
Proof Delivery Form

Proceedings of the International Astronomical Union

Date of delivery: 5 May 2016

Journal and vol/article ref: IAU 1600023

Number of pages (not including this page): 6

To avoid delay from overseas, please send the proof by airmail or courier.

If you have no corrections to make, please email
to save having to return your paper proof. If corrections are light, you can also send them by email,
quoting both page and line number.

managing editor

5
Managing editor of this symposium

•  The proof is sent to you for correction of typographical errors only. Revision of the substance of the
text is not permitted, unless discussed with the editor of the journal. Only one set of corrections are
permitted.

•  Please answer carefully any author queries.

• Corrections which do NOT follow journal style will not be accepted.

•  A new copy of a figure must be provided if correction of anything other than a typographical error
introduced by the typesetter is required.

lwebb@cambridge.org

This proof is sent to you on behalf of Cambridge University Press. Please check the proofs carefully. Make
any corrections necessary on a hardcopy and answer queries on each page of the proofs

Please return the marked proof within                   days of receipt to:

If you do not send any corrections to the editor within 5 days, we will assume your proof is
acceptable.

Authors are strongly advised to read these proofs thoroughly because any errors missed
may appear in the final published paper. This will be your ONLY chance to correct your

proof. Once published, either online or in print, no further changes can be made.

Please note that this pdf is for proof checking purposes only. It should not be distributed to third parties
and may not represent the final published version.

Important: you must return any forms included with your proof. We cannot publish your article if
you have not returned your signed copyright form.

NOTE - for further information about Journals Production please consult our FAQs at
http://journals.cambridge.org/production_faqs

• If you have problems with the file please contact



Author queries:

Typesetter queries:

Non-printed material:



Solar and Stellar Flares and their Effects on Planets
Proceedings IAU Symposium No. 320, 2015
A.G. Kosovichev, S.L. Hawley & P. Heinzel, eds.

c© International Astronomical Union 2016
doi:10.1017/S1743921316000235

Solar activities observed with the New1

Vacuum Solar Telescope2

Shuhong Yang1 and Jun Zhang13
1Key Laboratory of Solar Activity, National Astronomical Observatories,4

Chinese Academy of Sciences, Beijing 100012, China5
email: shuhongyang@nao.cas.cn6

Abstract. Based on the New Vacuum Solar Telescope observations, some new results about7
the solar activities are obtained. (1) In the Hα line, a flux rope tracked by filament activation is8
detected for the first time. There may exist some mild heating during the filament activation. (2)9
The direct observations illustrate the mechanism of confined flares, i.e., the flares are triggered10
by magnetic reconnection between the emerging loops and the pre-existing loops and prevented11
from being eruptive by the overlying loops. (3) The solid observational evidence of magnetic12
reconnection between two sets of small-scale loops is reported. The successive slow reconnection13
changes the conditions around the reconnection area and leads to the rapid reconnection. (4)14
An ensemble of oscillating bright features rooted in a light bridge is observed and given a new15
name, light wall. The light wall oscillations may be due to the leakage of p-modes from below16
the photosphere.17
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1. Introduction19

Solar activities, such as flares, filament eruptions, and coronal mass ejections (CMEs),20
play an important role in affecting the space environment around the Earth. Therefore, it21
is necessary for us to study their properties, initiations, and evolution processes. The New22
Vacuum Solar Telescope (NVST; Liu et al. 2014) located at the Fuxian Solar Observatory23
(FSO) in China has a diameter of 1 m and a pure aperture of 980 mm. As the most24
important facility of the FSO, NVST aims to observe the Sun at high resolution. Three25
channels are used now to image the Sun: TiO and G band are used to observe the26
fine structures in the photosphere, and Hα is used to image the dynamic structures27
in the chromosphere. Based on the high tempo-spatial resolution NVST observations,28
solar activities are investigated and some new results are obtained. In the present paper,29
we will introduce some recent studies, including the observations of a flux rope tracked30
by filament activation, the physical mechanism of confined solar flares, the magnetic31
reconnection between small-scale loops, and the oscillating light wall above a sunspot32
light bridge.33

2. Observations and Results34

The NVST Hα 6562.8 Å images have a pixel size of 0.16′′, and the TiO 7058 Å images35
have a resolution of 0.05′′ pixel−1 . They have the same cadence of 12 s. After calibration,36
the Level 1 images are further reconstructed to Level 1+ by speckle masking. Besides37
the NVST observations, the data from the Atmospheric Imaging Assembly (AIA; Lemen38
et al. 2012) and Helioseismic and Magnetic Imager (HMI; Scherrer et al. 2012) on board39
the Solar Dynamics Observatory (SDO; Pesnell et al. 2012) and the slit-jaw images (SJIs)40
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Figure 1. Composite NVST Hα image (panel (a)) displaying the flux rope tracked by flowing
filament material, and the corresponding HMI photospheric magnetogram (panel (b)) on 2013
February 1. The red and blue curves outline the twist configuration of the flux rope.

from the Interface Region Imaging Spectrograph (IRIS; De Pontieu et al. 2014) are also41
used. The multi-channel images of the AIA have a pixel size of 0.′′6 and a cadence of 1242
s. The spatial and temporal resolutions of the SJIs are as high as 0.166′′ pixel−1 and 743
s, respectively.44

According to some previous studies, flux ropes are often observed as hot channels in45
the inner corona (e.g., Zhang et al. 2012; Cheng et al. 2013). Based on the NVST Hα46
data and combined with the simultaneous AIA observations for the first time, we study in47
detail a flux rope tracked by filament activation on 2013 February 1 (Yang et al. 2014a).48
The filament material initially fills in a section of the flux rope, and then is activated49
by magnetic cancellation. The activated filament material flows along helical threads,50
tracking the twisted structure of the flux rope (Fig. 1(a)). The sub-regions outlined by two51
quadrangles are the Hα images obtained at 02:39:12 UT and 02:42:50 UT, respectively,52
and the rest of the background is the image obtained at 02:55:57 UT. The entire flux53
rope appears as a twisted structure connecting the positive fields (the white patches in54
Fig. 1(b)) at the northeast and the negative fields (the black patches) at the southwest.55
The flux rope has an approximate length of 75 Mm. Moreover, the detailed study of AIA56
images shows that, during the filament activation process, there may exist some mild57
heating of cool filament material to coronal temperatures.58

Solar flares as one of the most energetic phenomena in the solar atmosphere can be59
classified into two types, “eruptive flares” which are associated with CMEs and “con-60
fined flares” without CMEs. Using the Hα observations from the NVST, we focus on61
the fine structures and evolution of three confined flares occurring on 2013 October 1262
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Figure 2. Panel (a): Variation of the GOES soft X-ray flux revealing the evolution of three
flares on 2013 October 12. Panels (b) and (c): NVST Hα image displaying one of the three
confined flares, and AIA 131 Å image showing the corresponding overlying loops, respectively.

(Yang et al. 2014b). The flares take place successively and have comparable classes (C5.2,63
C4.9, and C2.0), as shown in Fig. 2(a). The three confined flares take place at the same64
location and have similar morphologies, so can be termed “homologous confined flares”.65
One confined flare is displayed in Fig. 2(b). The bright structure is the C5.2 flare ob-66
served in the Hα line. In the 131 Å image (Fig. 2(c)), many large-scale overlying loops67
can be clearly seen. The average length of the overlying loops is about 130 Mm. The68
direct observations illustrate the mechanism of confined flares, i.e., the flares are trig-69
gered by magnetic reconnection between the emerging loops and the pre-existing loops70
and prevented from being eruptive by the overlying loops.71

Magnetic reconnection is a fundamental physical process in conductive plasma. When72
magnetic reconnection takes place, magnetic energy is released and converted to the ki-73
netic and thermal energy of plasma, which is often considered to be the energy source of74
solar flares and many types of outbursts (e.g., Yuan et al. 2009; Yang et al. 2011). Ac-75
cording to most theories, there exist topological changes, sudden brightenings, and strong76
outflows during the magnetic reconnection (e.g., Parker 1957). Using the high tempo-77
spatial resolution NVST Hα observations on 2014 February 3, we give solid evidence of78
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Figure 3. AIA 171 Å image (panel (a)) showing the overview of the area where the magnetic
reconnection occurs, and NVST Hα images (panels (b)-(d)) displaying the evolution process of
the rapid reconnection. The box in panel (a) outlines the field-of-view of panels (b)-(d). The
dotted curves denoted by arrows “L1” and “L2” in panel (b) outline the initial loops before
reconnection, and the curves indicated by arrows “L3” and “L4” in panel (d) outline the newly
formed loops after reconnection. The red curves in panel (c) are the contours of AIA 171 Å
brightness.

magnetic reconnection between two groups of small-scale loops (Yang et al. 2015a). The79
magnetic reconnection takes place at the edge of NOAA 11967 (see Fig. 3(a)). The loops80
involved into the reconnection are labeled “L1” and “L2” and outlined by the dotted81
curves in Fig. 3(b). Loops “L1” and “L2” move toward each other and eventually recon-82
nect (Fig. 3(c)). When magnetic reconnection takes place, an obvious brightening can be83
observed, especially in 171 Å line (see the contours in panel (c)). Moreover, apparent84
material ejections outward from the reconnection region are also observed. Due to the85
reconnection, two sets of new loops (“L3” and “L4” in Fig. 3(d)) are formed, and then86
move away from each other. Our observations are highly consistent with the predictions87
by the models of magnetic reconnection. In addition, we find that the reconnection pro-88
cess includes two steps: a slow step and a rapid step. The slow step has a duration of89
more than several tens of minutes and the rapid step lasts for only about three min-90
utes. We suggest that the successive slow reconnection changes the conditions around91
the reconnection area and thus leads to the rapid reconnection. In the current event, the92
brightening region between the approaching loops has a thickness of about 420 km and93
a length of 1.4 Mm. It seems that that a current sheet might be embedded inside this94
brightening structure.95

NOAA 12192 is a quite huge active region which appeared in the weak solar cycle 24.96
NVST TiO 7058 Å images can resolve the fine structures in the photosphere. As displayed97
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Figure 4. NVST TiO 7058 Å image (panel (a)) showing the light bridge on 2014 October 25,
and IRIS SJI 1330 Å image (panel (b)) displaying the light wall rooted in the light bridge.

Figure 5. Sketch of sunspot structures based on the new observations.

in Fig. 4(a), there is a distinct strong light bridge crossing the umbra of the sunspot in98
the TiO image observed on 2014 October 25. Fig. 4(b) is a 1330 Å image from the IRIS,99
and we can see that many bright structures are rooted in the light bridge. We give the100
ensemble of these bright features a new name, light wall (denoted by the green arrow;101
Yang et al. 2015b). The light wall is brighter than the surrounding areas, and the wall102
top is much brighter than the wall body. The wall top moves upward and downward, i.e.,103
oscillating continuously. The mean deprojected height, amplitude, oscillation velocity,104
and period are about 3.6 Mm, 0.9 Mm, 15.4 km s−1 , and 3.9 minutes, respectively.105
The oscillations of the light wall may be caused by the leakage of p-modes from below106
the photosphere. The brightness enhancement of the light wall top implies that there107
may exist some kind of atmospheric heating, e.g., via the magneto-acoustic waves or the108
continuous small-scale reconnection. As the previous traditional knowledge, a mature109
sunspot is mainly consisted of umbra, penumbra, and light bridge. Our observations110
show that light wall is also a basic structure of sunspot, as illustrated in Fig. 5.111

3. Summary112

• A flux rope tracked by filament activation is observed in Hα line for the first time,113
and there exists some mild heating during the filament activation.114



318 S. Yang & J. Zhang

• The direct observations illustrate the physical mechanism of confined flares, i.e.,115
the flares are triggered by magnetic reconnection between the emerging loops and the116
pre-existing loops and prevented from being eruptive by the overlying loops.117

• The high tempo-spatial resolution observations present the solid evidence of small-118
scale magnetic reconnection, which is highly consistent with the magnetic reconnection119
models.120

• An ensemble of oscillating bright features rooted in a light bridge is observed and121
named with a new term, light wall.122

Acknowledgements123

This work is supported by the National Natural Science Foundations of China (11203037,124
11533008, 11221063, 11373004, and 11303049), the Strategic Priority Research Program−The125
Emergence of Cosmological Structures of the Chinese Academy of Sciences (No. XDB09000000),126
and the Youth Innovation Promotion Association of CAS (2014043).127

References128

Cheng, X., Zhang, J., Saar, S. H., & Ding, M. D. 2012, ApJ, 761, 62129
De Pontieu, B., Title, A. M., Lemen, J. R., et al. 2014, Solar Phys., 289, 2733130
Lemen, J. R., Title, A. M., Akin, D. J., et al. 2012, Solar Phys., 275, 17131
Liu, Z., Xu, J., & Gu, B.-Z., et al. 2014, RAA, 14, 705132
Parker, E. N. 1957, JGR, 62, 509133
Pesnell, W. D., Thompson, B. J., & Chamberlin, P. C. 2012, Solar Phys., 275, 3134
Scherrer, P. H., Schou, J., Bush, R. I., et al. 2012, Solar Phys., 275, 207135
Yang, S., Zhang, J., Li, T., & Liu, Y. 2011, ApJL, 732, L7136
Yang, S., Zhang, J., Liu, Z., & Xiang, Y. 2014a, ApJL, 784, L36137
Yang, S., Zhang, J., & Xiang, Y. 2014b, ApJL, 793, L28138
Yang, S., Zhang, J., & Xiang, Y. 2015a, ApJL, 798, L11139
Yang, S., Zhang, J., Jiang, F., & Xiang, Y. 2015b, ApJL, 804, L27140
Yuan, F., Lin, J., Wu, K., & Ho, L. C. 2009, MNRAS, 395, 2183141
Zhang, J., Cheng, X., & Ding, M.-D. 2012, NatCo, 3, 747142




