Sunspot activity and reversal of polar fields in the current cycle 24
A.V. Mordvinov1, A.A. Pevtsov2
 
1 Institute of Solar-Terrestrial Physics of  SB RAS, Irkutsk, Russia 

2 National Solar Observatory, Sunspot, NM, United States 
· The reversal of the Sun’s polar magnetic fields is going  to its completion. 

·  The reversal is asynchronous in the northern and southern hemispheres. 

·  At the North Pole the polar field changed its polarity from negative to positive by  May 2013. 

·  At the South Pole magnetic field of positive polarity has been 
 diminishing to zero, but the reversal has not  yet completed  ! 
Fig. 2. Sunspot areas quantify North-South asymmetry of magnetic flux in the current cycle.  
· North-south asymmetry of the magnetic flux is well defined; 

·  Magnetic fluxes (An, As) vary in a pulsed regime;

·  The marked peaks play an important role in the current cycle. 

Fig. 3. The Sun’s magnetogram at moderate resolution shows 
· vast Unipolar Magnetic Regions (UMRs);
·  Mixed magnetic polarities are observed near the Sun’s poles;
·  It is difficult to distinguish dominant polarities near the Sun’s poles. 
Fig. 4. Synoptic maps show the background magnetic fields over the entire solar surface (in red-blue palette).  There are extended Unipolar Magnetic Regions (UMRs) at phase of activity rise (CR 2102 October 2010). Negative polarity dominates at the North Pole, positive – at the South Pole. 
To study evolution of the background magnetic fields in relation to ACs we superimposed strong local magnetic fields on the synoptic map. Magnetic fields above 200 G in modulus are shown in black. These  are summarized over preceding nine CRs (2094-2102). Recurrent ACs are seen as magnetic clusters which show a prehistory of sunspot activity before given synoptic map.

The causal relationship between ACs and high-latitude UMRs is evident in the beginning of the current cycle:
After decay of the ACs, their magnetic fields dissipated in surrounding photosphere and formed UMRs of the following polarities. The arrows indicate typical UMRs. Their further evolution is determined by the Sun’s differential rotation and meridional flows. Sometimes UMRs of the leading polarities are also transported polewards. 
The second map shows magnetic fields in CR 2149 (April 2014). The decay of large ACs in the southern hemisphere resulted in multiple UMRs of negative polarity that reached high latitudes. 
These UMRs, in fact, predetermined the polar-field reversal at the South Pole. 

Fig. 5. I shall demonstrate the evolution of solar magnetic fields in detail. The first frame of this movie shows magnetic fields at the very beginning of current cycle. The background magnetic fields were weak and fragmentary. There were no sunspots. Negative polarity dominated at the North Pole, while positive polarity at the South Pole.
Fig. 6. The upper panel shows the current cycle progression, successive synoptic maps are shown here. 
As the cycle progresses ACs appear. This movie demonstrates:
· After decay of ACs their remnant fields resulted in UMRs;

· UMRs are shaped by the differential rotation, diffusion and meridional flows;

· UMRs of predominantly following polarities are transported to high latitudes; 

· Long-lived ACs produced UMRs that reached the Sun’s poles and led to the polar-fields reversal.
Fig. 7. Using all synoptic maps from Kitt-Peak observatory we plotted the 
Time-latitude diagram of solar magnetic fields (in red-blue) and superimposed zones of intense sunspot activity (black).
Every synoptic map was averaged over the longitude (CRs 1905--2151). Then the time-latitude diagram was composed of these longitude averages (rotation by rotation). The distribution obtained was smoothed using the wavelet decomposition technique.
The time-latitude diagram demonstrates  a wealth of information about solar magnetic fields. There are cyclic patterns of the leading polarities which drift equatorward along with sunspot activity zones. Black spots localize zones of intense sunspot activity (above 100 µHem). These patterns show the equatorward migration of deep-seated magnetic fields.
Patterns of the following polarities appear near the upper edges of the sunspot activity zones. These patterns are composed of weak, surface magnetic fields resulted from the decay of ACs. These patterns are transported polewards due to meridional flows (~ 15 m/s). Zones of intense sunspot activity produce extended UMRs reaching the Sun’s polar zones.
There are common regularities and specific features in every cycle. For example, there was a triple reversal of the polar field at the North Pole in Cycle 21.
We, however, focus on the current cycle.
Fig. 8. Time-latitude diagram of solar magnetic fields and zones of intense sunspot  activity in cycles 23-24. 

This diagram demonstrates sunspot activity and evolution of magnetic fields in more detail. In the northern hemisphere the UMR of positive polarity originated from the sunspot activity impulse that peaked in 2011 (CR 2116). 
It took about 1.6 years the remnant field reached the North Pole. 
In the southern hemisphere the negative-polarity UMR approached polar zone. This UMR originated from the activity impulse that peaked in 2012 (CR 2125). During that time large ACs were observed in the southern hemisphere. After decay of these ACs UMRs of negative polarity formed. It took about two years these UMRs approached the South Pole. 
The UMRs reached the Sun's poles are transported from the zones of intense sunspot activity. 
To estimate the transport time  we should divide the distance from the boundary of sunspot belt to the pole by mean velocity of meridional flow. This amounts about 15 meters per second. This time is about 1.55 yr and agrees with the observed time. 

T=2π·7· 1010/(6·15·100·365.24·86400)(1.55 yr
At phase of activity rise there were two UMRs of the leading (negative) polarity in the northern hemisphere. These anomalous UMRs reached high latitudes and complicated magnetic field structure near the North Pole.
In the beginning of the current cycle UMRs of leading (positive) polarity was in the southern hemisphere. This UMR stretched to the South Pole and strengthen the polar field. Subsequent UMRs resulted in the predominance of negative polarity within a wide latitude range. 
Fig. 9. Typical patterns of solar magnetic field (left) are visible in EUV 19.5 nm emission (right) 
 In the EUV emission ACs are seen as white features, CHs are black. 

In CR 2102 UMRs after decay of first ACs. The remnant fields stretched to high latitudes.  In CR 2107 this UMRs reached the North Pole and changed sign of the polar field for several CRs. Then the negative polarity recovered at the North Pole (CR2121). Magnetic activity in 2011 produced multiple UMRs of positive polarity which led to the polar-field reversal by May 2013. 

Highly concentrated magnetic clusters in the southern hemisphere resulted in extended UMR of negative polarity that approaches the Sun’s South Pole. Latitudinal extent of the former polar field is reducing from rotation to rotation.

· Coronal holes appear within UMRs. 

· CHs and polar-crown filaments trace the asynchronous poleward migration of UMRs. 

Fig. 10. North-south asymmetry in appearance of high-latitude CHs 
· Over the reversal time there were no stable CHs near the North Pole: 
because mixed magnetic fields are unfavorable for CH formation; 

· Large CHs appeared near the South Pole due to the vast UMRs of the
 following (negative) polarity; 

· As the UMRs are transported poleward the Polarity Inversion Line (PIL)
 moves to the South Pole; 

· The southern boundary of CHs approached to the pole; 

· Polar CH might appear first at the South Pole despite the later reversal here. 

11. Conclusions 

· The north-south asymmetry of sunspot activity in the current cycle led to the asynchrony of the polar fields reversal. The UMRs which led to the reversals at the North/South poles originated from the decay of ACs during 2011/2012. 

·  At the North Pole the polar field reversed by May 2013. It took about 1.6 years  the remnant fields reached the pole.  The northern polar field is composed of mixed magnetic polarities  and demonstrates short-term changes during 2013-2014.

·  Later activity in the southern hemisphere has led to the reversal delay here.  It took about two years the UMRs the negative polarity approached the South Pole. 

·  The north-south asymmetry in appearance of high-latitude CHs resulted from the asymmetric zonal structure of the Sun’s magnetic fields. 
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Fig.13. According to the Babcock-Leighton concept: 
· After decay of activity complexes their magnetic fields are dispersed in surrounding photosphere;
· UMRs of the following polarities are transported polewards due to the meridional flows;

· Tilt angles of magnetic bipoles (the Joy’s law) and the differential rotation  initiate separation of magnetic polarities; 
· The cancellation/reconnection of ‘new’ UMRs with preceding ‘old’ fields lead to the reversal of the Sun’s polar fields.

Meridional flows are directly detectable from spectroscopic observations. Their mean velocity is about 15 m/s. Helioseimology detected also similar motions in subphotospheric layers. We suggest that the meridional flows (by themselves) transport surface magnetic fields and their tracers in solar atmosphere. The Babcock-Leighton concept and the flux-transport dynamo interpret the polewards migration  as mass velocities.  
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The Sun’s magnetic activity diminished for 60 years  (sidc.oma.be)
· The current Cycle 24 started after a deep and prolonged minimum; 

·  sunspot activity was low during the phase of activity rise and at
 the primary maximum (2009-2012);

· higher sunspot activity at the secondary maximum appeared
somewhat unexpected (late 2013 - 2014).

· Fig.  Great ACs occurred during the primary and secondary maxima 
of sunspot numbers in both hemispheres. 

 The main idea of the research, its relevance and timeliness

· We studied the reversal of the Sun’s polar magnetic fields in its causal relation to sunspot activity. We concluded that the asynchronous reversal in the current cycle resulted from north-south asymmetry of sunspot activity. 

· This causal relationship is of crucial importance for understanding cyclic changes in solar magnetic fields. 

· The reversal of the Sun's magnetic field rearranges the heliospheric magnetic field and changes spaceweather conditions near the Earth. 

It would take lot of time to see all the movies.
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