RAA 2015Vol. 15No.9, 1525-1536 doi: 10.1088/1674—-4527/15/9/009

hi
http: //mww.raa-journal.org  http://mwmw.iop.org/journals/raa Research in

Astronomy and
Astrophysics

Case studies of EUV cyclones and their associated magnetic
fields

Xin-Ting Yu'2, Jun Zhang, Ting Li' and Shu-Hong Yarlg

I Key Laboratory of Solar Activity, National Astronomical &&rvatories, Chinese Academy of
Sciences, Beijing 100012, Chinléjng@nao.cas.cn

2 School of Earth and Space Science, University of Scienc&aalnology of China, Hefei
230026, China

Received 2014 September 26; accepted 2015 February 5

Abstract EUV cyclones are rotating structures in the solar corond they are usu-
ally rooted in the underlying rotating network magneticdi&ln the photosphere.
However, their connection with the surrounding magnetidéigemains unknown.
Here we report an observational study of four typical cye®mwhich are rooted in
different kinds of magnetic fields. We uSelar Dynamics Observatory/Atmospheric
Imaging Assembly data to investigate the rotation of EUMdess in cyclones and
Helioseismic and Magnetic Imager data to study the assatiaiagnetic fields. The
results show that, (1) an EUV cyclone rooted in a sunspotestaith the photo-
spheric magnetic field; (2) two EUV cyclones in two faculaeanfactive region are
connected to the same sunspot of the active region but ropgtesitely; (3) an EUV
cyclone is rooted in a coronal hole with weak open magnetidsj€4) a pair of con-
jugated cyclones is rooted in magnetic fields that have dfgppslarity with opposite
directions of rotation. The differences in the spatial ekt a cyclone, characteris-
tics of its rotation and underlying fields indicate that @y@s are ubiquitous over the
solar atmosphere and that the magnetic structures relevané cyclones are more
complicated than expected.
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1 INTRODUCTION

Observations from various space-borne telescopes ovéadh20 years have indicated that rotating
motions are widely distributed over the Sun. The rotatingioms have been discovered in the pho-
tosphere as vortices (Brandt et al. 1988; Bonet et al. 200&he chromosphere as tiny tornadoes
(Wedemeyer-Bohm et al. 2012), in the transition regionvaigliag transition region jets (spicules)
or “explosive events” (Curdt & Tian 2011; Curdt et al. 201D et al. 1989) and in the corona as
twisted jets (Patsourakos et al. 2008; Scullion et al. 2009¢t al. 2009; Nistico et al. 2009; Liu
etal. 2011; Shen et al. 2011), surges (Zhang et al. 2000)yasicules (Pike & Harrison 1997; Pike
& Mason 1998; Banerjee et al. 2000; Murawski et al. 2011) amtbnies (Zhang & Liu 2011). They
have been seen at different latitudes, both near the ecaradorear the polar regions (Yu et al. 2014).
These rotating activities also have very distinct spatiales, varying from about’Ifor vortices in
the photosphere to hundreds of arcsec for cyclones andtgiaidoes (Li et al. 2012; Su et al. 2012)
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in the corona. Wedemeyer et al. (2013) constructed a powedéscribing how the abundance is
related to the spatial extent of the rotating structures, the larger the rotating structure, the less
widely similar structures like it are distributed.

In the observation and numerical simulation results of Weelger-Bohm et al. (2012), they co-
located the chromospheric and coronal swirls in differagelts of the Sun. The numerical model
of the rotation with different spatial scales from below gietosphere to the lower corona showed
that the rotating motions in different layers of the Sun arteially responses to the same effect, the
“bathtub effect” (Nordlund 1985). This mechanism can beripteted as follows. After the plasma
cools down and sinks below the solar surface, it forms vditexs in the intergranular lanes (Stein
& Nordlund 1998). This phenomenon is caused by the randorksiafl the granules surrounding
the downward flow, giving the flow a non-zero angular momeniith respect to the center of the
downdraft, and due to the conservation of the angular momnerthe plasma starts swirling.

As a specific kind of rotating phenomenon, cyclones in thetfsiin have been found by Zhang
& Liu (2011) in observations from the Atmospheric ImagingsAmbly (AIA; Lemen et al. 2012)
on board theSolar Dynamics Observatory (SDO; Pesnell et al. 2012). They also co-located cyclones
in the underlying magnetic fields using magnetograms prediby the Helioseismic and Magnetic
Imager (HMI; Schou et al. 2012; Scherrer et al. 2012). In,fdwe underlying rotating network
magnetic fields (RNFs) govern the evolution of the abovearyes. Where there is a cyclone, there
must exist an RNF in the photosphere (Zhang & Liu 2011), batayclones are more difficult to
observe than the RNFs.

Cyclones are often accompanied by brightening during #hailution, which indicate magnetic
reconnection and energy release. In some specific casess sy detected (Zhang & Liu 2011),
and they have also been observed in other swirling phenothanhhave different layers (De Pontieu
et al. 2007; Mclintosh et al. 2011). With energy release andewdahat propagate the energy, the
rotating motions may provide a mechanism to heat the cordfealémeyer-Bohm et al. 2012) and
even facilitate the fast solar wind.

From time to time, if one RNF is strong and causes nearby niagiedds with the same polarity
to converge, it may last for a longer time and thus produceiassef cyclones which sequentially ap-
pears, e.g., the homologous cyclones described by Yu &@l4). This phenomenon exists widely
near both the solar equator and the poles. In contrast tomgslthat are triggered by rotating mo-
tions in the quiet Sun, rotating motions in active regionR§}\ such as rotating sunspots, have been
studied extensively since being first observed by Eversh@dl(). The underlying magnetic fields
associated with photospheric sunspots have been analgzed lon various observational data and
can not only transport energy to the corona (Tian et al. 20018)also directly drive the process of
flares (Yan et al. 2008; Ruan et al. 2014).

In this study we focus on the relationship between sevepat#y cyclones and their underlying
and nearby magnetic fields. Using AIA and HMI data, we setbfdar cases. The first case displays
an EUV cyclone in a rotating sunspot. The second case show&W cyclones in two faculae
of AR 11801, which are connected to the same sunspot bueroptositely. The third case shows
a cyclone rooted in a coronal hole, and the last case dispay<EUV cyclones with opposite
directions of rotation that are rooted in magnetic fieldshvapposite polarity, named conjugated
cyclones. Section 2 describes the observations and reantishe conclusions and discussion are
presented in Section 3.

2 OBSERVATIONS AND RESULTS

SDO/AIA presents the full-disk data in 10 wavelengths, pronglobservations at different temper-
atures and heights, with a cadence of 12 s and a samplingfrai&’qixel~*.

Among these 10 wavelengths, 1&Ximages best show the loop structures of EUV cyclones.
Therefore we focus on this channel in this study. Moreowieochannels including 198 211A
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and 1314 are also used to analyze the multi-wavelength appeardreld cyclones. The under-
lying RNFs are investigated from the full-disk line-of-BidL OS) magnetograms of HMI on board
SDO. These LOS magnetograms have a cadence of 45 seconds anglimgaate of 0.3 pixel~!.

2.1 A Cyclone Rooted in a Sunspot

The first cyclone analyzed here occurred in AR 11973 fromQ@Q0 2014 February 7 to 18:00 UT
February 8. It was rooted in a sunspot and the rotating stresof the cyclone could be observed in
four EUV channels, 174, 1934, 2114 and 131A (Fig. 1(a)—(j)). Two couples of loop structures
showed an evident rotation motion around the sunspot (F&-{c)). The loop structures seemed
to connect the negative sunspot with its eastern positilerippfields. The two loop systems rotate
counterclockwise one after another. From 00:10:11 UT td@2:1 UT on February 8, the leading
loop structure rotates for 25-3° (with angular velocity of 13+2° per hour), while the following
loop appeared. During the next time section from 02:10:11&03:40:11 UT, the first one rotated
for 16°+3° and the following one for 44-19°. The rotation speed can be affected by many factors,
such as flux emergence, cancelation, solar rotation, edo. RNF rotates slowly and lasts for a long
time, the measurement of the rotation speed will be obwoafected by these factors. Viewed in
higher-temperature channels, the ﬁl'&nages (see Fig. 1(g)—(i)) only show blurred fronts of the
loops. But in 134 images (see Fig. 1(d)—(f)), the two corresponding loogs\asible but much
less evident than in the 1731images. This indicates that the 18hannel also responds to a lower
temperature since the dominant contribution of A3br the AR spectrum comes from continuum
emission, with a significant contribution from Fali lines (I' ~ 0.4 MK).

The underlying sunspot also rotates counterclockwis@égrsame direction as the EUV cyclone.
In Figure 1(j)—(1), there is a hollow region in the roundethting structure. The hollow region rotated
from the upper to the east side of the sunspot, whose boundssyracked to obtain the rotation
angle. It was a rotation of 2@-4° from 02:08:40 UT to 04:25:10 UT and then a°#®° rotation to
09:37:10 UT.

To further investigate the rotations of the cyclone and igarlying sunspot, we made two
time-slice maps respectively for AIA 17 and HMI magnetograms (Fig. 2). In Figure 2(a), the
X -axis refers to time, running from 20:00 UT February 7 to 84D February 8, and th& -axis
refers to the angles measured counterclockwise frortroQL8C, following the part of the circle
shown in Figure 1(a). In Figure 2(a), the white dotted linglinas the first loop system of the
cyclone, while the black one outlines the second loop systére first loop system rotated for 90
from about 21:00 UT on February 7 to 02:00 UT the next day, \&ithaverage angular speed of
approximatelyl8° h—!. The second rotating loop structure rotated @@m about 02:00 UT to
04:30 UT on February 8, with an average angular velocity ofiad24° h—!. The two loop systems
showed very distinct rotating features, and the first onateot slower than the second one and
showed a gentler acceleration process.

For the slice of the HMI magnetograms in Figure 2(b), fieaxis denotes time running from
23:00 UT February 7 to 17:00 UT February 8, while tfieaxis shows the angles also measured
counterclockwise from 30to 240. Like what we did for the rotation structure in Figure 1(J)-e
tracked the back boundary and found & ®6tation angle for 18 h and angular velocity of 1.
The magnetic structure maintained an approximately cahgtocity through the whole rotational
process.

2.2 Two Cyclones Rooted in Two Faculae of an AR

Cyclones rooted in faculae near the AR may interact with #messunspot, but show very distinct
rotating features. Here we first describe this phenomenainabcurred on 2013 July 28. The AR
11801 extends from TE to 38°E, and 12S to 3C'N. Both of the two cyclones have a spatial extent
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Fig. 1 Panels (a)—(c): AIA 178 images (with intensity on a logarithmic scale) showingcielone
rooted in a rotating sunspot of AR 11973 on 2014 February 8.blhke and red curves represent the
two separate structures that are part of the cyclone. Thedlztsed curves in panels (b) and (c) are
the respective duplicates of the solid curves in panelsr{d)(b). The three circles are centered on
the magnetic centroid (marked by the black plus) in pangkl)j They also show the position where
a time-slice map is made in Fig. 2(a). Panels (d)—(f): cpwading logarithmic AIA 214 images.
The curves are duplicates of the ones in panels (a)—(c).I$&me-(i): corresponding logarithmic
AIA 131 A images. The curves are also duplicates of the ones in péael). Panels (j)—(I): cor-
responding HMI magnetograms showing the rotation of theetlgthg magnetic fields at a level
of 1000 G. The white pluses represent the position of the etigoentroid, which is at the center
of the three circles. The circles denote the position whieeetime-slice map is made in Fig. 2(b).
The solid and dot dashed curves have similar meanings as il@snels (a)—(c) and they show the
evolution of a hollow structure in the magnetograms.
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Fig.2 Panel (a): A time-slice map made from AIA 1Zilimages. TheX-axis denotes the time
running from 20:00 UT 2014 February 7, to 08:00 UT February& Y -axis marks the angle at
the center of the circle shown in Fig. 1(a), fromtd 180 in a counterclockwise direction. The two
dashed curves outline two loop systems of the EUV cyclone. thiee vertical black lines denote
the three chosen times from panels (a)—(c) in Fig. 1. Paneh(bme-slice map made from HMI
magnetogram images. Th€-axis denotes the time running from 23:00 UT 2014 Februarp 7,
17:00 UT February 8. Th& -axis marks the angle measured at the center of the circlersin
Fig. 5(b), from 30 to 240 in a counterclockwise direction. The curve outlines thédwoktructure

of the sunspot’s magnetic fields. The three vertical blankdidenote the three chosen times in

Fig. 1()—().

of about 50. One is north of the AR, and the other is northwest of the ARNFduly 27 to July
30, the sunspot of the AR is connected with several cyclooeted in nearby faculae from time
to time. At 18:00:11 UT on July 28, two cyclones (cyclone A aiydlone B) were simultaneously
connected to the sunspot as depicted in Figure 3(a). Theggmnding magnetograms showed that
they are rooted in two faculae with positive polarity, whiménnect to the strong negative sunspot
fields (Fig. 3(b)). The evolution of cyclone A is displayedrigure 3(c)—(d). Two salient structures
are outlined as the green and red curves in Figure 3(c), @dirtbction of rotation for each structure
is also indicated. With the whole patch spinning clockwieaf07:15:11 UT to 10:15:11 UT on July
28, the red curve swirled outward while the green one spuaiidwAs a result, they moved towards
each other as viewed in a 2D plane as shown in Figure 3(d)nttenlying magnetic fields showed
a conspicuous rotation of 826° in 14 h, with an angular velocity af°+1° h=! (Fig. 3(e)—(f)).
Cyclone B rotated very fast, 745° counterclockwise in two hours, with an angular velocity up
to 37°+3° h~! (see Animations 1http://www.raa-journal.org/docs/Supp/Animationl.mpg and 2:
http://mmw.raa-journal .org/docs/ Supp/Animation2.mpg). The spin of its underlying magnetic fields
is 89 +5° from 11:14:10 UT to 14:14:10 UT with an angular velocity3of +2° h—!, a little slower
than the corresponding EUV cyclone.
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Fig. 3 Panel (a): AIA 174 image showing the two cyclones rooted in two faculae anit trearby
AR 11801 on 2013 July 28. The two solid curves outline the twapk. The green and blue squares
respectively show the FOV of cyclone A in panels (¢)—(f) apdane B in panels (g)—(j). Panel (b):
corresponding HMI magnetogram showing the connectivityeen the strong and two weak fields.
The curves and two squares are duplicates of those showmél (&. Panels (c)—(d): the rotating
features of cyclone A (see the accompanying Animation 1§ ffileanings of different symbols are
similar to those in Fig. 1. The directions of rotation for the boundary structures are indicated by
the two arrows in panel (c). Panels (e)—(f): the correspamdnderlying magnetic fields. The green
pluses mark the magnetic centroid, and the black curvemetitie main magnetic field patch at a
level of 40 G. The solid lines represent the directions ofltinger axis in the contoured area and the
dot dashed line is a duplicate of the solid line shown in pégelPanels (g)—(j): the rotating features
of cyclone B (see the accompanying Animation 2). The meanafglifferent symbols are similar to
those in panels (e)—(f).

2.3 A Cyclone Rooted in Weak Open Fields

As revealed in Figure 4(a), a cyclone is located in a coronld hegion. The coronal hole is in the
northern hemisphere of the solar surface, and extends fppmoaimately 48E to 28W, and from
4°N to 64°N. A cyclone rooted in open fields of the coronal hole ofterveha distinguished shape.
Unlike the umbrella-like opening structures of cyclonepegring at the solar equator, it displays
needle-like upward structures like the ones in solar p@gions (Yu et al. 2014).
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Fig.4 Panel (a): AIA 19A image shows the coronal hole on 2013 August 13. The two dotte
curves outline two loop structures which may connect théoryees magnetic field with the nearby
fields. The green square denotes the field of view (FOV) ofIsdbg-(e). Panels (b)—(c): AIA17A
images showing the cyclone in the coronal hole. The mearmhgse solid and dash dotted curves
are similar to those in Fig. 1. Panels (d)—(e): the meanifgkfferent symbols are similar to those
in Fig. 3.

As Figure 4(a) displays, the cyclone analyzed here is locatéhe green box that outlines the
coronal hole region and its spatial extent is about Sthe green and red dotted curves in panel (a)
trace two loop structures which may connect the cyclone’gmatic field with the nearby fields,
and thus the magnetic field underneath the cyclone is ndiytaen. However, since the cyclone
is located in a coronal hole, the majority of its magneticdfied open. In panels (b)—(c), the ro-
tation of the cyclone is exhibited. It rotated countercloide for about half a circle, denoted by



1532 X.-T. Yu et al.

the brightening structure rotating from east to west. Duthéoprojection effect, we cannot clearly
measure the angle that the cyclone rotated, but its underlyiagnetic fields show a conspicuous
rotation. Here we outline the corresponding magnetic fialus calculate their magnetic centroid.
Considering the whole main path to be an oval, we can deteritidonger axis. Then we calculate
its rotation by measuring the angle between the two rotdtinger axes. The spatial extent of the
fields is so small and their boundary not only evolves withrtitation of the fields but also with the
change of their shape, thus it is more accurate to measurettt@®n with the longer axes than the
rotation of boundary structures. Here we measured thdoatahgle 10 times and took the standard
deviation as the uncertainty. A 263° rotation is obtained between 20:20:09 UT on August 12 and
05:25:24 UT on August 13, with an angular speed of approxétyat h—1.

2.4 Two Cyclones Rooted in A Pair of Opposite Fields

Cyclones rooted in RNFs are commonly seen, but in our caseg tre two cyclones rooted in
RNFs with opposite polarity fields, which are connected byvHbops. Here we call this pair of
cyclones “conjugated cyclones,” since they have similaiaye structures but opposite directions
of rotation and polarity. A pair of conjugated cyclones thppeared on 2013 May 12 is displayed
in detail in this subsection. In Figure 5(a)—(c), the eviolutprocess of the loops connecting the
two rotating conjugated cyclones is shown. The east cyadlotaged counterclockwise and the west
cyclone rotated clockwise. Their connecting loop (the llaged curves outline the boundary of the
loop) raised and twisted. The loop connects the positiverraggfield in the east with the negative
magnetic field in the west, and expands during the three gules¢ time periods.

We further display the rotating features of each of the cgajed cyclones in Figure 6. The
rotation of the east conjugated cyclone is shown in Figuag-§b). The arm of the cyclone exhibits
a spiral structure. From 22:10:11 UT to 23:20:11 UT on Mayth2,leading boundary of the spiral
structure reveals conspicuous rotation in the countekelse direction. The corresponding under-
lying magnetic field structure rotates 454° during a 2 h time interval in Figure 6(d)—(e), with an
angular velocity of23°+2° h—!. In the west conjugated cyclone, since there is a brightsira
covering the cyclone, only part of its loop appears. Here xehit the rotation during a 10-minute
time interval. The 172 loop structure rotated clockwise, and its underlying netigrfields showed
an approximately 8t3° rotation clockwise during the 10-minute time interval.

3 DISCUSSION AND CONCLUSIONS

Our findings indicate that EUV cyclones are widely distrdmiin the solar atmosphere and they
can be rooted in different kinds of magnetic fields. We haveeoked cyclones rooted in a rotating
sunspot of AR 11973, in open fields of a coronal hole, in a pladtase fields of a quiet region and
in faculae of AR 11801. Also, the underlying magnetic fiellsame cyclones are connected to the
nearby fields, e.g., the pair of rotating fields relevant todbnjugated cyclones is connected to each
other by an EUV loop, and the two faculae are connected touhsp®ot.

During the past several decades, the swirling or twistingiondn different layers of the solar
atmosphere has been widely studied. Rotating phenomeriegrsd solar atmospheric layers, like
tiny vortices in the photosphere (Bonet et al. 2010), giamtizes in the photosphere (Brandt et al.
1988), magnetic tornadoes in the chromosphere (WedenB#jfan et al. 2012) and giant tornadoes
(Suetal. 2012; Li et al. 2012) probably correspond to thessphysical mechanism: sinking plasma
swirls due to conservation of angular momentum, and thdswduld have triggered the rotation of
the magnetic fields. The rotating magnetic fields then passadtation feature from the photosphere
upward to the chromosphere, the transition region and evéretsolar corona (Wedemeyer-Bohm
et al. 2012). These rotating motions have also been coumgdtatistically follow a power law
(Wedemeyer et al. 2013), such that rotating structures laitlpe spatial extents are usually less
widely distributed than small rotating structures.
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22:55:11 UT

Fig.5 Panels (a—c): AIA 178 image showing the evolution and connectivity of the coajieg
cyclones on 2013 May 12. The blue dotted curve in each partihesi the boundary of the loop
between the two cyclones. Panel (d): the corresponding Hetimatogram. The three green dotted
curves are duplicates of the curves in panels (a)—(c).

The rotating features of sunspots are widely obtained kyjrtgethe rotation of the umbrae and
preumbrae of sunspots in white light images (Brown et al.320@&n & Qu 2007; Zhang et al.
2007), but are rarely clearly seen in the above EUV wavelendBut in our work, the sunspot
rotation that occurred on 2014 February 8 clearly corredpdn a cyclone in 17A, 211A and
193A. This may be caused by the following reason. Unlike the sighstructures that can easily
erupt (Canfield & Pevtsov 1999; Brown et al. 2003), this soh$as a comparatively simple loop
structure. It displayed few eruptions which thus made tr@ution of the two distinctive rotating
boundaries easy to track over a long period of time. Addéilynwe found that the rotating angular
velocity of the sunspots¢ h—1) is evidently slower than the above rotating cyclongs’ (h—! and
24° h~—1). Furthermore, the sunspot kept almost a uniform veloditlythe cyclones underwent an
evident acceleration process. These observational sestutiw that, in the photospheric level, the
sunspot rotates approximately as a rigid body (Foukal 19%2higher solar altitudes where gas
pressure is lower, the scale of the rotating features betanger and the rotation became faster.
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Fig.6 Panels (a—c): AIA 178 images showing the conjugate cyclones on 2013 May 12. Béagl
and (b) show the evolution of the east cyclone (its FOV isdatid by the blue square in Fig. 5(c)—
(d)), while panel (c) shows the west one (its FOV is indicdigdhe green square in Fig. 5(c)—(d)).
The curves and pluses have similar meanings as those in.Figpeldash dotted curve in panel (c)
traces the same structure of the west cyclone 10 minuteigredtanels (d—f): The corresponding
HMI magnetograms. The lines, curves and pluses have simi@nings as those in Fig. 3, except
that the dash dotted line in panel (e) represents the direcfithe longer axis in the magnetogram
10 minutes earlier.

Compared with the quiet Sun, coronal holes have lower demsitl temperature (Munro &
Withbroe 1972). They show characteristic open magnetiddjghainly dominated by one polarity.
Thus the cyclone we observed in the coronal hole region (ged s different from the cyclones in
the quiet Sun, since it displayed needle-like upward stinestowing to its distinctive open magnetic
fields. Furthermore, if there is energy released from themalrholes, the energy would be trans-
ported through the open field lines, and thus may become thygisource for high-speed solar
wind (Krieger et al. 1973). The cyclone we observed in thenal hole is indeed associated with
EUV brightenings, which indicates energy release afteomaection, and this energy could be the
source of the fast solar wind.

The occurrence of two RNFs being connected with each otHesiseported in this work. We
suggest that the two RNFs may be located in two vortices wgihosite flows, thus forming two
RNFs with opposite directions of rotation. The loop systemnecting the two RNFs with opposite
polarity became twisted and the two legs of the twisting legpeared as a pair of conjugated
cyclones. With the two cyclones rotating, the connectirgplelevated, elongated and twisted to a
certain extent. This kind of cyclone is extremely unstalvlé aasily erupts. The pair of conjugated
cyclones only has a lifetime of about 5 h, but other cyclormsetan average lifetime of 9 to 10 h
(Zzhang & Liu 2011; Yu et al. 2014).

The sunspots in case 4 with strong fields are found to be coehedgth two cyclones rooted in
two faculae. Cyclone A is toward the north of the sunspot amutbne B is toward the northwest of
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the sunspot (see Fig. 6), and these two cyclones have opplisttions of rotation, e.g., cyclone
A rotated clockwise and cyclone B rotated counterclockwAdgo, cyclone A rotated twice and ap-
peared as a homologous cyclone (Yu et al. 2014). The diyes§ithe rotating features of the two
cyclones may also be due to the different flow fields where #reylocated. The two diverse local
flow fields indicate that the solar atmosphere near the AR®iig slynamic and further research
is needed in this kind of facular field. Furthermore, rotgtfacular fields may twist and braid the
magnetic field lines (Schrijver 2007) and thus induce magrmelicity. In our work, the twist and
reconnection process of the rotating facular fields canaaiéarly seen due to the low density and
the lack of observations of the coronal magnetic fields. Buhie photospheric layer, the twisting
motions of penumbral filaments (Su et al. 2010) or flux tubean@@ & Amari 2010) clearly ap-
peared as torsional structures. Those torsional motioulsl ¢darther lead to reconnection between
sheared magnetic loops, as revealed in the numerical diondawhich then trigger flare eruptions
(Kusano et al. 2004; Kusano 2005). In addition, brightesiagd eruptions are also seen in both of
the two cyclones at different levels. The helicity introdddy the connection between cyclones and
a sunspot is constantly transported to the corona (Pevi308)2which complicates the magnetic
field structure and increases the energy storage in ARs.ufaref study, we plan to employ vector
magnetic field observations to reveal the cyclone strusturBese observations may show the ac-
tual connections and their time evolution. Moreover, maigrfeeld extrapolation can also provide
information on the coronal magnetic field of cyclones.
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