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The α-effect is central to magnetic field generation in αΩ dynamo theory (Parker,
1955), however, it lacked observational and experimental supports over a long term
(Sokoloff, 2007). Mirror asymmetries of magnetic field (magnetic helicity) were not ob-
served until the recent 20 years (Seehafer, 1990; Pevtsov et al., 1995, Bao & Zhang,
1998). Later, the advancement in local helioseismology has made possible the measure-
ments of solar subsurface velocity field and the vorticity (or kinetic helicity) as well (Zhao
& Kosovichev, 2003). Apparently, frozen flow with the magnetic field in the fluid of high
magnetic Reynold number is a necessary condition for the α-effect in the framework of
Parker’s dynamo model.

In this paper, we briefly introduce some of our recent works related to the studies of
solar subsurface flows and their connections with photospheric properties.

Comparison between subsurface kinetic helicity and photospheric current helicity in dif-
ferent active regions has been performed. A statistical study by Zhao (2004) showed that
the subsurface kinetic helicity inside active regions observed by the Solar Heliospheric
Observatory / Michelson Doppler Imager (SOHO/MDI) seemed to have a hemispheric
preponderance, like what magnetic (or current) helicity observations had shown. Gao,
Zhang, & Zhao (2009) analyzed the connection between the photospheric current helic-
ity, calculated from vector magnetograms observed by Huairou Solar Observing Station,
and the subsurface kinetic helicity measured from MDI observations in 38 solar active
regions. Similar analysis was performed by Maurya et al. (2011) as well.

High cadence simultaneous observations of vector magnetic field (Hoeksema et al. 2012)
and subsurface flow field by SDO/HMI (Zhao et al. 2012) make possible the comparison
between two kinds of helicities during the evolution of an active region. We studied 5-day
observations of two active regions, and found that the variations of kinetic and current
helicities exhibit good correlations, and this might be a good manifestation of magnetic
field and plasma frozen together. Although the speculation of the depth of α-effect is
still under debate, it is expected that some relevant characteristic might be captured
even near the photosphere. Two flare-productive active regions NOAA AR 11158 and
AR 11283 have been studied. For the weighted helicities, we find that the correlation of
evolutional curves of two kinds of helicity are larger than 0.60. It is very interesting to
see the weighted helicities attain a high correlation during the evolution of both active
regions, in particular when considering that these two helicities are calculated from very
different data. Another fact we cannot ignore is that despite the high positive correlation
in the evolutionary curves of the two helicities, the signs of the two helicities do not
often stay the same. In particular, for AR 11158, the signs of the two helicities are more
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often opposite than same. Therefore, although the evolution of the two helicities is in
positive correlation, it is quite likely that we get a negative or no correlation if we pick
just one snapshot randomly. This may help explain why our previous study did not find
any correlation between two kinds of helicities (Gao, Zhang, & Zhao, 2009). The results
presented in this paper also give us some guidance of how a statistical study with many
active regions should be carried out. Additionally, we also note the independent physical
meaning of the previoius study, where the result manifest the correlation of magnitudes
and signs of helicities in different active regions in comparison to here it manifests the
correlation of the variance of two helicities during the evolution of active region.

It is of great interest to investigate the connections between solar subsurface dynamics
and solar activities. Zhao & Kosovichev (2004) found that the residual vorticity peaks in
the activity belts and is of opposite sign in each hemisphere from a time-distance analysis
of MDI data. Then a series of studies have been performed (Komm et al. 2004a, b;
2005; Mason et al. 2006; Reinard et al. 2010) and a proposed parameter can even provide
advance notice of flare occurrence as it increased 2 to 3 days before the flare.

The subsurface velocities from HMI time-distance data-analysis pipeline (Zhao et al.
2012) are used to study the evolution of subsurface kinetic helicity in a few flare-
productive active regions for the purpose to identifying possible connections between
subsurface dynamics and major solar flares. Our analysis shows that for almost all stud-
ied major flares, some bumps in subsurface kinetic helicity occurred near the time of flare
occurrence. This prompts a better understanding of how subsurface dynamics can lead
to coronal activities.
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