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Motivation 
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•  Lot’s of diagnostic info about 
flares from RHESSI 
–  Magnitude, position, morphology, 

thermal & non-thermal energy etc 

•  How to make use of the data/ 
statistics ? 
–  Don’t just want to produce 

frequency distribution & index~2 

•  Comparison to magnetic field 
features 
–  The Hale Sector Boundary – 

preferential locations of activity  
•  Dittmer 1974,  

•  Svalgaard  & Wilcox 1976 



RHESSI Flare List - McTiernan 
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•  Full list: 102, 856 events (12-Feb-2012 to 25-Jan-2015) 
•  Below is 01-Jun-2002 to 01-June-2014 = 96,000 events 

–  But only 69,694 “good” flares included in the movie/analysis 

http://hesperia.gsfc.nasa.gov/hessidata/dbase/hessi_flare_list.txt 



RHESSI Flare List 
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•  Full list in SSW or here: 
–  http://hesperia.gsfc.nasa.gov/hessidata/

dbase/hessi_flare_list.txt 

•  Software details: 
–  http://sprg.ssl.berkeley.edu/~jimm/hessi/

hsi_flare_list.html 

•  Quick look images for RHESSI  
–  http://sprg.ssl.berkeley.edu/~tohban/

browser/?show=grth1+qlpcr+qlpr
+qli02+qlids&date=20150126&time=165220 

Uncorrected RHESSI data –  
used for threshold flare detection 

fl= hsi_flare_list(obs_time_interval = ['26-Jan-2015 16:00','26-Jan-2015 17:35']) 
fl_data = fl -> getdata() 
help,fl_data,/str 
; First step need sflag=1 
print,fl_data.sflag1 
;For more use other flags and peak to back countrate 
help,fl_data[0].flags 
; Though which to use depends on flare magnitude (attenuator states) and time 
(detectors behaving?) 



RHESSI Flare List  
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•  Positives 
–  Many real flares 

–  Better contrast of flare to background at 
these high E - More small events 

–  Other params already derived, can 
calculate more - Position, spectral 
properties 

•  Careful ! 
–  Many non-flares 

–  Not full time coverage (SAA/Night/
Anneals/Offpointing) 
•  Best about 50-60% in sunlight 

–  Need to be careful with parameters 
•  i.e. Position is centroid in an energy range 

RHESSI 4-8 keV image,  
GOES A,B flares 
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Fig. 1 Left, an early view of the interplanetary magnetic sector structure, from Wilcox
and Ness (1965). The symbols reflect the predominant orientation of the interplanetary field
in 3-hour data segments from the magnetometer on board the IMP-1 spacecraft, anchored
at Earth but with an apogee (31.7 RE , orbital period about 3.9 d) large enough to give
clear views of the solar wind in the ecliptic plane. Plus and minus conventionally represent
outward and inward field directions; this early sample shows a persistent four-sector pattern.
Right, a sketch of how field lines at 0, 30, and 60◦ heliolatitude must look in an isotropic
high-beta solar wind with constant radial speed (from Owens and Forsyth 2013).

solar wind, and then the magnetic field embedded within it. Qualitative phys-
ical arguments had made it clear that the field should be stretched out in the
radial direction, and that it should eventually adopt a spiral pattern in the
ecliptic plane (Biermann 1957; Alfvén 1957; Parker 1958). The mean speed of
the observed solar wind dictates that this spiral should have an angle of about
45◦ to the radial at one AU, and that the essentially radial flow should take
4-5 days in transit. Observations generally confirmed these rough ideas.

The first interplanetary space probes capable of sufficiently sensitive mag-
netic measurements revealed the existence of the sector structure (Wilcox and
Ness 1965). Figure 1 (left) shows a data representation from that era, which
illustrates the basic idea. This remarkable feature of the solar magnetic field,
as evidenced deep in the heliosphere but at heliolatitudes near the ecliptic
plane, immediately demanded an understanding of the relationship between
the different domains that the “towards” and “away” sectors represented. The
nature of the underlying solar magnetic field as revealed by magnetographic
observations of the photosphere became a hot topic. The 3D nature of the
heliosphere (Figure 1, right ) compounded the complexity of these questions,
since the geometry of a sector could not be readily inferred from near-ecliptic
observations.

In a major development, Svalgaard (1972) established that one could use
polar geomagnetic records to determine the times when Earth passed through
a sector boundary. This opened the possibility of a proxy record of the global
development of the heliospheric field that in principle can extend into the
middle of the 19th centure. We discusss this in detail in Section 3 here. Shortly
thereafter the seminal paper of Antonucci and Svalgaard (1974) made it clear

+ 

+ - 
- 

Solar Sector Structure 21

Fig. 3 Numerical simulation of the heliospheric structure at a time (Carrington rotation 1912) corresponding
to solar minimum (Odstrčil et al. 2004). The black circle shows the intersection of Earth’s orbit through the
warped and fluted heliospheric current sheet, with the colors describing the out-of-the-ecliptic excursions of
the solar wind over a range ±10◦ . An observer at higher or lower heliolatitudes would see greater or lesser
durations of the corresponding (red or blue) polarity

the heliospheric “ballerina skirt.” Figure 3 illustrates the basic explanation of the Rosenberg-
Coleman effect via a numerical simulation of the heliospheric structure at a specific epoch
(Odstrčil et al. 2004). The Ulysses mission triumphantly confirmed this picture (e.g., Balogh
and Erdős 2013), consistent with other data such as the radio (interplanetary scintillations)
finding of high-speed solar wind streams at high heliographic latitudes (Coles and Rickett
1976) and the X-ray recognition of the polar coronal holes (Vaiana et al. 1973).

The presence of an initially mysterious sector structure in the interplanetary field (e.g.,
Wilcox and Howard 1968) led to the development of synoptic observing programs (see also
Sect. 5). Wilcox and his collaborators at Stanford University created what is now called the
Wilcox Solar Observatory, which has provided a long-running data set of low resolution but
great stability. This facility began collecting data in 1975 and continues to the present time.

3 Geomagnetism and the Sector Structure

The interplanetary magnetic field in the vicinity of the Earth interacts with the Earth’s own
field in a complicated manner; the orientation and strength of the field in the incoming solar
wind perturb the geomagnetic field as measured on the surface of the Earth. Given a ter-
restrial field of order 1 G and an interplanetary field of a only a few ×10−5 G, one might
expect little effect, but in fact the signatures could readily be measured even with the tech-
niques available in the 19th century (the Gauss-Weber variometer). The sector structure thus
has a proxy record that extends quite far back in time. Svalgaard (1968) and Mansurov
(1970) showed that the interplanetary magnetic field produced a characteristic pattern of di-
urnal variation at high-latitude sites such as Thule (12.5◦ geographic colatitude) or Vostok
(168.5◦). The Thule station has a geomagnetic colatitude of only about 5◦, and Svalgaard
(1973) notes that the major effects of this perturbing current system lie with 15◦ of the geo-
magnetic pole; he attributes the characteristic variation to a Hall current (Baker and Martyn
1953) typically extending about that distance from the pole, and circulating with opposite
senses for away and towards sectors. The morphology of this diurnal effect distinguishes it
sharply from others such as those of auroral electrojets.

This Svalgaard-Mansurov effect (Wilcox 1972) is strong enough to produce reliable de-
terminations of the polarity of the interplanetary field (Friis-Christensen et al. 1971), usu-
ally even on a daily basis (Vokhmyanin and Ponyavin 2013), and so it serves to extend
the record of Earth’s sector-boundary crossing times back into the 19th century. This re-
lies upon the understanding of the available geomagnetic observations at sufficiently high

Sector Structure 
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•  Interplanetary magnetic field has a 
sector structure, reflecting its polarity 
relative to the solar direction 
–  Wilcox & Ness 1965 

 

•  At the photosphere this sector 
structure between the regions of 
different polarity seam on a baseball. 
–  Svalgaard et al. 1974 

Solar Sector Structure 11

5 Photospheric identification of the sector boundaries

The early observations of sector boundary crossings showed them to have sta-
ble phases relative to fixed periods (Figure 1). This suggested a rigid rotation
pattern, rather than a differential one, and yet no solar surface feature has such
a property. Subsequently the three-dimensional nature of the sector domains
in the heliosphere became more apparent, as discussed above and illustrated
in Figure 5. At this point one could have inferred that the domain structure
had a relatively simple interpretation: the waxing and waning of the polar
coronal holes, and their pattern of polarity reversal, plus the simplification of
the harmonic structure imposed by the expansion of the solar wind, could lead
to a simplistic view of the structure formation. The theoretical ideas discussed
in Section 4 confuse the issue by invoking differing views of the microphysics
and its site.

Recent work has opened new issues regarding the solar origins of the mag-
netic domains of the interplanetary sectors, extending the association first
noted by Antonucci and Svalgaard (1974) via the green-line corona and its
correlation with the sector boundaries. The new work goes right to the level
photosphere and identifies sector boundaries directly with small-scale features
there, as we describe below. The key to these new associations is the concept of
the Hale sector boundary (Svalgaard and Wilcox 1976), as illustrated in Fig-
ure 7. The recognition that the Hale sector boundary systematically correlated
with signatures of solar activity could not have been anticipated, and still has
no clear interpretation. Geometrically, the sector structure itself seems fixed
with respect to the solar rotation (see Figure 1); the various aspects of solar
activity also do, though with latitude dependence reflecting the photospheric
differential rotation. So, what singles out the Hale boundary portion as a locus
of solar activity?

Fig. 7 Left, the now-accepted view of the coronal origin of the interplanetary sectors, as
proposed originally by Svalgaard et al. (1974). Right, the “Hale boundary” (Antonucci and
Svalgaard 1974), defined as that part of the sector boundary at which the polarity switch
matches that of the leading sunspot polarity in the corresponding hemisphere.

+ 
- - 

Odstrcil et al. 2014 



Sector Boundary on the Sun 
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•  From the measured magnetic field we can calculate where 
the boundary between opposite polarities is.  
–  Winding around the surface looking like the seam of a baseball 

“Synop&c”	  map	  from	  27	  daily	  strips	  showing	  the	  whole	  Sun	  

- 

+ 

Svalgaard 

- 

+ 



Hale Sector Boundary 
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•  Hale’s Law: Leading/trailing 
sunspots polarity depends on 
cycle per hemisphere 
–  Odd: Northern: +/-, Southern: -/+ 

–  Even: Northern: -/+, Southern: +/- 

•  Hale Sector Boundary is the 
location in each hemisphere where 
the change in sector magnetic 
polarity is same as the leading/
trailing sunspots 
–  Svalgaard & Wilcox 1976 Even Cycle 

+,- in South 

-,+ in North 



Analysis 
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•  Found when +/- and -/+ sector boundary at solar meridian 
–  Using 4.5 days after crossing detected at Earth 

–  Svalgaard 1972 showed this was reasonable (but crude) proxy 

–  http://www.leif.org/research/sblist.txt 

•  Then found subset of RHESSI flares that occurred within: 
–  ±24hrs of each crossing and  

–  In either Cycle 23 (<06/2009) or 24 (>06/2009) 

•  Plotted 1D and 2D histograms ......... 



2D Histograms 
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1D Histograms 
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•  Restricting further to longitudes of ±25°  
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1D Histograms per GOES Class, Cycle 23 
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•  Not enough to show for Cycle 24, need to add from 06/2014 
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Summary 
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•  RHESSI flare list a good resource 
–  But requires extra work to be sure “good” flares/extra info 

 

•  Been able to confirm flares “prefer” to occur near Hale 
Sector Boundaries 
–  Only took 40 years (Dittmer 1974) 

•  But only looking at small subset of events due to proxy of 
when Hale Sector Boundary at meridian 
–  Need to investigate relative distance to HSB for all flares 

–  Work out likelihood of AR to flare if near HSB ? 

–  This stuff related to “active longitudes” ? 


