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Transi/on	region	explosive	events�

! Bruckner	&	Bartoe	(1983)	–	
turbulent	events	iden/fied	
by	their	non-Gaussian	
profiles	-	turbulent	events	
and	jets	(HRST/NRL)	

! 	Dere,		Bartoe	&	Bruckner		
(1984)	-	introduced	the	
term	'explosive	events'	or	
by-direc/onal	jets	

HRTS	observa/ons	(Bruckner&	Bartoe,	1983):	
“turbulent	events	and	jets”�
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Explosive	events	(EEs):	Some	observa/onal	
facts	we	have	known �
l  They	are	normally	found	in	the	network	region	(Dere	et	al.	1989;	Porter	&	Dere	
1991;	Madjarska	&	Doyle	2003;	etc.);	

l  They	are	associated	with	regions	of	weak	and	mixed	polarity	fluxes	(Brueckner	
et	al.	1988;	Dere	et	al.	1991;	Chae	et	al.	1998a;	Teriaca	et	al.	2004;	Muglach	
2008).		

l  Most	of	them	are	associated	with	magne/c	cancella/on	(Chae	et	al.	1998a);	

l  They	can	represent	hot	plasma	material	flowing	out	of	the	magne/c	diffuse	
region	where	chromospheric	upflow	events	are	also	observed	(Chae	et	al.	
1998b);	

l  They	have	been	found	in	chromospheric	surge	(Madjarska	et	al.	2009).	
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Explosive	events	and	magne/c	reconnec/on�

l  Explosive	events	have	been	taken	as	signatures	of	bi-direc/onal	ouclow	generated	
by	magne/c	reconnec/on	(Dere	et	al.	1989;	Innes	et	al.	1997,	2015;	etc.).	

l  Other	interpreta/ons:	siphon	flows	in	small	scaled	loops	(Teriaca	et	al.	2004)	and	
swirling	jets	(Curdt	and	Tian,	2011)	have	also	been	proposed	as	the	phenomena	
causing	explosive-event	line	profiles.�

Innes	et	al.,	1997,	N
at.,	386,	811

�
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1.	A	case	study	of	EE	using	IRIS	observa/ons�

l  The	Si	IV	spectra	show	
“red-wing-
dominantàred-blue	
balanceàblue-wing	
dominant”	evolu/on.	

l  Mul/ple	compact	and	
dynamic	bright	dots	
(<1”).	

l  Small	jets	(<2”	length,	
~0.35”	width).	

The Astrophysical Journal, 797:88 (14pp), 2014 December 20 Huang et al.

Figure 10. Explosive event in IRIS 1330 Å slit-jaw images (in reversed color). The white vertical line is the location of the IRIS spectral slit. The arrows on the image
at 18:42:08 UT mark the three bright cores discussed in the text, and the dotted-line square outlines the region from which the lightcurves in Figure 12 are produced.
The arrow on the image at 18:56:20 UT denotes a jet-like feature.

(An animation and a color version of this figure are available in the online journal.)

first column in Figure 11. The region selected for producing the
lightcurves is larger (7.′′65 × 7.′′35) in comparison to the event
because we need to account for the movement of the feature and
for the activity in its close proximity (perhaps triggered by the
EE), see Figure 10. Thus the lightcurves are formed partially
by the EE source region and also by the loops rooted in it. The
lightcurves are smoothed by three frames. We need to point out
that the dip in the SJ lightcurve during the peak of the event
seen in the spectral lines is purely instrumental (see Section 2
for more details). The slit is obscuring the event during this
period of time and because of the small size of the event at least
one-third of its emission is blocked.

The lightcurves in Figure 12 show two periods of brightening
increase. The first lasts for ∼8 minutes but is actually composed
of several intensity peaks each with duration between 90
and 120 s. The second brightening has the same duration as
the individual spikes of the first brightening. These intensity
variations are clearly linked to the small-scale ejections and
brightness increase in the source region. The first intensity
increase starts in the AIA 304 Å channel at ∼18:44 UT and
ends at ∼18:53 UT. The start in the SJ images cannot be defined
because of the spectroscopic observations. In the 171 Å channel
the flaring of the EE begins later, i.e., ∼18:46 UT, and stops

earlier at ∼18:52 UT. The event is first seen in the AIA 193 Å
channel at the same time as in AIA 304 Å. In AIA 131 Å, it
appears to be delayed by one minute with respect to the 304 Å
and 193 Å channels but this can also be due to the weak signal
in this channel. The start of the brightening in the 211 Å channel
is impossible to determine.

At 18:55 UT, the EE starts to flare up again (only seen in
the imaging data) and reaches maximum in the IRIS 1330 Å
slit-jaw images at 18:56:01 UT. During this stage, the event
shows a clear jet-like structure seen in IRIS 1330 Å SJ images
(black arrow in image at 18:56:20 UT of Figure 10), and can
also be followed in the AIA UV/EUV channels (arrows in the
3rd column of Figure 11). The time of the emission maxima
are 18:56:55 UT in 304 Å, 18:57:47 UT in 171 Å (44 s later
with respect to AIA 304 Å), 18:57:42 UT in 193 Å (102 s),
18:57:47 UT in 211 Å (102 s), and 18:58:32 UT for 131 Å
(152 s). Because of the 12 s cadence of the AIA data, the
171 Å, 193 Å, and 211 Å actually respond simultaneously.
Only the 131 Å channel is delayed with respect to the other
coronal temperature channels by ≈50 s. The emission recorded
in the 131 Å channel is known to be dominated by Fe viii
and several transition region lines. Therefore, the later response
can be related to a cooling rather than heating during the EE.

9

IRIS-6									Stockholm,	Sweden									2016	June	20-23		

5	

(Huang,	Madjarska,	Xia,	et	al.,	2014,	ApJ,	797,	88) �
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Figure 3. Explosive event in Si iv. From left to right, top row: radiance image (in reversed color) produced from the total intensity of the Si iv line, Si iv profiles taken
from the pixels denoted with diamond symbols as “A,” “B,” and “C” in the radiance image. The dotted line, multiplied by five, is the reference spectrum obtained
from the region shown in Figure 2. The Si iv profiles from “A” and “C” are multiplied by two. Bottom row: Doppler velocity image derived from a single Gaussian fit,
RB asymmetry of the region of the explosive event at 50–70 km s−1, 90–110 km s−1, and 130–150 km s−1 with the contour of the radiance image overplotted. The
dotted lines outline the region from which the temporal variations of RB (Figure 6) are obtained.
(A color version of this figure is available in the online journal.)

Figure 4. Explosive event in IRIS Mg ii k. From left to right, top row: radiance image (in reversed color) from the total intensity in the Mg ii k line, Mg ii k line profiles
taken from the pixels denoted by diamond symbols as “A,” “B,” and “C,” together with the reference profile overplotted (dotted line). The blue emission peak is marked
with k2v , the red with k2r , and the absorbtion core as k3. Bottom row: radiance image (in reversed color) in the line center of Mg ii k (i.e., in k3), RB asymmetry of the
region of the explosive event at 50–70 km s−1, 90–110 km s−1, and 130–150 km s−1 with the contour of the radiance image overplotted. The dotted lines outline
the region from which the temporal variations of RB (Figure 6) are obtained.
(A color version of this figure is available in the online journal.)
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Figure 1. Left: cut-off AIA 211 Å image with the contour of the equatorial extension of a polar coronal hole overplotted. The outlined dotted-box region is the IRIS
slit-jaw image field of view. The vertical line represents the IRIS slit position. Right: IRIS slit-jaw image on which the dark vertical line in the middle is the location
of the slit. The contour plot is the boundary of the coronal hole defined in the AIA 211 Å image.
(A color version of this figure is available in the online journal.)

Figure 2. Radiance images in Mg ii k 2796.4 Å, C ii 1334.5 Å, and Si iv 1402.8 Å (in reversed color). The coronal hole boundary determined from the AIA 211 Å
image is marked with a dashed line. The region between the two solid lines marked with “Ref” is where the reference line profiles are obtained. An arrow with “EE”
points to the studied explosive event.
(A color version of this figure is available in the online journal.)

Zhang et al. 2010). These lines have a non-Gaussian shape
with a reversed line core surrounded by two emission peaks.
In Lyman 6–11, Madjarska & Doyle (2002) found that some of
these lines show a stronger self-absorption in EE which is due to
an increase of the emission in the wings while the core intensity
increase remains weak. In Lyman β, Zhang et al. (2010) found
that the self-reversion becomes more significant during EEs with
a stronger peak in the blue wing.

Wilhelm et al. (1998) identified two EEs that occurred in
an active region and were observed at coronal temperatures
(Mg ix 749 Å, 106 K). Teriaca et al. (2002) found that EEs in
the quiet Sun do not have a coronal response suggesting that
they are not relevant to coronal heating (only two events were

analyzed in this study). From the analysis of the energetics
of explosive events observed with SUMER, Winebarger et al.
(2002) concluded that the energy released in explosive events
should be enough to heat the solar atmosphere.

The overview given above shows that our knowledge of the
phenomena generating EEs is very uncertain with many open
questions that need to be addressed, e.g., what physical phe-
nomena generate EEs’ up- and down-flows, rotation or all si-
multaneously? Do phenomena associated with EEs contribute
directly or indirectly to the mass and energy transfer in the so-
lar atmosphere? What is (are) the physical mechanism(s) driv-
ing the phenomena that produce explosive events? Where in
the solar atmosphere do phenomena producing explosive-event
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The	case	in	AIA	and	HMI	observa/ons�

l  The	event	can	be	
seen	in	AIA	193,	211	
channels;	

l  Loops	are	rooted	in	
the	events	seen	in	
AIA	304,	171	
channels;	

l  Magne/c	
cancella/on	in	a	
small	bipolar	region. �

The Astrophysical Journal, 797:88 (14pp), 2014 December 20 Huang et al.

Figure 11. Explosive event in the AIA channels. From top to bottom: 1600 Å, 304 Å, 171 Å, and 193 Å. The dotted lines in the first column outline the region from
which the lightcurves (Figure 12) are calculated. The contour of the magnetic flux density is overplotted on the second column of the images (black: −20 Mx cm−2,
cyan: 20 Mx cm−2). The arrows in the third column of AIA 304 Å, 171 Å, and 193 Å images denote the brightening associated with the EE. The full cadence of the
images (including 211 Å and 131 Å channels) is provided in an online animation.
(A color version of this figure is available in the online journal.)

The 171 Å channel is dominated by Fe ix but if a feature at
low temperature is observed, the recorded emission will be at
temperatures log T (K) < 5.7 (Vanninathan et al. 2012; Brooks
et al. 2011). Although the AIA 193 Å channel is dominated by
three Fe xii lines, it has a significant transition region emission
contribution from non-identified lines (Del Zanna et al. 2011).
The AIA 211 Å channel is also known to record transition
region emission, a lot coming from Fe viii lines. However, 50%
of the lines emitting in this channel remain unidentified (Del
Zanna et al. 2011). Only in active regions we do have a strong
contribution from Fe xiv. To conclude, the AIA channels do

not give a straight answer on the temperature of the observed
explosive event.

The clear intensity increase in AIA 171 Å, 193 Å, 211 Å,
and 131 Å suggests that during the explosive event, plasma was
ejected reaching temperatures to which all of these channels
are sensitive. To determine this temperature, we used the
emission measure (EM) Loci method (see, e.g., Winebarger
et al. 2011; Alexander et al. 2013, etc.). The EM loci curves
are constructed from the channel response functions calculated
using the method described in Del Zanna et al. (2011) and the
emission at around 18:58 UT. The resulting curves are shown in

10

IRIS-6									Stockholm,	Sweden									2016	June	20-23		

6	

The Astrophysical Journal, 797:88 (14pp), 2014 December 20 Huang et al.

Figure 14. HMI magnetograms of the explosive event. The overplotted dashed line square is the region from where the magnetic flux is calculated in Figure 15.

Figure 15. Temporal variations of the positive (left) and negative (right) magnetic fluxes. The red lines represent the linear fit to the period of flux emergence and
cancellation.
(A color version of this figure is available in the online journal.)
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2.	IRIS	observa/ons	of	an	ac/ve	region	with	
loops�
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4.1. Group A: Cool Transition Region Loop with
One Active Footpoint

The FOV containing group A is enlarged in Figure 3. In this
region, we visually identified 15 loops (see Figure 3) using the
Si IV radiance image and the SJ images (see Figure 4 and the
online animation). The identification is based on cross-
checking both the Si IV radiance image and the SJ images.
Please note that this region is occupied by bundles of loops,
many of which are clearly visible in the SJ images, though
relatively weak in the Si IV radiance image (e.g., loops in the
area below loop 12). Most of these loops do not show clear
footpoints in the spectral data. In the IRIS SJ images, however,

more loops with apparent plasma flows are visible (see online
animation attached to Figure 4). Most of these loops end in
nearby a region of two small sunspots (Figure 3 top-right
panel). They appear to be rooted in weak magnetic features
spread around the strong sunspot fields. The southern ends of
these loops are located in a mixed-magnetic polarity region,
while the northern ends are associated with a single polarity
(positive) area. The apparent lengths of these loops vary from
10″ (∼7000 km) to 40″ (∼30,000 km).
The Si IV Dopplergram of the region (bottom-left panel of

Figure 3) clearly shows that the Doppler shifts gradually
change from blueshifted (negative values in the figure) in their

Figure 1. IRIS raster in Si IV 1402.8 Å (left, in reversed color table) and a 2832 Å continuum (right). The dashed lines indicate the region filled by clusters of cool
transition region loops, while the dotted lines denote the region where the rest wavelength of S I 1401.5 Å is determined. The blue and green contours represent the
HMI longitudinal magnetic flux density levels at −200 and 200 Mx cm−2 respectively.

Figure 2. Loop region viewed in IRIS Si IV 1402.88 Å (left, in reversed color table), a 2832 Å continuum image (middle), and a HMI longitudinal magnetogram
(right). The contours on the IRIS raster images correspond to HMI magnetic flux densities at −200 Mx cm−2 (blue) and 200 Mx cm−2 (green). “A” (with solid lines),
“B” (with dotted lines), and “C” (with dashed lines) denote the three loop regions.

3

The Astrophysical Journal, 810:46 (11pp), 2015 September 1 Huang et al.

Raster	at	Si	IV � Raster	at	2832	Å�

Huang,	Xia,	Li,	M
adjarska,	2015,	ApJ,	810,	46

� Loops	(I) �

Loops	(II) �



Si	IV	profiles	in	the	footpoint	of	loops	(I) �

l  When	the	spectral	slit	
scans	the	footpoint	
from	east	to	west,	the	
Si	IV	spectra	are	
turning	red-wing	
dominant	to	blue-wing	
dominant.	àsignature	
of	magne/c	
reconnec/on	

l  Mul/-thread	
brightenings	extended	
from	the	footpoint. �

Red-wing	dominant� Balance�

Balance� Blue-wing	dominant�IRIS-6									Stockholm,	Sweden									2016	June	20-23		
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Si	IV	profiles	in	the	other	footpoint �

l  The	same	
phenomenon	
is	seen	in	Si	IV	
spectra	of	the	
other	
footpoint. �
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Significant	flux	cancella/on	at	the	footpoints:	
another	evidence	of	magne/c	reconnec/on�

Huang,	Xia,	Li,	Madjarska,	2015,	ApJ,	810,	46�
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Cancella/on	rate: 
~1015	Mx/s �

Start� End �



Evolu/on	of	Si	IV	profiles	in	loops	II�

l  Spectroscopic	signature	of	magne/c	reconnec/on	occurring	between	
transi/on	region	loops �

Red	wing	
Dominant �

Blue	wing	
Dominant �
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Loop	raising	from	the	conjunc/on	region	à	
evidence	of	magne/c	reconnec/on	in	imaging	data�

southern legs are rooted in a mixed-magnetic polarity region
near a small sunspot while their northern legs are associated
with a single magnetic polarity. Possible siphon flows in these
loops are suggested by the Si IV 1402.8ÅDoppler velocities
that are gradually changing from about 10 km s−1 blueshifts in
the southern legs to about 20 km s−1 redshifts in the northern
ones. The nonthermal velocities in the major sections of the
loops vary from 15 to 25 km s−1, but increase in the southern
ends. We concluded that these loops can not be heated by a
steady energy release process and impulsive heating mechan-
ism is required. The energy is possibly deposited in their
southern ends where magnetic cancellation with a rate of
10 Mx s15 1� indicates the release of significant magnetic
energy. The magnetic energy is likely to be released
impulsively by magnetic reconnection, and it is redistributed
by the enthalpy flux carried by the siphon flows.

The loops in group B have two active footpoints seen in
Si IV 1402.8Å. Both footpoints are located in mixed-polarity
regions. Small-scale magnetic reconnection events are found in
the footpoints, which are witnessed by explosive-event line
profiles with enhanced wings at about 200 km s−1 Doppler
shifts and magnetic cancellation with a rate of about
1015 Mx s−1. These loops are possibly impulsively powered
by small magnetic reconnection events occurring in the
transition region. Doppler velocities along the loops reveal
that blue and red Doppler-shifts ranging from −5 to
12 km s−1 alternate along the loop. The nonthermal velocities
vary from 10 to 25 km s−1. These loops viewed in the SJ
images show finer strands in which oppositely directed plasma
flows might be present.
Group C is an excellent example of the interactions of two

loop systems that have two end points rooted in the same

Figure 13. Radiance image in Si IV 1402.8 Å (top, in reversed color table) and a HMI magnetogram (bottom) of region “C.” The contours of the radiance image are
over-plotted on the magnetogram. The diamond symbol denotes the conjunction of the two loop systems. Three loops identified from the radiance image are marked
by white solid lines. The dashed lines on the magnetogram mark the area from which the magnetic cancellation rate is obtained.

Figure 14. Evolution of the loops in region C seen in the IRIS SJ 1400 Å images (in reversed color table). The arrows denote the evolution of a loop moving away
from the active conjunction.

(An animation of this figure is available.)
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Flux	cancella/on	à	evidence	of	magne/c	
reconnec/on	in	magne/c	field	data�
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Cancella/on	rate: 
~3x1015	Mx/s �

Start�

End �



3.	Explosive	events	are	also	associated	with	
brightenings	along	loops �
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Fig. 1.— Partial view of the solar disk observed in the AIA 171 Å passband. The analyzed IRIS and CRISP field-of-
views are denoted by the black box. The region between the dashed lines (in blue) is the place where the IRIS spectra
were obtained.

Fig. 2.— Doppler shifts of blue wings vs. red wings of the identified EE spectra that have two enhanced wings. The
solid line denotes the location along which the Doppler shifts of the blue wings are equal to that of the red wings.
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Figure 3. Locations of the EE line profiles (red plus signs: identified by step 3 of the automatic method, green plus signs: identified by
step 5 of the automatic method) superimposed on the IRIS SJ 1400 Å (the first panel), the Hα −35 km s−1 (the second panel) and Hα
+35 km s−1 (the third panel) images. White solid lines denote the slit of the IRIS spectrograph. The slit image is shown in the fourth
panel, where the spectral range is from −100 km s−1 to 100 km s−1, in order to clearly present the wing enhancement. (An animation of
this figure is available online).

Figure 4. The locations of the identified EEs (green symbols in the left panel) on a generated SJ 1400 Å image (see text). The right panel
displays the same image without the marks of the EEs. The images are shown in log scale. The dashed lines denote the region that was
covered by the IRIS spectral slit. “EE1–3” with arrows are pointing at three regions where EEs were occurring and analyzed in detail
in Section 4.1–4.3.



EE1�

l EE1	occurred	in	a	conjunc/on	region	of	mul/ple	loop	footpoints. �
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Fig. 5.— Si iv 1394 Å EE spectra found in a conjunction region of the footpoints of a few loop systems (EVENT 4):
The top row shows the conjunction region viewed in the IRIS SJ 1400 Å (a), CRISP H↵�35 km s�1 (b) and H↵+35
km s�1 (c). The dotted lines (in black) in panel (a) outline some of the loops connecting in the conjunction region, and
the dark vertical bar is the location where the light is blocked by the IRIS spectrometer slit, which is also over-plotted
as dotted line in panels (b) and (c). The box (in black) denotes the region from which the lightcurves shown in panels
(f) are generated. The plus sign (in green) denotes the location of the EE Si iv spectrum shown in panel (d). Bottom
row: (d) Si iv 1394 Å line profile (in black) taken from the location marked by a plus sign in the top row together
with an average spectrum (in red) taken from the full field of view shown in Fig. 3; (e) H↵ line profile from the same
location where the EE Si iv spectrum emitted. The observed time of each profile is labeled; (f) the lightcurves of the
boxed region in the SJ 1400 Å (black), H↵�35 km s�1 (green), H↵+35 km s�1 (red). (An animation of this region is
available.)
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Fig. 5.— Si iv 1394 Å EE spectra found in a conjunction region of the footpoints of a few loop systems (EVENT 4):
The top row shows the conjunction region viewed in the IRIS SJ 1400 Å (a), CRISP H↵�35 km s�1 (b) and H↵+35
km s�1 (c). The dotted lines (in black) in panel (a) outline some of the loops connecting in the conjunction region, and
the dark vertical bar is the location where the light is blocked by the IRIS spectrometer slit, which is also over-plotted
as dotted line in panels (b) and (c). The box (in black) denotes the region from which the lightcurves shown in panels
(f) are generated. The plus sign (in green) denotes the location of the EE Si iv spectrum shown in panel (d). Bottom
row: (d) Si iv 1394 Å line profile (in black) taken from the location marked by a plus sign in the top row together
with an average spectrum (in red) taken from the full field of view shown in Fig. 3; (e) H↵ line profile from the same
location where the EE Si iv spectrum emitted. The observed time of each profile is labeled; (f) the lightcurves of the
boxed region in the SJ 1400 Å (black), H↵�35 km s�1 (green), H↵+35 km s�1 (red). (An animation of this region is
available.)
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EE2:	brightenings	along	loops �
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Fig. 6.— Si iv 1394 Å EE spectra found in a loop brightening (EVENT 20). From top to bottom, first three rows
show the evolution of the loop region seen in the IRIS SJ 1400 Å, H↵�35 km s�1 (H↵B) and H↵+35 km s�1 (H↵R),
respectively. The dotted lines on the H↵ images show the locations of the spectrometer slit. The plus signs (in red
and green) are the locations of the identified EE spectra. The black box on the SJ image at 08:03:29 UT denotes the
region, from which the lightcurve (bottom row of this figure) is obtained. Bottom row: The left panel displays the Si iv
radiance image of the region. The spectra shown in the middle panel are taken from the pixels marked with asterisks
in the left panel. The dashed line denotes the time (08:03:29 UT) when the Si iv spectra turns to single-Gaussian. The
middle panel displays the variation of the Si iv spectra taken from the pixels shown in the left panel (time is denoted
by colors). The right panel shows a SJ 1400 Å lightcurve taken from the box region marked in the SJ 1400 Å image,
where the dashed line marks the time at 08:03:29 UT. (An animation of this region is available.)
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Explosive	events�
Not	Explosive	events�

Loop	brightenings	aper	08:03:29	
do	not	produce	explosive	events.	
Why? �

Fig. 6.— Si iv 1394 Å EE spectra found in a loop brightening (EVENT 20). From top to bottom, first three rows
show the evolution of the loop region seen in the IRIS SJ 1400 Å, H↵�35 km s�1 (H↵B) and H↵+35 km s�1 (H↵R),
respectively. The dotted lines on the H↵ images show the locations of the spectrometer slit. The plus signs (in red
and green) are the locations of the identified EE spectra. The black box on the SJ image at 08:03:29 UT denotes the
region, from which the lightcurve (bottom row of this figure) is obtained. Bottom row: The left panel displays the Si iv
radiance image of the region. The spectra shown in the middle panel are taken from the pixels marked with asterisks
in the left panel. The dashed line denotes the time (08:03:29 UT) when the Si iv spectra turns to single-Gaussian. The
middle panel displays the variation of the Si iv spectra taken from the pixels shown in the left panel (time is denoted
by colors). The right panel shows a SJ 1400 Å lightcurve taken from the box region marked in the SJ 1400 Å image,
where the dashed line marks the time at 08:03:29 UT. (An animation of this region is available.)
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Figure 6. Si iv 1394 Å EE spectra found in a loop brightening(EE2). From top to bottom, first three rows show the evolution of the loop region
seen in the IRIS SJ 1400 Å, H↵�35 km s�1 (H↵B) and H↵+35 km s�1 (H↵R), respectively. The dotted lines on the H↵ images show the
locations of the spectrometer slit. The plus signs (in red and green) are the locations of the identified EE spectra. The black box on the SJ image
at 08:03:29 UT denotes the region, from which the lightcurve (bottom row of this figure) is obtained. Bottom row: The left panel displays the
Si iv radiance image of the region. The spectra shown in the middle panel are taken from the pixels marked with asterisks in the left panel. The
dashed line denotes the time (08:03:29 UT) when the Si iv spectra turns to single-Gaussian. The middle panel displays the variation of the Si iv
spectra taken from the pixels shown in the left panel (time is denoted by colors). The right panel shows a SJ 1400 Å lightcurve taken from the
box region marked in the SJ 1400 Å image, where the dashed line marks the time at 08:03:29 UT. (An animation of this region is available.)
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Figure 7. EE spectra found in a propagating loop brightening (EE3). From top to bottom, first three rows show evolution of the region seen in
the IRIS SJ 1400 Å, Hα−35 km s−1 (HαB) and Hα+35 km s−1 (HαR) respectively. The dotted lines on the Hα images denote the location of
the spectrometer slit. The plus signs (in red) are the locations of the identified EE spectra. A bright structure is found to move along a sigmoid
path marked with a dashed line on the SJ 1400 Å image at 07:37:43 UT. A time-slice image along this path is given in the bottom panel of this
figure. Bottom row: The left panel displays the time-slice plot from the cut denoted on the SJ 1400 Å image at 07:37:43 UT. The right panels
show EE spectra at different times obtained from the locations marked by plus symbols on the SJ images. The arrows denote the absorption
components in the spectra, and the reference profile is shown in red.
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by an arrow in Fig. 2c, Supplementary Fig. 2 and Supplementary Video 2).
At the location of the flare, strong (150 km s21) outflows of plasma from
the reconnection region are observed. These twisting loops are sheared
across a polarity inversion line in magnetic field in the photosphere (field

strength, 103 G; see magnetogram in Supplementary Fig. 3), along which
strong shearing flows are present (Supplementary Video 3). Using the
Extreme-ultraviolet Imaging Spectrometer24 observations from the Japan
Aerospace Exploration Agency’s Hinode spacecraft, we have determined

a AIA 304 Å: He II (0.1 MK) 18:55:20 b AIA 171 Å: Fe IX/X (1 MK) 18:55:24 c Hi-C unsharp masked image: 18:56:04

d AIA 193 Å: Fe XII (1.5 MK) 18:55:19 e Hi-C 193 Å: Fe XII (1.5 MK) 18:56:04 f AIA 94 Å: Fe XVIII (6.3 MK) 18:55:26

10,000 km

Figure 2 | A coronal loop seen at several different
coronal temperatures by AIA and Hi-C. Labels
indicate the passbands, the dominant emitting ion
and the peak formation temperature of the ion. The
image in c was constructed by smoothing the
original image (e) and subtracting the processed
image from the original. This ‘unsharp mask’
version of the Hi-C data enhances the shapes of
fine-scale structures in the image relative to the
image background. All panels show a narrow
magnetic arch that Hi-C resolves to be twisted along
its length. The twisted loops converge and appear to
intersect (arrow in c). A C1.7 flare centred on this
intersection is seen in the AIA images about 3 min
after the Hi-C flight (Supplementary Video 1).

a Hi-C 193 Å: 18:53:28 b Hi-C 193 Å: 18:53:45 c Hi-C 193 Å: 18:54:13

d Hi-C 193 Å: 18:54:41 e Hi-C 193 Å: 18:55:08

A A

A

B

10,000 km

A

A

f Hi-C 193 Å: 18:55:36

Figure 3 | A time series from Hi-C data. Box A is centred on a location in the
braided structure where multiple loops converge and wind about each other. In
a, we trace along several of the features to guide the eye. As the time sequence
proceeds, the loops unwind, as evidenced by the structural changes shown in

box A, discernible by comparing c with f (see also Supplementary Video 2).
Area B in b highlights a section of the loop ensemble that is found to unwind or
simplify during the observation period.
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One concept to heat the corona: magnetic braiding 

Eugene Parker  (1972, ApJ 174, 499): 

braiding of magnetic field lines 
through random motions 
on the stellar surface 

�  braided magnetic field 
      in the corona 

�  strong currents 
      j ~ � x B  

�  Ohmic dissipation 

      H ~� j2 

� heating of the corona 
     through continuous reconnection 
     where the field lines are braided 

39 
Parker,	1972,	ApJ� Cirtain	et	al.,	2013,	Nature�
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Summary�

l With	IRIS	observa/ons,	we	found		
l  An	explosive	event	in	quiet-Sun	is	associated	with	mul/ple	bright	dots	in	a	
complex	loop	system;	

l  In	ac/ve	region,	explosive	events	are	found	to	be	evidences	of	magne/c	
reconnec/on	occurring	in	the	conjunc/on	region	of	transi/on	region	loop	
footpoints;	

l  In	ac/ve	region,	brightenings	along	transi/on	region	loops	can	also	produce	
explosive	events,	which	might	relate	to	magne/c	reconnec/on	occurring	in	
loop	braids;	

l  Explosive	events	are	one	important	signature	of	reconnec/on	events	that	
heat	the	transi/on	region	plasma.	
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