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ABSTRACT

Nearly all active region observations made by theTransition Region and Coronal Explorer (TRACE) contain
seemingly spontaneous, short-lived brightenings in small-scale loops. In thispaper, we present an analysis of these
brightenings using high-cadenceTRACE observations of Active Region 9506 on 2001 June 21 from 15:17:00
to 15:46:00 UT. During this time frame, several brightenings were observed over a neutral line in a region of
emerging flux that had intensity signatures in both the 171 A˚ ( ) and 1600 A˚ ( ) channels.log T ≈ 6.0 logT ≈ 4.0–5.0e e

The events had a cross-sectional diameter of approximately 2� and a length of 25�. We interpret these as recon-
nection events associated with flux emergence, possible EUV counterparts to active region transient brightenings.

Subject headings: Sun: activity — Sun: corona

On-line material: color figures

1. INTRODUCTION

Over the last two decades the increased sensitivity of solar
instrumentation has allowed observations of small flarelike
transient events in the solar corona. Shimizu (1994) discovered
short-lived brightenings of compact (10–100 Mm) loops in Soft
X-Ray Telescope (SXT) observations of active regions. These
moderate energy (1025–1029 ergs) events, called active region
transient brightenings (ARTBs), often coincided with the hard
X-ray microflares (Lin et al. 1984). The lifetimes of these events
range from a few to tens of minutes, with between 1 and 40
events occurring per active region per hour (Shimizu 1994).
The loops that brightened were either in emerging flux regions
or on the outer edge of large spots (Shimizu et al. 1996). SXT
temperature ratios give a maximum temperature range of about
2–8 MK for these events (Berghmans, McKenzie, & Clette
2001).

Similar transient brightenings have been observed in high-
cadence EUV images taken with the EUV Imaging Telescope
(EIT; Berghmans & Clette 1999). The observed EUV bright-
enings most often occurred in the core of active regions, with
as many as 1 event per 10 s in a given active region (Berghmans
& Clette 1999). The areas of the brightenings were between
10 and 100 Mm2, and the durations were between 1 and 15
minutes (Berghmans & Clette 1999). In a comparison between
the EUV and SXT events, it was found that some correspon-
dence existed, although it was not one-to-one (Berghmans et
al. 2001). Some events, typically the largest ARTBs, had a
cospatial EUV event, while others were not correlated (Bergh-
mans et al. 2001). In the EUV events that were cospatial with
the SXT events, the peak in the EUV intensity occurred before
the peak in the SXT intensity (Berghmans et al. 2001).

In this paper, we continue the study of transient active region
brightenings by presentingTRACE observations of active re-
gion 9506 in two bandpasses: 171 A˚ (Fe ix/x at K)6T ∼ 10
and 1600 A˚ (continuum and Civ at –105 K). We find4T ∼ 10
that compact loops brighten in both channels nearly simulta-
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neously, with the 1600 A˚ channel leading the 171 A˚ channel
by ∼20 s. The brightenings are short-lived, with a typical life-
time of a few hundred seconds. They occur over a neutral line
in the active region and are associated with emerging magnetic
flux. Because the intensity in the 1600 A˚ channel peaks before
the intensity in the 171 A˚ channel, and because the timescale
of the events is greater than their characteristic cooling time,
we interpret these brightenings as loops that are heating through
the (narrow)TRACE bandpass. This interpretation appears to
agree with the previous observation that EUV intensity peaks
before SXT intensity.

2. DATA AND ANALYSIS

The Transition Region and Coronal Explorer (TRACE) has
been described in detail by Handy et al. (1999), Schrijver et
al. (1999), and Golub et al. (1999). On 2001 June 21,TRACE
observed NOAA 9506 between 15:00:00 UT and 15:46:00 UT.
The observing sequence included 171 A˚ (Fe ix/x at logT ≈

) and 1600 A˚ (continuum and Civ at ) im-6.0 logT ≈ 4.0–5.0
ages taken at a cadence of 35 s. Only three-fourths of the
detector was read, giving a total field of view of ′′384 #

. A full-disk EIT 171 Å image taken at 17:30:14 UT on′′384
2001 June 21 is shown in the left panel of Figure 1. EIT is
described in detail by Moses et al. (1997). TheTRACE field
of view is highlighted in this image by the solid line. NOAA
9506 was classified as beta-gamma on 2001 June 21, and pro-
ceeded to decay from this date on. It also produced a solitary
C2.5 at 01:17 UT on June 21 and remained inactive thereafter.

The Michelson Doppler Imager (MDI), discussed in Scherrer
et al. (1995), on boardSOHO provided a set of high-resolution
magnetograms taken at the same time as ourTRACE obser-
vations. The magnetograms analyzed here were obtained from
15:17 UT to 16:00 UT on 2001 June 21 with MDI in high-
resolution mode. In this mode, images with a spatial′ ′10 # 10
resolution of∼2� were taken simultaneously withTRACE.

Ignoring images for which there is no MDI coverage, a
total of 44 of theTRACE 171 Å and 45 TRACE 1600 Å
images have been analyzed from this sequence. Each 171 A˚
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Fig. 1.—(a) EIT 171 Å image taken at 17:30:14 UT. The fullTRACE field of view (panelsb andc) is indicated by the solid line in the EIT image. (b) Full-
field TRACE 171 Å image taken at 15:07:22 UT. (c) Full-field TRACE 1600 Å image taken at 15:04:43 UT. (d) MDI image, taken at 15:20:35 UT. In panelsb,
c, and d, the specific image area analyzed in this paper is highlighted by the dashed line. The particular area of activity is also indicated. [See the electronic
edition of the Journal for a color version of this figure.]

image had an exposure time of 11 s, with the average count
rate of∼2 DN s�1 pixel�1, while each 1600 A˚ image had an
exposure time of 0.9 s and the average count rate of∼150
DN s�1 pixel�1. ExampleTRACE 171 and 1600 A˚ images are
shown in Figures 1b and 1c, respectively, while a co-aligned
MDI image is shown in Figure 1d.

Movies of this region (constructed by co-aligning theTRACE
images, normalizing the flux to units of DN s�1, and removing
the impacts of radiation particles from the data) show that certain
loops both appear and disappear in the 171 and 1600 A˚ channels
over the duration of observation. These loops are compact, short
lived, and clustered in the highlighted area indicated in Fig-
ure 1; they cross the neutral line in photospheric magnetic field.

To locate the best loop candidates for more detailed study,
we employ a technique developed by Schrijver (2001). We
create a data cube that contains the aligned and normalized
171 or 1600 A˚ TRACE images. Then, for eachTRACE pixel,
we find the median and maximum intensity over the period of
observations. Finally, we generate an image of the maximum

intensity minus the median intensity at every pixel. If the in-
tensity in a pixel was fairly constant over the time frame, then
we expect little contribution from that pixel in the subtracted
image.However, if a pixel brightened for a short amount of
time during that time frame, the subtracted image will be
bright. The generated 171 and 1600 A˚ images are shown in
Figure 2.

This method will locate all pixels that suffer intensity fluc-
tuations during our observation time. There are many reasons
why the intensities in a pixel could change over the observation
time, such as heating, flows, transverse motions of loops, foot-
point brightenings, etc. Examples of these are seen in this fig-
ure. However, there are two regions in this image that show
loop brightenings that are cospatial in both the 171 and
1600 Åchannels; they are labeled “multiple loop brightenings”
and “single loop brightening” in Figure 2.

In the multiple loop brightening, a cluster of several loops
all brighten at some point between 15:32:30 and 15:40:45 UT.
This event clearly involved at least four separate loops. Be-
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Fig. 2.—Panela shows the dynamic activity in theTRACE 171 Å images, while panelb shows the dynamic activity in theTRACE 1600 Å images, making
clear the areas that brightened in both 171 and 1600 A˚ . The two loop brightening events discussed in this paper are indicated by arrows in both images. Some
loops brightened in 171 A˚ but not in 1600 A˚ and are pointed out as unrelated loops. Likewise, some footpoint activity occurred in the 1600 A˚ images and is
indicated as well. [See the electronic edition of the Journal for a color version of this figure.]

Fig. 3.—Evolution of loop brightenings in the corona, chromosphere, and photosphere. The top row shows the 171 A˚ passband emission between 15:34 and
15:37 UT, while the bottom row shows the 1600 A˚ passband (15:34–15:27 UT). [See the electronic edition of the Journal for a color version of this figure.]

cause the cluster is both dense and complex, with several
overlapping loops and some loops that brighten, dim, and
brighten again in that period, it is difficult to determine the
beginning and end of most of the individual loop brightenings.
Light curves taken over different areas of the cluster generally
show the 1600 A˚ emission peaking shortly before the 171 A˚
emission. However, they often show several localized peaks,
suggesting that the emission detected may come from a com-
bination of overlapping loops. Figure 3 shows the evolution
of a small area of the multiple loop brightening. The top row
shows the 1600 A˚ emission and bottom row shows 171 A˚
emission, both between UT 15:34 and UT 15:38. We see that
the loops brighten as a whole, without substantial footpoint
brightening preceding the event, and that several connected
and overlapping loops brighten during the event. The other
region is a single (isolated) loop brightening, which is de-
scribed below. Figure 4a shows the average curve for a small
area of the loop cluster. Here, as in other parts of the cluster,
the time profile of the 1600 A˚ emission completely envelops
the 171 Åemission.

The single loop brightening had a cross-sectional diameter of
approximately 2� and length of 25�. Examination of the evolution

of the light curves of the loop in 171 and 1600 A˚ , plotted spatially
along the loop, showed that, within the cadence of observations,
the loop brightens as a whole, as opposed to a single footpoint
brightening that propagates along the loop. The peak intensity
minus background in 171 A˚ is approximately 6 DN s�1 pixel�1,
and in 1600 A˚ is approximately 400 DN s�1 pixel�1. Plotting
the average flux of the entire loop versus time (Fig. 4b) reveals
that the intensity in the 1600 A˚ band peaks at least 20 s before
the peak intensity in 171 A˚ occurs, while the entire event takes
∼300 s.

From MDI magnetogram movies of NOAA 9506, it is clear
that there are several small-scale flux emergences close to both
ends of the loop cluster identified in Figure 2. This is dem-
onstrated in Figure 4c (multiple loop brightening) and Fig-
ure 4d (single loop brightening). The curves show the magnetic
flux as a function of time averaged over the areas at the loop
footpoints. As can be seen, the flux increases by about a factor
of 3 (from ∼25 to ∼75 G) in 20–30 minutes, starting almost
simultaneously with the 171 and 1600 A˚ passband brightenings.
In addition to revealing the changes in magnetic field as the
event progresses, the magnetograms show the loops’ location,
straddling the neutral line in the active region.
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Fig. 4.—Average light curves and magnetic flux during transient events.
(a) Average light curve in DN s�1 for one small region involved in the loop
cluster event for both 171 A˚ (solid line) and 1600 A˚ (dashed line). (b) Average
light curve in DN s�1 for the single loop event for both 171 A˚ (solid line)
and 1600 A˚ (dashed line). For both light curves, the 1600 A˚ emission is scaled
down by a factor of 100 in order to be shown on the same axes as the
171 Åintensity. (c) Average unsigned magnetic flux (Gauss) near the footpoints
of the loops involved in the loop cluster event. (d) Average negative polarity
magnetic flux at one of the footpoints of the single loop event. The vertical
lines in (c) and (d) shows the time ranges covered by their counterparts in (a)
and (b).

3. DISCUSSION

In this Letter, we have presented analysis of transient brigh-
tenings of compact loops observed in both theTRACE 171 Å
and 1600 A˚ channels. The events were confined to the area
over the neutral line in a region of emerging flux. In the one
isolated example of a loop brightening, the 1600 A˚ intensity
peaked approximately 20 s before the intensity in 171 A˚ , while
in the loop cluster 1600 A˚ emission completely enveloped the
171 Å emission.

Previous analyses of EUV transient brightenings have de-
tected the events based on an increase above a background
intensity in a light curve for an individual pixel (Berghmans
& Clette 1999). They found that transient brightenings could
occur as frequently as 1 event per 10 s in a given active region.
Our detection scheme required both an increased intensity
above an average intensity and a cospatial signature in both
the 171 and 1600 A˚ channels. Therefore, the events analyzed
in this paper are only a small subset of the total events analyzed
in previous work.

Because of the similarity in size, frequency and location, as
well as the peak intensity in 1600 A˚ preceding the peak intensity
in 171 Å, we believeTRACE is imaging the ARTBs as they are
being heated by footpoint reconnection. This is significant be-
cause the 1600 A˚ channel has a strikingly different signature
from the 1600 A˚ channel during a “classical” flare heated by
loop-top reconnection. In the classical flare model, loop-top re-
connection causes high-energy particles to stream down field

lines and heat the chromospheric plasma (Forbes & Acton 1996).
This causes increased emission in the 1600 A˚ channel at the
footpoints of the flare long before the cooling, postflare loops
appear in theTRACE 171 Å channel (Warren et al. 1999). In
these events, the emission from 1600 A˚ is not confined to the
loop footpoints. Instead, it fills the loops entirely within a single
observing cycle (35 s). For a 10 Mm loop, this observations
implies flows along the loop of∼300 km s�1. Studying these
events, then, puts important constraints on the energy release
and plasma response during footpoint reconnection.

Because 1600 A˚ emission precedes 171 A˚ emission, we
interpret these events as heating events. Why, then, do we not
see them cooling? Using the SXT filter pair ratio, we can de-
duce that the ARTBs observed by SXT range in temperature
from 2 to 8 MK (Shimizu 1994; Berghmans et al. 2001). Since,
for the single loop event, we see the loop brighten in the cooler
1600 Å band and then the 171 A˚ band 20 s later, we might
conclude that we have seen the loops warm through a tem-
perature of∼104–105 K to a temperature of∼106 K. Further-
more, because Civ ionization time is long, the delay between
peak 1600 A˚ and peak 171 A˚ is actually a lower limit.

We then employ a model for the cooling of the plasma based
on that of Cargill, Mariska, & Antiochos (1995), which takes
into account both conductive and radiative cooling. The con-
ductive cooling time is given by , and the10 2 �5/24 # 10 nL T
radiative cooling time is given by , wheren and T1�a3kT /nx
are density and temperature in the loop,L is the loop half-
length (in our case, loop length was about 25�), anda andx
are parameters in the radiative loss function . ForaP p xT
short, dense loops such as these the cooling time is dominated
by the radiative component. We estimate the density of the
171 Å (assumed ) plasma to be about 1010 cm�3log T p 6
(calculated from emission measure and temperature), with a
filling factor of 0.1. With this temperature and density the ra-
diative cooling time is short, about 80 s; thus, with cadence of
35 s, the loops may cool though the passband rapidly, within
a single exposure. This illuminates somewhat the mystery of
why there are no obvious signs of cooling after the initial
heating event.

Although these events are prevalent throughout theTRACE
observations made during the last few years, they remain an
enigma. Further study is clearly warranted. One of the most
important questions that remains is whether these events are
the EUV counterparts to ARTBs. Unfortunately, high-cadence
SXT data taken at the same time do not overlap our field, and
thus we cannot determine whether the brightenings we see
correlate with ARTBs. Further active region observations with
TRACE and SXT may answer this question.TRACE’s broad
database of previous observations contains similar high-
cadence observations that coordinate many different wave-
lengths. A look back at these data may further elucidate this
question. Simultaneous observations at several different tem-
peratures, with higher cadence and, preferably, with higher
spatial resolution, would be also very helpful in answering these
questions.

TRACE is supported by contract NAS5-38099 from NASA
to LMATC. The authors are grateful to Harry Warren for many
enlightening discussions.
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