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*Solar Dynamics Observatory's Atmospheric Imaging Assembly

Many coronal structures, especially those in the “quiet Sun,” are often simulated with a potential-field model. New
space-based telescopes, as well as our processed eclipse images, have achieved higher imaging resolution than any
previous effort. As a result, we discovered some “discrepancies” between our potential field models and
observations. One example is revealed here by recent observations with AIA on SDO satellite.

Raw AlA images (4096 by 4096 on the left and close up on the right) processed with our radial-filter algorithm.
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© 2010 Jay Pasachoff, Hana Druckmiillerova

* With “Phase-Correlation” Image Registration, eclipse images can resolve fine structures.
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Total Solar Eclipse 2010 © 2010 Miloslav Druckmiiller, Martin Dietzel, Shadia Habbal, Vojtech Rusin

* Based on ground setup, images can reveal the extended corona up to 20 solar radii.
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Before coming to ROB, | had built potential magnetic field models of the Sun at the time of the 2010 total
solar eclipse using SDO’s Helioseismic and Magnetic Imager (HMI) data and corresponding multi-wavelength
extreme ultraviolet (EUV) images from AlA.

1 A HMI map of the radial magnetic field Br(R0,0,®) 1T Three separate HMI images on the left were used to

as function of longitude and latitude on the solar make the vector magnetogram since the radial field
surface (r = RO). is only accurate when the field is in the line of sight.
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Compute Field Potential using CMS2

In the Coronal Modeling System V2.0 (CMS2),
an imposed photospheric flux distribution
consists of two parts:

® One from a low-resolution synoptic map
poten—ss—v1_00000, Z= 0.0, V_-MAG_XY, VM= 346.392, C_MAG_Z, CM= 1695.751, MOD (from GONG), Br,g|ob((p,>\)

| * One from a high resolution map (from HMI/
SDO) in a limited region, Br,HIRES(,\)

Both GLOBAL and HIRES regions extend
from the solar surface (r = Re) up to a

"lf’l"l'l"r" T

“source surface” (r = Rmax) where the
magnetic field becomes radial.

The global potential field is computed using
spherical harmonics.
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The potential field in the HIRES region is
computed by solving for the eignemodes of a
grid* (van Ballegooijen et al. 2000).

T

*Spherical grid, with cells increasing in size
radially to maintain high resolution and
efficiency.
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Past literature (Altschuler et al. 1969) suggests a source surface of ~2.5 solar radii would best match
observations empirically. | found that a source surface of 1.6 solar radii can create field lines that better match
our eclipse observations and AlA images. This finding was later improved with processed SWAP images.

55=1.6 Re SS=25Ro
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Camera type Set M Set S Set L ]
Canon EOS 1D, 1Ds Mark II, III, 5D, | 500 - 1000 mm | 200 - 500 mm | 1000 - 1600 mm
5D Mark II, Nikon D3, D700
Canon EOS 1D Mark IL II N, III 400 - 750 mm | 150 - 400 mm | 750 - 1200 mm
Canon EOS 10D, 20D, 30D, 40D, 50D | 300 - 600 mm | 135 ~ 300 mm | 600 - 1000 mm

300D, 350D, 400D, 450D, 1000D
All Nikon digital SLR cameras except | 300 - 650 mm | 135 - 300 mm | 650 - 1000 mm

for D3 and D700

Table 1: Recommended focal lengths of camera optics

Apeitune Exposure [sec
1/500 | 1/250 | 1/125 [ 1/60 | 1/30 [ 1/15 [ 1/8 | 1/4 |1/2|1[2]4 |8
F/11 0 2 3 “ 4 4 4 4 5 |5|5]5]5
F/8 2 3 4 4 4 4 4 5 5 |[5]|5]5]0

Table 2: Set M - recommended minimal numbers of images for a moving paralactic mount

Aperture Exposure [sec]
171000 | 1/500 | 1/250 | 1/125 | 1/60 | 1/30 [ 1/15|1/8[1/a1/2|1]2]4[8]16 , ,
F/8 0 0 | 1 | 2 | 2] 22 s[4]4](4(ala[a]2 © Michael Zeiler
F/5.6 0 1 2 2 2 2 3 1 4 4 |J4]|4(|4]5] 2
F/4 1 2 2 2 2 3 4 1 4 4 |4]4(5]5]0
Table 3: Set S - recommended minimal numbers of images for a moving paralactic mount ThIS tOtaI solar eclipse begins in Arnhem Land Of
Aperture Exposure [sec] northern Australia, crosses the Gulf of Carpentaria,
1/250 | 1/125 | 1/60 [ 1/30 [ 1/15 | 1/8|1/4|1/2|1[2]|4 |8
e | o0 [ 2 [ 2134 [4f4]4(s5[6lele passes over northern Queensland, and then sweeps over
ey 1 2 [ 2 1 s ]l 14115 1slsleld the span of the Pacific Ocean. Once totality exits the
Table 4: Set L - recommended minimal number of images for a moving paralactic mount Gl’eat Barrier Reef in the V|C|n|ty Of Cairns no further
’

landfall is made. Norfolk Island is close to, but just south
of the path of totality. New Zealand will experience a

Courtesy of Miloslav Druckmdiller deep partial eclipse.
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NIKON D3X
AF VR-NIKKOR 80-400MM 1:4.5-5.6D
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Total Solar Eclipse 2012 © 2012 Constantinos Emmanoulidis, Miloslav Druckmduller



PROCESSING SWAP IMAGES
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Single Processed Image
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PR @O ESSING SYWAP IMAGES: STACKINGERIMIEIE NN




V. PROCESSING SWAP IMAGES: STACKING: R-FILTER
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EERREEESH NG SVWAP IMAGES: STACKING: MOSAICERSRISEER







RE-EVALUATING SOURCE SURFACE WITH SWAP
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RE-EVALUATING SOURCE SURFACE WITH SWAP

e N 0 \ 3D Display #0

\s

t‘l',

S9=199RE



RE-EVALUATING SOURCE SURFACE WITH SWAP
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FUTURE WORK

e Improve Coronal Modeling System

e Study 2010 Total Solar Eclipse
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Source Surface Height
Radial features in‘quiet Sun’

'udy the bright features in SWAP

nat are dark in whrte light



ACKNOWLEDGM

Prof. Jay Pasachoft
Dr.Yingna Su
Dr. Adrian van Ballegooijen
Dr. Daniel Seaton

Royal Observatory of Belgium

All members of SIDC, including:
Matthew West
David Berghmans
Koen Stegen

E

aI Academy of Sciences, administered by Sigma Xi, The Scientific Research
er Science Research Program and the Williams College Astronomy Department.
ogr rom the Solar Influences and Data Analysis Center, Royal Observatory of Belgium.
s supported by NSF Atmospheric and Geospace Sciences Division grant AGS-1047726

My research is supported, in part, by a Grant-In-Aid c
Society (Grant ID: G20120315159311) and by the
SWAP project is supported a grant from the Guest
Our research at Williams College about the eclipses

"



