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The Hale's polarity law
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Data and method

We studied ~8600 active regions from 1989 to 2018

● Visual inspection of solar data using web applications:
○  Debrecen Photoheliographic Data (DPD)
○  Solarmonitor
○  Helioviewer

● Sunspot drawing of the Mount Wilson Observatory

● Catalogs of sunspot groups:
○  Mount Wilson Observatory
○  Crimean Astrophysical Observatory
○  USAF/NOAA Solar Region Summary
○  DPD
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The basic criteria 
of active regions violating the Hale's law
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● The active region forms a bipole reverse to the Hale's law with 
sunspots or pores of both polarities.

● The opposite polarities are connected by stable magnetic loops 
(when EUV data are available).



The additional criteria 
of active regions violating the Hale's law
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● Small active regions (stable tilt, sunspot area >4 MSH)

● Equatorial active regions (area-weighted center and midpoint between 
the sunspots of opposite polarities located in the same hemisphere)

● Magnetic fluxes еmerging at the existing active regions (>3 days)

● v“δ-sunspots” (individual and strong structure)
     

 The solar cycle boundaries McClintock, Norton, Li (2014)

Unipolar sunspots and multipolar active regions were not considered

275 active regions with reverse polarity for 1989-2018

~3 % of all active regions



1. Parameters of active region at the evolutionary maximum:

● NOAA number
● Date
● Coordinates
● Sunspot area
● Most complex magnetic class
● Tilt

2. Special marks related to the peculiarities of the active regions
     Active region:  C – decaying        |     S – small short-lived       |     E – equatorial
        “δ-sunspot”:  D – individual       |    W – with surrounding sunspots or pores
                       Tilt:  T – close to 90º  |     R – rotation axis
                               ...

Catalog сontents
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- USAF/NOAA Solar Region Summary
- DPD database



● We studied ~8600 active regions from 1989 to 2018.

● Criteria for identification of reverse polarities in ambiguous 

active regions have been formulated.

● 275 active regions violate the Hale's law.

For details, see Zhukova et al. (2020)
      Solar Physics, Volume 295, Issue 12, article id 165. arXiv

Conclusions
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https://link.springer.com/article/10.1007%2Fs11207-020-01734-9
https://link.springer.com/article/10.1007%2Fs11207-020-01734-9
https://arxiv.org/abs/2010.14413


Thanks for your attention! 8

The catalog is available
● website of the Crimean Astrophysical Observatory

https://sun.crao.ru/databases/catalog-anti-hale

● GitHub
https://github.com/khlystova/barvhl

https://sun.crao.ru/databases/catalog-anti-hale/
https://github.com/khlystova/barvhl

