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Abstract: We apply differential affine velocity estimator (DAVE) to the Solar Dynamics Observatory
(SDO)/Helioseismic and Magnetic Imager (HMI) 12-min line-of-sight magnetograms, and separately cal-
culate the injected magnetic helicity for the leading and the following polarities of nine emerging bipolar
active regions (ARs). Comparing magnetic helicity flux of the leading polarity with the following polarity,
we find that six ARs studied in this paper have the following polarity that injected more magnetic helicity
flux than that of the leading polarity. We also measure the mean area of each polarity in all the nine ARs,
and find that the compact polarity tend to possess more magnetic helicity flux than the fragmented one.
Our results confirm the previous studies on asymmetry of magnetic helicity that emerging bipolar ARs
have a polarity preference in injecting magnetic helicity. Based on the changes of unsigned magnetic flux,
we divide the emergence process into two evolutionary stages: (1) an increasing stage before the peak flux
and (2) a constant or decreasing stage after the peak flux. Obvious changes on magnetic helicity flux can
be seen during transition from one stage to another. Seven ARs have one or both polarity that changed
the sign of magnetic helicity flux. Additionally, the prevailing polarity of the two ARs, which injects more
magnetic helicity, changes form the following polarity to the leading one.
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1. INTRODUCTION

Magnetic helicity, which is defined as
∫
A ·Bd3x, where

B is the magnetic field and A is the vector potential,
measures the twist, kink, and the inter-linkage of mag-
netic field lines. Theoretical studies on magnetic he-
licity show that magnetic helicity is conserved in ideal
plasma and dissipates very slowly in the course of mag-
netic reconnection when the local plasma possesses a
high magnetic Reynolds number (Woltjer 1958; Berger
& Field 1984). When the magnetic helicity is conserved,
the magnetic field will relax into a minimum-energy
state, which is a force-free field with a constant α and
all the magnetic fields share the same amount of total
magnetic helicity (Woltjer 1958). Applying the conser-
vation of magnetic helicity as confinement in the energy
release process, Taylor relaxation successfully predicted
the observed field reversals in the laboratory pinch de-
vices (Taylor 1974, 1986). This was a huge triumph
to employ magnetic helicity to explain the behavior of
plasma with the energy release process. Since then,
many attempts have been made to apply the Taylor re-
laxation to the solar atmosphere. Observations indicate
that magnetic helicity can be injected into the corona
by flux emergence (Leka et al. 1996). In each hemi-
sphere, helicity has a preferred sign in injecting, namely,
positive/negative sign in the southern/northern hemi-
sphere (Rust 1994; Pevtsov et al. 1995; Pevtsov & Bala-
subramaniam 2003; Démoulin & Pariat 2009; Yeates &
Mackay 2009; Wang & Zhang 2010; Zhang et al. 2010;
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Hao & Zhang 2011; Pipin et al. 2013; Wang 2013).
This hemisphere helicity rule could set restriction on
the dynamo theory, since the observed helicity should
originated from the dynamo process. Considering that
the magnetic helicity cannot dissipate in the corona,
the injected helicity will be accumulated in the corona,
and thus may play a key role in various solar phenom-
ena such as flares, filament/prominence eruptions, and
coronal mass ejections (CMEs) (Berger M. A. 1984;
Rust 1994; Low 1996; Wang et al. 2004; Leka et al.
2005; Zhang et al. 2006; Pevtsov 2008; Zhang et al.
2008; Démoulin & Pariat 2009). However, the origin of
the observed magnetic helicity in the solar atmosphere
is not yet well understood.

Currently, there are two prevailing scenarios explain-
ing the formation of the observed magnetic helicity in
the active regions (ARs). One is the α-effect of mean-
field magnetohydrodynamics (MHD), where generates
a mean electromotive force along the mean magnetic
field by turbulently fluctuating parts of the velocity and
the magnetic field, could subsequently generate small-
scale and large-scale magnetic helicities of opposite sign
simultaneously (Seehafer 1996). The other is the so-
called Σ-effect, which operates on isolated magnetic flux
tubes subjected to buffeting by turbulence with a non-
vanishing kinetic helicity, that could produce twist of
one sign and the same amount of writhe with the op-
posite sign (Longcope et al. 1998; Longcope & Pevtsov
2003). Both the theories are based on the MHD theory
and requires information of the convection zone (CZ),
which, theoretically, can be obtained by helioseismic in-
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versions of solar oscillation measurements (Schou et al.
1998). The sign of the twist predicted by the Σ-effect
is opposite to that of the α-effect, but it agrees with
the observation (Longcope et al. 1998). Due to lack of
a proper method, we can not probe the α-effect or the
Σ-effect directly. For the Σ-effect, some sophisticated
knowledge such as the kinetic helicity of the CZ is, at
present, restricted only to the shallow layer of the solar
subsurface (Zhao & Kosovichev 2004). Moreover, there
is no detailed theoretical predictions that concern the
α-effect in the solar convection zone. All these facts
urge us to perform more studies to answer the origin of
the magnetic helicity.

A recent study on the asymmetry of magnetic helic-
ity sheds light on solving the origin of magnetic helicity
in the ARs. By using local correlation tracking (LCT)
to the Michelson Doppler Image (MDI) 96-min line-of-
sight magnetograms for 15 emerging bipolar ARs, Tian
& Alexander (2009) showed a spatial discrepancy in the
total magnetic helicity flux of these ARs, they found
that the leading polarity injected typically 3 to 10 times
more magnetic helicity than the following polarity. Fur-
ther studies confirmed this result for 3 emerging bipolar
ARs, by applying differential affine velocity estimator
(DAVE) to the MDI 1-min high spatial resolution line-
of-sight magnetograms (Tian et al. 2011). Since the
observed magnetic helicity carried by the emerging flux
should originate from the CZ, such asymmetry gives
us more knowledge to figure out what happened to the
magnetic flux tubes when they were rising through the
CZ. Moreover, it may also help to set more confine-
ments on the dynamo process, such as the initial twist of
the magnetic flux tubes before they rise through the CZ.
However, certain issues need to be sorted before such
asymmetry is applied to the dynamo theory. Firstly,
the results we have were yielded from the MDI data
only, and the previous study focused only on the emerg-
ing bipolar ARs that have a compact leading polarity
and a fragmented following one. Secondly, detailed evo-
lutionary information of this asymmetry remains a mys-
tery: i.e., we do not know wether this asymmetry vary
with time or not. Therefore, further studies need to be
carried out on the asymmetry of magnetic helicity and
its temporal variations using the data observed by some
advanced instruments.

The purpose of this paper is to perform further study
on the asymmetry of magnetic helicity between two po-
larities of emerging bipolar ARs. We calculated the in-
jected magnetic helicity of 9 emerging bipolar ARs dat-
ing from May to December 2010, by applying DAVE to
the Solar Dynamics Observatory (SDO)/Helioseismic
and Magnetic Imager (HMI) 12-min line-of-sight high
resolution magnetograms. Comparing the magnetic he-
licity flux of the leading polarity with the following po-
larity, we found that 6 out of the 9 ARs have the follow-
ing polarity that injected more magnetic helicity flux
than that of the leading polarity. To see whether the
discrepancy of magnetic helicity between the polarities
evolves with time, we divided the emergence process
into two evolutionary stages, based on the changes of

unsigned magnetic flux. A clear difference in the mag-
netic helicity flux between the two evolutionary stages
was found.

2. METHOD AND OBSERVATIONS

Huge progress in measuring the magnetic helicity in
the Sun has been achieved in the past two decades.
Wang (1996) first estimated the magnetic helicity injec-
tion rate through the photosphere. Later, Chae (2001)
measured the magnetic helicity injected through pho-
tosphere by employing local correlation tracking (LCT)
to MDI line-of-sight magnetograms to track the pho-
tospheric flows. However, the LCT method did not
agree with the magnetic induction equation. There-
fore, a method called differential affine velocity esti-
mator (DAVE) was used to solve this problem (Schuck
2005, 2006). DAVE uses affine velocity files, to describe
a velocity field inside a local area around a point (xi, yi)
with six parameters: Ui, Ux,i, Uy,i, Vi, Vx,i, Vy,i. The
velocity u satisfies the magnetic induction equation for
each local window. Compared to LCT, DAVE method
is better in measuring magnetic helicity (Schuck 2006;
Chae 2007).
To monitor the spatial distribution of the injected

magnetic helicity, magnetic helicity flux density is a
good proxy (Chae 2001; Liu & Zhang 2006; Démoulin
& Pariat 2009). The density can be written as

GA(x) = −2(Ap · u)Bn, (1)

where, Ap is the vector potential defined by Berger &
Field (1984). Unfortunately, calculating magnetic he-
licity flux with this density may yield fake polarities.
Pariat et al. (2005, 2006) proposed a new way to calcu-
late magnetic helicity flux density, which satisfies,

Gθ(x) = −Bn(x)

2π

∫
S′

((x− x
′
)× (u− u

′
))|n

|x− x′ |2
Bn(x

′
)dS

′
,

(2)

where x and x
′
are the photospheric magnetic foot

points and the subscript n denotes the normal com-
ponent of a vector. It is well accepted that this method
is significantly effective in reducing fake polarities.
In this paper, we apply DAVE to calculate the veloc-

ity of photosphere flow with line-of-sight magnetograms
and adopt Gθ to calculate the magnetic helicity density.
The magnetograms are from SDO/HMI, which provides
full-disk magnetograms observed in the Fe i 6173Å ab-
sorption line, with a spatial sampling of 0.5′′ pixel−1,
and a noise level of approximately 10 G (Wachter et al.
2012). It has been found that the measurement of the
DAVE method works well at a time interval ∆t = 10
minutes (Tian et al. 2011). Considering HMI provides
45-s cadence and 12-min cadence (lower noise) line-of-
sight magnetograms, we chose a time interval of 12 min-
utes, which is close to 10 minutes, and used 12-min
longitude magnetograms in this work. As for the win-
dow size, we chose 15 × 15 pixels, taking into account
the shapes of the ARs we studied (Welsch et al. 2007;
Schuck 2008; Tian et al. 2011).
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We measured the injected magnetic helicity of 9 bipo-
lar emerging ARs. All ARs emerged near the disk cen-
ter and processed well-formed bipolar structure dur-
ing the observation. The ARs were found by the HMI
Active Region Patches (HARPs) program, which auto-
matically identified all magnetic regions above a certain
flux. Five of the ARs, having an NOAA number, are
AR 11072, 11076, 11120, 11124, and 11130. The other
four ARs, are too small to have NOAA numbers, but
are identified the by HARP program. These ARs are
HARP 0044, 0047, 0228, and 0296. Following Tian &
Alexander (2009), we considered the region of magnetic
flux greater than 20G (less than -20G) as positive (neg-
ative) polarity. In our work, we did not consider the
contribution of differential rotation in injecting mag-
netic helicity, as its contribution is negligible in emerg-
ing ARs. Thus, all the magnetograms were differen-
tially rotated with respect to the disc center (Démoulin
et al. 2002; Démoulin & Pariat 2009).

Figure 1. The top panels are snapshots of the four HMI 12-
min line-of-sight magnetograms of AR 11072. The bottom
panels are the changes of the magnetic flux (a), polarity
distance (b), magnetic helicity injection rate (c), and the
accumulated magnetic helicity flux (d) in AR 11072. The
blue and red curves denote the flux of positive and negative
polarity, respectively. The arrows mark the first emergence,
and the vertical solid lines indicate the time when the un-
signed magnetic flux reached its maximum, and the vertical
dotted lines mark the time when AR 11072 passed through
the central meridian on the observed solar disk.

Figure 2. Same as Figure 1, but for AR 11076

3. RESULTS

3.1. AR 11072 and AR 11076

AR 11072 first emerged at southern hemisphere
(S15E36) on May 20, 2010 and passed the solar disc
center three days later, while AR 11076 emerged at
southern hemisphere (S19E19) on May 31, 2010 and
passed through the disc center on June 1. The emer-
gence process of AR 11072 lasted for about 40 hr, and
then it developed into a bipolar structure with a com-
pact leading polarity and a fragmented following polar-
ity. AR 11076 also possessed a bipolar structure during
its life time passing the solar disc. Unlike normal bipo-
lar ARs, AR11076 showed a compact following polarity
and a dispersed leading polarity. The morphological
evolution of the two ARs, AR11072 and AR11076, are
briefly discussed in the upper panels of Figures 1 and
2 in four snapshots of SDO/HMI line of sight magne-
tograms. The leading polarity of AR 11072, with posi-
tive magnetic field, is clearly more compact and barely
decayed during the observation. The following polar-
ity, with negative magnetic field, however, is quite frag-
mented and decayed very quick. As for AR 11076, it
had the same sign of magnetic field for each polarity as
AR 11072, but both polarities were compact to begin
with, and then the leading polarity slowly decayed and
became fragmented.
The evolution of magnetic flux and polarity distance

of the two ARs are measured by means of HMI mag-
netograms. The results are plotted in bottom panels
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Table 1
Nine emerging bipolar ARsa

NOAA CMD Pos Pol ∆ΦL/∆ΦF ∆HL/∆HF (∆HL)f/(∆HF )f (∆HL)s/(∆HF )s

11072 May 23 S15E36 Positive 16.6/-15.1 -106.9/3.2 -77.6/1.6 -29.3/1.6
11076 Jun 1 S19E19 Positive 23.4/-25.8 -7.9/65.3 -17.3/34.5 9.4/30.8
11120 Nov 6 N13E13 Negative -6.6/6.4 1.1/3.8 1.4/1.9 -0.3/-2.0
11124 Nov 13 N14E42 Negative -41.9/34.1 -88.1/59.3 -125.0/35.5 36.9/23.8
11130 Nov 29 N13E23 Negative -35.2/31.6 -60.6/-118.2 15.6/-91.8 -76.2/-26.5

HARP

0044 Jun 2 S33E20 Positive 1.0/-1.3 -1.9/1.4 -1.1/1.2 -0.8/0.2
0047 Jun 9 N15E32 Negative -1.8/0.9 -0.5/-1.0 0.3/0.4 -0.8/-1.4
0228 Oct 18 N18E00 Negative -1.0/0.4 0.077/0.211 -0.074/0.067 0.151/0.144
0296 Dec 10 S16E14 Positive 1.0/-2.0 -0.7/-2.7 0.3/-0.9 -1.0/-1.8

Notes. a Pos denotes the latitude and longitude at which the AR started emerging, and Pol denotes the sign of the magnetic field in
the leading polarity. ∆ΦL and ∆ΦF denote the magnetic flux of leading and following polarities, respectively (in units of 1020Mx),
and ∆HL and ∆HF denote the magnetic helicity flux injected by leading and following polarities, respectively (in units of 1040Mx2),
and (∆HL)f/(∆HF )f and (∆HL)s/(∆HF )s denote the helicity of leading and following polarities before and after the reference time,

respectively (in units of 1040Mx2).

of Figure 1 and Figure 2. Panel a in Figure 1 repre-
sents the 6-day changes of magnetic flux in AR 11072,
with blue, red, and black curves that denote temporal
profiles of positive, negative, and unsigned magnetic
fluxes, respectively. Panel b in Figure 1 represents the
polarity distance of AR 11072, which is the distance
between the barycentre of its two polarities. The ar-
rows mark the first emergence of AR 11072, while the
vertical solid lines indicate the time when the unsigned
magnetic flux reached its maximum, and the vertical
dotted lines mark the time when the active regions pass
through the central meridian of the observed solar disk.
We find that the magnetic flux of AR 11072 started
rising close to 25 hr and lasted for till about 40 hr.
The unsigned flux increase from around 0 to 5 × 1021

Mx, while the polarity distance grew from zero to 18′′.
Then the magnetic flux ceased increasing, for about 10
hr, and fell slowly and eventually dropped to 3.5×1021

Mx. It is also clear that the changes of the polarity
distance behaves quite like the magnetic flux: it first
increases, then ceases, and finally drops slowly. It is
noted that through the entire 6-day observation, the
magnetic flux of leading and following polarity are ap-
proximately equivalent to each other, with the leading
polarity slightly higher than the following one. The
change of magnetic flux (panel a) and polarity distance
(panel b) of AR 11076 is shown in the Figure 2. The im-
age panels of Figure 2 are arranged similar to Figure 1.
The unsigned magnetic flux of AR 11076 evolves quite
similar to AR 11072: i.e., it began to increase after its
first emergence, then reached its maximum, 5.8× 1021

Mx 80 hr later, and finally began to fall. The neg-
ative magnetic flux (the following polarity), however,
did not decrease but stayed steady while the unsigned
flux began falling. Unlike AR 11072, the polarity dis-
tance in AR 11076 was increasing all the time except
from 90 to 110 hr. Such behavior indicates a different
evolution process in AR 11076. In this case, the two
polarities keep separating from each other throughout
the observation, while the polarities in AR 11072 sep-

arate from each other in the beginning, and then stop
separating since its unsigned magnetic flux began to
decrease. Similar to AR11072, the magnetic flux of the
leading and the following polarities of AR11076 are ap-
proximately equal to each other. However, on an aver-
age, the leading polarity flux tends to be slightly higher
than that of the following polarity.

The injection rate of magnetic helicity and accumu-
lated magnetic helicity flux of AR 11072 and 11076 were
measured too. We derived the photospheric flow veloc-
ity by applying the DAVE method to the HMI data
and calculated the magnetic helicity density according
toGθ. Both AR 11072 and 11076 processed well-formed
bipolar structures and their tilt angles to the equator
were very small, which can be seen from their morpho-
logical evolution. We used the area integral of the mag-
netic helicity density over leading/following polarity as
the injection rate of magnetic helicity of each polarity.
The results are plotted in panels c and d in Figure 1 and
Figure 2. The blue/red curves represent fluxes from the
positive/negative polarities, and black curve represents
the total flux. It is obvious that the leading polarity of
AR 11072 prevails in the injection rate of the magnetic
helicity. Temporal variations of the magnetic helicity
flux between the following and leading polarities are
also different from each other. The leading polarity in-
jects about 33 times more magnetic helicity flux than
the following one. These results agree with the for-
mer study conducted by Tian & Alexander (2009) and
Fan et al. (2009). According to their explanation, the
discrepancy of the magnetic helicity between the polar-
ities is caused by the significantly faster emergence of
the leading polarity. As for AR 11076, however, it is the
following polarity that injected more helicity, about 8
times more than the leading polarity. The result seems
to contradict previous studies. However, the polarity
morphology of the bipolar emerging ARs studied previ-
ously, which consist of a compact leading polarity and
a fragmented following one, is different from AR 11076.
This difference can be a possible reason for the contra-
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Figure 3. HMI 12-min line-of-sight magnetograms of AR 11120, 11124, and 11130, and HARP 0044, 0047, 0228, and 0296,
showing their emergence processes.

dictory results.

To see how the discrepancy varies with time, we di-
vide the emergence process into two evolutionary stages
based on the change of the unsigned magnetic flux.
The two stages are separated by the time when the
unsigned magnetic flux reached its maximum, which is
the vertical solid line Figure 1 and Figure 2. We can
see obvious difference in the injection rate of the mag-
netic helicity between the two stages. In AR 11072,
the injection rate of both polarities became smaller af-
ter the reference time, while the leading polarity even
changed its sign around the the vertical solid line. For
AR 11076 the injection rate of the following polarity did
not change much, and the leading polarity changed sig-
nificantly from negative to positive after the reference
time. The ratio of the accumulated magnetic helicity
flux between the leading and following polarities also
changed between the two stages. It varied from 48 to
18 in AR 11072, and -0.5 to 0.3 in AR 11076. These
results imply a time dependance of the asymmetry of

the magnetic helicity. For other detailed information
about AR 11072, one may refer to the results of Liu &
Schuck (2012).

3.2. The Other Seven ARs

The morphological evolution of the other seven ARs,
AR 11120, 11124, and 11130, and HARP 0044, 0047,
0228, and 0296, are shown in Figure 3, with four
snapshots of HMI line-of-sight magnetogram for each
AR. Their emerging information is listed in Table 1.
All seven ARs we selected possess well-formed bipolar
structures and satisfy Joy’s law. AR 11130 has a com-
pact leading polarity and a low fragmented following
polarity, while AR 11120 has a fragmented leading po-
larity and a compact following polarity. The rest of
the ARs do not show any clear sign of relative com-
pactness of polarities. The diversity of the polarity
morphology in our case may show a different result
on the helicity asymmetry from previous works. We
measured the magnetic flux and calculated the injected
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magnetic helicity of all ARs, using the same method
as mentioned above, and plotted their 6-day evolution
of magnetic flux (panel a), magnetic helicity injection
rate (panel b), and accumulated magnetic helicity flux
(panel c) in Figures 4 and 5. The figures demonstrate
that the ARs without NOAA numbers show typically
an order of magnitude lower magnetic flux than those
with NOAA numbers. Additionally, they take lesser
time to evolve from emergence to decay as compared
to the ARs with NOAA numbers. The difference of
magnetic flux between leading and following polarities
in all ARs is very small. The accumulated magnetic
helicity injected through the two polarity, however, is
quite different, i.e., they all have a prevailing polar-
ity in injecting magnetic helicity flux. While most ARs
show higher magnetic helicity flux in their following po-
larities, AR 11124 and HARP 0044 show significantly
higher flux in their leading polarities.

Figure 4. Changes of the magnetic flux (a), magnetic he-
licity flux (b), and the accumulated magnetic helicity flux
(c) for AR 11120, 11124, and 11130. The blue/red curves
denote the flux of positive/negative polarity. The arrows
mark the first emergence, and the vertical solid lines indi-
cate the time when the unsigned magnetic flux reached its
maximum, and the vertical dotted lines mark the time when
the active regions pass through the central meridian on the
observed solar disk.

We also divided the emergence of the ARs into two
stages, using the same method as that adopted for AR
11072 and 11076. The results are listed in Table 1.
∆ΦL and ∆ΦF denote the magnetic flux of leading and
following polarities, respectively, and ∆HL and ∆HF

represent the magnetic helicity flux injected by lead-
ing and following polarities, and (∆HL)f/(∆HF )f and

(∆HL)s/(∆HF )s denote the helicity of leading and fol-
lowing polarities of two stages, respectively. Significant
difference in the accumulated magnetic helicity flux can
be found in the two evolutionary stages of these ARs.
AR 11124 and 11130 and HARP 0228 and 0296 have
one polarity that changed the sign of magnetic helicity
flux during transition from the first stage to the second
stage, while AR 11120 and HARP 0047 have both po-
larities that changed the helicity sign. The prevailing
polarity in the injection of magnetic helicity flux of AR
11130 and HARP 0044 changed from the following po-
larity to the leading polarity. Most interesting result
occurred in HARP 0228. The leading polarity of this
AR injected more magnetic helicity flux in both stages,
while its following polarity injected more magnetic he-
licity flux in the whole period of flux emergence.

Figure 5. Same as Figure 4, but for HARP 0044, 0047, 0228,
and 0296.
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Table 2
Nine emerging bipolar ARsa

NOAA SL/SF (SL)f/(SF )f (SL)s/(SF )s BL/BF (BL)f/(BF )f (BL)s/(BF )s

11072 8.3/10.9 6.2/7.9 11.2/14.9 206/-150 216/-171 199/-135
11076 8.6/6.8 6.8/5.3 17.5/14.3 145/-167 137/-154 160/-191
11120 5.6/3.9 4.2/3.0 9.1/6.0 -90/115 -90/110 -90/122
11124 14.8/14.0 12.4/12.4 25.4/22.4 -176/169 -170/159 -188/192
11130 9.2/10.8 7.3/8.6 17.2/20.1 -209/170 -196/163 -231/181

HARP

0044 2.2/2.6 1.3/2.1 2.7/2.9 92/-85 92/-78 92/-88
0047 3.3/2.3 2.9/2.1 3.6/2.4 -84/86 -87/95 -84/82
0228 1.4/0.7 1.0/0.3 2.0/1.2 -79/88 -61/77 -91/92
0296 1.9/2.6 0.9/1.5 2.5/3.4 93/-87 69/-64 98/-94

Notes. a SL/SF denotes the mean area of leading/following polarity (in units of 1018cm2), and (SL)f/(SF )f and (SL)s/(SF )s
represent the mean aera of leading/following polarity before and after the reference time (in units of 1018cm2), and BL/BF denote the

mean magnetic field of leading/following polarity (in units of G), and (BL)f/(BF )f and (BL)s/(BF )s represent the mean magnetic

field strength of leading/following polarity before and after the reference time (in units of G).

4. DISCUSSION AND SUMMARY

We applied DAVE to SDO/HMI 12-min line-of-sight
magnetograms with 9 emerging bipolar ARs. We stud-
ied not only ARs having a compact leading polarity and
a fragmented following polarity as well as other kinds
of polarity morphology of emerging bipolar ARs. Five
of the ARs included in our study are AR 11072, 11075,
11120, 11124, and 11130. The other four ARs are too
small to have a NOAA number and are identified by the
HARP program. These are HARP 0044, 0047, 0228 and
0296. We measured the magnetic flux, calculated the
injection rate of magnetic helicity for the leading and
the following polarities of the ARs, and divided the
emergence process into two evolutionary stages, by us-
ing the time when their unsigned magnetic flux reached
maximum as reference. We then calculated the mag-
netic helicity flux of the two stages. The main results
of our work are summarised as follows. (1) All ARs
have a prevailing polarity in injecting magnetic helicity
flux, while the magnetic flux of their two polarities is
approximately equal to each other. Six ARs we stud-
ied (AR 11075, 11124, and 11130 and HARP 0047, 0228
and 0296) have the following polarity that injected more
magnetic helicity flux than that of the leading one. (2)
Clear changes in the asymmetry of the magnetic helicity
flux was found in their two evolutionary stages. Seven
ARs had one or both polarities that changed sign of
magnetic helicity flux during transition from one stage
to another. The prevailing polarity of magnetic helic-
ity flux in AR 11130 and HARP 0044 changed form the
following polarity to the leading one.
The asymmetry of the magnetic helicity flux in our

case seems quite different from previous results. How-
ever, it should be noted that the bipolar active regions
in the previous studies were selected by the condition
that their leading polarity is more compact than their
following polarity. In our case, only two ARs, AR 11072
and 11130, evidently satisfy such polarity morphology,
while AR 11076 and 11120 have the opposite polarity
morphology. It is difficult to comment on the relative

compactness of polarities of the other five ARs. To
compare our results with previous results, we need to
estimate the relative compactness of polarities. There-
fore, we measured mean area and the mean magnetic
field strength of each polarity in all 9 ARs, consider-
ing the region where magnetic flux is greater than 20
G (less than -20 G) as the positive (negative) polar-
ity. The results are listed in the Table 2. We can see
that four ARs contain a leading polarity with a smaller
mean area (AR 11072 and 11130 and HARP 0044 and
0296), while the leading polarities of five ARs contain a
larger mean area (AR 11076, 11120, 11124 and HARP
0047 and 0228). We find that ARs of with leading po-
larities showing higher average magnetic field strength,
usually have a more compact leading polarity and vice
versa. Additionally 7 out of 9 ARs, except AR 11130
and HARP 0296, have a compact polarity that pre-
vail in the injection of magnetic helicity flux, implying
a correlation between polarity compactness and mag-
netic helicity injection. Tian & Alexander (2009) and
Fan et al. (2009) have pointed out that polarities with
higher magnetic field strength could be more buoyant
and emerge faster. The polarity morphology of the ARs
used in Tian & Alexander (2009) and Tian et al. (2011)
is only a compact leading polarity and a fragmented fol-
lowing one. This leads to the leading polarity injecting
more helicity than the following polarity. However, we
also include the opposite polarity morphology in this
study. Considering the morphology of polarities, our
results agree with the previous works, and also suggest
that the compact polarity tends to have more magnetic
helicity flux than the fragmented one. It should be
noted that observations indicate that bipolar ARs tend
to possess a compact leading polarity and a fragmented
following polarity. Theoretical studies suggest such po-
larity morphology could be formed by coriolis force act-
ing on the emerging flux tubes, which could bend the
rising tubes and produce a greater magnetic field in
the leading side (Fan et al. 1993; Fisher et al. 2000;
Fan et al. 2009). A recent study on the area asym-
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metry of bipolar ARs, which uses MDI magnetograms
from April 23, 1996 to September 2, 2001, show that
37% (51 out of 138) ARs have a larger leading polarity
than the following ones (Yamamoto 2012). Such results
confirm our perception of the area asymmetry in bipo-
lar ARs. However, according to this study, a certain
number of ARs (about 37%), should possess a more
compact following polarity, meaning a common pres-
ence of a more compact following polarity morphology
in bipolar ARs. We thus suggest more ARs should have
a following polarity that emerge faster and inject more
magnetic helicity.
Seven ARs we studied have shown a reversed sign

of the magnetic helicity flux in at least one polarity.
Many other studies have also reported reversal in the
sign of magnetic helicity flux (Zhang et al. 2008; Park
et al. 2010; Ravindra et al. 2011; Park et al. 2012). We
try to attribute the sign reversal of the magnetic helic-
ity flux to the change of relative strength of the mean
magnetic field strength. However, only three ARs (AR
11124 and HARP 0047 and 0296) have some change
in the relative mean field strength, while the prevail-
ing polarity of these ARs in the injection of magnetic
helicity flux did not change in the two stages. This sug-
gests that the relative strength of mean magnetic field
strength may not responsible for the changes. Since
most of ARs we studied showed a reversed sign in in-
jecting magnetic helicity flux, such sign reversal might
be a common phenomenon in emerging bipolar ARs.
However, the reason of such a behaviour is still unex-
plained. Also, we cannot explain why AR 11130 and
HARP 0296 have a less compact polarity that prevail
in the injection of magnetic helicity flux. We under-
stand that the emergence of the magnetic flux tubes
accompanied by magnetic helicity injection is a very
complicated process. More efforts are needed before we
fully understand its physics.
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