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Abstract In this paper, we carried out multiwavelength observatiohshree recurring jets on 2014
November 7. The jets originated from the same region at tlye @i AR 12205 and propagated along
the same coronal loop. The eruptions were generated by riagaeonnection, which is evidenced by
continuous magnetic cancellation at the jet base. The gtagjenitial velocity of jet2 isv402kms!. The
accelerations in the ascending and descending phaseg afrghot consistent, the former is considerably
larger than the value gf, at the solar surface, while the latter is lower than There are two possible
candidates of extra forces acting on jet2 during its propagaOne is the downward gas pressure from jetl
when it falls back and meets with jet2. The other is the visairag from the surrounding plasma during the
fast propagation of jet2. As a contrast, the acceleratibjet®in the rising and falling phases are constant,
implying that the propagation of jet3 is not significantljlirenced by extra forces.
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1 INTRODUCTION (Chae etal. 1999Chen et al. 20082015 Panesar et al.
20186 Sterling et al. 201y

Jet-like motions at different scales are widespread in Coronal jets show diverse morphology. They are
the solar atmosphere, including spiculé®(weg 1982 originally classified into the inverse-Y type and two-
de Pontieu et al. 2007coronal jets Shimojo et al. 1996  Sided-loop type$hibata et al. 1994¥okoyama & Shibata
Cirtain et al. 2007 Sterling etal. 201f chromospheric 1995 Tian et al. 2017Shen et al. 2019 According to the
jets (Nishizuka et al. 2011 Tian et al. 2018 Wang et al. height of magnetic reconnection, they are also classified
2021), network jets Hassler et al. 1999Tian et al. 201} into the Eiffel tower type\ type, and micro-CME type
and H Surges Roy 1973 Jiang etal. 2007 Li et al. (Nistico et al. 2009 In addition,Moore et al.(2010 put
2017). These phenomena are important to the transpoffrward the concept of blowout jets compared with the
of mass and energy toward the upper atmosphere ardandard jets. The blowout jets are usually produced by the
solar wind Brueckner & Bartoe 1983 Coronal jets were €ruption of miniflamentstfong et al. 2011Li et al. 2015

first observed by the Soft X-ray Telescope (SXT) onSterling etal. 2016Zhang et al. 2016 Some of the jets
board the Yohkoh spacecrafSifibata etal. 1992and are related to the fan-spine topology with the presence of a
have attracted a remarkable attenti®aéuafi et al. 2016 Magnetic null pointWang & Liu 2012 Zhang et al. 2012
Shen 202 With the unceasingly rapid development of 2021 Joshi et al. 2020vang et al. 202

solar telescopes, the understandings of coronal jets are Coronal jets are not always uniform in shape and tem-
greatly improved. It is generally accepted that coronaperature during their evolutiorRatsourakos et a(2008

jets are powered by magnetic reconnection, which occurfirst reported helical structure in a coronal jet, which
in the quiet region, coronal holes, and boundary of thas verified to be a common featurdliético et al. 2009
active regions (ARs). One piece of the observationaBchmiederetal. 2013Zhang & Ji 2014a Joshi et al.
evidence of magnetic reconnection is magnetic flux2018 Chenetal. 2021 Both hot (0° — 10° K) and
cancellation between the emerging dipolar flux and thecold (10* — 10° K) components are found to coexist
ambient open fields or in the converging magnetic systenn coronal jets, although they are not strictly co-spatial
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(Alexander & Fletcher 199QJiang et al. 20G7Kim et al.  this paper, we analyze recurrent jets containing three jets
2007 Nistico et al. 2011 Using two-dimensional MHD  (jetl, jet2, and jet3) originating from the same base at the
numerical simulation\ishizuka et al(2008 reproduced edge of AR 12205 on 2014 November 7. The acceleration
the hot and cold components in jets. Intermittent, brighof jet2 in the rising and falling phases show different
and compact plasmoids (blobs) in recurring extremevalues due to the influence of jetl. And jet3 serves as the
ultraviolet (EUV) jets were first observed and investigatedcontrol group. We describe the data analysis in Se@ion
by Zhang & Ji (20141, which are explained as a The results are presented in Secti8n Comparisons
result of tearing-mode instability in the current sheetwith previous works are discussed in SectiinA brief
where magnetic reconnection takes place. The sizes slummary is given in Sectioh

plasmoids are extended to subarcsecortiafg & Ni

2019 thanks to the high resolution of slit-jaw imager 2 DATA ANALYSIS

(SJ1) on board t_he Interface Reg_ion Imaging Spectr_ograpkfhe data used here were observed by the Atmospheric
(IRIS; De Pontieu etal. 2024 Lietal. (2019 studied
two coronal jets occurring during two M-class flares
observed in 304. Many vortex-like structures are
identified in the upstream and downstream regimes, whic
are interpreted by Kelvin-Helmholtz instability and a
combination of Kelvin-Helmholtz instability and Raleigh-
Taylor instability.

Imaging Assembly (AIA;Lemenetal. 2012 and the
Helioseismic and Magnetic Imager (HM8cherrer et al.
012 on board the Solar Dynamics Observatory (SDO;
esnell et al. 2092AlA takes full-disk EUV images in 94,
131, 171, 193, 211, 304, and 385with a time cadence of
12 s. The photospheric line-of-sight (LOS) magnetograms
are obtained from HMI with a cadence of 45 s. The
It is noted that not all jets escape the coronaevell data of AIA and HMI are calibrated with a spatial
successfully. Some of them decelerate and fall backesolution of 1.2 using the standard Solar Software (SSW)
after reaching the apex. For instandau etal. (2009  programsaia_prep.pro andhmi_prep.pro, respectively.
investigated a chromospheric jet observed by Hinode
on 2007 February 9 and obtained the mean projected RESULTS

achleragSr\} .(_tl4|l rtn_j)t Zhg:%f; Ji (201;031?8(1??) a 15Figure 1(a)-(c) show EUV images of AR 12205 observed
swirling jetrelatedtoat. 2.otare on clober by AIA in 211, 171, and 304 during jet2, respectively.

and calculated the mean apparent acceleration (—57)n s The dashed rectangle in panel (a) represents the field of

Sakaue et al2019 analyzed.a solar jet assguated with Aiew (FOV) of Figure2. The base of the jets is within the
C5.4 class flare observed simultaneously in &hd soft

X 2014 N ber 11. Th i lerati white solid box.

“fay on o Qvem ‘.” - |he apparen gcce eration Figure2, twelve snapshotsoftheAIASO‘himages

(—176 ms~<) and inclination angle~50°) of the jet were . . b
illustrate the temporal evolution of the recurring jets,

derived. It is concluded that the actual acceleration Ol\c/vhich belong to the blowout type due to their visibility

the jet was consistent with the gravitational acceleratlori1n 3044, The jetl appeared at09:38 UT and propagated

~ _ —2
(90 ~ —274ms ) at the solar surface. In most cases, thealong the guiding magnetic field as is shown in Fig2(a)-

acceleration values are basically the same in the ascendig

. i gl) At ~10:02 UT, jet2 started to erupt, when jetl was on
and descending phases of jets. When external forces apar . . ) .

) _ . _ __1ts way falling down (see Fig2(c)). The jetl continued to
from the gravity are involved, things are different. Using

, , move downward along the flux tube when jet2 keeps rising,
both spectroscopic and stereoscopic observatianst al. o S ) .
2019 studied . ; et that fell back t until it merged into jet2 at-10:10 UT (see Fig2(d)-(f)).
(2019 studied a series of recurrent jets that fell bac %The jet2 fell back to the footpoint at10:38 UT. The
the solar surface at speeds of 40-170krhsn 2014

Julv 7.4 ¢ al(202 ted th i lenath positions of flux tube at 10:06:31 UT and 10:16:43 UT are
uly 7. Huang et al(2029 reported the multiwaveleng indicated by P1 and P2 in Figuéd) and (g), respectively.

observations of a solar jet propagating along a closeq.he transverse drift of the flux tube may suggest that jet2

coronal loop on 2015 May 4. Rapid change of the jet °did not follow the same path during its ascending and

acceleration was found when the jet moved to the apex .
descending phases.

It is proposed that the chromosphere evaporation at the During 10:38-14:08 UT, a few jets occurred from

remote footpoint propagates along the coronal loop an e jet footpoint, but with much smaller temporal and

s:Z\s/l?ce:hiigzvt\;?;jcséle:rzltjiroenon the jet, which causes thsepatial scales, which are out of the scope of this study. The

jet3 appeared at-14:08 and reached its apex atl4:20
Recurring jets are frequently observed (e.g.,UT, and finally fell back to the footpoint at14:37 UT
Chae et al. 199%Chifor et al. 2008 Chen et al. 2016 In  (see Fig.2(j)-()). It is seen from the online animations
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(a) AIA 2114 10:11:47 UT (b) AIA 171A 10:1147 UT
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Fig.1 (a)-(c) EUV images of AR 12205 observed by SDO/AIA in 211, 1&td 3044 during jet2. In panel (a), the
dashed rectangle represents the field of view of Fig. Thewhite solid box delineates the footpoint of the recurring jets.
A curved slice S1 is used to investigate the propagationsf jéhe fiveshort lines (cutO—cut4) are used to investigate the
possible untwisting motion of jets. (d) Photospheric LOSme&togram of AR 12205 observed by SDO/HMI. Tdokd
box has the same meaning as that in panel (ahékt line S2 is used to investigate the evolution of LOS magnetic field.

(Fig2-1.mp4 Fig2-2.mp4 that the jets in four passbands (Zhang & Ji 2014n

(171, 193, 211, and 3034) were roughly cospatial and

1
cotemporal. s(t) = ao(t — t0)® + bo(t —to) + co , 1)

In order to investigate the longitudinal motion of jet2, wheret, = 10 : 00 UT, b, denotes the projected initial
we draw a curved slit S1 along the axis of jet, whichvelocity attq, ag denotes the projected acceleration of jet2
is 134’ in length and 10 in width (see Fig.1(a)). The atthe plane of sky.
time-distance diagrams of S1 in 304, 171, 193 andAR11 The results of curve fitting for C1 and C2 are used
during jet2 are displayed in Figu& The ascending and to obtain the initial velocity and acceleration during the
descending motions of jet2 are clearly illustrated by theascending phase. The mean values,ainda in the four
parabolic trajectory. The solid curves C1 and C2 represerassbands are listed in second and third column of Table
the outer and inner boundaries of the trajectory during thé&ikewise, the results of curve fitting for C4 and C3 are used
ascending phase, while the curves C4 and C3 represettt obtain the acceleration during the descending phase.
the outer and inner boundaries of the trajectory during th& he mean values af, in the four passbands are listed in
descending phase. They are fitted with a quadratic functiothe fourth column of Tabld. It is seen that the projected
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Fig.3 Time-distance diagrams of slit S1in 304,171, 193,

jet2 | AIA 171A
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andedlmring jet2. Thesolid curves C1 and C2 represent the

outer and inner boundaries of jet2 in the rising phase, whéeurves C4 and C3 represent the outer and inner boundaries

of jet2 in the falling phase.

initial velocity of jet2 lies in the range of 360430km s!
and has an average ef402kms!. The acceleration of

Figure 1(a), which are 32 in length and 5 in width. In
Figure4, the time-slice diagrams of cut@ut4 in 171A

jet2 during the rising phase, even taking into accountllustrate the transverse motion of jet2. The diagrams of

of projection effect, is much greater thgn,, while the

cutO—cut2 show the transverse oscillation motion of the

acceleration during the falling phase is significantly lesget2 at the onset of eruption, and the diagram of cut3

thange.

In order to explore the transverse motion of jet2
we take five narrow slits (cutdcut4) across the axis in

reveals the disappearance of the transverse motion when
the jet rose to a certain height, indicating that the rotatio
'weakened as the jet moved upward. The apparentvelocities
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Fig.4 Time-distance diagrams of the short slits cutit4 in 171A. The solid lines are linear fittings of the transverse
motion of jet2.

Table 1 Mean Value of Initial Velocity §) and Table 2 Fitted Values of Initial Velocity &) and
Acceleration in the Ascendingafs.) and Descending Accelerations in the Ascendingi{s.) and Descending

(agan) Phases of Jet2 in the Four EUV Passbands (agann) Phases of the Three Segments of Jet3
passband bo Grise Afall segment b1 Grise Qfall
A) (kms—1) (ms=2) (ms=2) (kms1h) (ms=2) (ms=2)
304 401 -388 -164 D1 252 —-203 -203
171 412 -385 -145 D2 270 -218 -218
193 366 -351 -138 D3 230 —-208 -208
211 428 —405 171 ave. 250 510 510
ave. 402 -382 -155

wheret; = 13 : 50 UT, b; denotes the projected initial
of the transverse oscillation are @0 km s! using a  Velocity até;, anda, denotes the acceleration. The results
linear fitting (see the solid lines). The transverse rotatio Of Curve fitting for the three segments are listed in the
of the jet during its rising phase is similar to the event onTable 2. It is shown in Figure5 that the trajectories of
2011 October 15Zhang & Ji 2014} which is interpreted  the segments of jet3 can be well described with parabolic

as the impulsive release and transfer of the accumulateg/’ves of constant acceleration in the ascending and
magnetic helicity Fang et al. 2014 descending phases. The initial velocities with an average

e{alue of ~250kms ! are lower than those of jet2. The

Between jet2 and jet3, there were small-scale an C T ) T
average acceleration is210ms =, which is lower than

short-lived jets originating from the jet base, which are
out of the scope of this article. The time-distance diagran?®"
of S1 in 304A during jet3 is shown in Figur&, showing _ )
its longitudinal motion. Note that jet3 could not be clearly rent jets, we draw the photospherl_c L(_)S magne_togram
observed in other passbands. Three segments (D1, D2 aﬁgse_rved by HMI at 19:11:43 l_JT_'_n Figur(d). lee_
D3) could be distinctly identified in the diagram, which " Figure 1(a), the solid box signifies the area of jet

are outlined with dashed lines and fitted with a quadrati®@se- A short slit (S2) within the box is used to
function: investigate the magnetic field evolution. The time-diseanc

diagram of S2 is displayed in Figu@ The red, blue,
1 purple, and green dashed lines signify the start time
s(t) = 5111(15 —t)?+bi(t—t) + e, (2)  of jetl, end time of jet2, start time of jet3, and end

To investigate the triggering mechanism of the recur-
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Fig.5 Time-distance of S1in 304 during jet3. Three curves (D1, D2, and D3) represent thedtaries of three segments
of jet3.
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Fig.6 Time-distance diagram of S2, showing the magnetic cartzmilat the jet base. Theed, blue, purple, andgreen
dashed lines signify the start time of jet1, end time of jet2, start timget3, and end time of jet3, respectively.

time of jet3, respectively. It is obvious that the positive evolution, implying a free fallLiu et al. (2009 reported
and negative polarities were continuously approachingecurrent chromospheric jets on the west limb observed
each other during the recurrent jets, implying that then Can passbandlfgT ~ 4.0 — 4.3). The jets lasted
three jets were generated by magnetic reconnection asfar more than one hour with intervals of 224 minutes.
result of magnetic flux cancellatiorPénesar et al. 2016 The average projected acceleratiom~is141ms? (see

Sterling et al. 201;7Chen et al. 201)7 Table 3). Zhang & Ji (20144 analyzed a swirling flare-
related coronal jet occurring at the edge of AR 11314.
4 DISCUSSION The projected acceleration of the jet is calculated to be

—97ms 2. Sakaue et a2018 studied a solar jet related
As mentioned in Sectiorl, the falling back of solar tg 5 C5.4 flare. The projected accelerationl {6 ms2)
jets after rising to their apex is not uncommon. Theang inclination angle 450°) of the jet are derived. It
acceleration usually keep constant during the whole
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Table 3 Comparison of the Mean Values of Accelerationsinvestigation of the dynamics of coronal jeW\{per et al.
in the Ascendingd;is.) and Descendingi(.;;)) Phases with  2018.
Previous Works

event QArise Afall Ref. 5 SUMMARY
(ms?) (s In thi ied ltiwavelength observati

200710209 —141 a1 Liu et al. 2009 n this paper, we carrie out multiwavelength o servatl.ons
2011/10/15 -97 -97 Zhang & Ji(20143 of three recurring jets on 2014 November 7. The jets
2014/1111 176 -176  Sakaue et al201§ originated from the same region at the edge of AR
2015/05/04  ©-1000 1500-3000 Huang et al(2020 12205 and ted al th ¥ Th

jet2 _382 _155 this study ; and propagated along the sgme corona-oop. | e

jet3 -210 -210 this study eruptions were generated by magnetic reconnection, which

is evidenced by continuous magnetic cancellation at the jet

base. The projected initial velocity of jet24s402km s™!.

The accelerations in the ascending and descending phases
is found that the projected accelerations in the previougf jet2 are not consistent, the former is considerably large
works are lower thap . The difference in values is mostly than the value ofi at the solar surface, while the latter
attributed to the different inclination angles. is lower thang.,. There are two possible candidates of

However, when external forces are involved, theextra forces acting on jet2 during its propagation. One is
acceleration of a jet changdsuang et al(2020 reported  the downward gas pressure from jetl when it falls back
the observation of a jet propagating along a closednd meets with jet2. The other is the aerodynamic drag
coronal loop. Instant brightening is found at the remotgforce during the fast propagation of jet2. As a contrast,
footpoints of the loop, which is probably heated by thethe accelerations of jet3 in the rising and falling phases
nonthermal electrons, MHD waves, and/or a conductior@re constant, implying that the propagation of jet3 is not
front generated by the magnetic reconnection associategignificantly influenced by extra forces.

with the jet. Extension of brightening along the loop, which ‘ | h h l h
is interpreted by chromospheric evaporation, meets with CKnow edgements The authors are grateful to the

the ejecta near the loop apex and acts as a brake on tﬁglleague_s n Purpl_e Mougtam Observ;atDo(r)y_ for t.hel_r
ejecta, leading to a strong deceleration (see Taple construcﬂvg ;uggegtlons and comments. is a mission
of NASA's Living With a Star Program. AIA and HMI data

In this work, we study three recurring jets originating 56 courtesy of the NASA/SDO science teams. This work
from the same region and propagating along the samg q,,norted by the National Natural Science Foundation
coronal loop. The first two jets erupted with short time ¢ ~hina (NSFC, Grant Nos. 11790302, 11790300 and
interval, while the third jet occurred independently. As 11773079), CAS Key Laboratory of Solar Activity
. . . -y - 1 . 1 1
jet2 rises at an initial velocity 0~400kms™, it Shows  \ational Astronomical Observatories (KLSA202006), and

unwmdmg- motion, which 'mP"eS the release ar.1d tr"’.‘nSfe'ihe Strategic Priority Research Program on Space Science,
of magnetic helicity. Interestingly, the accelerationsha CAS (XDA15052200 and XDA15320301).
ascendingd.isc) and descendingi,;;) phases of jet2 are
not the same (see Talle The mean value af,is is larger  References
thange, suggesting that additional force is at work apart
from the gravity. Considering the short interval betweenAlexander, D., & Fletcher, L. 1999, Sol. Phys., 190, 167
jetl and jet2 and the fact that jetl moved downwardBrueckner, G.E., & Bartoe, J. D. F. 1983, ApJ, 272, 329
when jet2 was moving upward along the same flux tube Chae. J.. Qiu, J., Wang, H., & Goode, P. R. 1999, ApJL, 513, L75
jetl may bring downward gas pressure to jet2, WhichChen’ H.D., Jiang, Y. C.,&Mg, S. L. 2008, AZA, 478, 907
. Chen, H., Yang, J., Hong, J., Li, H., & Duan, Y. 2021, ApJ, 911,
act as an extra force that decelerates jét#2igng et al. 3
2020. Moreover, the flux tube was filled with hot and

. . . Chen, J., Su, J., Deng, Y., & Priest, E. R. 2017, ApJ, 840, 54
dense plasma from jet1, which exerts a viscous drag forc%hen J.,Su, J., Yin, Z., et al. 2015, ApJ, 815, 71

during the fast propagation of jet/(Snak 200). In  cpjtor, C., Isobe, H., Mason, H. E., et al. 2008, A&A, 491, 279
contrast, the accelerations in the ascending and des@endiirtain, J. W., Golub, L., Lundquist, L., et al. 2007, Scien818,
phases of jet3 are equivalent and lower than (see 1580

Table?2), implying that extra forces are absent during jet3. de Pontieu, B., McIntosh, S., Hansteen, V. H., et al. 2006.PA
Therefore, the inconsistency in the accelerations of @t2 i 59, S655

most probably caused by the influence of jetl. State-of-thebe Pontieu, B., Title, A. M., Lemen, J. R., et al. 2014, Soy®h
art numerical simulations are needed to carry out a in-depth 289, 2733



262-8 Y. J. Zhang et al.: Recurrent Coronal Jets Observed by SDO/AIA

Fang, F., Fan, Y., & MclIntosh, S. W. 2014, ApJL, 789, L19 Space Sci. Rev,, 201, 1
Hassler, D. M., Dammasch, I. E., Lemaire, P., et al. 1999,Roy, J. R. 1973, Sol. Phys., 28, 95
Science, 283, 810 Sakaue, T., Tei, A., Asai, A., et al. 2018, PASJ, 70, 99
Hollweg, J. V. 1982, ApJ, 257, 345 Scherrer, P. H., Schou, J., Bush, R. ., et al. 2012, Sol. PRYS,
Hong, J., Jiang, Y., Zheng, R., et al. 2011, ApJL, 738, L20 207
Huang, Z., Zhang, Q., Xia, L., et al. 2020, ApJ, 897, 113 Schmieder, B., Guo, Y., Moreno-Insertis, F., et al. 2013,/A&
Jiang, Y. C., Chen, H. D., Li, K. J., Shen, Y. D., & Yang, L. H. 559, Al
2007, A&A, 469, 331 Shen, Y. 2021, Proceedings of the Royal Society of London
Joshi, N. C., Nishizuka, N., Filippov, B., Magara, T., & To&t Series A, 477, 217
A. G. 2018, MNRAS, 476, 1286 Shen, Y., Qu, Z., Yuan, D., et al. 2019, ApJ, 883, 104
Joshi, R., Chandra, R., Schmieder, B., et al. 2020, A&A, 639,Shibata, K., Nitta, N., Strong, K. T., et al. 1994, ApJL, 4B51
A22 Shibata, K., Ishido, Y., Acton, L. W., et al. 1992, PASJ, 44/B

Kim, Y.-H., Moon, Y.-J., Park, Y.-D., et al. 2007, PASJ, 59,63 Shimojo, M., Hashimoto, S., Shibata, K., et al. 1996, PAS), 4
Lemen, J. R., Title, A. M., Akin, D. J., et al. 2012, Sol. Phys. 123

275, 17 Sterling, A. C., Moore, R. L., Falconer, D. A., & Adams, M.
Li, H., Jiang, Y., Yang, J., et al. 2017, ApJL, 842, L20 2015, Nature, 523, 437
Li, X., Yang, S., Chen, H., Li, T., & Zhang, J. 2015, ApJL, 814, Sterling, A. C., Moore, R. L., Falconer, D. A, et al. 2016,JAp
L13 821, 100
Li, X., Zhang, J., Yang, S., & Hou, Y. 2019, ApJ, 875, 52 Sterling, A. C., Moore, R. L., Falconer, D. A., Panesar, N.&.
Liu, W., Berger, T. E., Title, A. M., & Tarbell, T. D. 2009, Ap.J Martinez, F. 2017, ApJ, 844, 28
707, L37 Tian, H., DelLuca, E. E., Cranmer, S. R., et al. 2014, Science,
Lu, L., Feng, L., Li, Y., et al. 2019, ApJ, 887, 154 346, 1255711
Moore, R. L., Cirtain, J. W., Sterling, A. C., & Falconer, D. A Tian, H., Yurchyshyn, V., Peter, H., et al. 2018, ApJ, 854, 92
2010, ApJ, 720, 757 Tian, Z., Liu, Y., Shen, Y., et al. 2017, ApJ, 845, 94
Nishizuka, N., Nakamura, T., Kawate, T., Singh, K. A. P., & Vrsnak, B. 2001, Sol. Phys., 202, 173
Shibata, K. 2011, ApJ, 731, 43 Wang, H., & Liu, C. 2012, ApJ, 760, 101
Nishizuka, N., Shimizu, M., Nakamura, T., et al. 2008, ApJL, Wang, Y., Zhang, Q., & Ji, H. 2021, ApJ, 913, 59
683, L83 Wyper, P. F., DeVore, C. R., & Antiochos, S. K. 2018, ApJ, 852,
Nistico, G., Bothmer, V., Patsourakos, S., & Zimbardo, G0%, 98
Sol. Phys., 259, 87 Yang, S., Zhang, Q., Xu, Z., et al. 2020, ApJ, 898, 101

Nistico, G., Patsourakos, S., Bothmer, V., & Zimbardo, GL2,  Yokoyama, T., & Shibata, K. 1995, Nature, 375, 42 _
Advances in Space Research, 48, 1490 Zhang, Q. M., Chen, P. F,, Guo, Y., Fang, C., & Ding, M. D.

Panesar, N. K., Sterling, A. C., Moore, R. L., & Chakrapani, P 2012, ApJ, 746, 19

2016, ApJL, 832, L7 Zhang, Q. M., Huang, Z. H., Hou, Y. J., et al. 2021, A&A, 647,
Patsourakos, S., Pariat, E., Vourlidas, A., Antiochos, S.&K Al13
Wuelser, J. P. 2008, ApJL, 680, L73 Zhang, Q. M., & Ji, H. S. 2014a, A&A, 561, A134

2 Zhang, Q. M., & Ji, H. S. 2014b, A&A, 567, A1l
'Zhang, Q. M., Li, D., Ning, Z. J., et al. 2016, ApJ, 827, 27
Zhang, Q. M., & Ni, L. 2019, ApJ, 870, 113

Pesnell, W. D., Thompson, B. J., & Chamberlin, P. C. 201
Sol. Phys., 275, 3
Raouafi, N. E., Patsourakos, S., Pariat, E., et al. 2016,



	Introduction
	Data analysis
	Results
	Discussion
	Summary

