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Abstract Dynamic processes occurring in solar active regions areirtited by
the solar magnetic field. As of now, observations using arsokgnetograph have
supplied us with the vector components of a solar photogphsagnetic field. The
two transverse components of a photospheric magnetic fileld as to compute the
amount of electric current. We found that the electric cofrie areas with positive
(negative) polarity due to the longitudinal magnetic fieavé both positive and neg-
ative signs in an active region, however, the net currenbusd to be an order-of-
magnitude less than the mean absolute magnitude and hafeagdesign. In particu-
lar, we have statistically found that there is a systemagdiertectric current from areas
with negative (positive) polarity to areas with positive@ative) polarity in solar ac-
tive regions in the northern (southern) hemisphere, buhduhe solar minimum this
tendency is reversed over time at some latitudes. The riesiidhtes that there is weak
net electric current in areas of solar active regions withagite polarity, thus provid-
ing further details about the hemispheric helicity ruleridun a series of previous
studies.
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1 INTRODUCTION

In the solar atmosphere, a chirality has been found in thegspberic magnetic field of active
regions that is usually described by the parameter of cttrelicity or a force-free field factor.
In the northern (southern) solar hemisphere, the heliciynty possesses left (right) handedness,
and is called the hemispheric helicity sign rule (Seeha®90] Pevtsov et al. 1994; Pevtsov et al.
1995; Abramenko et al. 1996; Bao & Zhang 1998; Hagino & SakR@84; Zhang et al. 2010).
Furthermore, the distribution of helicity signs was invgsted between the 28 and 24" solar
activity cycles (e.g., Hao & Zhang 2011). Generally, bothaad right handed chirality coexist on a
particular pixel in an image of a solar active region, or exesnunspot, used in deriving a solar vector
magnetogram. The physical explanation of the hemispheficity sign rule is still a complicated
problem. Some typical case studies have shown that thegyarems with opposite net current in
several active regions (Wang et al. 1994; Leka et al. 19961g/Ma Abramenko 1999; Wheatland
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2000). However, it was also inferred that there was no neteatiin sunspots (Venkatakrishnan
& Tiwari 2009). The application of the parameter describougrent helicity in the active regions
has again come into question. In this paper, we try separétim positive and negative flux areas
according to the longitudinal field of the solar active regand study the distribution of current. In
Section 2, we describe the procedure of observation foatédysis, and present data reduction and
results in Section 3. We then summarize and discuss outtsésigection 4.

2 OBSERVATIONS

Vector magnetograms were observed using the Solar Madfietit Telescope, which has a tunable
birefringent filter-type video vector magnetograph (Ai I98For photospheric observations, the
passband of the filter is set at PeI324A. Normally, the longitudinal component of the field (Stokes
V) is measured at —75Anand the transverse components (StakemndU) are measured at the line
core. The equivalent width of the F&5324A line is 0.344A and the FWHM of the filter passband
is 0.15A. Vector magnetograms are reconstructed with the follgwelations:
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inwhichC) andC; are the calibration coefficients for the longitudinal arahsverse fields (Su &
Zhang 2004), respectively. The azimuth of the transverigtifie

1 U
o= 3 arctan (a) . )
Thus they- andz- components of the vector magnetic field are as follows:
B, = B, sing, 4)

B, =Bjcos¢. (5)

The180° ambiguity in the direction of the transverse field is resdlf@lowing Wang et al. (1994)
by comparison with the potential field. The active regiondemnvestigation are all located near
the center of the disk. The latitude and longitude are lems #7, so that the projection effects are
small. Therefore we may denote the line-of-sight and hatialccomponents of the magnetic field as
B, and B, respectively. Usually, in our computations, we selecipixels where the signal exceeds
the noise levels such thaB. | > 20 G andB; > 100 G. The difference in the method used for data
reduction compared with previous research is that we coetpetaverage value ot ((J.)) on the
pixels where B, > 20 G, B; > 100 G) or (B, < —20 G, B; > 100 G) respectively. The derived
parameter is longitudinal electric current, which is defi@s.J, = (1/0)(0B,/0x — 0B, /0y).

3 DATA REDUCTION
3.1 Case of NOAA 10484

Figure 1 shows a simple relation between the electric cuard positions of the pixels. The top
panel shows the electric current in areas with both poséaive negative longitudinal fields in the
active region NOAA 10484. The middle and bottom panels shmwelectric current in areas with
only positive or negative longitudinal fields respectivépmpared with the top panel, the bottom
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Fig. 1 Electric current as a function of pixel position. (a) shotvs électric current in areas with both
positive and negative longitudinal fields in the active oegNOAA 10484. The average and standard
deviation are 1.0< 102 A and 6.6x 10! A, respectively. (b) shows the electric current in areas
with only positive longitudinal fields. The average and gt deviation are —7.6 1072 A and

5.0 x 107! A, respectively. (c) shows the electric current in area$ witly negative longitudinal
fields. The average and standard deviation are<714~2 A and 7.5x 10! A, respectively.

two show a weak negative and positive deviation in electiitent respectively, in spite of all their
standard deviations being of the same order.

Figure 2 shows detailed information on the distributionref lectric current of NOAA 10484.
The vector magnetogram was observed at 09:49:42 on 2003 0Ddth&re are three columns in
Figure 2; the first column shows the distribution of electicrent in areas with both positive and
negative longitudinal fields. The color patterns in rows 8hdw theJ, in intervals with an order-
of-magnitude< 10°. The number of pixels wherd, | > 10° A accounts for 2.5% of the total. The
number of pixels wheréJ,| < 1073 A accounts for 57% of the total, but tigJ.|) is only on the
order of 10°%, which is not shown in this figure. The main contribution(pf.|) has an order-of-
magnitude of 103-10~' A, as shown in rows 2—4 of the first column.

The second column shows the distribution in areas with onppsitive longitudinal field. It
is found that there is a mean current of —1,610-2, —1.68 x 10-2 and—2.96 x 10~* A with a
magnitude smaller than the mean absolute magnituld 86 102, 4.46 x 10~2 and3.05 x 103 A
corresponding to the orders td°, 10~ and10~2 A, respectively.
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Fig.2 The top panels in each column show the original vector magnein and the gray-scale
images show the longitudinal magnetic field of NOAA 10484eBinange (cyan) contours show the
positive (negative) longitudinal magnetic field. The camttevels are 30, 160, 480, 800, 1280,

1600G]. The first column shows the distribution of electnicrent in areas with both positive and
negative longitudinal fields. The second column shows th&ildution in the area with only a pos-

itive longitudinal field. The third column shows the distriton in the area with only a negative
longitudinal field. The images from the second to fourth ralvew the electric current. The corre-
sponding scale of magnitude is shown in the bottom righteoofieach plot.

The third column shows the distribution in areas with onlyegyative longitudinal field. It is
found that there is a mean currentio69 x 10~2, 3.43 x 1072 and—4.95 x 10~* A with a mag-
nitude smaller than the mean absolute magnitude®f x 1072, 6.34 x 10~2 and3.36 x 1072 A
corresponding to the orders o8°, 10~ and10~2 A, respectively.
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Fig. 3 The solid circlesfflled circleg show the positive (negative) sign of the mean electricenirr
The sizes of the circles are proportional to the magnituddetisplayed quantity. The underlying
colored “butterfly diagram” shows how sunspot density \savigth latitude over the solar cycle. The
upper (lower) vertical color bar on the right representdeheling sunspot having negative (positive)
polarity.

3.2 Statistical Study of a Large Sample

We analyze a database of 6629 vector magnetograms obsdrtieel Huairou Solar Observing
Station from 1988 to 2005. For more detailed informatior, thader is referred to Zhang et al.
(2010). The effective field of view is 5.2% 3.63 (before 2001 Aug 25), 4.06< 2.77 (2001 Aug
2510 2001 Oct 13 and 2001 Oct 14 to Nov 30) and 8:¥2.87 (after 2001 Dec 1). After obtaining
(J.) for each magnetogram, we compute the 2-year running avarage range of latitudes. Then
we derive butterfly diagrams, as shown in Figure 3.

Figure 3 shows that théJ.) is negative (positive) in areas with positive (negative)gmetic
polarity in the northern hemisphere or positive (negatinegreas with positive (negative) magnetic
polarity in the southern hemisphere in most bins. The cdldackground is the butterfly diagram
of sunspot areas. The vertical colored bar beside the uppeer) panel indicates that the leading
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Fig.4 (a) The upper panels show a vector magnetogram of NOAA 9696hwiias located at
S17E31 and observed at 11:38:58 on 2001 Nov 08 and (b) arezre whe distribution of electric
current is in an area with positive polarity. (c) The bottoemels show a vector magnetogram of
NOAA 8657 which was located at N19W12 and observed at 0215601999 Aug 31 and (d) areas
where the distribution of electric current is in an area widigative polarity.

polarity is mainly negative (positive) and the followinglanty is mainly positive (negative). So the
whole butterfly diagram statistically indicates that theediion of the weak net current points from
sunspots with negative (positive) polarity to ones withifis (negative) polarity in the northern
(southern) hemisphere. Additionally, there are obviousepkions at the minimum of the solar ac-
tivity cycle. This implies that a statistical reversal iretsign of helicity at the minimum of the solar
activity cycle is an intrinsic property of the evolution bt solar magnetic field. It should be pointed
out that exceptions are found not only in the minimum but aigbe whole solar activity cycle. The
percentage of exceptions is relatively higher at the mimmtlnan in other phases of the solar cycle.

Figure 4 shows two exceptions. The upper panels show a veagnetogram of NOAA 9690
(left) where the distribution of electric current by ordermagnitude is less tharo® A (right). The
(J.) is —1.22 x 1072 A compared to the€|J,|) of 1.08 x 10~ A (11.3%). The bottom panels
show a vector magnetogram of NOAA 8675 (left) where the itligtion of electric current by order-
of-magnitude is less than® A (right). The (J.) is —2.06 x 103 A compared to the|J.|) of
1.86 x 1072 A (11.1%).

4 CONCLUSIONS AND DISCUSSION

Through analyzing magnetograms, we have statisticallpddbat there is a systematic net electric
current from areas with negative (positive) polarity toaeg®ith positive (negative) polarity in solar
active regions in the northern (southern) hemisphere. iffgenet electric current((J..)) is an order-
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Table 1 The percentages of active regions following (bold text) or following to the pattern of
hemispheric helicity sign rule.

Hemisphere (J.) >0,B. >0 (J.)<0,B.>0 (J.)>0,B,<0 (J;)<0,B,<0

2214 cycle
North 53.6% 46.3% 61.9% 38.1%
South 67.6% 32.4% 48.4% 51.6%
234 cycle
North 48.9% 51.1% 67.8% 32.3%
South 62.7% 37.3% 46.9% 53.1%

of-magnitude smaller than the mean absolute magnitudeofré current|.J. |) in the whole active
region. This current reveals more details about the hersigphelicity sign rule found in a series of
previous studies. For example, the net current is stadltinegative in areas with positive (negative)
polarity for solar active regions in the northern (southdr@misphere. As a result, this will cause
an excess of negative (positive) current helicity in thetimenn (southern) hemisphere, which is
consistent with the sign preference associated with thedpdraric helicity sign rule.

At the minimum in the solar activity cycle, some exceptiohsiet electric current have been
found, which have an opposite direction with respect to thienal ones. This gives self-consistent
evidence that the reversed sign of helicity based on obsensafrom the Huairou Solar Observing
Station reflects the intrinsic property of twist in the sataagnetic field. Furthermore, we compute
the percent of active regions conforming or not conformmthe hemispheric helicity sign rule.

As given in Table 1, bold text shows the cases that follow terall pattern. Besides a weak
preference in sign, there are also some unusual featuresh&@2'¢ solar cycle, the percentages
are 67.6% (61.9%) wheR, > 0 (B, < 0) in the southern (northern) hemisphere. The percentages
are higher than 51.6% (46.3%) whéh < 0 (B, > 0) in the southern (northern) hemisphere. For
the 234 solar cycle, the percentages are 62.7% (67.8%) when- 0 (B, < 0) in the southern
(northern) hemisphere. The percentages are still higlaer$i.1% (53.1%) wheR, < 0 (B, > 0)
in the southern (northern) hemisphere. This imbalance oéureent in different hemispheres when
B, < 0orB, >0 may arise from the effect of Faraday rotation, which carsean excess in false
net positive current in an active region (Hagino & Sakurad£20Gao et al. 2008). Nevertheless,
the areas with negative current in the southern (northegnjisphere ofB, > 0 (B, < 0) show
convincing features that support the reversal in the sidicityebeing independent of the effect of
Faraday rotation. Although the hemispheric helicity sigie holds over the whole 28solar activity
cycle, the apparent areas of reversed sign are seen in ttieesohemisphere at the end of the cycle.
This is in agreement with another statistical analysis dpyndao & Zhang (2011) with independent
data observed by Hinode in the descending phase of ties®far activity cycle.
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