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Observational evidence of magnetic reconnection in a coronal bright point
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Abstract Magnetic reconnection is considered to be the fundamerdakgs by which magnetic energy is
converted into plasma or particle kinetic energy. Magnetionnection is a widely applied physics model to
explain the solar eruption events, such as coronal brightp(CBPs). Meanwhile, it is an usual way of the
solar physics research to look for the observational evideof magnetic reconnection in the solar eruption
events in order to support the model. In this paper, we hapteed the evidences of magnetic reconnection
in a CBP observed by the Atmospheric Imaging Assembly (Ald)@ard theSolar Dynamics Observatory
(SDO) at NOAA No. 11163 on 2011 March 5. Our observations stim@t/this event is a small-scale loop
system in active regions that have similar size as a tramiti©€BP and it might shed light on the physics
of a traditional CBP. This CBP is bright in all nine AIA wavelgths and displays a flaring development
with three bursts intermittently. Each burst exhibits ar pédibi-directional jets almost along a line. They
originate from the same position (CBP core), then move inoihygosite directions. Our findings are well
consistent with the magnetic reconnection process by vithhbi-directional plasma outflows are produced
and radiate the bi-directional jets detected by SDO/AlAe3dfacts further support the conclusion that the
CBP is produced by the magnetic reconnection process.
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1 INTRODUCTION Therefore, it is a common way to find the solar emis-
sion signatures consistent with the theory predicts of the
Magnetic reconnection suggests the process in which thsi-directional plasma outflows to prove the reconnection
magnetic lines of force break and rejoin into a lower-process took place on the Sunres et al. 1997Liu et al.
energy configuration rapidly. In other words, before thep013 Su et al. 2018
reconnection, the magnetic fields are located in a highly
non-potential state (e.gRetschek 1964 During the re- CBPs are observed as the coronal brightness enhance-
connection, the field lines are swept into the diffusion re-ments in X-ray, extreme ultraviolet (EUV) and radio e-
gion and the plasma following with them are referred tomissions over the Sun. Previous observations show that
reconnection inflows, while the plasma with reconfiguredCBPs are small roundish and compact. They have a typ-
loops are termed reconnection outflows, which are alongcal size of 57 — 10”7, and last for several hours or
the opposite direction on the two-dimension space antbnger Golub et al. 1974Zhang et al. 20G1Cirtain et al.
thought to be in the same order of the local Alfvén speed2007 Kariyappa & Varghese 200&lexander et al. 2011
This process suggests that magnetic energy is convertéd& Ning 2012; Liet al. 2013 Zhang et al. 2012 With
into plasma or particle kinetic energy rapidly. Therefore high-resolution observations, it has revealed that the
the magnetic reconnection is wildly used to explain theCBPs are actually composed of closed coronal loop-
solar eruption events, such as flar€&afmichael 1964 s, especially at soft X-raysSpeeley & Golub 1979
Sturrock 1966 Hirayama 1974Kopp & Pneuman 1976 Dere 2008 Kariyappa & Varghese 200&ariyappa et al.
and coronal bright points (CBPs). Observationally, it is2011). Ueda et al.(2010 statistically studied the CBPs
harder to see the direct evidences of magnetic reconnewith such loop-like structures and found their orientation
tion. However, the bi-directional plasma outflows can ra-is clearly biased to the east-west direction. The CBP life-
diate emissions or produce certain instabilities or consetime is proportional to the magnetic flux of the corre-
guences on their trajectories after left reconnectiororegi  sponding bipoles in the photosphere as well as their area
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in soft X-ray images Golub etal. 197). CBPs have an emissions such as flashes on a typical time scale of sev-
average lifetime of approximately 20 hours at EUV e-eral minutes, like solar flaresHabbal & Withbroe 1981
missions Habbal & Withbroe 1981Scherrer etal. 1995 Habbal etal. 1990 Strong et al. 1992 Koutchmy et al.
Zhang et al. 2001Li & Li 2010; Li & Ning 2012), which 1997 Zhangetal. 2012 These flashes show many

is longer than the CBPs at soft X-rays. Observations reveaubpeaks on the light curves, and they often behave
that the most of CBPs at EUV are one-to-one corresponguasi-periodically with the timescale of a few or ten-
dence to the magnetic poles on the photosphere, regardlessof minutes Tian etal. 2008 Kariyappa & Varghese

of the positive and negative polaritiesi & Ning 2012). 2008 Zhangetal. 2012 Imaging observations sug-
CBPs can be observed in the radio wavelengths, such ag®st that these brightness flashes are consistent with
20 cm and 6 cmHabbal et al. 1986~u et al. 198Y. They the jets at X-ray or EUV emissionsShibata et al.
found that the brightness temperature of CBPs varies b&-992 Yokoyama & Shibata 1995Shimojo etal. 1996
tween10* K and10° K, and the lifetime is between 5 and Chae etal. 1999Pariat etal. 2009 Zhang et al. 2012

20 minutes. Huang et al. 2019a A gigantic jet associated with CBP

is observed by soft X-ray telescope on board YOHKOH

netic reconnection. Because they are found to be associatédiPata et al. 1994The jet velocities is from 90 to 240 k-
with small, opposite-polarity poles in photospheric magne™ s~!, which is corresponding to a kinetic energy e.stlmat-
tograms Priest et al. 1994 or to be associated with the e- €d to be order o10”* ergs. Sometimes, such eruptive be-
mergence of the new magnetic flukrieger et al. 1971 havior is thought to be the mlcrof_lare_ associated with CBPs
Strong et al. 1992Golub et al. 1977 Webb etal. 1993 (g..g.,Kamlo etal. 2_01). Meanwhile, in contrast to thg tra-
Podgorny & Podgorny 200®iuang et al. 201;2Mou et al. _dltloha| CBPs, which are the coronal.compact brighten-
2016 201§. After statistically studying CBPs and their INgs in coronal holes or quiet Sun regions, CBPs are also
related magnetic fields on the photosphétarvey et al. founq with the flne structur_es in active regions thanks to
(1994 found that CBPs tend to occur at the regions Withthe high resolut!on obseryatlons of recent years. For exam-
magnetic bipolar emerging, canceling or emerging thele, CBPs consist o.fmult.l-therrr_lal Ioop sygte_m thfit are al-
canceling. These observations strongly support that CBP £0 frequently seen in active regions with similar size (e.g.
a consequence produced by magnetic reconnection due f#§/ang 2018Huang et al. 2019p The intensity variation-
the interaction between two opposite magnetic fragments$ N CBPS can also be seen in loops with similar size in
So far, there are three typical models explaining the CBPLCtVe regions (e.gHuang etal. 2019b CBPs can also
such as the converging-flux model (eRyiest et al. 1994 produce mini-CMEs that_ mlght have_a similar mechanis-
the separator reconnection modebfigcope etal. 2001 ™M s large scale CMEs in active regions (elignes et al.
Madijarska et al. 2003and the new emergence-flux mod- 2009 2010. In this paper, we will analyze an EUV CBP

el (Shibata et al. 19921994 2007 Yokoyama & Shibata in active region detected by the Atmospheric Imaging
1995 Moore etal. 2010 Fang etal. 2014 Their basic ASSeémbly (AIA) onboard th&olar Dynamics Observatory
idea is the magnetic reconnection process. However, tHeDO/AIA; Lemen et al. 2010 present the observation-
first model emphasizes the photosphere converging m@! evidences of the magnetic reconnection.

tion contribution to the magnetic reconnection, while the

second one focuses on the shear motion of the magne%- OBSERVATIONS

ic fields. The third model suggests the reconnection bespo/ala provides multi-wavelength and full-disk solar
tween the new emergence-flux and pre-existing fields gy 44ing capability for spatially investigating the CBPs in
explain the CBPs. This magnetic reconnection model igjeajl thanks to the high temporal and spatial resolutions
used to explain not only the CBPs with a stable patsom the chromosphere to corona. AIA has a spatial resolu-
tern for a long lifetime but also those with the flash- 4, 01067 and a temporal resolution of 24 s at 170&nd
es or the flaring events accompanying the bi—directional600,&’ while 12 s at other seven channels, such as&804
bright structures. Based on the two-dimensional reconnecriq A 193 A 131A, 1714, 94 Aand 335A. The data
tion model, the bi-directional bright structures are expec | sqdin this paper are detected by SDO/AIA at solar Active
as the observational evidences of the bi-directional pmstegion No. 11163 from 02:30 to 03:30 UT on 2011 March
outflows Shibata etal. 19921994 Shimojo etal. 1996 g5 There are several EUV CBPs occurrences during this in-
Ning & Guo 2014 Li et al. 201§. terval. One of them has a central positionat]”’, 390"],
Based on the observations with high resolutions, it isand it is studied here in detail. Figutegives AIA 171A
found that CBPs evolve in an active mannduéng et al. images at 02:40 UT (a) and 02:45 UT (b) respectively. This
2018 Mouetal. 2016 Mouetal. 2018 Skokic etal. CBP starts to be bright at 02:35 UT, then continuously ex-
2019. Some occasionally undergo a sudden increase ipand from its core 42", 390”]) marked by the red plus.

CBPs are theoretically thought to be produced by mag
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Fig.1 SDO/AIA 171A images at 02:40:48 UT (a) and 02:45:36 UT (b) on 2011 MarcB3Q/HMI magnetogram at
02:40:14 UT (c) and the difference HMI image (d) between 0214 UT and 02:07:59 UT with AIA 174 contours. The
levels are set at 70% and 90% of local maximum brightnessiezate. Twoblue dotted lines represent the artificial slit
with a width of8”. Thearrows are along the jet direction, while tmed plus marks the core position of the CBP. The light
curves in thevhite andgreen boxes are given in Fig2. Thewhite rectangles present the 15 distinct regions in which AlA
brightness Léjsed to detect the local temperature and emiss#asure given in Figs. 6 and 7. Eaebtangle has a size of
8 x 1 arcsec.

There are two jets from the CBP core at 02:45 UT, andlentified as three bursts during the time interval between
there is a distance of abolt” between them. Panel (c) is 02:30 UT and 03:08 UT. They are marked by Roman nu-
the Helioseimic and Magnetogram Images (HMI) photo-merals of |, I, and Il (the blue intervals). Their lifetirae
sphere magnetic field at 02:40 UT. The CBP takes place rand brightness are different from the various AIA wave-
ear the neutral line between the positive and negative madengths. The second and third bursts are mixed up on the
netic fields. Panel (d) shows the difference image of HMIAIA channels with the higher temperature due to a short
observations between 02:40 UT and 02:07 UT after removinterval between them, such as AIA 181and AIA 94 A.

ing the differential rotation. The contours of AIA 1Al1are

SDOJ/AIA ides the abilities for the i tudy-
overplotted at 02:40 UT (yellow) and 02:50 UT (green), at. . provides e abliites fof the image study
. ing the time evolution of this CBP with a high cadence.
which a thermal loop structure appears.

Figure3 gives the time sequences of intensity images and
Figure2 shows the AIA light curves of the whole ac- intensity gradient (running difference) images for the-sec
tive region (upper panel) in the white box and of the bursiond burst at AIA 171A and 211A during a short inter-
area (bottom) in the green box in FiguteThere is only  val from 02:40:24 UT to 02:41:48 UT. These images show
one emission enhancement or flash after 02:41 UT, esp#hat the CBP starts with a small roundish and compact
cially at AIA 94 A from the whole active region. However, point at the position of §42”, 390”], i.e., 02:40:24 UT.
the bottom panel shows that the CBP firstly increase iThen CBP becomes more bright and expands to 25 pixels
AIA intensities at about 02:35 UT, then twice brightness(9 arcseé) until 02:41:00 UT. The CBP changes its shape
enhancements after 02:41 UT. These three flashes areiito a strip-type along the northeast to southwest diractio
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Fig.2 Light curves of the whole active regioniper: the white box in Fig. 1) and the CBP lfottom: the green box)
region at AIA nine wavelengths. Thrdxue intervals marked by Roman numbers of I, Il and Il represent three Burst
corresponding to three pairs of bi-directional jets.

from a roundish point after 02:41:12 UT. Its central posi-green arrow points the white kernel located at the CBP core
tion shifts one arcsec to west, fromp”, 390 to [543”,  at [543, 390]. It is the newly bright region of the CBP at
390"]. At this time, the bi-directional jets start to move out this time. Other two dark and bright kernels (white arrows)
from the CBP core along the northeast-southwest direcare symmetrically sited around the CBP core along the
tion. But they are hard to be seen by eyes from the intensitgiortheast-southwest direction. In other words, two white k
image at 02:41:12 UT. This is because a short distance seprnels are at the outsides of two dark kernels, and these two
aration between them. After 24 seconds, the bi-directionadark kernels are at the outsides of the CBP core. Such dis-
jets move oppositely and could have a large distance ttribution of these kernels indicates that the two jets move
separate them. However, it is still hard to see the jets ooutwards from the CBP core along the opposite directions.
the raw intensity images, whatever at AIA 1&Dpr 211A. Namely, both jets are symmetrically located at the outsides
The CBP still shows its brightness with a strip-type shapef the CBP core, and they show a similar behavior.

at 02:41:36 UT. However, the bi-directional jets and their ~ To show the bi-directional jets in detail, we outline
movement can be clearly seen by eyes on the running dne CBP along an atrtificial slit as two blue dotted lines
ifference image. On these images, each jet is representé@ Figs.1 and3). In this paper, a constant width &f’

by a pair of bright and dark kernels. The white kernel sug4is used for this slit, which is wide enough to cover the w-
gests the position to be bright at this time, while the darkiole CBP brightness at different channels and times. This
one indicates the position to be bright previously. In thisslit is long enough to cover the maximum distance that the
case, the white kernel has to be followed by the dark ongets can reach. As mentioned before, the bi-directional jet
on the running difference images, and both kernels changeare along the northwest-southeast direction, thus the sli
their positions simultaneously. This fact provides obaerv is nearly a straight line. Then, the CBP brightness are in-
tional evidences of the jet movement. At 02:41:36 UT, thetegrated along the slit width from 02:30 UT to 03:08 UT.
CBP shows two dark and three bright kernels (marked byrhus, we obtain the time-distance images of CBP bright-
three arrows in Fig3) along the northeast-southwest di- ness. Figuret (left) shows these time-distance images at
rection on the running difference image at AIA 2A1The  nine AIA wavelengths. Thé -axis shows the distance a-
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Fig.3 Time sequence of the intensity imageésp(eight and third eight panels) and running difference imagesetond
eight and bottom eight panels) at AIA 171 A and 211A respectively. Each image has a same field of viewm@s
40 arcseé. Two blue dotted lines outline an artificial slit same as in Fi@j. Theblack arrows mark the bi-directional jets
and thegreen arrow points the CBP core on AIA 21A image at 02:41:36 UT.

long the slit from northeast (bottom) to southwest (top).est temperature among nine AlA wavelengths. Two jets of
Therefore, the CBP core is near the middleYohxis, as each burst start from the same position on the slit, and go
marked by the red dotted lines. There are three pairs of thepward and downward simultaneously. They are symmet-
oblique streaks corresponding to the three bursts idedhtifierically distributed on the time-distance images, which is
as three pairs of the bi-directional jets seen at all nine AlAsame as the bi-directional type Il bursts seen on the radio
wavelengths, although they are very weak at AIA 1200 dynamic spectra (e.gAschwanden et al. 1998ling et al.
which is corresponding to the chromosphere with the low20003. Three bursts are clearly seen on the time-distance
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Fig.4 Time-distance images of the intensitgf{ panels) and intensity-gradientright panels) at AIA 304 A 1714,
193A, 211A, 335A, 94 A, 1314, 1600A and 17004 respectively. Th& -axis is along the slit from northeastattom)
to southwesttpp). Thered dotted lines represent the original position of CBP core. The light caraethegreen dashed
linesare plotted on the top panel in Fi§. Thetriangles mark the start and end times of the third burst at AIA &2 The
velocities of six jets are marked on the intensity-gradigné-distance image at AIA 17A.

images at AIA 171A, as marked by Roman numerals I, abovel0® K. The light curves of four AIA channels at the
Il and Ill. They take place at 02:36 UT, 02:42 UT and green dashed lines are given in Figbr@op).
02:50 UT respectively. Their lifetimes are increased one
by one. The first burst is about 2 minutes, while the third  Figure 4 (right panels) shows the time-distance im-
one is about 4 minutes at AIA 17 The third burst start ages of intensity-gradient, in which the intensity-gradie
and end times are detected on AIA 1&Xlight curves each  (derivative) is calculated along th€-axis (time). In this
position along the slit, and they are marked by triangles ircase, the signatures with weak intensities are able to be
Figured4. The second burst is clearly seen at AIA 1700 seen clearly. For example, the second burst shows weak
1600A and 304A, while the first and the third ones are signatures at AIA 170@, and difficult to be seen at its
almost not. The second and third bursts are mixed togettitme-distance image, while the more clear signatures are
er on the raw intensity time-distance images at other fiveletected on the time-distance images of intensity-gradien
wavelengths, such as AIA 198 335A, 94A, 211Aand  On the other hand, it is easy to measure the jet velocity
131 A, which are the coronal lines with the temperatureon the time-distance images of intensity-gradient, which
display the jet movement more apparently than the time-
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distance images of intensity. The similar method was usettum of each light curve is splitted into a lower-frequency
before to detect the solar radio bursts or thread oscilladomain and a higher-frequency one, and the critical fre-
tion in a prominenceAschwanden et al. 1998ling etal.  quency between two domains is arbitrarily chosen to be
2009ah). The jets correspond to the oblique streaks orl/192 Hz here. The higher-frequency (quasi-periodic sub-
the intensity time-distance image. After done the derivapeaks) and lower-frequency (gradual background) compo-
tive, one jet represents a pair of a white and a dark obliquaents are obtained from the lower- and higher- frequency
streaks. The white streak indicates the boundary where tteiomains used by Inverse Fast Fourier Transform. As not-
jet intensity increases with the time, and the nearby darled earlier, SDO/AIA has a high cadence of 12 s at A71
one represents another boundary where the jet intensityQBA, 335A and 211A. Thus, the higher-frequency com-
decreases. These two streaks are consistent with the moy@nent refers to emission elements changing with a short
ment of both bright and dark kernels on the running differ-timescale in the range df4 — 192 s, while the lower-
ence images shown in FiguBeAccording to our method, frequency componentrepresents emission elements chang-
the white streaks are always followed by the dark ones oing with a longer timescale than 192 s. Fig&réop) al-
the intensity-gradient time-distance images. so gives AlA light curves (black) with the lower-frequency
Same as on the intensity time-distance images, thregPMPonents (blue) at the green dashed position in Figure
bursts are well displayed as three pairs of oblique streakl "€ higher-frequency components are shown in the mid-
s on the time-distance images of intensity-gradient, espéj-le panels, and their wavelet spectra are shown in bottom.
cially at at AIA 171A. The second and third bursts show The results show 3-min oscillations around two footpoints.

their emission signatures on other eight AIA wavelengths NiS fact further proves that the bi-directional jets step n

Figure4 (right) also shows that the CBP starts to be bright€@" tWo footpoints with the strong magnetic fields. Because
with a roundish shape, and then it expands. This process {8€ Previous studies show that 3-min oscillations are of-
shown as the vertical streaks betwaérand18” along the ten seen in the chromosphere above sunspot umbra, and
Y -axis at AIA 171A. It is shown the CBP behavior before are Well analyzed at EUV spectral and microwave observa-
the bi-directional jets. The streaks then become obliqudions Fleck & Schmitz 199]Lites etal. 1993Sych et al.
indicating the bi-directional jets moving outward. The ve-2012- Onthe other hand, the detected period of 3-min here
locities of the jets are measured as 13.5 kihsl1.5 k- 1S independence of the critical frequency 1/192 Hz in this
ms!, and 8.5 kms! for three bursts respectively. Both event. In other words, we can get the same result if the
jets of each burst have a similar speed. Six jets have an afitical frequency of 1/200 Hz or 1/300 Hz is chosen. The
erage value of 11 knTg, which is much slower than the "€asonis that the light curves show a similar signal with a
typical speed of X-ray jets (about 200 km'g observed by ~ Single period of 3-min in Figurs.
YOHKOH (e.g.,Shibata et al. 19945himojo et al. 1996

3 DATA ANALYSIS

Figure 4 shows that these jets go outwards from the
CBP core. Then, they stop and are continuously bright foAIA multi-wavelength observations also give the ability to
an interval of about 20 minutes, especially at AIA 183  reconstruct the spatial images of emission measktifg
They look like two footpoints if the bi-directional jets and temperaturel() of the active region. There are more
come from the loop top. In this case, the middle of ihe  than ten methods developed to inverse#ti¢ andT" from
axis is the loop top while the two footpoints are near 0 andAIA observations Aschwanden et al. 2015These meth-
15 arcsec of th& -axis in Figured. They correspond to the ods basically derive from the dependence of the differéntia
negative and positive magnetic fields on HMI image. Onemission measurdXfZM) computation, but using the dif-
the intensity-gradient time-distance images, two foaif®i ferent fittings of the observational data. Figérehows the
show the bright and dark structures separately. This is théme-distance images @M andT of the CBP along the s-
intensity oscillation, which is well seen around northeastit at the 15 distinct white rectangles in FiguteEach rect-
footpointat AIA 171A, 193A and 211A. In order to study angle has a size of8l arcseé. The six AlA channels cor-
this oscillation, the wavelet analysis has been done at AlAesponding to the coronal temperatures, such as fluxes at
171A, 193A, 211A, and also 338 Figure5 (top panel-  131A,94A, 3354, 2114, 1934, and 171A, were used as
s) gives their light curves along the green dashed lines omitial parameters to perform thBEM fitting. The inver-
Figure4 (left panels). There are lots of the quasi-periodicsion method is developed from tixeray Telescope (XRT)
subpeaks overlying a gradual component. In order to dissnboardHinode (e.g.,Hannah & Kontar 2012Chen et al.
tinguish these subpeaks from the gradual emissions, w2012 Su et al. 2018
further decompose each light curve into a higher-frequency There is only the third burst displayed as bi-directional
and a lower-frequency components by the Fourier analysigblique streaks on the time-distance imagesZéf and
Based on the fast Fourier filtering method, the power spec?’. The third burst has large intensities at six AIA wave-
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Fig.5 Top: the light curves hﬁlac‘lf) along thegreen gashed lines in Fig. 4, and theblue lines are their lower-frequency
components at AIA 171, 193 A, 335A and 211A respectivelyMiddle: the higher-frequency componenBottom:
wavelet spectra of the higher-frequency components.

|engthS; i.e.,F131, Foy4, F335, Fo11, F193, andF171. The has a blgT than the pOint (b) We check the AIA observa-
other two bursts are too weak to invert théil/ and 7" tions and find that there is another CBP appearance at the
from observations. The third burst exhibits théit/ and  same position as the point (a). This CBP is isolate and s-
T movement from the CBP core (middle of theaxis)  mall, but its intensity contributes the inversion®i/ and

to outsides (top and bottom of thé-axis) as well. Two T in Figure6. The DEM curves at these four points of
black lines are used to trace their trajectories, and botthe third burst are given in Figurg The red solid curve
EM and T distribution along these lines are plotted onshows the best-fib EM solution to the observed fluxes at
the right panels. As the theoretical expectation, the CBRix AIA channels. 100 Monte Carlo realizations of the da-
core (point c) is the magnetic reconnection region and ita are used to estimate tl&~M uncertainties, as shown
has a maximunt/M or T along the bi-directional jets; i.e., by black dashes lines in each panel. Each position shows
EM; < EM, > EM,, T, < T. > T,. BothEM andT a wide temperature range between 0.3 MK and 10 MK
has a gradient distribution from the CBP core. Namely, thé5.5 < log7 < 7.0). The average values d&fM and T
higherEM and T', the shorter distance to CBP core, espe-are given.

cially on theT time-distance image. However, the point (a)
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Fig.6 Left: time-distance images dfM and T' using theHinode/XRT method along each of the Mahite rectangles
marked in Fig.1 from northeastlfottom) to southwesttpp). The green line shows the time evolution afM and T' at
7 arcsec on th&-axis. TheDEM curves at four positions marked Ipluses (a, b, ¢, d) are given in Figi. Right: EM
and T distributions along twdplack oblique lines (the third bi-directional jets).
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Fig.8 Measurements of the jet durations dependenoce on the peek.tifhetriangles and asterisks correspond to the
upward and downward jets of the third burst at AIA 1Xin Fig. 4.

Meanwhile, the jets are the emission signatures ofvith a size comparable to a CBP, like a bright point in the
the plasma outflows moving from the acceleration regionactive region mossiipathi et al. 20082010. Our obser-
Observationally, the jet shifts its maximum peak with thevations show that this event is a small-scale loop system in
time, indicating the jet movement, such as oblique streakactive regions that have similar size as a traditional CBP,
shown in Figuret. On the other hand, the jet durations areand it might also shed light on the physics of a traditional
expected to increase regularly and continuously on its tra€BP.
jectories after left the acceleration region. This is beeau
of the dispersiondv) of the plasma speed. T results
into the spacial expansion of the jet with the time, such a

This CBP exhibits its brightness flashes three times
on the light curves. AIA imaging observations show that
hey are three bursts intermittently, and each burst is i-

Lijet ~ Lo + v x 6t dentified as a pair of bi-directional jets, which starts from

the looptop and moves towards two footpoints. In order

wheredv is speed dispersion anid is elapsed time after tg analyze these bi-directional jets, we use an artificial sl
jet (outflow) left the acceleration region. Whén = 0,  with a width of8” to cover the whole CBP. After integra-
Liet = Lo, Lo is the original length of jet at the accelera- tjon the fluxes along the slit width, we get the brightness
tion region. Thus, the jet scale would continuously inceeas time-distance images at AIA nine wavelengths. As expect-
with the elapsed time, and the jet duration could regularlyeq, the bi-directional jets are identified as the bi-direuil
increase with the elapsed time. Because the jet duratiogblique streaks on the time-distance images of various AIA
is proportional to the jet scale. Figueplots the jet du-  wavelengths. The bi-directional jets almost start at th©CB
rations dependence on the peak times at AIA &7The  core near the loop top, and move outwards at the opposite
triangles and asterisks represent upward and downward j@frections. The jets have an average speed of about 11 k-
durations of the third burst respectively. As we expectedm s—! which is much slower than the X-ray jets. These jets
the jet durations increase regularly along with their peaktop around the loop footpoints, which are bright for a pe-
times, which are measured as the times with the maximumod about 20 minutes after the jets. High cadence observa-

171 A flux at eachy position in Figure4. This indicates tions show 3-min oscillation around these two footpaints.
that the bi-directional jets could be radiate by the plasma ) ) o
outflows expanding their scale after leaving the accelera- Qur_obsgrvaﬂ_ons ShOW the _typlcal characteristics of
tion region. This finding is consistent with the relation pe-the bi-directional jets. First, the jets come from the CBP

tween the duration of type Il bursts and their peak timeg-ore around the loop top. Second, they are symmetrically

(e.g.,Hillaris et al. 1988Ning et al. 2000 seated outsides the CBP core, and move outward the op-
' posite directions. Both jets exhibit as the oblique streak-
4 DISCUSSIONSAND CONCLUSIONS s symmetrically distributed on the time-distance images.

Third, their velocities are comparable. In brief, they have
We analyzed the bi-directional jets in a CBP observed byhe similar shapes, similar speeds and similar behaviors,
SDOJAIA at nine wavelengths on 2011 March 5 in this pa-but the opposite directions. Meanwhile, we find that both
per. Traditionally, a CBP is coronal compact brighteningsZM and T' display a gradient distribution from the CBP
in coronal holes or quiet sun regions. The event studiedore to two sides. The jets increase their durations with the
here is not a classical CBP but active region bright corgeak times. It is reminiscent of the bi-directional plasma



Z.-J.Ning, D. Li & Q. M. Zhang: Coronal Bright Point 138-11

outflow after the magnetic reconnection. We explain thaSuch slow speed of the bi-directional jets in this paper
these bi-directional jets are the observational eviden€es probably suggests the magnetic reconnection in the low-
the bi-directional plasma outflows produced by the mager coronal layer with a very weak magnetic field and a
netic reconnection model. In other words, our findings suphigh plasma density. Meanwhile, three bursts take place
port the magnetic reconnection model of the CBP. Thentermittently and show a quasi-periodicity of 7 minutes.
bi-directional jets seem to start from the loop top, thenActually, the periodicity is also well observed in other re-
expand and move toward two footpoints, indicating theconnection events, such 8s— 5 minutes for the explo-
magnetic reconnection occurrence around the loop togsive events (e.g.Ning etal. 2004 Li 2019), tens min-
Namely, we suppose that there is a loop system connectites for X-ray jets Zhangetal. 2012 and 2 seconds
ing the positive and negative fields in this case, and théor type Il bursts Aschwanden et al. 199Wing & Guo
event started to erupt on the loop top due to magneti2014 Lietal. 2016. Such big gap of the periods would
reconnection took place there, possibly reconnection besupport the assumption that the magnetic reconnection
tween the emergence loops and pre-existing and overlycould be modulated by the waves with various periods
ing fields Priest etal. 1994Mou et al. 2016 Mou etal.  (e.g.,Chen & Priest 2006
2018, or possibly reconnection on the loop top due to the  AlA observations show that not all the three bursts can
convergence motionMou et al. 2018, or due to a cusp be seen at all nine AIA wavelengths, which indicates that
shape field Masuda et al. 1994 However, no such con- the jet plasma has various temperatures. As noted earli-
vergence or a cusp shape is found from magnetic and opter, three bursts are well seen at AIA 141 while only
observations. We try to use the difference image of magene or two bursts show the signatures at other eight AIA
netic field in Figurel(d) to look for the magnetic emer- wavelengths. Only the second burst is seen at all nine AIA
gence or cancelation or convergence beneath the eventwiavelengths,i.e., from AIA 170A to 131A, which corre-
seems that the event region does change its magnetic fielshond a wide temperature range betwe@hK and10° K.
but such changes are comparable with the noise level ilithree bursts are more bright at the coronal lines such as
Figure 1(d). It is possible that the magnetic structures e-AlA 335 A, 94 A, and 131A than the chromospherical
volve quickly with a shorter timescale or more weaknesdines, such as AIA 1608 and 1700A. This fact suggests
than the present instrument resolution. As noted earliethat the hot plasma as well as the corona is still the main
AIA171A images show that a thermal loop appears duringgcomponent in the jets. The image observations combined
the event, which supports our hypothesis that three burstwith EUV spectra could be helpful to study the jet plasma
s are possible resulting from intermittent reconnection oriemperatures.
this loop top. Thus, the b|-d|rect|or.1al jets produced and SAcknowledgements This work is funded by the National
tarted from the loop top toward their footpoints along these ‘ . .
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