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Time	
  Lag	
  Analysis	
  of	
  AR	
  11082	
  
AcLve	
  Region	
  11082	
  was	
  
observed	
  on	
  2010	
  June	
  19	
  
and	
  originally	
  studied	
  by	
  Viall	
  
and	
  Klimchuk	
  (2012).	
  
	
  
We	
  only	
  consider	
  4	
  EUV	
  AIA	
  
channels.	
  
	
  
171,	
  193,	
  and	
  211	
  are	
  narrow	
  
and	
  sharply	
  peaked.	
  	
  335	
  is	
  
broad	
  with	
  mulLple	
  peaks.	
  



Time	
  Lag	
  Analysis	
  of	
  AR	
  11082	
  

Lightcurve	
  of	
  each	
  pixel	
  is	
  cross	
  correlated	
  to	
  find	
  Lme	
  lag	
  with	
  highest	
  
cross	
  correlaLon	
  value	
  in	
  each	
  channel	
  pair.	
  

	
   	
   	
   	
   	
   	
  (Viall	
  &	
  Klimchuk,	
  2012,	
  ApJ,	
  753:	
  35)	
  
	
  
We	
  perform	
  idenLcal	
  analysis	
  with	
  2	
  excepLons:	
  

	
  If	
  CC	
  value	
  is	
  <	
  0.2,	
  we	
  set	
  Lmelag	
  to	
  WHITE	
  
	
  If	
  Lmelag	
  saturates	
  (is	
  greater	
  than	
  7,200s)	
  we	
  set	
  Lmelag	
  to	
  WHITE	
  





StaLsLcs	
  on	
  TL	
  maps	
  
Channel	
  Pair	
   Percentage	
  

pixels	
  	
  where	
  CC	
  
>	
  0.2	
  and	
  TL	
  
does	
  not	
  
saturate	
  

Percentage	
  
where	
  TL	
  

measured	
  and	
  
NEGATIVE	
  

Percentage	
  
where	
  TL	
  

measured	
  and	
  
	
  =	
  0	
  
	
  

Percentage	
  
where	
  TL	
  

measured	
  and	
  
POSITIVE	
  

	
  

335	
  -­‐	
  211	
   85.9%	
   33.2%	
   25.8%	
   40.9%	
  

335	
  -­‐	
  193	
   79.7%	
   31.2%	
   24.8%	
   44.0%	
  

335	
  -­‐	
  171	
   72.1%	
   23.9%	
   23.0%	
   53.1%	
  

211	
  -­‐	
  193	
   96.4%	
   6.3%	
   60.5%	
   33.1%	
  

211	
  -­‐	
  171	
   78.1%	
   13.3%	
   40.9%	
   45.7%	
  

193	
  -­‐	
  171	
   86.0%	
   10.6%	
   38.8%	
   50.6%	
  

Next	
  slide	
  deals	
  with	
  only	
  the	
  subset	
  of	
  pixels	
  where	
  
Lmelag	
  is	
  measured	
  and	
  posiLve.	
  



PosiLve	
  Lmelag	
  pixels	
  
Channel	
  Pair	
   0-­‐2500	
  s	
   2500-­‐5000	
  s	
   >	
  5000	
  s	
  

335	
  -­‐	
  211	
   87.9%	
   8.7%	
   3.4%	
  

335	
  -­‐	
  193	
   66.4%	
   19.2%	
   14.4%	
  

335	
  -­‐	
  171	
   71.3%	
   16.7%	
   11.9%	
  

211	
  -­‐	
  193	
   81.7%	
   11.1%	
   7.2%	
  

211	
  -­‐	
  171	
   48.3%	
   25.3%	
   26.3%	
  

193	
  -­‐	
  171	
   61.4%	
   22.6%	
   15.9%	
  



Can	
  infrequent,	
  impulsive	
  heaLng	
  
predict	
  Lme	
  lags	
  >	
  5000s?	
  	
  



Loop	
  length	
  is	
  important	
  

Performed	
  potenLal	
  field	
  
extrapolaLon	
  of	
  AR	
  11082.	
  
	
  
Maximum	
  loop	
  length	
  is	
  400	
  Mm.	
  	
  



Example	
  SimulaLon	
  



Parameter	
  Space	
  Considered	
  

•  Loop	
  length	
  –	
  50	
  Mm	
  –	
  400	
  Mm	
  
•  Abundances	
  –	
  photospheric	
  and	
  coronal	
  
abundances.	
  

•  HeaLng	
  magnitude	
  –	
  A	
  wide	
  range	
  of	
  heaLng	
  
magnitudes	
  that	
  results	
  in	
  loops	
  with	
  
equilibrium	
  temperatures	
  from	
  2-­‐	
  10	
  MK.	
  

•  Area	
  expansion	
  –	
  constant	
  and	
  expanding	
  
cross	
  secLon.	
  

Resulted	
  in	
  over	
  100	
  simula2ons.	
  	
  For	
  each	
  one,	
  
we	
  calculated	
  2me	
  lags	
  in	
  all	
  channel	
  pairs.	
  



Results	
  from	
  study	
  



PosiLve	
  Lmelag	
  pixels	
  
Channel	
  Pair	
   Maximum	
  0melag	
  found	
   %	
  of	
  posi0ve	
  pixels	
  with	
  

0melag	
  >	
  maximum	
  
0melag	
  

335	
  -­‐	
  211	
   2250	
  s	
   13.6%	
  

335	
  -­‐	
  193	
   3720	
  s	
   23.4%	
  

335	
  -­‐	
  171	
   7200	
  s	
   0	
  %	
  

211	
  -­‐	
  193	
   2040	
  s	
   22.2%	
  

211	
  -­‐	
  171	
   7860	
  s	
   0	
  %	
  

193	
  -­‐	
  171	
   5700	
  s	
   11.0%	
  



Results	
  from	
  this	
  study	
  
•  There	
  is	
  no	
  combinaLon	
  of	
  parameters	
  that	
  can	
  
account	
  for	
  longest	
  Lme	
  lags	
  in	
  four	
  of	
  the	
  
channel	
  pairs.	
  

•  The	
  Lme	
  lags	
  in	
  the	
  other	
  channel	
  pairs	
  could	
  
originate	
  from	
  long,	
  expanding	
  loops	
  with	
  
photospheric	
  abundances.	
  	
  

•  Perhaps	
  the	
  Lmelag	
  measured	
  is	
  not	
  
indicaLve	
  of	
  a	
  real	
  loop	
  evolving.	
  

•  Perhaps	
  another	
  heaLng	
  scenario	
  is	
  at	
  work.	
  

Possible	
  Conclusions	
  



Highly-­‐straLfied,	
  Footpoint	
  heaLng	
  

•  Highly-­‐straLfied,	
  quasi-­‐steady	
  heaLng	
  can	
  
cause	
  thermal	
  non-­‐equilibrium	
  (TNE),	
  
meaning	
  there	
  is	
  no	
  steady-­‐state	
  soluLon.	
  

•  TNE	
  occurs	
  in	
  corona	
  confirmed	
  by	
  coronal	
  
rain.	
  

•  TNE	
  can	
  cause	
  long	
  term	
  oscillaLons	
  in	
  data	
  
confirmed	
  by	
  Auchere	
  et	
  al.	
  (2014)	
  

•  Mok	
  et	
  al.	
  (2005,	
  2008,	
  2010)	
  used	
  this	
  type	
  of	
  
heaLng	
  with	
  magneLc	
  field	
  based	
  on	
  AR	
  7986	
  
(Aug	
  30,	
  1996).	
  



AIA	
  movies	
  of	
  Mok’s	
  simulaLon	
  

AIA	
  171	
   AIA	
  335	
  





Time	
  lag	
  analysis	
  of	
  simulated	
  data	
  

We	
  find	
  similar	
  magnitude/distribuLons	
  of	
  Lmelags	
  to	
  Viall	
  &	
  Klimchuk	
  (2012).	
  
Note	
  this	
  AR	
  is	
  larger	
  than	
  Viall	
  &	
  Klimchuk’s	
  AR.	
  	
  



Time	
  lag	
  analysis	
  of	
  simulated	
  data	
  

We	
  find	
  similar	
  magnitude/distribuLons	
  of	
  Lmelags	
  to	
  Viall	
  &	
  Klimchuk	
  (2012).	
  
Note	
  this	
  AR	
  is	
  larger	
  than	
  Viall	
  &	
  Klimchuk’s	
  AR.	
  	
  



StaLsLcs	
  on	
  TL	
  maps	
  of	
  simulaLon	
  
Channel	
  Pair	
   Percentage	
  

pixels	
  	
  where	
  CC	
  
>	
  0.2	
  and	
  TL	
  
does	
  not	
  
saturate	
  

Percentage	
  
where	
  TL	
  

measured	
  and	
  
NEGATIVE	
  

Percentage	
  
where	
  TL	
  

measured	
  and	
  
	
  =	
  0	
  
	
  

Percentage	
  
where	
  TL	
  

measured	
  and	
  
POSITIVE	
  

	
  

335	
  -­‐	
  211	
   55.2%	
   54.0%	
   16.3%	
   29.6%	
  

335	
  -­‐	
  193	
   61.9%	
   45.7%	
   20.4%	
   33.8%	
  

335	
  -­‐	
  171	
   61.8%	
   23.3%	
   30.8%	
   45.8%	
  

211	
  -­‐	
  193	
   61.6%	
   42.2%	
   18.5%	
   39.2%	
  

211	
  -­‐	
  171	
   49.8%	
   24.1%	
   21.2%	
   54.7%	
  

193	
  -­‐	
  171	
   60.5%	
   10.8%	
   19.4%	
   69.8%	
  

Next	
  slide	
  deals	
  with	
  only	
  the	
  subset	
  of	
  pixels	
  where	
  
Lmelag	
  is	
  measured	
  and	
  posiLve.	
  



PosiLve	
  Lmelag	
  pixels	
  from	
  
simulaLons	
  

Channel	
  Pair	
   0-­‐2500	
  s	
   2500-­‐5000	
  s	
   >	
  5000	
  s	
  

335	
  -­‐	
  211	
   58.9%	
   21.4%	
   19.6%	
  

335	
  -­‐	
  193	
   21.8%	
   42.8%	
   35.4%	
  

335	
  -­‐	
  171	
   62.8%	
   29.4%	
   7.8%	
  

211	
  -­‐	
  193	
   24.7%	
   40.8%	
   34.4%	
  

211	
  -­‐	
  171	
   61.0%	
   30.9%	
   8.1%	
  

193	
  -­‐	
  171	
   38.9%	
   17.5%	
   43.5%	
  



How	
  can	
  we	
  differenLate	
  between	
  
sporadic	
  and	
  footpoint	
  heaLng?	
  

Selected	
  a	
  single	
  field	
  line	
  geomtry	
  
from	
  Mok	
  simulaLon	
  (previously	
  
studied	
  by	
  Mikic	
  et	
  al	
  2014).	
  
	
  
InvesLgate	
  how	
  heaLng	
  magnitude	
  
and	
  straLficaLon	
  effect	
  Lmelags	
  
and	
  intensity	
  raLos.	
  
	
  
Compare	
  the	
  TNE	
  soluLons	
  with	
  
sporadic	
  impulsive	
  heaLng	
  
soluLons	
  with	
  same	
  average	
  
heaLng	
  rate.	
  
	
  
	
  





Example	
  SimulaLon	
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Example	
  SimulaLon	
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Step	
  4	
  
Step	
  5:	
  
Calculate	
  Lme	
  lags	
  	
  and	
  relaLve	
  
peak	
  intensiLes	
  between	
  all	
  
channel	
  pairs	
  
	
  
Repeat	
  for	
  different	
  heaLng	
  
magnitude	
  and	
  straLficaLon	
  
levels.	
  
	
  
Repeat	
  for	
  sporadic	
  impulsive	
  
heaLng	
  with	
  the	
  same	
  average	
  
volumetric	
  heaLng	
  rate.	
  
	
  
Note	
  we	
  have	
  added	
  Hinode/XRT	
  
Be-­‐thin	
  for	
  true	
  hot	
  channel.	
  



Results	
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Time	
  lags	
  from	
  the	
  TNE	
  soluLons	
  can	
  look	
  a	
  lot	
  like	
  impulsive	
  heaLng	
  soluLons.	
  	
  	
  
	
  
Time	
  lags	
  from	
  TNE	
  soluLons	
  can	
  be	
  larger	
  than	
  Lme	
  lags	
  from	
  impulsive	
  heaLng	
  
soluLons.	
  
	
  
Using	
  a	
  true	
  high	
  temperature	
  channel,	
  like	
  Be-­‐thin,	
  gives	
  bejer	
  discriminaLon.	
  



Results	
  

The	
  raLo	
  of	
  the	
  peak	
  intensiLes	
  in	
  different	
  lightcurves	
  could	
  be	
  a	
  clear	
  discriminator	
  
between	
  TNE	
  and	
  impulsive	
  heaLng	
  soluLons.	
  

A211-A171
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Conclusions	
  

•  Time	
  lag	
  analysis	
  shows	
  very	
  long	
  Lme	
  lags	
  
between	
  all	
  channel	
  pairs.	
  

•  Impulsive	
  heaLng	
  cannot	
  address	
  these	
  long	
  
Lme	
  lags.	
  

•  3D	
  SimulaLons	
  of	
  footpoint	
  heaLng	
  shows	
  a	
  
similar	
  pajern	
  of	
  Lme	
  lags	
  (magnitude	
  and	
  
distribuLon)	
  to	
  observaLons.	
  



Conclusions	
  (conLnued)	
  

•  Time	
  lags	
  and	
  relaLve	
  peak	
  intensiLes	
  may	
  be	
  
able	
  to	
  differenLate	
  between	
  TNE	
  and	
  
impulsive	
  heaLng	
  soluLons.	
  

•  Adding	
  a	
  high	
  temperature	
  channel	
  (like	
  XRT	
  
Be-­‐thin)	
  may	
  improve	
  diagnosLcs.	
  	
  


