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magnetograms (“Spatial Nonlocality of the Small-
Scale Solar Dynamo” Lamb, Howard & DeForest, 
ApJ 2014) 

• Conclusions



Feature: “a visually 
identifiable part of an 

image.” 
!

Detecting and 
tracking magnetic 
features at small 

spatial scales 
!

We can do this for 
~107 features. 

!
Enables detailed 

statistical tests that 
can’t be done visually.
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Figure 3. Panels (a)–(c): example of a feature (blue outline in the center of the middle and right panels) detected as an Appearance in SOHO-MDI data. Panels (d)–(f):
the same region, at the same times, observed in Hinode-NFI. The outline of the Appearing feature in MDI is shown in black superimposed over the outlines of the
other features identified by the downhill method.
(A color version of this figure is available in the online journal.)

is possible to perform the pixel-to-pixel alignment directly. We
derived an image distortion map for each pair of simultaneous
images. To do this, we identified every feature in both data
sets that lived for the duration of the data set. We chose four
features from that list, and we attempted (within the limits of the
small sample) to choose features that were separated from other
features and spaced across the field of view. The purpose of
the first requirement was to isolate distinct flux concentrations.
This reduced the influence of shifting intra-feature borders on
the derived positions of the selected features. The purpose of the
second requirement was simply to sample different portions of
the field of view so that any local peculiarities of feature motions
would not have a disproportionate effect on the co-alignment.

The co-alignment was performed after the tracking was
completed, so we were able to use the centroid of each of these
four selected features in both data sets as tie points to derive
a two-parameter (linear), two-dimensional distortion mapping
between the images. In general, a linear two-dimensional
distortion mapping can contain skew terms, but we limited the
mapping to independent scaling and shifting of the x- and y-
axes. In this way, we are able to map the pixel coordinates in
the MDI data set to pixels in the NFI data set for each frame.
This mapping also automatically takes into account any residual
Hinode pointing drift, since the drift is slow enough that features
maintain their identity and are not affected by the mistaken
identity problem (Paper I).

In the MDI data set, 669 features are found using the
previously mentioned tracking thresholds of 28 G (≈3σ ) and
38 G (≈4σ ), the downhill feature identification method, a
per-frame minimum size filter of 4 pixels, and a minimum
feature lifetime of 4 frames. Of these, 121 are classified as
an Appearance using a separation criterion of 5 MDI pixels
(2.2 Mm). The average width (

√
area) of the Appearances is

2.3 pixels, which demonstrates that these features are well
separated from other features compared to their size. We rejected
from consideration the 27 features which were born before the
start or after the end of the NFI data set, as well as the 6 features
which map outside of the NFI field of view. We are thus able
to analyze 88 MDI Appearances for correspondence in the NFI
data sets. Figure 3 shows an example of the comparison between
the downhill features identified in the two data sets. The middle
column of panels corresponds to the birth time of the Appearing
feature in MDI, and the left and right panels are one frame
before and after. In the bottom row of panels, the location of the
Appearing feature in MDI is outlined in black, showing a good
overlap with two features in the NFI data. We can confirm that
this is not a chance alignment because of the good alignment
among the other flux concentrations which are present in both
fields of view.

Not every correspondence between objects is as good as
shown in Figure 3. This may be due to a combination of the
imperfect nature of the image alignment, as well as the fact that

Low-res data 
(MDI-HR) 

Hi-res data 
(Hinode NFI)

Small, weak features in low-res data are REAL 
1) detection and tracking are robust 
2) same phenomena in the higher-resolution data

Lamb et al 2010
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a)

b)

Upper few scale heights
of convection zone

PHOTOSPHERE

PHOTOSPHERE

Entire convection zone

Dynamos work by stretching magnetic fields

Pietarilla Graham et al 2010

Lamb, Howard, & DeForest 2014

Do we see evidence of 
this stretching, and what 

does this tell us about 
the dynamo?



• Search for clustering around long-lived supergranular 
network concentrations (NCs). 

• Hinode data: 5.25 hr NFI magnetogram sequence, 2007 
September 19, quiet sun near disk center. 

• >1E5 features found 
• Identify NCs: 1) present for entire dataset; 2) peak flux 

density > 500 G in frame 0; 3) avoid edge effects.



Stabilizing the NFI images

• Unexpected use of the 
tracking data 

• Find median interframe x- 
and y- feature motions 

• Enables meaningful 
spatial comparisons 
across the dataset

a)

b)



Spatial Clustering Analysis

• Common in health & 
environmental sciences: 
Given the locations of some 
events/objects, are they 
more or less likely to be near 
other events/objects (of the 
same or different type)? 

• e.g., John Snow’s 1854 
Broad Street (London) 
cholera outbreak 
investigation



Analysis of feature 
birth locations near 
existing strong field

blue = detected feature 
births (excl. splittings) 

red = Monte Carlo 
simulations

Lamb et al 2014

# red dots = # blue dots 
between green 

perimeter and yellow 
circle

Do 104 iterations per NC
Count # of features 

in the annulus



Count the number of 
Monte Carlo points 
(red) and detected 
features (blue) in a 
5-pixel wide 
annulus. 
!
Repeat for 10- and 
15-pixel widths



Colors/line styles correspond to different annulus widths

# of detected features at 
some distance: 
was more than most MC sims 
!
was ~the same as MC sims 
!
was less than most MC sims



• A problem with 
histograms & binning: 
how wide to make the 
bins? 
!

• Result should be 
independent of the bin 
width 

• Sum previous slide’s 
curves to make black 
curve here: a composite 
!

• Aside: next time don’t 
use histograms! Black solid: all features 

Red dashed: same polarity as NC 
Blue dotted: opposite polarity as NC



Flux concentration evolution should have 
measurable signatures in the polarity of 

nearby features

1 2 3

photosphere

1 2 3

Shredding (a)

Stretching (b)

1 2 3

Canceling (c)

Like 
polarity

Opposite 
polarity

Both 
polarities



• A problem with 
histograms & binning: 
how wide to make the 
bins? 
!

• Result should be 
independent of the bin 
width 

!
• Sum previous slide’s 

curves to make black 
curve here: a composite 
!

• Aside: next time don’t 
use histograms!

Black solid: all features 
Red dashed: same polarity as NC 

Blue dotted: opposite polarity as NC



Repeat for the other 6 NCs… 
No location where new features are more likely to be born 

(across all different regions) 

Black: all 
Red: same 
Blue: opp.

2σ "
uncertainty



So what is all that small-scale field 
doing around the NCs?

• Evolving the network fields, like 
you might expect! 

• 4 of 7 NCs lose ~50% of their 
initial flux in 5 hours 

• See Milan Gosic’s poster for 
great examples of this
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Conclusions & Future 
Directions

• Dynamos require stretching of magnetic field lines, 
but no direct, systematic evidence of this yet for the 
small-scale dynamo at 3—12 Mm scales. 

• MURaM simulations predict stretching peaks at 
~100 km scales (== 1 Hinode pixel!), significant 
contributions up to 1 Mm scale. 

• Our clustering technique is robust but needs to be 
applied to the smallest observed features & 
compared with simulations.


