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Objective:

e Are there enhancements in the photospheric J in NLRs of ARs that are
useful for forecasting M /X flares?

e HMI: Full disk, continuous time coverage. 1”, 12 minute resolution = gran-
ulation dynamics is being resolved.

e Can HMI be used to detect hitherto undetected changes in J distribution?
Approach:

e Use HMI time series of photospheric B(z,y,t) to determine an analytic
expression for B(z,y, z,t). Compute J, A E in each pixel for 14 ARs. 7 with
M/X flares. 7 with B, C, or no flares.

e Compute time series of Q = 7.J? (4 other quantities). Are there correlations
with flare occurrence times?



Magnetic Field

N, N Y.
B(x,y,z,t) = e—z/L(m,y,t) Z zy: bnm(t)e%rz(z_;,_L_;/)‘ (1)
n=0 m=0

L(z,y,t) = Lo(z,y,t) + zL1(x,y,t)/ Lo, determined by the HMI data and the V-B = 0
condition. No force-free assumption.

Vector Potential, Electric Field, Ohm’s Law
Solve A =V x B,V - A =0 analytically. Then

Ohm’s law: E+ (V x B)/c=nJ.



Solution Steps:

1.

Filter out the 6, 12, and 24 hour periods in the time series of By ,,; for each
pixel. Corrects for spurious Doppler periods induced by SDO motion.

Set B(z,y,0,t) = Byyi(z,y,t). Use FFT to solve for the b,,,(t).
Set V- B(z,y,2,t) = 0. Expand in z, solve for L(z,y,t).
Determine NLR(t) of each AR using Schrijver’s algorithm (2007, ApJ).

At each time, compute the pixel and NLR integrated values of ),J - E, and
Rey =V - (J xB)/e.

J-E=Q+ Roy (EM, CM KE, and thermal energy balance).

Convection driven heating: Q ~ —Rcoy (ice. [J-E|/Q < 1).

Compute power spectra, spectrograms, and cumulative distribution func-
tions (CDFs) of time series of (). Look for non-random structure.
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Figure 1: NLR integrated Q for 2 of 7 SF ARs.
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Figure 2: NLR integrated Q for 2 of 7 SF ARs.
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Figure 3: NLR integrated Q for 2 of 7 SF ARs.




NOAA AR 2017 NOAA AR 1158
10 T T T T T

26

NLR Integrated nJ2 (erg&s'hcm")

NLR Integrated V-(Jx B)/c (ergss”wm'*)

E g g8 5 o8 e
-100 -50 0 50 -80 -60 -40 -20 0 2 60
t (Hours Relative to X1.0 Flare at t=0. Flare day/time=20140329/1735) t (Hours Relative to X2.2 Flare at t=0. Flare Date/Time=20110213/0144)

Figure 4: NLR integrated @ for the 7th SF AR, and Ry, for 1 of 7 SF ARs. Stars, Squares,
Diamonds label values of RCM, @, and J - E. Blue/Red indicates positive /negative values.
Q and J - E are plotted with RCM when the integrated @ > 10?? ergs-cm~!-s~!.
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Figure 5: NLR integrated Ry for 2 of 7 SF ARs. Stars, Squares, Diamonds label values of
RCM, @, and J - E. Blue/Red indicates positive/negative values. @) and J - E are plotted
with RCM when the integrated Q > 10?? ergs-cm!-s~1.
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Figure 6: NLR integrated Ry for 2 of 7 SF ARs. Stars, Squares, Diamonds label values of
RCM, @, and J - E. Blue/Red indicates positive/negative values. @) and J - E are plotted
with RCM when the integrated Q > 10?? ergs-cm!-s~1.
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Figure 7: NLR integrated Rcys for 2 of 7 SF ARs. Stars, Squares, Diamonds label values
of Rewm, @, and J - E. Blue/Red indicates positive /negative values. () and J - E are plotted
when the integral of @ > 10?2(10?!) ergs-cm~1-s™! for the left(right) plot.
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Figure 8: NLR integrated Rcy for 2 of 7 C ARs. Stars, Squares, Diamonds label values of
Rewn, @, and J - E. Blue/Red indicates positive/negative values. @) and J - E are plotted
when the integral of Q@ > 10%° and 10?? ergs-cm~!-s~! for ARs 1665 and 1640.
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Figure 9: NLR integrated Rcys for 2 of 7 C ARs. Stars, Squares, Diamonds label values of
Rewn, @, and J - E. Blue/Red indicates positive/negative values. @) and J - E are plotted

when the integral of Q > 10%° ergs-cm~t-s71.
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NOAA AR 2045: Start Day/Time=20140424/0000 NOAA AR 2075: Start Day/Time=20140527/0000
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Figure 10: NLR integrated Rcys for 2 of 7 C ARs. Stars, Squares, Diamonds label values
of Rewm, @, and J - E. Blue/Red indicates positive /negative values. () and J - E are plotted
when the integral of @ > 10?° and 10?* ergs-cm~!-s7! for ARs 2075 and 2045.
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Non-Random Structure in Time Series of Q:

Power Spectra: Sharp decreases in power at certain frequencies. In some
cases by orders of magnitude.

Spectrograms: Periodic intensity variations with respect to frequency at
certain times, by orders of magnitude.

Cumulative Distribution Functions: Scale invariant behavior of Q). N(Q) =
AQ~5(S > 0) above threshold, and over a range of several orders of magni-
tude. Transition to SOC state above () threshold?

In almost all cases, clear that () is not noise.
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Figure 11: Power Spectrum and Spectrogram for SF AR 1158. (1 hr — 0.28 mHz)
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Figure 12: Power Spectrum and Spectrogram for SF AR 1166
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17



NOAA AR 1283 — Spectrogram — Log X O(Power Spectral Density)

NOAA AR 1283 - Power Spectrum

(zHw) Aousnbaiy

-

15 20 25 30 35 40 45 50 55 60

Time (Hours From Start of Time Series)

15
10
5

10

5

0.5 0.6 0.7

0.4

0.3
Frequency (mHz)

0.2

0.1

Figure 14: Power Spectrum and Spectrogram for SF AR 1158

18



Coupled NOAA AR’s 1429, 1430 - Power Spectrum

T T T T T T

)

0.1 0.2 0.3 0.4 0.5 0.6
Frequency (mHz)

Figure 15:

19

0.7

Coupled NOAA AR’s 1429, 1430 - Spectrogram — Logm(Power Spectral Density)

Frequency (mH

0.65
0.6
0.55
0.5
0.45
0.4
0.35

o
w

0.25
0.2
0.15
0.1
0.05

10

L

i 9
' 1
E

b
|
ndy
i
" XW*

15 20 25 30 35 40 45 50
Time (Hours From Start of Time Series)

Power Spectrum and Spectrogram for SE AR, 1429/1430

51

47




NOAA AR 1880 - Spectrogram - Log o (Power Spectral Density)
-
065 ; ¥
06 ‘ iy
n
5.5 R 0.55 i

05
o 045

T ]
T 1
E 04 ¥

& 0.35

; ]
0.3
1
£ 0.25
{

02
0.15 . ;
1

NOAA AR 1890 - Power Spectrum

equen

-

01 =
0.05 ' .l. ‘
1
35 1 1 1 1 1 1 0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 1015202530354045505560657075808590951000310
Frequency (mHz) Time (Hours From Start of Time Series)

Figure 16: Power Spectrum and Spectrogram for SF AR, 1890
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Figure 17: Power Spectrum and Spectrogram for SE AR 2017
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Figure 18: Power Spectrum and Spectrogram for C AR 1640
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Figure 19: Power Spectrum and Spectrogram for SF AR 1665
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Figure 20: Power Spectrum and Spectrogram for C AR 1704
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Figure 21: Power Spectrum and Spectrogram for C AR 1765

25

75 80




1 ¥

NOAA AR 2045 - Power Spectrum

‘ It "‘ll,,!, it
i l‘llﬁ“ @. \li‘ ﬂl’i‘”“

|

[ s e 7
i

0.1 0.2

0.3 0.4
Frequency (mHz)

0.5

0.6

0.7

NOAA AR 2045 - Spectrogram — Log X O(Power Spectral Density)

0.65|

i 1
06 d
0.55| ; i 3
05 T q
< 045 & i
I | i
> | i '
£ 035 -
g [ | i
g 03] a ;
(< : 3
& 025 - i
0.2 % E 3
0.15| i
01 w *

0.05

3

0! vl |
5 10 15 20 25 30 35 40 45 50 55 60 65 70
Time (Hours From Start of Time Series)

Figure 22: Power Spectrum and Spectrogram for C AR 2045.
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Figure 23: CDFs for SF ARs 1158 and 1166.
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Figure 24: CDFs for SF ARs 1261 and 1283.
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Figure 25: CDF's for SF ARs 1429/1430 (coupled) and 1890.
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Figure 26: CDFs for SF ARs 2017 and C AR 1640.
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Figure 27: CDFs for C ARs 1665 and 1704.
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Figure 28: CDFs for C ARs 1765 and 2045.
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Figure 29: CDFs for CARs 2075 and 2122.
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Conclusions

There are strong, bursty heating events on granulation scales in the NLR’s
ARs.

The largest events are convection energy driven, not EM energy driven.
Highly non-force-free events (J. > J)).

It is plausible that these events are correlated with M /X flares, preceding
them by several hours to several days.

Sample size of 14 ARs is too small to conclude that this apparent correlation
is more than plausible.

Analysis of more and longer time series is needed for a definitive statistical
test.
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