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ABSTRACT

Coronal polarization of pseudostreamers and the solar polar field reversal
L.A. Rachmeler, C. Guennou, D.B. Seaton, S.E. Gibson, F. Auchère

The reversal of the solar polar magnetic field is notoriously hard to pin down due to the 
extreme viewing angle of the pole. In Cycle 24, the southern polar field reversal can be 
pinpointed with high accuracy due to a large-scale pseudostreamer that formed over the 
pole and persisted for approximately a year. We tracked the size and shape of this 
structure with multiple observations and analysis techniques including PROBA2/SWAP 
EUV images, AIA EUV images, CoMP polarization data, and 3D tomographic 
reconstructions. We find that the heliospheric field reversed polarity in February 2014, 
whereas in the photosphere, the last vestiges of the previous polar field polarity remained 
until March 2015. We present here the evolution of the structure and describe its 
identification in the Fe XII 1074nm coronal emission line, sensitive to the Hanle effect in 
the corona. 



POLAR FIELD REVERSAL

➤ Near solar maximum, the poles reverse polarity. 

CYCLE 24 REVERSAL 
SOUTH POLE

Red is positive magnetic flux, color scale is saturated at 15 G.
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A pseudostreamer 
traces the polar reversal

Solar cycle 24, south pole, SWAP 174 Å images



MAGNETIC STRUCTURE EVOLUTION

Coronal hole 
with positive 
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The coronal 
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STREAMER TO PSEUDOSTREAMER TOPOLOGY CHANGE

Rachmeler et al, 2014, DOI:10.1088/2041-8205/787/1/L3

Analytical model

Modeled 
coronal polarization



STREAMER TO PSEUDOSTREAMER TOPOLOGY CHANGE



TRACING THE CORONAL STRUCTURE EVOLUTION

2014−06−12T01:11:22 SWAP 17.4 nm (inverted colortable)
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STRUCTURE EVOLUTION - HEIGHT

➤ The pseudostreamer shrinks over the course of the year. 
➤ Eruptions are common, after which the structure reforms. 



➤ Pseudostreamer appears in March 2014 and shrinks in 
width over time.  

➤ The center of the neutral line is ~5 degrees from the 
rotational axis. 

STRUCTURE EVOLUTION - WIDTH
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➤ Pseudostreamer appears in March 2014 and shrinks in 
width over time.  

➤ The center of the neutral line is ~5 degrees from the 
rotational axis. 

STRUCTURE EVOLUTION - WIDTH

AIA 304 background data from Karna et al 2015, DOI:10.1088/0004-637X/810/2/124
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COMPARISON TO PHOTOSPHERE MEASUREMENTS
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➤ The neutral line tracks well with the magnetogram data.  
➤ Neutral line moves poleward at ~4.5 m/s over the course 

of a year.



➤ Measured poleward speed of ~4.5 m/s.  
➤ Consistent with meridional flow speeds at high latitudes. 
➤ Combination of meridional flow and diffusion (~600 km2/s).

NEUTRAL LINE MOVEMENT
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950 M. Schüssler and I. Baumann: Modeling the Sun’s open magnetic flux
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Fig. 3. Latitude profiles of the meridional flow velocity. The profile used
for the simulations presented here (solid line) has been roughly adapted
to helioseismological measurements (dashed lines with year labels, cf.
Gizon & Duvall 2004). Also shown are the profiles adopted in other
studies with flux transport models. flow WS: Wang & Sheeley (2003a)
and Wang et al. (2005); flow vB: van Ballegooijen et al. (1998) and
Baumann et al. (2004).
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Fig. 4. Longitude-averaged photospheric magnetic field, unsigned and
integrated over latitude, as a function of time (three-months averages).
Shown are the result from our flux transport simulations (FTM, full line)
with sources taken from the SOON sunspot area database together with
the observed data (dotted line) based upon the NSO/Kitt peak synoptic
magnetograms (courtesy of D. Hathaway, NASA/MSFC). The conver-
sion factor between bipolar magnetic region area and input magnetic
flux for the flux transport simulations has been chosen such that the
two curves show a reasonable agreement. The calibrated curves for dif-
ferent values of the proportionality factor, f , in the latitudinal tilt angle
profile, γ = fλ, are nearly identical for f ≤ 0.5. Shown here is the curve
for f = 0.15.

relevant here, we have BL ∝ f . Therefore, for a given value of f
we can calibrate the (still unspecified) conversion factor between
BMR area, ABMR, and its magnetic flux by comparing the sim-
ulated with the observed time evolution of BL. This is shown
in Fig. 4 for the period 1976–2004 with observational data de-
rived from NSO Kitt Peak synoptic magnetgrams. The calibrated
curves for different values of f are almost identical, but the con-
version factors are inversely proportional to f . The actual curve
shown in Fig. 4 is for f = 0.15.

Having determined the linear relationship between the area-
flux conversion factor and f , we use the mean unsigned surface
flux density, Bs = (4π)−1

∫ ∫
|Br(λ, φ)| cosλdλdφ to fix the cor-

rect value of f . This is shown in Fig. 5, which gives three-month
averages of the simulation results for f = 0.15 (solid curve) and

Fig. 5. Averaged unsigned photospheric field as a function of time.
The symbols represent data from Mt. Wilson Observatory and Wilcox
Solar Observatory, respectively (cf. Arge et al. 2002). The curves
give three-months averaged results from flux transport simulations for
two values of the proportionality factor, f , in the latitudinal tilt angle
profile, calibrated by requiring consistency with the longitudinally aver-
aged flux density (see Fig. 4). While the curve for f = 0.5 (dashed line)
shows a much too small average surface field, the result for f = 0.15
(solid line) is consistent with the data.

for f = 0.5 (dashed curve). The symbols show the corresponding
observations from the Mount Wilson Observatory and Wilcox
Solar Observatory magnetograph data (cf. Arge et al. 2002). It
is obvious that the case f = 0.5 shows a much too small surface
flux while the case f = 0.15 fits the data well, without requir-
ing any further calibration. Therefore, requiring the consistency
of both, BL and Bs, with the observational data uniquely fixes
the tilt angle law to γ = 0.15λ. This value is consistent with the
analysis of sunspot data (Howard 1991; Sivaraman et al. 1999)
as well as with results from numerical simulations of rising flux
tubes (e.g., Caligari et al. 1995).

Figure 6 gives time-latitude diagrams of the azimuthally av-
eraged radial surface field from the flux-transport model (with
f = 0.15, calibrated as described above) and from observational
results. Both diagrams show a reasonable agreement, particu-
larly concerning the polar field reversals shortly after the activ-
ity maxima and the poleward surges of following-polarity mag-
netic flux leading to these reversals. Figure 7 shows the temporal
evolution of the field strength on both polar caps (poleward
of ±70 deg latitude), which is consistent with the observational
results presented by Dikpati et al. (2004).

Latitudinal variation, open flux, and near-Earth field

The latitudinal profiles of the unsigned radial field at the source
surface based on extrapolations of the photospheric fields from
the flux transport simulations show the same characteristics as
those for the WSO data given in Fig. 1: only the CSSS model
with a source surface located at 10 R⊙ (or beyond) reproduces
a latitude-independent radial field in the heliosphere as observed
with the Ulysses probe. This is not surprising since the latitude
dependence of the heliospheric field is largely determined by the
extrapolation model and not by the detailed distribution of the
photospheric sources.

Figure 8 gives the time evolution between 1976 and 2004
of ⟨BE⟩, the mean unsigned radial field at 1 AU, which is pro-
portional to the total open flux (Lockwood et al. 2004). Shown
are the CSSS extrapolations (with Rss = 2.5 R⊙ and Rcusp =
10 R⊙, solid lines) based upon the flux transport simulations for



CONCLUSIONS

➤ The south pole had a simple axisymmetric field reversal. 
➤ The coronal field structure can be to trace the field reversal.  
➤ The corona and heliosphere revered polarity a year before the 

photosphere. 


