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Magnetic helicity was found important in understanding solar activities such as flares
and coronal mass ejections (CME). Berger and field (1984) derived an expression for
helicity flux dH,,/dt, that can be applied to an individual solar active region (AR)
occupying an area S of the photosphere,

dH,, /dt = —2/[(Ap -V)B — (A, - B)V]dS, (1)
where A, is the vector potential of potential field, and V is the plasma velocity at
the surface S. The first term describes the effect of magnetic footpoint motions on the
surface S. The second term describes the flux of helicity advected through the surface
when already twisted and/or writhed flux ropes emerge. Chae (2001) proposed a method
of self-consistently determining magnetic helicity injection rate, dH/dt, using a time
series of longitudinal magnetograms only:

dH/dt = —/Q(AP -Vier)B,ds, (2)

where B, is the normal component of magnetic field. A, is the vector potential computed
from B, by Fourier transform method. Vo7 is the horizontal component of velocity
determined by the technique of local correlation tracking (LCT). This technique was
applied by some scientists (e.g., Chae et al., 2001; Nindos and Zhang, 2002; Romano
et al., 2003). Magnetic helicity injection was found to be strongly correlated with the
occurrence of major flares (Moon et al. 2002a, 2002b; Park et al., 2008; Labonte et al.,
2007; Maeshiro et al., 2009).

In this paper, we use equation (2) to compute the magnetic helicity injection rate. We
use the full-disk longitudinal magnetograms with a cadence of 12-min of the Helioseismic
and Magnetic Imager (HMI; Schou et al., 2012) onboard the Solar Dynamics Observa-
tory (SDO) from 00:00 UT on 2011 July 29 to 23:48 UT on August 4 . The full-disk
magnetograms are recorded by a 4096 x 4096 CCD with a pixel size of 0.5”. We choose a
450" x 280" region of magnetogram covering the whole AR NOAA 11261 to analyze. The
reference time is 00:00 UT on 2011 August 2, when the AR passed through the central
meridian. The nonlinear mapping and the geometrical foreshortening correction all have
been done following the method by Chae et al. (2001).

This AR is a §— type sunspot on July 29. During the period of our study, the positive
polarity of main spots gradually declined and almost disappeared on August 2, and the
negative polarity expanded, small bipolar spots emerged to the west of the main negative
polarity from July 30. The new magnetic flux continued emerged and interacted with the
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Figure 1. Left: Helicity transport rate as a function of time. Right: Accumulated change of the
magnetic helicity. The time unit is hour. The dashed lines represent the time of M- class flares.

old magnetic flux, the AR became more and more complex. There was a strong shear
along the inverse line between the old negative polarity and the new positive polarity.
There were total 5 M-class and 7 C-class flares erupting in this AR.

From the left panel of figure 1, we can see that at first, the amplitude of helicity
transport rate dH/dt was negative, then decreased in magnitude. From August 1 the
positive dH/dt increased and reach to the maximum around 11:00 UT, then decreased
smoothly to around zero. The right panel shows that there is large of negative helicity
accumulated before the first M9.3 (July 30, 02:04 UT) flare erupted. After reaching to
peak of about —1.68 x 10*? Mx? in about 69 hours, it then changed the sign and fast
increased to the peak of about 1.66 x 10*> M2? at 13:00 UT on August 3. In this phase,
there were 3 M-class flares erupting. After the last M9.3 (August 4, 03:41 UT) flare
erupted, the accumulated change of magnetic helicity become steadily.

Based on the above analysis, we summarize that: (1) The negative magnetic helicity
was transported before the first M9.3 flare erupted and positive magnetic helicity was
transported when the later 4 M- class flares erupted. (2) Except for M1.4, the helicity
accumulation were all reached to 1 x 10*> Ma? before the M- class flares erupted. (3)
There was a strong shear along the magnetic neutral line which may be one mechanism
for triggering the flares. In the flare erupting region, the helicity transport rate is relatively
large which may also trigger the flares.
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