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AC vs DC heating
Two broad categories:

⌧driver < ⌧A
<latexit sha1_base64="tgCCtTCNoH+xio6z6wiXXgnRXgc=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4KqkVH+Ci6sZlBfuAJoTJdNIOnTyYuRFLyNKNv+LGhSJu/QR3/o3TNohaDwwczjmXO/d4seAKLOvTmJmdm19YLCwVl1dW19bNjc2mihJJWYNGIpJtjygmeMgawEGwdiwZCTzBWt7gcuS3bplUPApvYBgzJyC9kPucEtCSa+7YQBI3tYHdQdqVXGezDJ/hiXyeuWbJKltj4GlSyUkJ5ai75ofdjWgSsBCoIEp1KlYMTkokcCpYVrQTxWJCB6THOpqGJGDKSceHZHhPK13sR1K/EPBY/TmRkkCpYeDpZECgr/56I/E/r5OAf+KkPIwTYCGdLPITgSHCo1Zwl0tGQQw1IVRy/VdM+0QSCrq74riE0xGOvk+eJs2DcqVarl4flmoXeR0FtI120T6qoGNUQ1eojhqIonv0iJ7Ri/FgPBmvxtskOmPkM1voF4z3L5RLmnQ=</latexit>

AC heating models  
(e.g. phase mixing, wave 
driven turbulence).

⌧driver > ⌧A
<latexit sha1_base64="2s16WkHloy0Zq13i2MCnHViaydg=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4KqkVHxupunFZwT6gCWEynbRDJw9mbsQSsnTjr7hxoYhbP8Gdf+O0DaLWAwOHc87lzj1eLLgCy/o0Zmbn5hcWC0vF5ZXVtXVzY7OpokRS1qCRiGTbI4oJHrIGcBCsHUtGAk+wlje4HPmtWyYVj8IbGMbMCUgv5D6nBLTkmjs2kMRNbWB3kHYl19ksw2d4Ip9nrlmyytYYeJpUclJCOequ+WF3I5oELAQqiFKdihWDkxIJnAqWFe1EsZjQAemxjqYhCZhy0vEhGd7TShf7kdQvBDxWf06kJFBqGHg6GRDoq7/eSPzP6yTgnzgpD+MEWEgni/xEYIjwqBXc5ZJREENNCJVc/xXTPpGEgu6uOC7hdISj75OnSfOgXKmWq9eHpdpFXkcBbaNdtI8q6BjV0BWqowai6B49omf0YjwYT8ar8TaJzhj5zBb6BeP9C5dlmnY=</latexit>

DC heating models  
(e.g. magnetic reconnection, 
nanoflares).

What do we want to know? 
What are the effects of driving timescales on heating? 
Will we be able to tell the difference in real observations? 
 
Are ‘normal’ wave drivers underestimating energy 
injection as no energy stored in magnetic field?



Morton et al. 2016 

Observed Oscillatory Power in the Corona
Suppose loop with parameters:

⌧A =
L

vA
= 100 s

<latexit sha1_base64="UjoXIbMZtJa1oOxLKugD+ctSxoo=">AAACD3icbVC7SgNBFJ2NrxhfUUubwaBYhV0jPgoh0cbCIoJ5QDYss5PZZMjsg5m7wbDsH9j4KzYWitja2vk3Th6IGg9cOHPOvcy9x40EV2Can0Zmbn5hcSm7nFtZXVvfyG9u1VUYS8pqNBShbLpEMcEDVgMOgjUjyYjvCtZw+5cjvzFgUvEwuIVhxNo+6Qbc45SAlpz8vg0kdir4HNueJDS5TpOBU0n12zJNbAO7gwSr1MkXzKI5Bp4l1pQU0BRVJ/9hd0Ia+ywAKohSLcuMoJ0QCZwKlubsWLGI0D7pspamAfGZaifje1K8p5UO9kKpKwA8Vn9OJMRXaui7utMn0FN/vZH4n9eKwTttJzyIYmABnXzkxQJDiEfh4A6XjIIYakKo5HpXTHtE5wI6wtw4hLMRjr9PniX1w6JVKpZujgrli2kcWbSDdtEBstAJKqMrVEU1RNE9ekTP6MV4MJ6MV+Nt0poxpjPb6BeM9y+b6ZtF</latexit>

Little power observed at such high 
frequencies.  
 
Suggests more energy for DC 
heating.

Observed Time Scales

L = 100 Mm
<latexit sha1_base64="ArbYMUwKopKVfjEvFuZ7OGqP0lw=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJIq6EUoevGgUMF+QBvKZrtpl+4mYXcillD/ihcPinj1h3jz37hpc9DWBwOP92aYmefHgmtwnG9raXlldW29sFHc3Nre2bX39ps6ShRlDRqJSLV9opngIWsAB8HasWJE+oK1/NFV5rcemNI8Cu9hHDNPkkHIA04JGKlnl27wBXYdB3eBPUKKb+Wk2LPLTsWZAi8SNydllKPes7+6/YgmkoVABdG64zoxeClRwKlgk2I30SwmdEQGrGNoSCTTXjo9foKPjNLHQaRMhYCn6u+JlEitx9I3nZLAUM97mfif10kgOPdSHsYJsJDOFgWJwBDhLAnc54pREGNDCFXc3IrpkChCweSVheDOv7xImtWKe1Kp3p2Wa5d5HAV0gA7RMXLRGaqha1RHDUTRGD2jV/RmPVkv1rv1MWtdsvKZEvoD6/MHt/KS5A==</latexit>

vA = 1000 km s�1
<latexit sha1_base64="BB3726v8CZS241+KG1tzwLkhG8E=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgxpJUQTdC1Y3LCvYBbQyT6aQdOnkwc1MsISs3/oobF4q49Rvc+TcmbRbaeuDC4Zx7ufceJxRcgWF8a4WFxaXlleJqaW19Y3NL395pqiCSlDVoIALZdohigvusARwEa4eSEc8RrOUMrzO/NWJS8cC/g3HILI/0fe5ySiCVbH1/ZF/iC2wahoG7wB4gxkMPq+Q+PjaTkq2XjYoxAZ4nZk7KKEfd1r+6vYBGHvOBCqJUxzRCsGIigVPBklI3UiwkdEj6rJNSn3hMWfHkjQQfpkoPu4FMywc8UX9PxMRTauw5aadHYKBmvUz8z+tE4J5bMffDCJhPp4vcSGAIcJYJ7nHJKIhxSgiVPL0V0wGRhEKaXBaCOfvyPGlWK+ZJpXp7Wq5d5XEU0R46QEfIRGeohm5QHTUQRY/oGb2iN+1Je9HetY9pa0HLZ3bRH2ifP5Jqlqc=</latexit>



Energetics
Energy flux (no conduction 
through boundaries):

Energy  
conservation:

Since                        thenv · dS = 0,
<latexit sha1_base64="3jqdG9eZt5vIHyB2VkHTXI41Bwc=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoQkpSBd0IRTcuK9oHNKVMJpN26GQSZiaFEvILbvwVNy4UcevOnX/jJM1CWw9cOJxzL/fe40aMSmVZ30ZpZXVtfaO8Wdna3tndM/cPOjKMBSZtHLJQ9FwkCaOctBVVjPQiQVDgMtJ1JzeZ350SIWnIH9QsIoMAjTj1KUZKS0Ozljiun0zTFDrYCxV0AqTGIki8FObOvXauoHVaGZpVq27lgMvELkgVFGgNzS/HC3EcEK4wQ1L2bStSgwQJRTEjacWJJYkQnqAR6WvKUUDkIMk/SuGJVjzoh0IXVzBXf08kKJByFri6MztYLnqZ+J/Xj5V/OUgoj2JFOJ4v8mMGVQizeKBHBcGKzTRBWFB9K8RjJBBWOsQsBHvx5WXSadTts3rj7rzavC7iKIMjcAxqwAYXoAluQQu0AQaP4Bm8gjfjyXgx3o2PeWvJKGYOwR8Ynz94HZy6</latexit>

dE

dt
= � 1

µ0

Z

S
E⇥B · dS.

<latexit sha1_base64="wxJo9Q/LpWfluwln3xGttzC3B3Y="></latexit>

dE

dt
= �

Z

S
F · dS.

<latexit sha1_base64="E3t3rtSHWBxsDCpv//eqP3nJmE4="></latexit>

(Neglecting thermal losses)

Kinetic  
Energy 

Flux

Enthalpy 
 Flux

Poynting  
Flux

|{z}
<latexit sha1_base64="XjEpQsjfJc/VaV9Yr8Ws9Fxx+bI=">AAAB+HicdVBNS8NAEN34WeNHqx69LBbBU0nS0tZb0YvHCvYD2lA222m7dLMJuxuhhv4SLx4U8epP8ea/cdNWUNEHA4/3ZpiZF8ScKe04H9ba+sbm1nZux97d2z/IFw6P2ipKJIUWjXgkuwFRwJmAlmaaQzeWQMKAQyeYXmV+5w6kYpG41bMY/JCMBRsxSrSRBoV8PxFDkIEkFNK5bQ8KRad0Ua96lSp2So5Tcz03I16tUq5g1ygZimiF5qDw3h9GNAlBaMqJUj3XibWfEqkZ5TC3+4mCmNApGUPPUEFCUH66OHyOz4wyxKNImhIaL9TvEykJlZqFgekMiZ6o314m/uX1Ej2q+ykTcaJB0OWiUcKxjnCWAh4yCVTzmSGESmZuxXRCTAjaZJWF8PUp/p+0vZJbLnk3lWLjchVHDp2gU3SOXFRDDXSNmqiFKErQA3pCz9a99Wi9WK/L1jVrNXOMfsB6+wSUl5MK</latexit>

|{z}
<latexit sha1_base64="XjEpQsjfJc/VaV9Yr8Ws9Fxx+bI=">AAAB+HicdVBNS8NAEN34WeNHqx69LBbBU0nS0tZb0YvHCvYD2lA222m7dLMJuxuhhv4SLx4U8epP8ea/cdNWUNEHA4/3ZpiZF8ScKe04H9ba+sbm1nZux97d2z/IFw6P2ipKJIUWjXgkuwFRwJmAlmaaQzeWQMKAQyeYXmV+5w6kYpG41bMY/JCMBRsxSrSRBoV8PxFDkIEkFNK5bQ8KRad0Ua96lSp2So5Tcz03I16tUq5g1ygZimiF5qDw3h9GNAlBaMqJUj3XibWfEqkZ5TC3+4mCmNApGUPPUEFCUH66OHyOz4wyxKNImhIaL9TvEykJlZqFgekMiZ6o314m/uX1Ej2q+ykTcaJB0OWiUcKxjnCWAh4yCVTzmSGESmZuxXRCTAjaZJWF8PUp/p+0vZJbLnk3lWLjchVHDp2gU3SOXFRDDXSNmqiFKErQA3pCz9a99Wi9WK/L1jVrNXOMfsB6+wSUl5MK</latexit>

|{z}
<latexit sha1_base64="XjEpQsjfJc/VaV9Yr8Ws9Fxx+bI=">AAAB+HicdVBNS8NAEN34WeNHqx69LBbBU0nS0tZb0YvHCvYD2lA222m7dLMJuxuhhv4SLx4U8epP8ea/cdNWUNEHA4/3ZpiZF8ScKe04H9ba+sbm1nZux97d2z/IFw6P2ipKJIUWjXgkuwFRwJmAlmaaQzeWQMKAQyeYXmV+5w6kYpG41bMY/JCMBRsxSrSRBoV8PxFDkIEkFNK5bQ8KRad0Ua96lSp2So5Tcz03I16tUq5g1ygZimiF5qDw3h9GNAlBaMqJUj3XibWfEqkZ5TC3+4mCmNApGUPPUEFCUH66OHyOz4wyxKNImhIaL9TvEykJlZqFgekMiZ6o314m/uX1Ej2q+ykTcaJB0OWiUcKxjnCWAh4yCVTzmSGESmZuxXRCTAjaZJWF8PUp/p+0vZJbLnk3lWLjchVHDp2gU3SOXFRDDXSNmqiFKErQA3pCz9a99Wi9WK/L1jVrNXOMfsB6+wSUl5MK</latexit>

F =
⇢v2v

2
+

�Pv

� � 1
+ ⇢�v +

E⇥B

µ0
.

<latexit sha1_base64="MbfK/SoNx4/JZn06suADXoRttFw="></latexit>

Grav. Pot.  
Energy 

Flux

|{z}
<latexit sha1_base64="XjEpQsjfJc/VaV9Yr8Ws9Fxx+bI=">AAAB+HicdVBNS8NAEN34WeNHqx69LBbBU0nS0tZb0YvHCvYD2lA222m7dLMJuxuhhv4SLx4U8epP8ea/cdNWUNEHA4/3ZpiZF8ScKe04H9ba+sbm1nZux97d2z/IFw6P2ipKJIUWjXgkuwFRwJmAlmaaQzeWQMKAQyeYXmV+5w6kYpG41bMY/JCMBRsxSrSRBoV8PxFDkIEkFNK5bQ8KRad0Ua96lSp2So5Tcz03I16tUq5g1ygZimiF5qDw3h9GNAlBaMqJUj3XibWfEqkZ5TC3+4mCmNApGUPPUEFCUH66OHyOz4wyxKNImhIaL9TvEykJlZqFgekMiZ6o314m/uX1Ej2q+ykTcaJB0OWiUcKxjnCWAh4yCVTzmSGESmZuxXRCTAjaZJWF8PUp/p+0vZJbLnk3lWLjchVHDp2gU3SOXFRDDXSNmqiFKErQA3pCz9a99Wi9WK/L1jVrNXOMfsB6+wSUl5MK</latexit>

Quiet Sun - Observed 18/06/2006 SST  
Rouppe van der Voort 



Poynting Flux

� 1

µ0

Z

S
E⇥B · dS =

1

µ0

Z

S
{(B · v)B� (B ·B)v} · dS

<latexit sha1_base64="GXMkw+pSCOannThv7t6H87jgYZU="></latexit>

Now, if                        thenv · dS = 0,
<latexit sha1_base64="3jqdG9eZt5vIHyB2VkHTXI41Bwc=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoQkpSBd0IRTcuK9oHNKVMJpN26GQSZiaFEvILbvwVNy4UcevOnX/jJM1CWw9cOJxzL/fe40aMSmVZ30ZpZXVtfaO8Wdna3tndM/cPOjKMBSZtHLJQ9FwkCaOctBVVjPQiQVDgMtJ1JzeZ350SIWnIH9QsIoMAjTj1KUZKS0Ozljiun0zTFDrYCxV0AqTGIki8FObOvXauoHVaGZpVq27lgMvELkgVFGgNzS/HC3EcEK4wQ1L2bStSgwQJRTEjacWJJYkQnqAR6WvKUUDkIMk/SuGJVjzoh0IXVzBXf08kKJByFri6MztYLnqZ+J/Xj5V/OUgoj2JFOJ4v8mMGVQizeKBHBcGKzTRBWFB9K8RjJBBWOsQsBHvx5WXSadTts3rj7rzavC7iKIMjcAxqwAYXoAluQQu0AQaP4Bm8gjfjyXgx3o2PeWvJKGYOwR8Ynz94HZy6</latexit>

dE

dt
= � 1

µ0

Z

A
(vxBx + vyBy)BzdA.

<latexit sha1_base64="E6PVN6ax2nlCrlVIt/nejldt6fk="></latexit>

The energy injected is sensitive to 
both the imposed driver v and the 

field at the boundary, B.

⌘ = 0
<latexit sha1_base64="BO7b2CS2cscg4d0ftoCzU8+ObQU=">AAAB8HicbVBNS8NAEN34WetX1aOXxSJ4KkkV9CIUvXisYD+kDWWznbRLN5uwOxFK6a/w4kERr/4cb/4bN20O2vpg4PHeDDPzgkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzaHBYxnrdsAMSKGggQIltBMNLAoktILRbea3nkAbEasHHCfgR2ygRCg4Qys9dgEZvaZusVcquxV3BrpMvJyUSY56r/TV7cc8jUAhl8yYjucm6E+YRsElTIvd1EDC+IgNoGOpYhEYfzI7eEpPrdKnYaxtKaQz9ffEhEXGjKPAdkYMh2bRy8T/vE6K4ZU/ESpJERSfLwpTSTGm2fe0LzRwlGNLGNfC3kr5kGnG0WaUheAtvrxMmtWKd16p3l+Uazd5HAVyTE7IGfHIJamRO1InDcJJRJ7JK3lztPPivDsf89YVJ585In/gfP4A4daPJQ==</latexit>

Advection of existing flux

Flux Emergence/Submergence



If vx, Bx and Bz  are random, 
independent variables with mean 0, 
then: 

⌧
dE

dt

�

t

= 0.
<latexit sha1_base64="TgsKwaz+2zzpZ0Ss2Nh1uuyQRBQ=">AAACLXicbVDLSsNAFJ34tr6qLt0MFsFVSFTQjVB8gMsKtgpNKZPJTTs4mYSZG6GE/JAbf0UEF4q49TecPhZqPTBw5txzufeeMJPCoOe9OTOzc/MLi0vLlZXVtfWN6uZWy6S55tDkqUz1XcgMSKGgiQIl3GUaWBJKuA3vz4f12wfQRqTqBgcZdBLWUyIWnKGVutWLQEKMNJBM9STQINaMF0HCsK+TIirpZfnjhyUNtOj1rV+P/F2kp9Rzu9Wa53oj0GniT0iNTNDoVl+CKOV5Agq5ZMa0fS/DTsE0Ci6hrAS5gYzxe9aDtqWKJWA6xejaku5ZJaJxqu1TSEfqz46CJcYMktA6h5ubv7Wh+F+tnWN80imEynIExceD4lxSTOkwOhoJDRzlwBLGtbC7Ut5nNjC0AVdsCP7fk6dJ68D1D92D66Na/WwSxxLZIbtkn/jkmNTJFWmQJuHkkTyTN/LuPDmvzofzObbOOJOebfILztc3puyo7Q==</latexit>

But… they are not independent! 
 
Drivers act for extended periods so 
create conditions for energy 
injection.

vy = 0 =) dE

dt
= � 1

µ0

Z

A
vxBxBzdA.

<latexit sha1_base64="OyG92cbOYgfdyHN8lhL1JZG+pRo="></latexit>

For 1D drivers:



- Higher velocities and/or larger field 
strength.


- Longer time scales (DC heating instead 
of AC heating).


- Shorter field lines/‘knots’ in field

Poynting flux vy = 0 =) dE

dt
= � 1

µ0

Z

A
vxBxBzdA.

<latexit sha1_base64="OyG92cbOYgfdyHN8lhL1JZG+pRo="></latexit>

For 1D drivers:

vx�t,�Bx
<latexit sha1_base64="TPXFKaeVR9/MbE1JNF5SDZF5R/U=">AAACEnicbVDLTgIxFO3gC/E16tJNIzHRBMkMmuiSoAuXmMgjgcmkUwo0dB5p7xDIhG9w46+4caExbl25828sAwsFT9rk5Jx7b2+PFwmuwLK+jczK6tr6RnYzt7W9s7tn7h/UVRhLymo0FKFsekQxwQNWAw6CNSPJiO8J1vAGN1O/MWRS8TB4gHHEHJ/0At7llICWXPNs6I7at0wAwVDASTud2JI9z0nsArb0meDzijuaYNfMW0UrBV4m9pzk0RxV1/xqd0Ia+ywAKohSLduKwEmIBE4Fm+TasWIRoQPSYy1NA+Iz5STpAhN8opUO7oZS3wBwqv7uSIiv1Nj3dKVPoK8Wvan4n9eKoXvtJDyIYmABnT3UjQWGEE/zwR0uGQUx1oRQyfWumPaJJBR0ijkdgr345WVSLxXti2Lp/jJfrszjyKIjdIxOkY2uUBndoSqqIYoe0TN6RW/Gk/FivBsfs9KMMe85RH9gfP4AD2WbyQ==</latexit>

l,
B

z
<latexit sha1_base64="U+L8RxXYAesamP81jztarR4pvns=">AAACB3icbVDNS8MwHE3n15xfVY+CBIfgYYx2Cnoc8+JxgvuArpQ0S7ewNC1JKszSmxf/FS8eFPHqv+DN/8as60E3Hwk83vt9JM+PGZXKsr6N0srq2vpGebOytb2zu2fuH3RllAhMOjhikej7SBJGOekoqhjpx4Kg0Gek50+uZ37vnghJI36npjFxQzTiNKAYKS155jGrwXSQz3HEyHdTuwYtfTLY8h4y6JlVq27lgMvELkgVFGh75tdgGOEkJFxhhqR0bCtWboqEopiRrDJIJIkRnqARcTTlKCTSTfP9GTzVyhAGkdCXK5irvztSFEo5DX1dGSI1loveTPzPcxIVXLkp5XGiCMfzRUHCoIrgLBQ4pIJgxaaaICyofivEYyQQVjq6ig7BXvzyMuk26vZ5vXF7UW22ijjK4AicgDNgg0vQBDegDToAg0fwDF7Bm/FkvBjvxse8tGQUPYfgD4zPH/3al3U=</latexit>

Bx ⇠ �vxBz�t

l
<latexit sha1_base64="mJWnt3eF7mqpAkQalmvlAT70C8w=">AAACDnicbVC7SgNBFJ2NrxhfUUubwRCwMexGQcsQLSwjmAdkl2V2MpsMmX0wczcYl/0CG3/FxkIRW2s7/8bJo9DEAxcO59zLvfd4seAKTPPbyK2srq1v5DcLW9s7u3vF/YOWihJJWZNGIpIdjygmeMiawEGwTiwZCTzB2t7wauK3R0wqHoV3MI6ZE5B+yH1OCWjJLZbr7j22FQ+w7UtC01M80kLdfcD2NRNAMGSpyNxiyayYU+BlYs1JCc3RcItfdi+iScBCoIIo1bXMGJyUSOBUsKxgJ4rFhA5Jn3U1DUnAlJNO38lwWSs97EdSVwh4qv6eSEmg1DjwdGdAYKAWvYn4n9dNwL90Uh7GCbCQzhb5icAQ4Uk2uMcloyDGmhAqub4V0wHRsYBOsKBDsBZfXiatasU6q1Rvz0u1+jyOPDpCx+gEWegC1dANaqAmougRPaNX9GY8GS/Gu/Exa80Z85lD9AfG5w+s1ZtC</latexit>

Increase energy injection rates?

What about other foot point/reflections? 
Need to store (or immediately dissipate) energy in the corona.

Berger &  
Asgari-Targhi 2009Pontin et al. 2016

l = l(⌘)
<latexit sha1_base64="0XAgpjUEAJstmmnre/5oQCRyBD4=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2W3CnoRil48VrAfsF1KNs22odlkSWaFsvRnePGgiFd/jTf/jWm7B219MPB4b4aZeWEiuAHX/XYKa+sbm1vF7dLO7t7+QfnwqG1UqilrUSWU7obEMMElawEHwbqJZiQOBeuE47uZ33li2nAlH2GSsCAmQ8kjTglYyRf4BotqjwE575crbs2dA68SLycVlKPZL3/1BoqmMZNABTHG99wEgoxo4FSwaamXGpYQOiZD5lsqScxMkM1PnuIzqwxwpLQtCXiu/p7ISGzMJA5tZ0xgZJa9mfif56cQXQcZl0kKTNLFoigVGBSe/Y8HXDMKYmIJoZrbWzEdEU0o2JRKNgRv+eVV0q7XvIta/eGy0rjN4yiiE3SKqshDV6iB7lETtRBFCj2jV/TmgPPivDsfi9aCk88coz9wPn8AmYuQKA==</latexit>

Note:



Heating Model

Gravitationally Stratified Atmosphere

B

v

Surface

Surface

Advance the MHD equations with the 
numerical code Lare3D. 
For simplicity, model a coronal loop as 
a straight structure. 
Magnetic Field - uniform 20 G. 
Plasma - stratified atmosphere.

Inject energy by imposing transverse 
velocity driver on both boundaries.  

Density & Temperature



Imposed Velocity Driver
DC Driving AC Driving

For a given amplitude we fix the mean of |v| between AC and DC simulations. 



Driver Implementation
Want to impose a random driver but with control over 

characteristic time scales.

vx =
NX

i=1

vi cos ✓i exp

⇢
�(r � r0,i)2

l2i

�
exp

⇢
�(t� t0,i)2

⌧2i

�
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vy =
NX

i=1

vi sin ✓i exp

⇢
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�
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⇢
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⌧2i

�

<latexit sha1_base64="wkGbtRxL0TG000wA8SyQ0Rp8org="></latexit>

Can change:

      -  Amplitude, Time Scales, Length Scales, Direction, Complexity.



Driver Parameters

Amplitude -   3 cases: 
 
High amp ~ 6 km/s       Med amp ~ 4 km/s       Low amp ~ 2 km/s

Direction -  

Length Scale  - 

Location - Uniformly distributed over driven boundaries.

li ⇠ N (2.5 Mm, 0.5 Mm)
<latexit sha1_base64="XZsvEydSLkGbaL0eUussS3OMhuI=">AAACHXicbVDLSgMxFM3UV62vUZdugkWoIGWmVnRZdONGqWAf0Cklk6ZtaDIzJHfEMvRH3Pgrblwo4sKN+Demj4VtPRA4OedeknP8SHANjvNjpZaWV1bX0uuZjc2t7R17d6+qw1hRVqGhCFXdJ5oJHrAKcBCsHilGpC9Yze9fjfzaA1Oah8E9DCLWlKQb8A6nBIzUsouixbGnucSeJNCjRCS3w1whf4Y9YI+Q4Bs5PMHOzP24ZWedvDMGXiTulGTRFOWW/eW1QxpLFgAVROuG60TQTIgCTgUbZrxYs4jQPumyhqEBkUw3k3G6IT4ySht3QmVOAHis/t1IiNR6IH0zOYqg572R+J/XiKFz0Ux4EMXAAjp5qBMLDCEeVYXbXDEKYmAIoYqbv2LaI4pQMIVmTAnufORFUi3k3dN84a6YLV1O60ijA3SIcshF56iErlEZVRBFT+gFvaF369l6tT6sz8loypru7KMZWN+/YtWgNw==</latexit>

✓i ⇠ U [0, 2⇡]
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Time Scale -  2 characteristic time scales: 
 
AC driving ~ 70 s                           DC driving ~ 1400 s



Atmosphere: Evolution
DensityTemperatureCurrents



Atmosphere: Evolution

TemperatureCurrents



Poynting Flux

When a new velocity 
component switches on, it is 
as likely to remove energy 
from the domain as it is to 
inject new energy.  
 
Only the continued action 
of a component creates the 
net influx of energy. 

As DC components last 
longer, they tend to inject 
more energy.

DC Driving
AC Driving



Volume Integrated Energetics

DC Driving

AC Driving

High Amp. 
Med. Amp.

Low. Amp

DC drivers inject more energy. Small scales develop leading to heating.  
This is greater for large amplitude and long time scale driving.



Temporal Profile of Heating AC Driving

DC Driving

DC
AC

DC heating tends to produce 
larger, less frequent events.  

DC driving gives a longer cooling 
phase - we see higher and lower 
temperatures in the DC case.



How does the plasma on individual field lines 
evolve (e.g. temperature profiles)?

Cannot track the evolution of a 
single field line (due to cadence, 
reconnection, slippage).


Sample from a grid of 100 x 100 
foot points at 400 times during 
simulations —> 4 million field 
lines.


Field Line Analysis

Sample of traced field lines.



Field Line Analysis
Heating along field lines Field line length

Contribution of events to total heating Temperature distribution



RTV Scaling Laws

RTV Scaling Law (Rosner et al. 1978)                      Simulation Measurements



DC Simulation

AC Simulation

Slow 
evolution in 
DC 
simulation. 
 
AC case is 
much more 
dynamic. 
 
Ongoing: 
Can we 
detect other 
results from 
the simulation 
data in the 
synthetic 
emission?

Synthetic  
Imaging



Tectonics  
Model

Effects of Magnetic Field Topology

Currents form preferentially at interface between different flux tubes. 
 
Length scales of driving (compared to flux sources) are important for 
current formation.



Conclusions & Future Work

Simulation Differences 
- Frequencies of e.g. flows - not particularly useful as short and high 

frequencies will co-exist.

- Magnitude of heating but the spatial distribution of heating is similar 

in both cases.

- Support higher coronal temperatures & densities in DC simulations. 

Also larger volume.

- DC driver tends to produce lower frequency events - may be 

detectable.

DC Drivers inject greater Poynting flux and 
ultimately cause more heating. 

For the Future 
-  How do these results scale with resistivity? 
- To what extent are these differences visible in synthetic emission?

- Are results affected by different field geometries?



