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Magnetoconvection drives Coronal Heating

® Loop-heating
® Convective freedom

® Magnetic field strength

Tiwari et al. 2017, ApJL,







Goals

®* New Scaling Law
* Heating rate o B L P
A
® Quantitative estimate of convective freedom
* U, (B)-from FLCT
® Quantitative relation between B, T, L &. U,
®* B&L-fromNLFFF
® T—-from DEM



AIA—-1600

Data & Methods

2016.01.11_20:59:51.646_TAl

® Loop Length, Height, B along loop, Footpoint B
®* SHARP CEA Vector-magnetograms
® NLFFF (Weigelmann et al. 2008)

® Field advection speed
¢* SHARP CEA Bz magnetograms
® FLCT (Fisher & Welsch 2008) B

® Loop Temperature

T [K]

® AIA6 EUV channels

®* DEM (Cheung et al. 2015)
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FLCT to get a relation between v, & B

Quantify Freedom of Convection

Fisher & Welsch, 2008

Two images separated by time ¢

Windowing around each pixel

Compute cross-correlation between two images

Locate the peak of the cross-correlation function

Sunspot-Sunspot Sunspot-Plage

Date NOAA AR Date NOAA AR
2014Apr01 12021 2016Jan29 12489
2014Jul07 12108 2015Jan12 12365
2015Jan01 12254 2016Jan12 12480




SS: Contours from CEA Bz
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SP: Contours from CEA Bz

Continnum Image 2015-06—-12 21:46:25

Continnum Image 2016-01-12 08:58.08 F ]

- F T T T T T T i : __11 O :

Continnum Image 2014-03-18 11:568:15 250 - E _402 3

- : — : : : e L =1300 1 300 2 5
300 £ v : i E =150 A F S, S 1
2505 =1200 PRI e 2 200f < S . : ¢ ]
200:_ =200 O&‘, "+ é@v’“ = C 3 C v E
E Mg : 3 150 - b o 200 ; &
150 ; A 3 : - : ’ 7%, 4% . - ]
100;‘ S £ 2 3 14 * —; 100__ o [v) i sl C B
50 B O i= C o A ] C .
B 2 = - o ® Wi 2 B |
ol ‘ : : : o : 5ol E 100 £ :
0 200 400 600 800 1000 C ] £ .3 ]
ocC s s ‘ ‘ . fie . d

0 100 200 300 400 500 600 Obe EUR L L L L 3

0 100 200 300 400 500 600

Continnum Image 2015-06—-12 21:46:25

Bz Image 2016-01-12 08:58:08

Continnum Image 2014-03-18 11:58:15 250 300

300 :
250 200
200 150 200
150
100 100

50 100

0

- 50
0 200 400 600 800 1000

0 100 200 300 400 500 600




Noise level = 150G
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Measuring Convective Freedom



Mean Advection Speeds using SHARP
Bz Magnetograms for six ARs

®* 12min cadence

® stderr = (red)
\/n

® stddev (black)
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® Steady decrease from 200-1200 G (a)
® Plateau — 1200-2300 (b)

® Knee — Bz > 2300 (c)
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Horizontal velocity (km/s)

Horizontal Advection Speeds with Magnetic Field

Average of mean velocities of six ARs
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® Title, Topka & Tarbell, 1992
® 60s cadence
® 370 -125 m/s weak to strong
® 800 - 1000 G strongest field
® BLOS magnetograms
® 45s cadence

¢ Comparable speeds



Advection Speeds using
BLOS Magnetograms

45sec, 3, 6, 12 min cadence
Bz for comparison

Threshold 20G

Similar trends as in Bz
® Except near high Blos

Higher cadence — tracks shorter flows

Horizontal Speed (m/s)

Horizontal Speed (m/s)
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Noise level = 150G

data length = 24 hours
Sig =12




Noise level = 150G

data length = 24 hours
Sig=9




98 Loops

. Loop
Bt avg B EM Weighted Vh_strong* vh_weak* LoopLength . vh_avg Vh @ Vh @ VhAvg @ AvgVh @
(G) Loopavg BZ01  Bzn] Bz stronger Bz weaker Bz avg T 1075 (cm/s) 10”5 (cm/s) (cm) H(z'ri')" (cm/s) ~ BtStrong Bt Weak Bt Avg BtStrong BtWeak BtAvg Bt

509.271 373.37 255.472 -262.243 262.243 255.472 258.8575 6375436.141 9631.118086 9676.753403 11331700000 3669480 9653.935744 976.415 716.958 846.6865 4823.27201 6370.34141 5541.504368 5596.80671
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Loop Types

® Umbra-Umbra

® Umbra-Penumbra

¢ Umbra-Plage

® Penumbra-Plage

® Penumbra-Penumbra

® Plage-Plage
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Temperature of Umbral Loop (Light Bridge)

Chitta et al. 2016, A&A 587, A20
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