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Abstract. In this paper, we analyze the latitudinal distributiothe electric current in the active regions obviously relates to the
of the photospheric current helicity for 422 active regions, iremergence and the evolution of new magnetic flux (Wang et al.
cluding most of the large ones observed in the last ten yedt894; Zhang 1995b, 1997).
Observations show that most active regions in the northern hemi- The dynamo for the global magnetic field is normally as-
sphere have negative helicities and in the southern hemispremned to operate at the base of the convection zone. A possible
have positive ones. The negative maximum values of currenéchanism is the turbulent alpha effect (Parker 1955), which
helicity occurred in 1989 and 1991, while those positive arourggnerates from small-scale velocity fluctuations in electromo-
1992. Itis evidentthat the observational current helicity of activive force parallel or anti-parallel to the mean magnetic field.
regions is normally brought up by emerging magnetic flux froffihe helicity of the convection motions relates to the generation
the subatmosphere and probably acted by the moving mass. @hgoloidal fields from toroidal fields. As the magnetic flux on
result observed shows that less thaiy20f active regions have the solar surface emerges from the deeper layers of the Sun,
the sign opposite to that of most ones in the same hemispha@ne information of the alpha effect can be inferred by the pho-
These reversed sign regions of the current helicity are obviousigpheric vector magnetic field. The problem is how to link the
related to abnormal distribution of the vector magnetic field mistribution of the helicity of the magnetic field on the solar
the active regions, due to emergence of new magnetic fluxsafrface with solar cycles and the relationship with individual
opposite polarities. current helicity regions.

In this paper, we pay attention to studying the latitudinal
Key words: Sun: activity — Sun: magnetic fields — Sun: photadistribution of current helicity of active regions and their rela-
sphere tionship with solar activity, especially for some typical active
regions.

1. Introduction 2. Definition of current helicity

Hfslicities are topologically a measure of the structural complex-

A graph of the range in latitude of sunspots as a function N ;
: ; of the corresponding fields (Moffatt 1978; Berger & Field
cycle phase (Butterfly diagram) was discovered many years %)%4 SeehaferplQQO) gThe hel(icity of magnetic f?elds may be
0 ’ )

(cf. Wilson 1994). It supplies information on the distribution rerized b | diff N tors. Th fch
strong magnetic field regions on the solar surface within so rp.arac erized by several different parameters. 1ne magnetic he-
(C‘lty density h,,=A - B, with A the vector potential for mag-

cycles. The evolution of the large-scale longitudinal magne [ ¢ , o
field in the solar surface was provided by synthetic analy tic field B, measures t.hellmkage of magnetic lines of force.
e total magnetic helicity is

with a series of full-disk photospheric magnetograms, whic
contains the information on the origin of large-scale magnetj'? _ /A Bd?z (1)
fields on the solar surface and the reversal of polar magneti¢’ ’

field with solar magnetic cycles. Observations show that stropgicn may not be conserved when finite resistivity is present

twisted magnetic fields on the solar surface normally oc:curé,g(:_.rger & Field 1984). However, the magnetic helicity is un-

active regions, which relates to properties of the helicity of thReasurable in the solar atmosphere until now. Assuming alinear
magnetic field. Several previous investigations indicate transgm's jaw

equatorial change in sign of the helicity of active regions in the 1

photosphere (Seehafer 1990; Pevtsov etal. 1995; AbramenkBet ~B x v = nJ, (2)
al. 1996). If the magnetic field consists of an ensemble of flux €

tubes, the helicity of the magnetic field depends on the confighe helicity-dissipation rate is

ration of the flux tubes. By analyzing the twisted magnetic fieldr,,, " 3

in the electric current picture, it is found that the formation of j;  — —2¢ /v nd - Bdz. (3)
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The current helicity density is and the beginning of 1993. They included active regions NOAA
A 6891, 7321 and 7440 in the southern hemisphere. That the max-
he = ?B J=B-vxB imum values of current helicity in the northern hemisphere oc-

~ B,-(vxB). +B- (v xB) @) curred in 1989 and 1991 and that in the southern hemisphere
LV + [N I around 1992 are consistent with the configuration of two peaks

which describes the linkage of electric current. The simple rel@f the solar activity in the solar cycle 22, which is well-known.

tionship betweeh,,, andh,. can be inferred inthe approximation ~ The imbalance of electric current helicity in an active region

of the force-free field (Pevtsov et al. 1995), and thus the currégidefined by

helicity density may be written in the form - [ [ hods -

he = (B/By)*B - (v x B)|. G T [ Thlds

The current helicity, however, is measurable in the solar photPhe sign of the electric current helicity may not be the same at
sphere. The mean density of current helicity in the local areaech position in an active region. In other words, a given active

the solar surface is region probably contains mixed signs of current helicity. The
1 imbalancep;, of current helicity in an active region does not
he =% //B -V x Bds, (6) immediately relate to the amplitude of current helicity, because

the total helicity of a solar active region sums the local helicities

e.g. this is an average value of the current helicity derfsity (sometimes with mixed signs) over the whole region in Eq. (7).
in the observing regioiy. Because the transverse componeffhe [atitudinal distribution of imbalance, of current helicity
of the electric current cannot be inferred by the observationglactive regions is shown in Fig. 2.
photospheric vector magnetograms, we will only refer to the By comparing between Figs. 1 and 2, we can find that some
second ternB - (7 x B); of the current helicity in Eq. (4) in sunspot groups, which show low current helicity, have relatively
the following. strong imbalance of current helicity between the positive and

Inthe lastten years, many of vector magnetograms for actiyggative signs in an active region, i.e. these regions have a pre-
regions were observed at Huairou Solar Observing Stationgminate twisting direction of the magnetic field.
Beijing Astronomical Observatory, which allows us to compute | addition, the average values of the intensity and imbal-
the distribution and the evolution of the current helicity. Thgnce of current helicity in active regions calculated by us are
data reduction of vector magnetograms, calculating the longhown in Fig. 1 after data smoothing. Their distributions are a
tudinal electric current and the corresponding current helicifile different from one other, but show the same tendency. This
was described by Wang et al. (1994) and Bao & Zhang (1998)eans that the statistical average of the current helicity regions
For analyzing the distribution of the electric current helicity irﬁorma“y corresponds to that of the imbalance of the helicity.
the solar latitude, we consider 422 active regions in the last teRe average values of current helicity in 1989 occurred in the
years. Most of the active regions belong to solar cycle 22 an@gthern hemisphere, while that in 1992 in the southern hemi-

few of them belong to solar cycle 23. sphere. Because most large active regions in the last ten years
are included, these probably reflect the real tendency of current
3. Latitudinal variation of current helicity helicity in active regions in both hemispheres.

The latitudinal distribution of current helicity in active regions N _ _ _ _
is shown in Fig. 1. We can see that most current helicities 4 Current helicity and magnetic shear in active regions

sunspot groups in the northern hemisphere Sh_OW Fega“"_e Siﬂ@(:ording to the second term of Eq. (4) and Eq. (5), we can see
W,h'rie poshmve ,|n the lsouther:n hemlspheri, V\(/jh|chb|s 9°ns'5tecﬂtat the density of current helicity depends on the twist of the
wit Seg -afgrs resu t (Sge afer 1990). The distribution of CUYfansverse magnetic field and the intensity of the longitudinal
_rent hellc_|ty in act!ve_reg]ons also shows _the Butterfly pa‘t'[emagnetic field. The observational results of the photospheric
if comparlng.the distribution of currgnt hellcf[y through the Sor'nagnetic field demonstrate that the formation of the twisting
lar cycle. This means that the positions of high electric CurreIWagneticfieId (electric current) obviously relates to the arrange-

helicities are firstly in the middle latitudes at the beginning Oflfﬁent of the magnetic field in the active regions (Zhang 1995b,
new solar cycle, then shift to high latitudes towards the equat_&;g?)

with time, giving rise to the chargcteris_tic Butterfly pattern. We To analyze the global properties of current helicity of active
seethatless than 20% ofthe active regions do not follow the g?ggions, we define the normal current helicity which follows

eral t:rendr,] bUt. har\]/e a positive sign C.)f tue curre;nt herllicity ingl'fﬁe global sign rule of the current helicity (i.e. in the northern
northern hemisphere and negative in the southern hemisp ESuthern) hemisphere the sign of helicity is negative (positive))

The regions of high negative current helicity occurred i nd the reversal current helicity which shows the sign oppositely

1989and 1991_which_inc|udes active_regions NOAA 539,5’ 6635 the global rule. We present some examples of current helicity
(two super-active regions) and 6619 in the northern hem|sphqhethe following

and NOAA 6615 in the southern hemisphere. The high helic-
ity regions of positive sign occurred between the end of 1991
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ative sign, even though a positive area is located at the north of

Fig. 3a shows a vector maanetoaram in the active region (NO,&(;&E active region. This is a good evidence of the current helicity
9. 9 9 . 9 .—_due to the twist of the transverse magnetic field in the northern
6659) on 9 June 1991. This active region was a super-active re-

gion and occurred in high latitude (N32) in the solar cycle 2 émisphere, which coincides with the normal sign rule of the

. . X .~ “distribution of current helicity (Seehafer 1990). By analyzing
The relationship between the flares and the conflguratlontﬂi evolution, we find that it was a mature active region and

the magnetic field was analyzed by Zirin & Wang (1992) and

N radually drawn away by the different rotations (Schmieder et
Zhang (1995a, 1996) etc. The transverse magnetic field rOtag?sl994), even though a series of highly-sheared magnetic flux

counter-clockwisely towards the center of the active region and ) . !
emerged near the magnetic neutral line to trigger flares.

a series of highly sheared magnetic flux successively emergesFig_ 4 shows a vector magnetogram in active region (NOAA

near t.he magnetic neutral line. As comparing with the VertiCQJNZ) on 12 August 1991. This active region was located at the
electric current map (Fig. 3b), we may guess that the eIeCtr'Suthern hemisphere (S24) and consisted of an unipolar spot.
current flows up from the center of the active region towards t e transverse magnetic field shows counter-clockwise vortex.

surrounding areas. The large-scale current helicity shows NF¥e vertical electric current flows up from the center of the

4.1. Normal current helicity
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Jun-09,1991 03:52:54

Fig.3. aA vector magnetogram of active region (NOAA 6659) on

9 June 1991. The solid (dashed) contours indicate the positive (nega-
tive) longitudinal magnetic field distribution af20, 160, 640, 1280,
1920, 2240, 2560 and 2880 Gaus#s.The corresponding vertical
electric current distribution of=0.2, 0.4, 0.8, 1.0, 1.2, 1.4, 1.6 and
2.0(x107%)Am ™2 andc the electric current helicity distribution of

L ¢ { +0.5,1.0,20,25,3.0,3.5,4.0, 5010 1)G?*m . The north is top

: and the east is at left.

sunspot and returns to the surrounding areas. A similar case apart. Thus, this active region relates to two electric current sys-
be found in the active region (NOAA 6767) in Fig.5, whicitems and contains opposite signs of the helicity, which does not
was also located in the southern hemisphere (S26.5) on 9 Aompletely coincide with the normal rule of the current helicity
gust 1991. They are decaying active regions and show obvialue to the emergence of magnetic flux. The development of the
single sign of current helicity, which coincide with the generahagnetic field in this active region is provided in a subsequent
rule of global helicity. These are not significant trails of newlypaper.

emerging magnetic flux in these active regions. The rotation of Fig.7 shows a vector magnetogram in the active region
the photospheric transverse magnetic field probably reflects (N©OAA 6615) on 7 May 1991 and the corresponding elec-
original properties of the sunspot magnetic field, which pattetmnc current and helicity maps. This active region located in the
may be partly distorted in some complex active regions. southern hemisphere (S11.2) shows opposite sign of current he-
licity to the sign rule of most of the active regions in the southern
hemisphere. We analyze the distribution of the vector magnetic
field in the active region and its evolution, and we can find that it
Fig. 6 shows the active region (NOAA 7070) on 25 Feb. 199@&as a newly-growing active region. From a series of daily mag-
This active region was located in the northern hemispheatetograms, we find that two magnetic bipol&g {S3) and (Vy,
(N5.6). From daily vector magnetograms, we find that the mag;) emerge in the active region, and their transverse component
netic field in this active region consists of two main parts. Oneds$ the magnetic field rotates clockwisely. The distribution of
magnetic poles/{; andS;), another is ¥y andS,). The mag- the vertical component of the electric current provides the in-
netic shear occurs near the magnetic neutral line between finenation that the electric current flows towards the center of
magnetic poles/{; andS,) of opposite polarity. Newly emerg- the active region from the surrounding areas.

ing magnetic flux occurs near the magnetic neutral line between From the results in active regions (NOAA 6615 and 7070),
magnetic polesi{» andsS,) of opposite polarity and pushs thenwe find that the emergence of the magnetic flux of opposite

4.2. Reversal current helicity
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Fig. 4. aA vector magnetogram of active region (NOAA 6772) on 12 August 1991. The stdghed contours indicate the positivaggative
longitudinal magnetic field distribution af20, 160, 640, 1280, 1920, 2240, 2560 and 2880 GdwEke corresponding vertical electric current
distribution 0f+0.2, 0.4, 0.8, 1.0, 1.2, 1.4, 1.6 and @.(1()‘2)Am‘2 andc the electric current helicity distribution af0.5, 1.0, 2.0, 2.5, 3.0,
3.5,4.0,5.0x1071)G%*m™". The north is top and the east is at left.

Aug—-09,1991 03:14
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Fig.5. aA vector magnetogram of active region (NOAA 6767) on 9 August 1991. The stdishgdl contours indicate the positiveggative
longitudinal magnetic field distribution af20, 160, 640, 1280, 1920, 2240, 2560 and 2880 GdwiEke corresponding vertical electric current
distribution 0f+0.2, 0.4, 0.8, 1.0, 1.2, 1.4, 1.6 and Q>.<(10‘2)Am‘2 andc the electric current helicity distribution af0.5, 1.0, 2.0, 2.5, 3.0,
3.5,4.0,5.0x1071)G%*m™ . The north is top and the east is at left.

polarity influences the distribution of the electric current in theemispheres at the beginning of a new solar cycle and gradu-
photosphere (Zhang 1995b, 1996). The current helicity in thesdey migrate from high latitude to low latitude. The signs of most
emerging flux regions trend towards the opposite sign relatigarrent helicity in active regions coincide with the normal rule
to the general ones. (i.e. in the northern (southern) hemisphere the sign of helicity

is negative (positive)). If the atmospheric currents are generated

in the (subphotospheric) region of dynamo operation before the
5. Discussion and results flux ropes from which active regions result have broken away
atpii .~ : from the toroidal field belt, these currents should be generated
The study on distribution of the current helicity and its relan the alpha effect (Seehafer 1990).

tionship with the solar cycle is an important topic, because The statistical its d trate that the distributi ¢
provides information on the transportation of the twisted mag- € statistical results demaonstrate that the distribution o

netic field (electric current) from the subatmosphere, which yrrent helicity in both hemispheres also connects with the solar

different from that of the sunspot groups and the Iarge-scﬁ\t(étw'ty’ €.9. rr:?]stl_o_ftthe pohwen;LrJ]I flarf_: prodL!CIngSrgglsons dsgg\évg
pattern of the longitudinal magnetic field. strong currentheticity, such as th€ aclive regions an :

The observational helicity of active regions provides 'J(;hlsmeansthatthe helicity is an important index of the reserved

chance to analyze the twist of the strong magnetic field in tﬁéagnetm energy in active regions.

solar surface. We find that the areas of strong current helicltiﬁ We. allso flnt(_d that t_he m:jbalan_ce of tt_he cur_rent hellcglty n
of opposite sign first occur in the middle latitudes of the bo & unipolar active regions (decaying active regions) is obvious,
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Feb-25,1992 02:21
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Fig.6. aA vector magnetogram of active region (NOAA 7070) on
25 February 1992. The solidldshed contours indicate the positive
(negativé longitudinal magnetic field distribution a£20, 160, 640,
1280, 1920, 2240, 2560 and 2880 Gaus3he corresponding verti-

N cal electric current distribution a£0.2, 0.4, 0.8, 1.0,1.2, 1.4, 1.6 and
1 2.0(x107%)Am ™2 andc the electric current helicity distribution of
P +0.5,1.0,2.0,2.5,3.0,3.5,4.0, 5010 1)G?*m . The north is top
and the east is at left.

while the values of current helicity normally are not large. Evecurrent helicities brought by newly-emerging magnetic flux for
shed flow in the sunspots is probably an important reason of thest of the active regions coincide with the sign rule in both
twisted transverse magnetic field proposed by Seehafer (199@mispheres.
due to the action of Coriolis force on the magnetic field lines. From the above discussion, we find that the configuration
The decaying process of the magnetic main pole, which is dofethe current helicity of active regions and its change in the
to the outward movement of the broken magnetic fragmengdotosphere comes from two possibilities. One is caused by the
and the relationship with Evershed flow in a similar active remergence of new magnetic flux, which brings the new helicity
gion were demonstrated by Wang et al. (1989) and Zhang etiato the photosphere from the subatmosphere. Another comes
(1992). from the mass motion, such as the Evershed flow in sunspots
It is noticed that the signs of current helicity in some aaear the photosphere, which changes the arrangement of the
tive regions reverse to the normal rule. The observational magnetic field in the action of the Coriolis force. These progres-
sults demonstrate that the intrinsic twisting character of newlgively change the distribution of the global helicity. Moreover,
emerging magnetic flux tubes is probably insignificant in sontiee twisted magnetic fields are probably ejected as CMEs and
active regions (Zhang & Song 1992; Zhang 1995b), or hard rmagnetic clouds, which transport the current helicity from the
detect in the unresolved size. The magnetic shear in active sefar atmosphere into interplanetary space. On the other hand,
gions is obviously caused by the emergence of magnetic fluxesen though the current helicity in active regions is interperted
opposite polarities, such as in the active active regions NOA# us, many questions on the understanding of global properties
6615 and 7070. This means that the emerging magnetic fluxobthe helicity remain to be answered, such as we do not clarify
opposite polarity not only carries up the new current helicitye relationship between the helicity in active regions and that
from the subatmosphere, but also interacts with the pre-existimighe large-scale global field on the solar surface.
magnetic field and breaks up the distribution of former cur-
rent helicity in active regions in the photosphere, although the



886

May-07,1991 01:38

H. Zhang & S. Bao: Latitudinal distribution of photospheric current helicity and solar activities

After the analysis, the main results are as follows:

Fig. 7. aA vector magnetogram of active region (NOAA 6615) on
7 May 1991. The soliddashedl contours indicate the positivaéga-
tive) longitudinal magnetic field distribution a£20, 160, 640, 1280,
1920, 2240, 2560 and 2880 Gaus&s.The corresponding vertical
electric current distribution of=0.2, 0.4, 0.8, 1.0, 1.2, 1.4, 1.6 and
2.0(x107%)Am ™2 andc the electric current helicity distribution of
+0.5,1.0,2.0,2.5,3.0,3.5,4.0, 5010 1)G?*m . The north is top
and the east is at left.
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