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- In the future far-side magnetic activity will be directly monitored.

- Until then, we will use everything available to deduce it.

- Helioseismic monitoring is an important tool in our toolbox.
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- Doppler observations of the Sun 

(Fe I 6173) show its surface to be 

constantly oscillating

- +/-10 km amplitude

- T ≈ 300 seconds

- Discovered by Leighton, Noyes and 

Simon, and independently by 

Evans, Michard and Servajean, in 

the early 1960s.

“The Solar Oscillations” 
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Oscillations result from acoustic waves 
that fill the solar interior.

Computational analogies of standard wave 
optics are applied to helioseismic
observations of the near hemisphere to 
image active regions in the Sun's far 
hemisphere.

Seismic monitors that extend to the 
antipode of solar-disk center from Earth 
depend on waves that take two or more 
skips.

Wave Diagram for 2x2-Skip Helioseismic Holography
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e.g., medical imaging …

geo-exploration … 

… and we’re not the 
only ones who do it

Imaging with sound is not new …
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earth side far side
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Operational Far-side Maps

The Joint Science Operations Center 

(JSOC) for the Solar Dynamics 

Observatory (SDO) posts twice-daily 

synoptic images of the Sun's far 

Hemisphere computed from HMI:

http://jsoc.stanford.edu/data/farside

Strong helioseismic signatures generally 

indicate regions that will be emitting strong 

excess UV and EUV when they 

subsequently transit to the near 

hemisphere. The He II-304 A irradiance 

from the active regions designated FS-101 

and FS-103 is a factor of 1.8 greater than 

the quiet He II-304-A irradiance.

The first far-side synoptic monitor was 

produced in 2001 by Phil Scherrer, using 

images computed from SOHO/MDI 

observations.  

Frank Hill and Irene Gonzalez Hernandez 

(NSO/GONG) implemented a synoptic far-

side seismic monitor shortly afterwards. 
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FS 002
FS 003

FS 004 FS 005

The SDO JSOC has a 
Strong Active Region 
Discriminator (SARD).

The SARD gives 
designations to signatures 
it believes to be a reliable 
indicator of an active 
region that could have a 
significant space-weather 
impact when it transits the 
near hemisphere.

Comparison between Helioseismic and STEREO EUV-Intensity Maps

FS02 - AR11041 (AR11384)
FS03 - AR11408 (AR11290)
FS04 - AR11389 remnant
FS05 - AR11388 remnant

NASA’s twin STEREO 
spacecraft have given us EUV 
coverage of the far 
hemisphere for the past 
decade. Image complements 
of Paulett Liewer.
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Far-Hemisphere Helioseismic Holographic Monitoring 2013 - 2016

1. Strong active regions can be identified on the Sun’s far-side from earth-side observations

2. Simultaneous STEREO-EUV observations concur with helioseismic monitoring results

3. Identified far-side strong active regions square with near-side AR identifications

4. Identified far-side strong active regions nearly always manifest as near-side ARs
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What about the sign of B?

earth side far side

Arge, Henney, Gonzalez Hernandez, Toussaint, Koller, Godinez, “Modeling the Corona and Solar Wind using 
ADAPT Maps that Include Far-Side Observations”, AIP Conference Proceedings 1539, 11 (2013); 
https://doi.org/10.1063/1.4810977

Empirical ‘laws’ (i.e, the Hale-polarity law and Joy’s law) are used to ascribe net-flux-neutral magnetic polarities
to far-side active regions in ADAPT; the result is improved downstream coronal-hole and solar-wind predictions.
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Near-side holography and direct observations help us refine these ideas

1. Magnetic-flux distributions 
and seismic signatures have 
very similar morphologies, 
unlike the chromospheric
EUV images
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2. The seismic signature is a 
measure of the magnetic 
depression of the active 
region photosphere, which 
is a logarithmic function of 
magnetic pressure 
(because the gas pressure 
increases exponentially 
with depth).

Near-side holography and direct observations help us refine these ideas

1. Magnetic-flux distributions 
and seismic signatures have 
very similar morphologies, 
unlike the chromospheric
EUV images
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3. Travel-time deficit has the form:

! = h0 ln(1+B2/B0
2)

with  h0 = -15 sec,  B0 = 75 Gauss

Near-side holography and direct observations help us refine these ideas

2. The seismic signature is a 
measure of the magnetic 
depression of the active 
region photosphere, which 
is a logarithmic function of 
magnetic pressure 
(because the gas pressure 
increases exponentially 
with depth).

1. Magnetic-flux distributions 
and seismic signatures have 
very similar morphologies, 
unlike the chromospheric
EUV images



Joe Werne NWRANOAA  April 2019 15

Refined Parsing of Helioseismic Signatures for Magnetic Polarity

Donea & Lindsey (2019) “Modeling magnetic polarity distributions of solar activity from its helioseismic signature”

Using near-side 
diagnostics, Donea
& Lindsey recently 
extended the results 
of Arge, Henney, et 
al. to ascribe
magnetic polarity to 
more complex ARs 
identified by their 
seismic signatures.

In this example
deviating from 
Hale/Joy’s laws is
required to minimize 
the model cost
function

Modeling magnetic polarity distributions from helioseismic signatures 18

Figure 8. Comparison between magnetic flux density maps prescribed by a
distortionless Hale mapping with ρρρρρ0 inclined at 30◦ (frame c), as in Fig 7, which
optimizes Q(W , H) over the full non-zero ρρρρρ0-domain, and the same for ρρρρρ0 inclined at
17◦ (frame d), which admits a greater deviation of Q(W , H) from a perfect fit, but
which we propose is more compatible with the Hale law.

from a nominal domain known to be the most statistically compatible with the Hale
Law. The case illustrated in Figure 8 might could be regarded as a single datum in the

statistics needed to develop such a component.

7. Avenues for further development of the problem: Hale mappings that

can accommodate distortion

The tools we have demonstrated in this study have straight-forward extensions to Hale

mappings capable of expressing real distortion in magnetic connectivities from N to

S. This entails mapping functions, W (ρρρρρ), that are now capable of some degree of

variation dependent upon their argument, ρρρρρ. The existence of active regions in which

distortionless Hale mapping works moderately well suggests the existence of a more
substantial class of active regions for which W could be expressed alytically in some

sense. To wit,

W (ρρρρρ) = ζζζζζ0 + W1(σσσσσ; ρρρρρ1), (22)

where ρρρρρ1 is the deviation of ρρρρρ from some reference point ρρρρρ0 in N which W maps to ζζζζζ0,

σσσσσ represents a set of warping parameters, and W1(σσσσσ; ζζζζζ1) is an “analytic” function of ρρρρρ1

that is null at 0—keeping in mind that the manifold of ρρρρρ1 is 2-dimensional.
Analytic distortions would be fully capable of mapping two separate regions in

N into the same location in S, forming the optical analog of caustics and stigmas

therein. These are perhaps more appropriately accidents to be avoided than welcome

flexibilities. The ability to devise such singularities accidentally might complicate

Improved cost functions can produce better agreement with direct observations
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Kim et al. (2019) “Solar farside magnetograms from deep learning analysis of STEREO/EUVI data” Nature Astronomy Letters
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LETTERS NATURE ASTRONOMY

Now we apply our model to the EUVI10 304-Å images on board 
the Solar TErrestrial RElationship Observatory (STEREO11), whose 
filter response function is consistent with that of AIA images12–14, in 
order to generate farside magnetograms. In the case of STEREO-B, the 
data are only available before 1 October 2014, owing to multiple hard-
ware anomalies affecting control of the spacecraft orientation. Figure 2 
shows a series of extreme-ultraviolet 304-Å images from STEREO-B/
EUVI and AIA, and magnetograms from 4 June to 13 June 2014: two 
farside magnetograms generated by our model and two HMI ones. 
On 4 June, the STEREO-B is located −164 heliographic longitudi-
nal degrees from the central meridian, which makes the STEREO-B 
images mostly farside ones. It is evident that the parallel bipolar struc-
tures in the NOAA active region 12087, as indicated by the yellow box 
in Fig. 2, are well generated and conserved during the time of observa-
tions. Thus, we can successfully monitor the temporal evolution of this 
active region from the farside to the frontside of the Sun when farside 
extreme-ultraviolet data are available.

It is interesting to monitor the continuous evolution of active 
regions from the farside to the frontside. Figure 3 shows the tempo-
ral evolution of the TUMF of the NOAA active region 12087 from 3 
June to 19 June 2014. As seen in the figure, the magnetic fluxes of this 
active region taken from the farside are about two times larger than 
those from the frontside. We note that the measurements of magnetic 
fluxes near the eastern limb are substantially underestimated because 
of the projection effects. The temporal evolution is valuable for space 
weather forecasts because there were three consecutive strong flares 
(X2.2, X1.5 and X1.0) near the limb on 10–11 June 2014. We esti-
mate the uncertainty of magnetic flux from farside magnetograms. 
It is not easy to conduct an inter-calibration between AIA and EUVI 
given that they could not observe the same field of view. To estimate 
the uncertainty, we compare one monthly average intensity from two 
instruments in June 2014, taking into account the solar rotation rate 
of 13.2º per day. The comparison shows that the EUVI intensity is 
about 25.5% higher than that of AIA. As seen in Table 1, the magnetic 
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Fig. 1 | Comparison between HMI magnetograms and AI-generated ones from SDO/AIA 304-Å images. a, The AIA images, which are the input data for 
the generator, taken from 1 September to 7 September 2017 with 2-day cadence. b, The AI-generated magnetograms from AIA images using the model. 
c, The HMI images are the ground truth. We use ±100!G as the saturation value for both SDO/HMI magnetograms and AI-generated magnetograms to 
show the structure of the active regions.

Table 1 | Four objective measures of comparison between SDO/HMI magnetograms and AI-generated ones for full disk, active 
regions and quiet regions

Full disk Active region Quiet region

825 images (1,024!×!1,024 pixels) 1,033 patches (128!×!128 
pixels)

825 patches 
(128!×!128 
pixels)

Total unsigned magnetic flux CC 0.97 0.95 0.74
Pixel-to-pixel CC (8!×!8 binning) 0.77 0.66 0.21
Relative error, R1 Mean 0.067 0.072 0.091

Standard deviation 0.036 0.019 0.075
Normalized mean square 
error, R2

Mean 0.053 0.125 0.041

Standard deviation 0.008 0.049 0.005

NATURE ASTRONOMY | www.nature.com/natureastronomy

Recent deep-learning algorithms with automated cost-function specification produce errant magnetogram estimates
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NATURE ASTRONOMY | www.nature.com/natureastronomy

We’re not ready to get rid of the human yet!

Recent deep-learning algorithms with automated cost-function specification produce errant magnetogram estimates
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Questions?


