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Abstract. This paper describes an MHD simulation of an observed Sigmoid in AR 11283 from
its formation to eruption. The Non-linear Force Free MHD model (Jiang and Feng, 2012) and
the data-driven active region evolution model (Wu et al., 2006; Jiang et al. 2013) together with
the SDO/HMI magnetograms are used. We show the successful simulation results of the eruption
of a flux-rope structure.
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Figure 1. Pre-eruption MHD equilibrium
state in comparison with observations for
AR11283. Counterclock-wise from upper left
panel: AIA-094, AIA-335, and Hinode/XRT
images, and the simulated magnetic field lines
with the AIA-094 image as the background.

Sigmoids are generally observed in the so-
lar corona in soft X-ray. It has been shown
observationally (Canfield et al. 1999, 2007)
that active regions with sigmoidal morphol-
ogy are more likely to produce eruptive
events. In this scenario, we will analyze a
recent observed active region (AR11283) us-
ing a three-dimensional data-driven magne-
tohydrodynamic (MHD) active region evo-
lution model (Wu et al. 2006; Jiang et al.
2012) together with a nonlinear force-free
model (Jiang & Feng, 2012) for the con-
struction of the initial state with the pres-
ence of a sigmoidal feature. It has been rec-
ognized that the AR11283 is a very produc-
tive source region, producing a number of
flares and CMEs when it was located near
disk center. In the present study, we will fo-
cus on the initiation process of a CME on 6
September 2011 accompanied by a sigmoid
eruption around 22:20UT. To carry out this
simulation, we first have input the measured vector magnetic field on the photosphere
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Figure 2. The MHD simulation result of the erupting flux-rope (twisted magnetic field-line)
structure (bottom row) and the corresponding AIA-171 images at four different times.

into a nonlinear force-free model (Jiang & Feng, 2012) to obtain the sigmoid structure be-
fore the eruption. Fig. 1 shows the simulated sigmoid at 2011-09-06 22:00UT immediately
before the eruption. It is obvious that the simulated sigmoid matches the observations
well. Then we embed this solution into our data-driven CESE-MHD model (Jiang et al.
2012), which results in an eruption as shown sequentially in Fig. 2. There the simulated
eruption of the sigmoid compares remarkably well with the corresponding AIA images†.
The cause of the eruption is due to twist instability (Kliem & Török, 2006; Török &
Kliem, 2007). We have ruled out the kink instability because we found that immedi-
ately above the sigmoid the magnetic field structure corresponding to part of a flux rope
is strongly sheared and slightly twisted. Detailed discussion was given by Jiang et al.
(2013a,b).

In summary, this is the first time an observed sigmoid from its birth to eruption has
been successfully simulated based on vector magnetograms from SDO/HMI. A detailed
description of the simulation results can be found in Jiang et al. 2013a,b.
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† See https://dl.dropboxusercontent.com/u/96898685/Eruption_AR11283.gif for an an-
imation.
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