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We analyzed the surge-like oscillatory activity above sunspot light bridges using data taken by the
Interface Region Imaging Spectrograph (IRIS) and the 1.6-m Goode Solar Telescope (GST). From the
IRIS 2796 slit-jaw images, we detected surge-like activity above the entire light bridge at any time.
The 1400 slit-jaw images reveal an oscillatory bright front ahead of the surges. The wavelength-time
diagrams of the Mg II 2796.35 Å line within the surges show clear sawtooth patterns, suggesting that
the oscillations are highly nonlinear and likely caused by shocks. We also find a positive correlation
between the acceleration and maximum velocity of the moving front, which is consistent with numerical
simulations of upward propagating slow-mode shock waves. These results, together with the fact that
the oscillation period stays almost unchanged over a long duration, lead us to propose that the surge-
like activity above LBs is mainly caused by shocked p-mode or magnetoacoustic waves leaked from
the underlying photosphere. In observations of another sunspot, similar surge-like activity is seen in
the H↵ core images taken by GST. Some surges appear to reach larger distances and they are clearly
associated with fast jets visible in the Halpha wing images, which occasionally occur at selected locations
in the light bridge. Many of these jets are found to have an inverted Y-shape and rooted in transient
brightenings with line profiles typical of UV bursts, indicating the occurrence of magnetic reconnection
at the footpoints of the jets. In conclusion, our analysis clearly shows that the surge-like activity above
light bridges has two components: the ever-present short surges likely to be related to the upward
leakage of magneto acoustic waves from the photosphere, and the occasionally occurring long and fast
surges that are obviously caused by the intermittent reconnection jets.

18



Nature of surge-like activity above sunspot light 
bridges: Magnetic Reconnection or Shocks? 

Jingwen Zhang1, Hui Tian1, Vasyl Yurchyshyn2,	Hardi Peter3,	Sami	K.	Solanki3, Peter	R.	Young4, Lei Ni5, Wenda Cao2,
Kaifan Ji5, Yingjie	Zhu1,	Tanmoy Samanta1,	Yongliang Song1,	Jiansen He1,	Linghua Wang1,	Yajie Chen1

1Peking	University,	2Big	Bear	Solar	Observatory,	3Max	Planck	Institute	for	Solar	System	Research,	
4George	Mason	University,	5Yunnan	Observatories

Jingwen Zhang1, Hui Tian1, Vasyl Yurchyshyn2, Hardi Peter3, Sami K. Solanki3,  
Peter R. Young4, Lei Ni5, Wenda Cao2, Kaifan Ji5, Yingjie Zhu1, Tanmoy 
Samanta1, Yongliang Song1, Jiansen He1, Linghua Wang1, Yajie Chen1

1Peking University, 2Big Bear Solar Observatory, 3Max Planck Institute for Solar 
System Research, 4George Mason University, 5Yunnan Observatories

Göttingen, Germany 
2018.06.25 



CA>PN�URTN�L4>;V;?Y4N>RL�JL@RBR@b�JK;BN�URP4@�K>RMPN?

g CA>PN�URTN�JL@RBR@b�R?�
O>NZANW@Ub�;K?N>BNM�JK;BN�
URP4@�K>RMPN?�RW�
L4>;V;?Y4N>RL�YJ??KJWM?��
LJUUNM�9!�?A>PN?��4J�::�SN@?��
YUJ?VJ�NSNL@R;W?��URP4@�
CJUU�;?LRUUJ@R;W��YNJL;LT�
SN@?� B;b�
/-)��2?JR�N@�JU��
(		
��C4RVRcA�N@�JU��(		/!��

g !;?@�Y>NBR;A?�?@AMRN?�
J@@>RKA@NM�@4N�JL@RBR@b�@;�
VJPWN@RL�>NL;WWNL@R;W��

Shimizu et al. 2009 

Hinode Ca II images 



Yang et 
al. 2015

D4N�K>RP4@�O>;W@�J4NJM�;O�?A>PN?�

Bharti 2015 

g HJWP�N@�JU��(	
��JWM�34J>@R�(	
��MN@NL@NM�JW�
;?LRUUJ@;>b�K>RP4@�O>;W@�J4NJM�;O�?A>PN?�RW�:B:C�

))	�YJ??KJWM��

g HJWP�N@�JU��(	
��MR?LA??NM�@4N�Y;??RKRUR@b�@4J@�
Y�V;MN�UNJTNM�O>;V�@4N�Y4;@;?Y4N>N�LJA?N?�
@4N?N�>NLA>>NW@�?A>PN?�



E?RWP�:B:C�JWM�8CD�MJ@J��CN�@>b�@;�RWBN?@RPJ@N�@4N�WJ@A>N�;O�
@4N?N�>NLA>>NW@�?A>PN?��#A>�;K?N>BJ@R;W?�>NBNJU�@4N�NaR?@NWLN�
;O�J@�UNJ?@�@C;�@bYN?�;O�?A>PN?�JK;BN�URP4@�K>RMPN?0�

g DbYN�:0�;LLA>�J@�JUU�U;LJ@R;W?�JK;BN�URP4@�K>RMPN?�MA>RWP�
@4N�NW@R>N�;K?N>BJ@R;W�YN>R;M��VRP4@�KN�URWTNM�@;�JW�NBN>�
Y>N?NW@�Y>;LN??�?AL4�J?�CJBN?�;>�?4;LT�CJBN?1�

g DbYN�::0�;LLJ?R;WJUUb�;LLA>>RWP�J@�?;VN�U;LJ@R;W?��VRP4@�
KN�J??;LRJ@NM�CR@4�RW@N>VR@@NW@�VJPWN@RL�>NL;WWNL@R;W���

����

#A>�YN>?YNL@RBN?



645 650 655 660 665 670 675
Solar-X (arcsec)

-370

-360

-350

-340

So
la

r-Y
 (a

rc
se

c)

(A)

SJI 1400
2015-09-30T00:29:08

1402.2 1402.5 1402.9 1403.2 1403.5
Wavelength (Angstrom)

-370

-360

-350

-340

So
la

r-Y
 (a

rc
se

c)

(B)

Si IV 1402.77
2015-09-30T00:29:08

645 650 655 660 665 670 675
Solar-X (arcsec)

-370

-360

-350

-340

So
la

r-Y
 (a

rc
se

c)

(C)

SJI 2796
2015-09-30T00:29:18

2795.5 2795.9 2796.3 2796.7 2797.1
Wavelength (Angstrom)

-370

-360

-350

-340

So
la

r-Y
 (a

rc
se

c)

(D)

Mg II k 2796.35
2015-09-30T00:29:08

C4;LT�6BRMNWLN�:iL;W@RWA;A?�K>RP4@�O>;W@

TR passband (ӗ105K) 

Chrom. passband (ӗ104K)

645 650 655 660 665 670 675
Solar-X (arcsec)

-370

-360

-350

-340

So
la

r-Y
 (a

rc
se

c)

(A)

SJI 1400
2015-09-30T00:29:08

1402.2 1402.5 1402.9 1403.2 1403.5
Wavelength (Angstrom)

-370

-360

-350

-340

So
la

r-Y
 (a

rc
se

c)

(B)

Si IV 1402.77
2015-09-30T00:29:08

645 650 655 660 665 670 675
Solar-X (arcsec)

-370

-360

-350

-340

So
la

r-Y
 (a

rc
se

c)

(C)

SJI 2796
2015-09-30T00:29:18

2795.5 2795.9 2796.3 2796.7 2797.1
Wavelength (Angstrom)

-370

-360

-350

-340

So
la

r-Y
 (a

rc
se

c)

(D)

Mg II k 2796.35
2015-09-30T00:29:08

645 650 655 660 665 670 675
Solar-X (arcsec)

-370

-360

-350

-340

So
la

r-Y
 (a

rc
se

c)

(A)

SJI 1400
2015-09-30T00:29:08

1402.2 1402.5 1402.9 1403.2 1403.5
Wavelength (Angstrom)

-370

-360

-350

-340

So
la

r-Y
 (a

rc
se

c)

(B)

Si IV 1402.77
2015-09-30T00:29:08

645 650 655 660 665 670 675
Solar-X (arcsec)

-370

-360

-350

-340

So
la

r-Y
 (a

rc
se

c)

(C)

SJI 2796
2015-09-30T00:29:18

2795.5 2795.9 2796.3 2796.7 2797.1
Wavelength (Angstrom)

-370

-360

-350

-340

So
la

r-Y
 (a

rc
se

c)

(D)

Mg II k 2796.35
2015-09-30T00:29:08

645 650 655 660 665 670 675
Solar-X (arcsec)

-370

-360

-350

-340

So
la

r-Y
 (a

rc
se

c)

(A)

SJI 1400
2015-09-30T00:29:08

1402.2 1402.5 1402.9 1403.2 1403.5
Wavelength (Angstrom)

-370

-360

-350

-340

So
la

r-Y
 (a

rc
se

c)

(B)

Si IV 1402.77
2015-09-30T00:29:08

645 650 655 660 665 670 675
Solar-X (arcsec)

-370

-360

-350

-340

So
la

r-Y
 (a

rc
se

c)

(C)

SJI 2796
2015-09-30T00:29:18

2795.5 2795.9 2796.3 2796.7 2797.1
Wavelength (Angstrom)

-370

-360

-350

-340

So
la

r-Y
 (a

rc
se

c)

(D)

Mg II k 2796.35
2015-09-30T00:29:08



g #A>�CJBNUN@�
JWJUb?R?�4J?�
>NBNJUNM�J�WNJ>Ub�
?@J@R;WJ>b�
YN>R;M�J>;AWM�
,���VRWA@N?��

C4;LT�6BRMNWLN�::i?@JKUN�YN>R;M�O;>�J�U;WP�@RVN



2795.5 2796.0 2796.6 2797.1
Wavelength (Angstrom)

0.0

50.0

100.0

150.0

200.0

250.0

Ti
m

e 
(M

in
)

(A)

2796.0 2796.2 2796.4 2796.7
Wavelength (Angstrom)

220.0

230.0

240.0

250.0

260.0

270.0

280.0
(B)

2796.1 2796.3 2796.4 2796.6
Wavelength (Angstrom)

230

240

250

260
(C) g D4N�MJ>T�URWN�L;>N�;O�!P�::�

URWN�>NYNJ@?�@4N�O;UU;CRWP�
KN4JBR;>0�J�OJ?@�RVYAU?RBN�
KUANCJ>M�NaLA>?R;W�
O;UU;CNM�Kb�J�P>JMAJU�
>NMCJ>M�NaLA>?R;W��

g CRVRUJ>�KN4JBR;>�4J?�KNNW�
O>NZANW@Ub�;K?N>BNM�RW�
?AW?Y;@?�JWM�LR@NM�J?�
NBRMNWLN�;O�?4;LT�CJBN?�
 B;AYYN�BJW�MN�F;;>@�N@�
JU��(		)1�4NW@NW;�N@�JU��
(		,1�7NURYN�N@�JU��(	
	1�
DRJW�N@�JU��(	
!

C4;LT�6BRMNWLN�:::ieIf�YJ@@N>W?�RW�CJBNUNWP@4�@RVN��
MRJP>JV?�;O�!P�::�T�URWN�



645 650 655 660 665 670 675
Solar-X (arcsec)

-370

-360

-350

-340

So
lar

-Y
 (a

rc
se

c)

(B)SJI 1400

60 70 80 90 100
Time (minute after 2015-09-29T23:29:01)

-352

-350

-348

-346

-344

So
lar

-Y
 (a

rc
se

c)

Example 1

Example 2

(A)SJI 1400
Solar-X: 656.8"

4400 4500 4600 4700
Time (second)

-351

-350

-349

-348

-347

-346
(C)Example 1

5450 5500 5550 5600 5650
Time (second)

-351.5

-351.0

-350.5

(D)Example 2g D4N�K>RP4@�O;W@�RW�:B:C�
		�YJ??KJWM�
O;UU;C?�J�YJ>JK;URL�YJ@41�

g A;?R@RBN�L;>>NUJ@R;W�KN@CNNW�@4N�
VJaRVAV�BNU;LR@b�JWM�MNLNUN>J@R;W�
JP>NN?�CR@4�?4;LT�CJBN�?RVAUJ@R;W?�
 9JW?@NNW�N@�JU��(		,1�5N�A;W@RNA�N@�JU��
(		-!��

C4;LT�6BRMNWLN�:FiYJ>JK;URL�@>JSNL@;>RN?�JWM�Y;?R@RBN�L;>>NUJ@R;W�
KN@CNNW�VJaRVAV�BNU;LR@b�JWM�MNLNUN>J@R;W�



BNL;WWNL@R;W�6BRMNWLN�:iWAVN>;A?�WJ>>;C�JWM�L;UURVJ@NM��
SN@?�O>;V�URP4@�K>RMPN?



BNL;WWNL@R;W�6BRMNWLN�::i RWN�Y>;hUN?�J@�O;;@Y;RW@�K>RP4@NWRWP?��
?RVRUJ>�@;�@4;?N�;O�:B:C�K;VK?�EF�KA>?@?



BNL;WWNL@R;W�6BRMNWLN�:::iD4N�RWBN>@NM�H�?4JYN�?@>AL@A>N



BNL;WWNL@R;W�
;>�C4;LT?�

����
��������������

BNL;WWNL@R;W�
JWM�C4;LT?

Base on IRIS SJI 
observations, Hou et 
al. (2017) came to a 
similar conclusion. 
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