUTE9eYxOrNJDSapsSYOm6u+JAgutRyK2nQKbgV70JuJ/XpCb5DIqmMxyQyWZLUpyjkyKJv+jHlOUGD6yBBPF7K2IDLDCxNiUKjYEb/HlZeKf16/q7p0N4xZmKMMRHMMZeHABDbiBJvhAIIUneIFXxzjPzpvzPmstOfOZQ/gD5+MHSpmSWw==</latexit><latexit sha1_base64="ntDtsDBT4u7TkCMz12ko/uJau90=">AAAB8XicbVA9SwNBEN1TozF+RS1tFoNiY7izURsJ2FhYRPCSQO4Ie5u9ZMnu3rE7J4YjP8PGQsXWP+FvsPPfuPkoNPHBwOO9GWbmRangBlz321laXimsrhXXSxubW9s75d29hkkyTZlPE5HoVkQME1wxHzgI1ko1IzISrBkNrsd+84FpwxN1D8OUhZL0FI85JWCldkD7HAeGS+x1yhW36k6AF4k3I5XacePxs3B1Wu+Uv4JuQjPJFFBBjGl7bgphTjRwKtioFGSGpYQOSI+1LVVEMhPmk5NH+MgqXRwn2pYCPFF/T+REGjOUke2UBPpm3huL/3ntDOKLMOcqzYApOl0UZwJDgsf/4y7XjIIYWkKo5vZWTPtEEwo2pZINwZt/eZH4Z9XLqntnw7hFUxTRATpEJ8hD56iGblAd+YiiBD2hF/TqgPPsvDnv09YlZzazj/7A+fgB36GSyw==</latexit><latexit sha1_base64="ntDtsDBT4u7TkCMz12ko/uJau90=">AAAB8XicbVA9SwNBEN1TozF+RS1tFoNiY7izURsJ2FhYRPCSQO4Ie5u9ZMnu3rE7J4YjP8PGQsXWP+FvsPPfuPkoNPHBwOO9GWbmRangBlz321laXimsrhXXSxubW9s75d29hkkyTZlPE5HoVkQME1wxHzgI1ko1IzISrBkNrsd+84FpwxN1D8OUhZL0FI85JWCldkD7HAeGS+x1yhW36k6AF4k3I5XacePxs3B1Wu+Uv4JuQjPJFFBBjGl7bgphTjRwKtioFGSGpYQOSI+1LVVEMhPmk5NH+MgqXRwn2pYCPFF/T+REGjOUke2UBPpm3huL/3ntDOKLMOcqzYApOl0UZwJDgsf/4y7XjIIYWkKo5vZWTPtEEwo2pZINwZt/eZH4Z9XLqntnw7hFUxTRATpEJ8hD56iGblAd+YiiBD2hF/TqgPPsvDnv09YlZzazj/7A+fgB36GSyw==</latexit>
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Strong Plasma Turbulence
Driven nonlinear gyrokinetic simulation of solar wind turbulence
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Plasma parameters: Turbulence parameters:

Evidence of Landau Damping 
in strong plasma turbulence

(Klein, Howes, & Tenbarge, 2017)
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The velocity-space signature obtained from field-particle correlations 
has the potential to distinguish between different mechanisms.
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HVM Simulation
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v∥/vtp

CE?
<latexit sha1_base64="4VEE/c6zI4ULDKjthAllIyG5+x0=">AAAB8XicdVDLSgNBEOz1lRhfiR69DAZBL2E2B5PcAkHIMYJrAsmyzk5mkyGzD2ZmhbDkM7x4UPHq33jzb5xNFFS0oKGo6qa7y08EVxrjd2ttfWNzq1DcLu3s7u0flCuHNypOJWUOjUUsBz5RTPCIOZprwQaJZCT0Bev7s07u9++YVDyOrvU8YW5IJhEPOCXaSMOOl116o4TJZOGVq7iGMbZtG+XEblxgQ1qtZt1uIju3DKrt80rhFgB6XvltNI5pGrJIU0GUGto40W5GpOZUsEVplCqWEDojEzY0NCIhU262PHmBTo0yRkEsTUUaLdXvExkJlZqHvukMiZ6q314u/uUNUx003YxHSapZRFeLglQgHaP8fzTmklEt5oYQKrm5FdEpkYRqk1LJhPD1KfqfOPVaq4avTBhdWKEIx3ACZ2BDA9rQhR44QCGGe3iEJ0tbD9az9bJqXbM+Z47gB6zXDyd5kiU=</latexit><latexit sha1_base64="3+oQFx0qtvzhEWr15ChRwyVZqzY=">AAAB8XicdVBNS8NAEN341Vq/Wj16WSyCXsqmB9veCkXosYqxhTSEzXbTLt0ky+5GKKE/QxAPKl79N97017hpFVT0wcDjvRlm5gWCM6URerNWVtfWNwrFzdLW9s7uXrmyf62SVBLqkIQnchBgRTmLqaOZ5nQgJMVRwGk/mHZyv39DpWJJfKVngnoRHscsZARrI7kdPzv3h4JKMffLVVRDCNm2DXNiN86QIa1Ws243oZ1bBtX2aaVw+X437vnl1+EoIWlEY004Vsq1kdBehqVmhNN5aZgqKjCZ4jF1DY1xRJWXLU6ew2OjjGCYSFOxhgv1+0SGI6VmUWA6I6wn6reXi395bqrDppexWKSaxmS5KEw51AnM/4cjJinRfGYIJpKZWyGZYImJNimVTAhfn8L/iVOvtWrowoTRBUsUwSE4AifABg3QBl3QAw4gIAG34AE8Wtq6t56s52XrivU5cwB+wHr5AItVk/A=</latexit><latexit sha1_base64="3+oQFx0qtvzhEWr15ChRwyVZqzY=">AAAB8XicdVBNS8NAEN341Vq/Wj16WSyCXsqmB9veCkXosYqxhTSEzXbTLt0ky+5GKKE/QxAPKl79N97017hpFVT0wcDjvRlm5gWCM6URerNWVtfWNwrFzdLW9s7uXrmyf62SVBLqkIQnchBgRTmLqaOZ5nQgJMVRwGk/mHZyv39DpWJJfKVngnoRHscsZARrI7kdPzv3h4JKMffLVVRDCNm2DXNiN86QIa1Ws243oZ1bBtX2aaVw+X437vnl1+EoIWlEY004Vsq1kdBehqVmhNN5aZgqKjCZ4jF1DY1xRJWXLU6ew2OjjGCYSFOxhgv1+0SGI6VmUWA6I6wn6reXi395bqrDppexWKSaxmS5KEw51AnM/4cjJinRfGYIJpKZWyGZYImJNimVTAhfn8L/iVOvtWrowoTRBUsUwSE4AifABg3QBl3QAw4gIAG34AE8Wtq6t56s52XrivU5cwB+wHr5AItVk/A=</latexit>
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v∥/vtp

C�Bk
<latexit sha1_base64="x0Fg9E9jAoIpyIFW+k9LLZo6qjk=">AAAB/nicdVDLSgNBEJyNrxhfq4IXL4NB8BRmg5jkFswlxwiuCSRhmZ10kiGzD2ZmhbDm4K948aDi1e/w5t84m0RQ0YKGoqqb7i4/FlxpQj6s3Mrq2vpGfrOwtb2zu2fvH9yoKJEMXBaJSHZ8qkDwEFzNtYBOLIEGvoC2P2lkfvsWpOJReK2nMfQDOgr5kDOqjeTZRw0v7Q1AaIovvV5MJRUCxMyzi6RECHEcB2fEqVwQQ2q1atmpYiezDIpoiZZnv/cGEUsCCDUTVKmuQ2LdT6nUnAmYFXqJgpiyCR1B19CQBqD66fz+GT41ygAPI2kq1Hiufp9IaaDUNPBNZ0D1WP32MvEvr5voYbWf8jBONIRssWiYCKwjnIWBB1wC02JqCGWSm1sxG5sMmDaRFUwIX5/i/4lbLtVK5Oq8WG8u08ijY3SCzpCDKqiOmqiFXMTQHXpAT+jZurcerRfrddGas5Yzh+gHrLdPfI6WAA==</latexit><latexit sha1_base64="x0Fg9E9jAoIpyIFW+k9LLZo6qjk=">AAAB/nicdVDLSgNBEJyNrxhfq4IXL4NB8BRmg5jkFswlxwiuCSRhmZ10kiGzD2ZmhbDm4K948aDi1e/w5t84m0RQ0YKGoqqb7i4/FlxpQj6s3Mrq2vpGfrOwtb2zu2fvH9yoKJEMXBaJSHZ8qkDwEFzNtYBOLIEGvoC2P2lkfvsWpOJReK2nMfQDOgr5kDOqjeTZRw0v7Q1AaIovvV5MJRUCxMyzi6RECHEcB2fEqVwQQ2q1atmpYiezDIpoiZZnv/cGEUsCCDUTVKmuQ2LdT6nUnAmYFXqJgpiyCR1B19CQBqD66fz+GT41ygAPI2kq1Hiufp9IaaDUNPBNZ0D1WP32MvEvr5voYbWf8jBONIRssWiYCKwjnIWBB1wC02JqCGWSm1sxG5sMmDaRFUwIX5/i/4lbLtVK5Oq8WG8u08ijY3SCzpCDKqiOmqiFXMTQHXpAT+jZurcerRfrddGas5Yzh+gHrLdPfI6WAA==</latexit><latexit sha1_base64="x0Fg9E9jAoIpyIFW+k9LLZo6qjk=">AAAB/nicdVDLSgNBEJyNrxhfq4IXL4NB8BRmg5jkFswlxwiuCSRhmZ10kiGzD2ZmhbDm4K948aDi1e/w5t84m0RQ0YKGoqqb7i4/FlxpQj6s3Mrq2vpGfrOwtb2zu2fvH9yoKJEMXBaJSHZ8qkDwEFzNtYBOLIEGvoC2P2lkfvsWpOJReK2nMfQDOgr5kDOqjeTZRw0v7Q1AaIovvV5MJRUCxMyzi6RECHEcB2fEqVwQQ2q1atmpYiezDIpoiZZnv/cGEUsCCDUTVKmuQ2LdT6nUnAmYFXqJgpiyCR1B19CQBqD66fz+GT41ygAPI2kq1Hiufp9IaaDUNPBNZ0D1WP32MvEvr5voYbWf8jBONIRssWiYCKwjnIWBB1wC02JqCGWSm1sxG5sMmDaRFUwIX5/i/4lbLtVK5Oq8WG8u08ijY3SCzpCDKqiOmqiFXMTQHXpAT+jZurcerRfrddGas5Yzh+gHrLdPfI6WAA==</latexit>

Pegasus Simulation
Stochastic Ion, Cyclotron, TTD



Distinguishing Energization Mechanisms
AstroGK Simulation
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CEk
<latexit sha1_base64="Od7MHqEsaxT3B4uVEKfRqBVmzTo=">AAAB93icdVDLSgNBEOyNrxgfiXr0MhgET2E2gklugSDkGMEYIVmW2clsMmT2wcysEJd8iRcPKl79A7/Bm6D/4myioKIFDUVVN91dXiy40hi/Wrml5ZXVtfx6YWNza7tY2tm9UFEiKevSSETy0iOKCR6yruZasMtYMhJ4gvW8SSvze1dMKh6F53oaMycgo5D7nBJtJLdUbLnpqTuIiSRCMDFzS2VcwRjbto0yYtdOsCGNRr1q15GdWQbl5vH72zMAdNzSy2AY0SRgoaaCKNW3caydlEjNqWCzwiBRLCZ0Qkasb2hIAqacdH74DB0aZYj8SJoKNZqr3ydSEig1DTzTGRA9Vr+9TPzL6yfarzspD+NEs5AuFvmJQDpCWQpoyCWjWkwNIVRycyuiY5MB1Sarggnh61P0P+lWK40KPjNhtGGBPOzDARyBDTVoQhs60AUKCdzAHdxb19at9WA9Llpz1ufMHvyA9fQBa26WHw==</latexit><latexit sha1_base64="6GzbBIxvpxA5yOlwtO1EhauJpqA=">AAAB93icdVDLSgMxFM3UV62PjtWdm2ARXJVMBduuLBShywqOLbTDkEkzbWjmQZIR6tAvceNCxa0/4Qe4E/RfzLQKKnrgwuGce7n3Hi/mTCqEXo3c0vLK6lp+vbCxubVdNHdKlzJKBKE2iXgkeh6WlLOQ2oopTnuxoDjwOO16k1bmd6+okCwKL9Q0pk6ARyHzGcFKS65ZbLnpmTuIscCcUz5zzTKqIIQsy4IZsWonSJNGo1616tDKLI1y8/j97fl0r9RxzZfBMCJJQENFOJayb6FYOSkWihFOZ4VBImmMyQSPaF/TEAdUOun88Bk81MoQ+pHQFSo4V79PpDiQchp4ujPAaix/e5n4l9dPlF93UhbGiaIhWSzyEw5VBLMU4JAJShSfaoKJYPpWSMY6A6J0VgUdwten8H9iVyuNCjrXYbTBAnmwDw7AEbBADTRBG3SADQhIwA24A/fGtXFrPBiPi9ac8TmzC37AePoA+i6Wig==</latexit><latexit sha1_base64="6GzbBIxvpxA5yOlwtO1EhauJpqA=">AAAB93icdVDLSgMxFM3UV62PjtWdm2ARXJVMBduuLBShywqOLbTDkEkzbWjmQZIR6tAvceNCxa0/4Qe4E/RfzLQKKnrgwuGce7n3Hi/mTCqEXo3c0vLK6lp+vbCxubVdNHdKlzJKBKE2iXgkeh6WlLOQ2oopTnuxoDjwOO16k1bmd6+okCwKL9Q0pk6ARyHzGcFKS65ZbLnpmTuIscCcUz5zzTKqIIQsy4IZsWonSJNGo1616tDKLI1y8/j97fl0r9RxzZfBMCJJQENFOJayb6FYOSkWihFOZ4VBImmMyQSPaF/TEAdUOun88Bk81MoQ+pHQFSo4V79PpDiQchp4ujPAaix/e5n4l9dPlF93UhbGiaIhWSzyEw5VBLMU4JAJShSfaoKJYPpWSMY6A6J0VgUdwten8H9iVyuNCjrXYbTBAnmwDw7AEbBADTRBG3SADQhIwA24A/fGtXFrPBiPi9ac8TmzC37AePoA+i6Wig==</latexit>

HVM Simulation
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v∥/vtp

CE?
<latexit sha1_base64="4VEE/c6zI4ULDKjthAllIyG5+x0=">AAAB8XicdVDLSgNBEOz1lRhfiR69DAZBL2E2B5PcAkHIMYJrAsmyzk5mkyGzD2ZmhbDkM7x4UPHq33jzb5xNFFS0oKGo6qa7y08EVxrjd2ttfWNzq1DcLu3s7u0flCuHNypOJWUOjUUsBz5RTPCIOZprwQaJZCT0Bev7s07u9++YVDyOrvU8YW5IJhEPOCXaSMOOl116o4TJZOGVq7iGMbZtG+XEblxgQ1qtZt1uIju3DKrt80rhFgB6XvltNI5pGrJIU0GUGto40W5GpOZUsEVplCqWEDojEzY0NCIhU262PHmBTo0yRkEsTUUaLdXvExkJlZqHvukMiZ6q314u/uUNUx003YxHSapZRFeLglQgHaP8fzTmklEt5oYQKrm5FdEpkYRqk1LJhPD1KfqfOPVaq4avTBhdWKEIx3ACZ2BDA9rQhR44QCGGe3iEJ0tbD9az9bJqXbM+Z47gB6zXDyd5kiU=</latexit><latexit sha1_base64="3+oQFx0qtvzhEWr15ChRwyVZqzY=">AAAB8XicdVBNS8NAEN341Vq/Wj16WSyCXsqmB9veCkXosYqxhTSEzXbTLt0ky+5GKKE/QxAPKl79N97017hpFVT0wcDjvRlm5gWCM6URerNWVtfWNwrFzdLW9s7uXrmyf62SVBLqkIQnchBgRTmLqaOZ5nQgJMVRwGk/mHZyv39DpWJJfKVngnoRHscsZARrI7kdPzv3h4JKMffLVVRDCNm2DXNiN86QIa1Ws243oZ1bBtX2aaVw+X437vnl1+EoIWlEY004Vsq1kdBehqVmhNN5aZgqKjCZ4jF1DY1xRJWXLU6ew2OjjGCYSFOxhgv1+0SGI6VmUWA6I6wn6reXi395bqrDppexWKSaxmS5KEw51AnM/4cjJinRfGYIJpKZWyGZYImJNimVTAhfn8L/iVOvtWrowoTRBUsUwSE4AifABg3QBl3QAw4gIAG34AE8Wtq6t56s52XrivU5cwB+wHr5AItVk/A=</latexit><latexit sha1_base64="3+oQFx0qtvzhEWr15ChRwyVZqzY=">AAAB8XicdVBNS8NAEN341Vq/Wj16WSyCXsqmB9veCkXosYqxhTSEzXbTLt0ky+5GKKE/QxAPKl79N97017hpFVT0wcDjvRlm5gWCM6URerNWVtfWNwrFzdLW9s7uXrmyf62SVBLqkIQnchBgRTmLqaOZ5nQgJMVRwGk/mHZyv39DpWJJfKVngnoRHscsZARrI7kdPzv3h4JKMffLVVRDCNm2DXNiN86QIa1Ws243oZ1bBtX2aaVw+X437vnl1+EoIWlEY004Vsq1kdBehqVmhNN5aZgqKjCZ4jF1DY1xRJWXLU6ew2OjjGCYSFOxhgv1+0SGI6VmUWA6I6wn6reXi395bqrDppexWKSaxmS5KEw51AnM/4cjJinRfGYIJpKZWyGZYImJNimVTAhfn8L/iVOvtWrowoTRBUsUwSE4AifABg3QBl3QAw4gIAG34AE8Wtq6t56s52XrivU5cwB+wHr5AItVk/A=</latexit>
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C�Bk
<latexit sha1_base64="x0Fg9E9jAoIpyIFW+k9LLZo6qjk=">AAAB/nicdVDLSgNBEJyNrxhfq4IXL4NB8BRmg5jkFswlxwiuCSRhmZ10kiGzD2ZmhbDm4K948aDi1e/w5t84m0RQ0YKGoqqb7i4/FlxpQj6s3Mrq2vpGfrOwtb2zu2fvH9yoKJEMXBaJSHZ8qkDwEFzNtYBOLIEGvoC2P2lkfvsWpOJReK2nMfQDOgr5kDOqjeTZRw0v7Q1AaIovvV5MJRUCxMyzi6RECHEcB2fEqVwQQ2q1atmpYiezDIpoiZZnv/cGEUsCCDUTVKmuQ2LdT6nUnAmYFXqJgpiyCR1B19CQBqD66fz+GT41ygAPI2kq1Hiufp9IaaDUNPBNZ0D1WP32MvEvr5voYbWf8jBONIRssWiYCKwjnIWBB1wC02JqCGWSm1sxG5sMmDaRFUwIX5/i/4lbLtVK5Oq8WG8u08ijY3SCzpCDKqiOmqiFXMTQHXpAT+jZurcerRfrddGas5Yzh+gHrLdPfI6WAA==</latexit><latexit sha1_base64="x0Fg9E9jAoIpyIFW+k9LLZo6qjk=">AAAB/nicdVDLSgNBEJyNrxhfq4IXL4NB8BRmg5jkFswlxwiuCSRhmZ10kiGzD2ZmhbDm4K948aDi1e/w5t84m0RQ0YKGoqqb7i4/FlxpQj6s3Mrq2vpGfrOwtb2zu2fvH9yoKJEMXBaJSHZ8qkDwEFzNtYBOLIEGvoC2P2lkfvsWpOJReK2nMfQDOgr5kDOqjeTZRw0v7Q1AaIovvV5MJRUCxMyzi6RECHEcB2fEqVwQQ2q1atmpYiezDIpoiZZnv/cGEUsCCDUTVKmuQ2LdT6nUnAmYFXqJgpiyCR1B19CQBqD66fz+GT41ygAPI2kq1Hiufp9IaaDUNPBNZ0D1WP32MvEvr5voYbWf8jBONIRssWiYCKwjnIWBB1wC02JqCGWSm1sxG5sMmDaRFUwIX5/i/4lbLtVK5Oq8WG8u08ijY3SCzpCDKqiOmqiFXMTQHXpAT+jZurcerRfrddGas5Yzh+gHrLdPfI6WAA==</latexit><latexit sha1_base64="x0Fg9E9jAoIpyIFW+k9LLZo6qjk=">AAAB/nicdVDLSgNBEJyNrxhfq4IXL4NB8BRmg5jkFswlxwiuCSRhmZ10kiGzD2ZmhbDm4K948aDi1e/w5t84m0RQ0YKGoqqb7i4/FlxpQj6s3Mrq2vpGfrOwtb2zu2fvH9yoKJEMXBaJSHZ8qkDwEFzNtYBOLIEGvoC2P2lkfvsWpOJReK2nMfQDOgr5kDOqjeTZRw0v7Q1AaIovvV5MJRUCxMyzi6RECHEcB2fEqVwQQ2q1atmpYiezDIpoiZZnv/cGEUsCCDUTVKmuQ2LdT6nUnAmYFXqJgpiyCR1B19CQBqD66fz+GT41ygAPI2kq1Hiufp9IaaDUNPBNZ0D1WP32MvEvr5voYbWf8jBONIRssWiYCKwjnIWBB1wC02JqCGWSm1sxG5sMmDaRFUwIX5/i/4lbLtVK5Oq8WG8u08ijY3SCzpCDKqiOmqiFXMTQHXpAT+jZurcerRfrddGas5Yzh+gHrLdPfI6WAA==</latexit>

Gkeyll Simulation
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Reconnection: Electron
Pegasus Simulation

Stochastic Ion, Cyclotron, TTD



Distinguishing Energization Mechanisms
AstroGK Simulation
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CEk
<latexit sha1_base64="Od7MHqEsaxT3B4uVEKfRqBVmzTo=">AAAB93icdVDLSgNBEOyNrxgfiXr0MhgET2E2gklugSDkGMEYIVmW2clsMmT2wcysEJd8iRcPKl79A7/Bm6D/4myioKIFDUVVN91dXiy40hi/Wrml5ZXVtfx6YWNza7tY2tm9UFEiKevSSETy0iOKCR6yruZasMtYMhJ4gvW8SSvze1dMKh6F53oaMycgo5D7nBJtJLdUbLnpqTuIiSRCMDFzS2VcwRjbto0yYtdOsCGNRr1q15GdWQbl5vH72zMAdNzSy2AY0SRgoaaCKNW3caydlEjNqWCzwiBRLCZ0Qkasb2hIAqacdH74DB0aZYj8SJoKNZqr3ydSEig1DTzTGRA9Vr+9TPzL6yfarzspD+NEs5AuFvmJQDpCWQpoyCWjWkwNIVRycyuiY5MB1Sarggnh61P0P+lWK40KPjNhtGGBPOzDARyBDTVoQhs60AUKCdzAHdxb19at9WA9Llpz1ufMHvyA9fQBa26WHw==</latexit><latexit sha1_base64="6GzbBIxvpxA5yOlwtO1EhauJpqA=">AAAB93icdVDLSgMxFM3UV62PjtWdm2ARXJVMBduuLBShywqOLbTDkEkzbWjmQZIR6tAvceNCxa0/4Qe4E/RfzLQKKnrgwuGce7n3Hi/mTCqEXo3c0vLK6lp+vbCxubVdNHdKlzJKBKE2iXgkeh6WlLOQ2oopTnuxoDjwOO16k1bmd6+okCwKL9Q0pk6ARyHzGcFKS65ZbLnpmTuIscCcUz5zzTKqIIQsy4IZsWonSJNGo1616tDKLI1y8/j97fl0r9RxzZfBMCJJQENFOJayb6FYOSkWihFOZ4VBImmMyQSPaF/TEAdUOun88Bk81MoQ+pHQFSo4V79PpDiQchp4ujPAaix/e5n4l9dPlF93UhbGiaIhWSzyEw5VBLMU4JAJShSfaoKJYPpWSMY6A6J0VgUdwten8H9iVyuNCjrXYbTBAnmwDw7AEbBADTRBG3SADQhIwA24A/fGtXFrPBiPi9ac8TmzC37AePoA+i6Wig==</latexit><latexit sha1_base64="6GzbBIxvpxA5yOlwtO1EhauJpqA=">AAAB93icdVDLSgMxFM3UV62PjtWdm2ARXJVMBduuLBShywqOLbTDkEkzbWjmQZIR6tAvceNCxa0/4Qe4E/RfzLQKKnrgwuGce7n3Hi/mTCqEXo3c0vLK6lp+vbCxubVdNHdKlzJKBKE2iXgkeh6WlLOQ2oopTnuxoDjwOO16k1bmd6+okCwKL9Q0pk6ARyHzGcFKS65ZbLnpmTuIscCcUz5zzTKqIIQsy4IZsWonSJNGo1616tDKLI1y8/j97fl0r9RxzZfBMCJJQENFOJayb6FYOSkWihFOZ4VBImmMyQSPaF/TEAdUOun88Bk81MoQ+pHQFSo4V79PpDiQchp4ujPAaix/e5n4l9dPlF93UhbGiaIhWSzyEw5VBLMU4JAJShSfaoKJYPpWSMY6A6J0VgUdwten8H9iVyuNCjrXYbTBAnmwDw7AEbBADTRBG3SADQhIwA24A/fGtXFrPBiPi9ac8TmzC37AePoA+i6Wig==</latexit>

HVM Simulation

v ⊥
/v

t
p

v∥/vtp

CE?
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2) Shift propagates along magnetic field 
  toward Earth as an Alfven Wave

1) Magnetic Reconnection 
in tail causes shifts in 
the magnetic field

(adapted from 
Keiling, Space Sci Rev 142:73, 2009)

3) Alfven waves accelerate electrons 
Earthward at 2RE & r & 3RE
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How Do Alfven Waves Accelerate Auroral Electrons?

2) Shift propagates along magnetic field 
  toward Earth as an Alfven Wave

4) Accelerated electrons precipitate onto ionosphere, 
exciting atoms that cause the auroral glow

1) Magnetic Reconnection 
in tail causes shifts in 
the magnetic field

(adapted from 
Keiling, Space Sci Rev 142:73, 2009)

3) Alfven waves accelerate electrons 
Earthward at 2RE & r & 3RE
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•vA = 3.4 x 108 cm/s
•β = 3.4 x 10-5< me/mi
•vte/vA = 0.18

Antenna Whistler wave 
diagnostic fe(vk)
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Inertial Alfven waves
accelerate electrons 
in tail of distribution
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Velocity-space signature 
shows zero crossing at 
resonant velocity

Field-Particle Correlation CEk
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Collisionless Magnetic Reconnection
Force-free current sheet reconnection simulation (strong guide-field limit)

(McCubbin et al., in prep)



Collisionless Magnetic Reconnection
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Collisionless Shocks
Vlasov (Gkeyll) simulation of collisionless electrostatic Sod shock problem

(Tenbarge, Juno, & Howes, in prep)

Velocity-space signature of 
direct ion acceleration

Explore ion energization here CE
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Conclusions
• Collisionless interactions with EM fields leads to particle energization

• Field-particle correlation technique can be used to compute particle energization 
using single-point measurements of fields and particle velocity distributions

• Velocity-space signature enables energization mechanisms to be distinguished

• The method can be used to explore the energy transfer in 
- Dissipation of kinetic plasma turbulence
- Collisionless magnetic reconnection
- Collisionless shocks

- Kinetic Instabilities
- Particle Acceleration

The Field-Particle Correlation Technique has the potential to identify and 
characterize the flow of energy to particles in space and astrophysical plasmas



The End
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Field-Particle Correlations
Kinetic equation governing change of phase-space energy density

Parallel Electric Field Correlation

Perpendicular Electric Field Correlation



Alternative Field-Particle Correlations
Integrate by parts to obtain an alternative form with same total energization

Alternative Parallel Electric Field Correlation

Alternative Perpendicular Electric Field Correlation

@Ws

@t
= �

Z
d3r

Z
d3v qs

v2

2

@fs
@v

·E =

Z
d3r

Z
d3v qsv ·Efs =

Z
d3r js ·E

<latexit sha1_base64="DgQ9CMY9ZpfigiV/6CRwdivvY18="></latexit><latexit sha1_base64="eOOsSLqbjkFuVI6S4k+17+uzM5s="></latexit><latexit sha1_base64="eOOsSLqbjkFuVI6S4k+17+uzM5s="></latexit>

C 0
Ek

(v, t, ⌧) = C
�
qsvkfs(r0,v, t), Ek(r0, t)

�
<latexit sha1_base64="hg3w+9B5yE5L4FOKaWCN/lABP1g="></latexit><latexit sha1_base64="V5NN0dNnjHSDQ/GOcXkcihZR9nM="></latexit><latexit sha1_base64="V5NN0dNnjHSDQ/GOcXkcihZR9nM="></latexit>

C 0
E?

(v, t, ⌧) = C (qsvxfs(r0,v, t), Ex(r0, t)) + C (qsvyfs(r0,v, t), Ey(r0, t))
<latexit sha1_base64="CtTAs0tFG51AGSg2jdN+B/L38TU="></latexit><latexit sha1_base64="CtTAs0tFG51AGSg2jdN+B/L38TU="></latexit><latexit sha1_base64="CtTAs0tFG51AGSg2jdN+B/L38TU="></latexit>


