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• Introduction: Microflare and chromospheric evaporation                                                         

• Observations: IRIS, Hinode, and SDO 

• Results: Intensity, velocity, density, temperature, energetics 

• Comparison: 1-D hydrodynamic loop simulations 

• Summary
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Solar Microflares: Active-Region Transient Brightenings (ARTB)

– Microflare energy: 1025-1028 erg   (Shimizu 1995)       cf. solar flares: 1029-1033 erg

— Shimizu et al. (1994)
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Chromospheric Evaporation

• Impulsive energy released in (micro-)flares leads to heating of local chromospheric 
material up to very high temperatures of ≈10 MK.

• Increase in local pressure leads to chromospheric material moving upward into the corona 
along the (micro-)flare loops. 

• This process of filling of the loop with hot plasma is called ‘chromospheric evaporation’.

• High pressure also pushes denser plasma downward into the lower chromosphere.

• Emissions from hot materials from the corona show high blueshift (upflow), and those 
from cool material from the upper chromosphere and transition region show small redshift 
(downflow) as the underlying chromosphere is denser than the overlying corona.

Chromosphere

Corona

Impulsive Heating 



Observations

At point A, the average strength of the LOS magnetic field is about −400 G, which is surrounded by field strength of −50 
G. Point B shows a strong gradient in the field strength, one-half shows a field strength of 650 G and the other half 120 G.



Line profiles: UV burst and micro-flare

et al. 2012), also on board SDO. The arrows in all the panels
mark the locations of the recurrent EEs.

IRIS spectra were obtained with an exposure time of 4 s,
resulting in a cadence of approximately 5 s, whereas SJIs were
obtained with an exposure time of 4 s and effective cadence of
15 s. In this study, we have used IRIS level-2 data provided by
the IRIS team. The IRIS SJIs from different filters and detectors
are already coaligned for level-2 data.1 We also used the
fiducial mark along the slit and SJIs to correct any offset
between them. The wobble effect due to thermal flexing
between the guide telescope and the main IRIS telescope is
already corrected in regular IRIS operations based on the orbital
wobble tables (De Pontieu et al. 2014, and H. Tian 2015,
private communication). This correction may still leave an
uncertainty of about 1–2 pixels, which will not be important for
the analysis performed over several spatial pixels.

Data obtained from AIA and HMI have also been utilized in
this work. IRIS and AIA observations were coaligned using
IRIS–SJI Si IV 1400Å and AIA 1600Å images. All the HMI

and AIA images obtained in different filters were coaligned and
derotated with respect to the AIA 1600Å image obtained at
14:09:52 UT using the standard Solar Software (SSW)
routines. The obtained data set provides a unique opportunity
to study the time evolution of recurrent EEs using both imaging
and spectroscopic observations, and to study the evolution of
underlying magnetic field.

3. RESULTS AND DISCUSSIONS

Transition region EEs are identified by very broad emission
line profiles that show non-Gaussian enhancements in both
the wings (Brueckner & Bartoe 1983). We identified one
such small-scale bright structure (with spatial width 1. 5< ) in the
SJIs of C II 1330Å and Si IV 1400 Å at the locations [348″. 07,
−121″. 44]. The identified EE is marked with arrows in all the
panels in Figure 1. A corresponding animation is provided. An
enhancement in intensity corresponding to the locations and
times of EEs identified in C II 1330Å and Si IV 1400Å images is
observed in the AIA 1600Å image (top right panel). The
enhancement can also be identified in images taken in the AIA
171Å and AIA 193Å images, though not as clearly as in the

Figure 1. Location of EEs marked with arrows detected in slit-jaw images of the IRIS 1330 Å, 1400 Å, AIA 1600 Å, 171 Å, and 193 Å images as labeled. The
corresponding HMI magnetic field map is also shown in the bottom right panel. The vertical white continuous line on the top of IRIS slit-jaw images represents the
IRIS slit position, showing that the slit is passing through the EE studied here.

(An animation of this figure is available.)

1 http://iris.lmsal.com/itn26/calibration.html#coalignment-between-
channels-and-sji-spectra
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AIA 1600Å. The bottom right panel displays a magnetic field
map. The arrow locates a small-scale ( 2 2» ´ ) negative
polarity region (average field strength 350 G) surrounded by the
positive magnetic polarity regions, which spatially and tempo-
rally correspond to the identified EEs. The vertical white line in
the IRIS SJI locates the IRIS slit. Fortuitously, the slit was
located right at the location where the EE occurred, allowing us
to perform detailed spectroscopic study. Below we discuss the
spectroscopic properties of this feature.

3.1. Evolution of Spectral Line Profiles

We selected a small portion of IRIS slit data corresponding to
the spatial location of the EE during the time interval of 14:09
UT to 14:36 UT. In Figure 2 we plot the time evolutions of the
spectral line profiles of the C II 1335/1336Å doublet, Si IV
1394Å, and 1403Å (see panels (I), (J) and (K), respectively).

An analysis of the time evolution of the profiles revealed that
the EE occurred in multiple bursts, with a time period of
3–5 minutes and each burst lasted for approximately
2–3 minutes. The time evolution of the event is indicated by
the enhancement in the intensity and width corresponding to
each burst (see panels (I), (J), and (K)).
In the beginning, for the first few bursts, the enhancement in

the intensity was by a factor of 4–12 whereas for later events
the enhancement in intensity was about a factor of 20–40 with
respect to the pre-EE phase at the same location (see
Section 3.2). As can be seen in the animation with Figure 1,
since the spatial extent and locations of the bursts changed with
time, a few bursts in the beginning and at the end could only be
observed marginally.
Panels (L), (M), and (N), respectively, show the spectral line

profiles of the C II doublet and two Si IV lines (1394 and
1403Å) at different times. The solid lines show the spectra at

Figure 2. Wavelength–time plot of the observed EEs in the C II 1335/1336 Å doublet, Si IV 1394 Å, and Si IV 1403 Å spectral lines (panels (I), (J), and (K)). Typical
spectral line profiles at various locations are shown in panels (L), (M), and (N), where continuous lines show the line profile at the peak of the event (position C in
panel (J)), the dotted–dashed line indicates the profile during the quiescent time (position A in panel (J)), and the dashed line is for intermediate time (position D in
panel (J)). Vertical continuous and dashed lines in panels (L), (M), and (N) indicate the more prominent and less prominent absorption lines from known ions, whereas
dotted lines indicate the absorption features from unknown ions.
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et al. 2012), also on board SDO. The arrows in all the panels
mark the locations of the recurrent EEs.
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the IRIS team. The IRIS SJIs from different filters and detectors
are already coaligned for level-2 data.1 We also used the
fiducial mark along the slit and SJIs to correct any offset
between them. The wobble effect due to thermal flexing
between the guide telescope and the main IRIS telescope is
already corrected in regular IRIS operations based on the orbital
wobble tables (De Pontieu et al. 2014, and H. Tian 2015,
private communication). This correction may still leave an
uncertainty of about 1–2 pixels, which will not be important for
the analysis performed over several spatial pixels.
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corresponding HMI magnetic field map is also shown in the bottom right panel. The vertical white continuous line on the top of IRIS slit-jaw images represents the
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wavelength windows of lines C II 1335 and 1336Å, O I
1355Å, and Si IV 1394 and 1403Å, whereas EIS had good
signal strength only for spectral lines Fe XII 186 and 195Å and
Fe XV 284Å among the observed lines. The exposure time for
IRIS in spectroscopic mode was 4 s, which resulted in an
effective cadence of 5 s in sit-and-stare mode. The IRIS-SJI
observations were obtained with an exposure time of 4 s and
effective cadence of 18 s, 15 s, and 15 s for SJI 1330Å,
1400Å, and 2796Å, respectively. EIS spectra were obtained
with an exposure time of 20 s. XRT images were obtained in
several filters, such as Al_poly, C_poly, Be_thin, Be_med,
Al_med, Ti_poly, and Al_thick, with varying exposure time
and hence cadence. IRIS and AIA observations were coaligned
using IRIS-SJI 1400Å and AIA 1600Å images. All of the HMI
and AIA images obtained in different passbands were
coaligned and derotated to the AIA 1600Å image obtained at
12:53:28 UT using the standard procedures provided in the
Solar Software package (SSW; Freeland & Handy 1998). We
have used IRIS level-2 data where slit-jaw images from
different filters and detectors are already coaligned. We used
IRIS cool neutral line S I 1401.514Å to perform the absolute
wavelength calibration of IRIS spectral lines. We followed
standard procedures for calibrating the EIS data using IDL
routine EIS_PREP available in the SSW. We fitted the EIS
spectral line profiles with a Gaussian function using EIS_AU-
TO_FIT. Spatial offsets between EIS images obtained from
different wavelengths were corrected with respect to the image
obtained from the Fe XII 195.12Å spectral line.

Figure 2 shows the locations of the ARTBs in IRIS-SJI
recorded at 1330 and 1400Å, the XRT Be-thin filter image,
and AIA 171 and 193Å images. The corresponding line-of-
sight (LOS) magnetic field map obtained from HMI is plotted
in the bottom right panel. “A” and “B” in the bottom left panel
locate the two ARTBs that appear simultaneously. Both
ARTBs appeared and peaked at the same time in different
passbands of IRIS and AIA. Intensity contours corresponding
to the ARTBs obtained from AIA 171Å at its peak are
overplotted on the HMI LOS magnetic map. The region
covered by these contours shows the presence of a strong
gradient in the magnetic field underneath ARTBs as compared
to its surroundings. At point A, the average strength of the LOS
magnetic field is about −400 G, which is surrounded by an
average magnetic field strength of −50 G. Point B shows a
strong gradient in the field strength, where one-half shows a
field strength of 650 G and the other half 120 G. As estimates
are made over only the LOS magnetic field, such a sharp
gradient may indicate that these regions are possibly located in
opposite polarity regions. The vertical dashed lines represent
the IRIS spectroscopic slit that passes above the ARTB point A.

3. Data Analysis and Results

3.1. Imaging Analysis

The two ARTBs (A and B), having compact sizes of about
2″× 2″, started at ≈13:03:11 UT and peaked at around
13:03:45 UT. Both A and B were recorded in all of the AIA
and IRIS-SJI passbands. Figure 3 displays the two ARTBs at

Figure 2. Images obtained from IRIS slit-jaw, XRT, and AIA, showing the ARTBs. The different passbands are labeled. The corresponding HMI magnetic field map
scaled over ±80G is shown in the bottom right panel. The two contours on the HMI image indicate the brightening location obtained from the AIA 171Å image. The
vertical dashed lines on all images represent the location of the IRIS slit.
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During the event, the spectral lines of O IV and S IV
appeared in the spectra, which were not present in the pre-
event conditions. This provided us an opportunity to estimate
electron densities during the event (Polito et al. 2016). For this
purpose, we used the density-sensitive line pair O IV λ1399/
λ1401. We obtained an average line profile at ARTB A in the

time interval of 13:03:41 UT to 13:04:40 UT to improve the
signal. Figure 14 shows the averaged line profiles (left panel)
and theoretical intensity ratio curve as a function of electron
density obtained from the CHIANTI database (right panel,
Dere et al. 1997; Del Zanna et al. 2015). The O IV 1399 and
1401Å lines are found to be blended with other cool lines in

Figure 13. Top panels: IRIS spectral line profiles obtained from C II1335 and 1336Å and Si IV1394 and 1403Å lines before (black line) and during ARTB A (blue
line). The time evolution of intensity, Doppler velocity, and line width obtained at A using both of the spectral lines are also plotted as labeled.
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UV Burst: Broad and non-Gaussian profile 

VC

Microflare: Narrow and simple Gaussian profile 

Si IV
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All AIA filters show micro-flare



All AIA filters show micro-flare



The hot plasma component from Fe XVIII 93.93 Å line from AIA 94 Å images were 
separated out from cool emission (Fe X and XIV) using the approach of Del Zanna (2013).

Loop brightening after micro-flare



Light curves at foot-points A & B, and loop top

loop top

A B



Light curves at foot-points A & B, and loop top

loop top

A B



• Hot plasma moves towards the loop-top with speed  211 km/s, 74 km/s, and 50 km/s 
as found from AIA 131 Å, hot 94 Å, and 335 Å passbands. 

• The full loop became visible after ≈ 25 s in 131 Å, ≈ 40 s in 94 Å, and ≈ 6.5 minutes 
in 335 Å of ARTB. 

Time-distance analysis: up-flow velocity



DEM profiles (from Hannah and Kontar 2012) are fitted with 4 Gaussian function. 
Fitted components represent cool (105.8–106 K), warm (106.2–106.3 K), intermediate 
(106.2–106.7 K), and hot (106.7–107.2 K) temperature plasma components.

DEM Analysis: Foot-points A & B, loop top

A

B

loop top



DEM profiles (from Hannah and Kontar 2012) are fitted with 4 Gaussian function. 
Fitted components represent cool (105.8–106 K), warm (106.2–106.3 K), intermediate 
(106.2–106.7 K), and hot (106.7–107.2 K) temperature plasma components.
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IRIS Spectroscopic Analysis: Density and down-flow velocity

25 km/s 20 km/s

Density-sensitive line pair O IV λ1399/ λ1401

Ne =1011.5 cm-3

Polito et al. 2016 Initial signature first in line width



The thermal and kinetic energy density can be given by,

Energetics of Microflare



The thermal and kinetic energy density can be given by,

For cool transition region,
   

Mean molecular weight,    μ = 0.6 mp
Electron number density, ne = 1011.55 cm-3

           Temperature,    T = 1.4x105 K
            Velocity,           v =  20 km/s
            Volume,           V = 1500x1500x1500 km3   (2’’x2’’x2’’)             

       Total Energy released V(Eth + Ekin) = 3.7x1025 erg
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The thermal and kinetic energy density can be given by,

For cool transition region,
   

Mean molecular weight,    μ = 0.6 mp
Electron number density, ne = 1011.55 cm-3

           Temperature,    T = 1.4x105 K
            Velocity,           v =  20 km/s
            Volume,           V = 1500x1500x1500 km3   (2’’x2’’x2’’)             

       Total Energy released V(Eth + Ekin) = 3.7x1025 erg

Energetics of Microflare

At hot temperature,
   

ne = 9x1010 cm-3

                       T  = 10 MK
      v  = 200 km/s

Total energy released = 7x1026 erg 
                                                     from hot AIA channels.



Cooling time of bright loop

Conduction and radiation cooling time is given by (Aschwanden 1999),

 ≈  42 s  ≈  3607 s (60 min)

For half loop length L0 = 11x108 cm, temperature Te = 10 MK, and density ne = 1010 cm-3 

   

Conduction cooling time matches well with life time of loop observed in AIA 131 Å.

where Λ(Te) ≈ 1021.94 erg cm-3 s-1 for EUV loops.



Cooling time of bright loop

Conduction and radiation cooling time is given by (Aschwanden 1999),

 ≈  42 s  ≈  3607 s (60 min)

For half loop length L0 = 11x108 cm, temperature Te = 10 MK, and density ne = 1010 cm-3 

   

Conduction cooling time matches well with life time of loop observed in AIA 131 Å.

where Λ(Te) ≈ 1021.94 erg cm-3 s-1 for EUV loops.

Combined cooling time due to both conduction and radiation is given by (Cargill 1995),

 ≈  20 min

Cooling time matches well with life time of loop observed from AIA 335 Å.



1-D Hydrodynamic loop simulation

Sarkar & Walsh (2008)

• Solar corona has high thermal 
conductivity and low plasma-β.

• Plasma  is  confined  within  the 
magnetic field lines. 

• Evolution  of  plasma  can  be 
well  demonstrated with  a  1-D 
hydrodynamic model. 



• The coronal loop length = 20 Mm

• The radius of the loop = 1 Mm.

• A monolithic loop heated by 
microflare-like heating events at 
both foot-points (energy 1027 erg).
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intensity within 36 s and 45 s in the AIA and IRIS passbands,
respectively. In the hot channels of AIA such as 131Å,
corrected 94Å, and 335Å, an associated loop was seen that
was rooted in the two ARTBs. The full loop became visible
following the ARTBs and appeared after ≈25 s in 131Å, ≈40 s
in 94Å, and ≈6.5 minutes in 335Å. Using a time–distance
plot, we detected the flow of hot plasma from the footpoints
toward the loop top. The estimated flow speeds were found to
be larger for a high-temperature plasma and smaller for a
relatively cooler plasma.

To understand the plasma temperature of the hot loop as well
as of the two ARTBs, we performed a DEM analysis using the
observations taken in all six AIA coronal channels. The DEM
analysis suggests that the loop, as well as footpoints, is heated
up to 10MK. Signatures of such a hot plasma are also clearly
visible in the XRT images. The electron number density at
ARTB A was found to be about ≈9× 1010 cm−3 from the
DEM analysis.

The spectroscopic study using the IRIS instrument that only
passed through one of the ARTBs (A) revealed strong redshifts
in both lines of C II and Si IV. It further revealed that the
Doppler shifts at the location of the ARTB started to increase a
couple of minutes earlier than the intensity. The line width
started to increase even earlier. To the best of our knowledge,
such an observation has not been reported earlier. Such
observations may hold the key for the initiation of such events.
Using the density-sensitive O IV λ1399/λ1401 line pair
observed with IRIS, we estimated the average electron number
density during the ARTB to be ≈1011.55 cm−3.

The EIS raster, which scanned the region of interest during
13:09:33 to 13:13:10 UT, showed densities at ARTBs A and B
of 1010.45 and 1010.15 cm−3, respectively, whereas that near the
loop top is about 109.75 cm−3. The density and temperatures
obtained from the observations suggest that the total energy
(kinetic and thermal) released during the transient is of the
order of ≈1026 erg. This is similar to the energies involved in
microflaring events.

The observations of downflows in cooler lines like C II and
Si IV and upflows in hot AIA channels during the ARTBs can
be understood by invoking the concept of a standard flare
model. The upflows in the hot lines can be attributed to
chromosphere evaporation, whereas the downflows in cool
lines suggest chromospheric condensation (e.g., Longcope
2014; Li et al. 2017, and references therein). Figure 8 shows

that the hot loop was visible for a time interval of 2–4 minutes,
2–9 minutes, and 2–24 minutes (not shown for the full range) in
the AIA 131, corrected 94, and 335Å passbands, respectively.
This finding suggests that the lifetime of the observed hot loop
is temperature dependent and that the high-temperature upflows
are short-lived events.
To compare the lifetime of the observed loop at different

temperatures with expected cooling time due to various loss
rates, we estimate a combined cooling time due to conduction
and radiation as well as chromospheric evaporation given by
Cargill et al. (1995):

t » ´ - ( )L

T n
2.35 10 . 4

e e
cool

2 0
5 6

1 6 1 6

Using a half-loop length L0≈ 11× 108 cm, temperature
Te≈ 1× 107 K, and density as estimated from EIS of ne≈ 1010

cm−3, we get τcool≈ 20 minutes. This cooling time matches
well with the lifetime of the loop observed from the AIA 335Å
passband.
Following Aschwanden et al. (1999), we further obtain

conductive and radiative cooling time as
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where Λ(Te)≈10−21.94 erg cm−3 s−1 for EUV loops. Using
the above-mentioned observed parameters, we found
τcond≈42 s, whereas τrad≈3607 s. For a temperature around
7MK, τcond takes the value of about 100s, whereas τrad takes
the value of about 2554s. A comparison of the lifetime of the
loop with the radiative and conductive cooling times suggests
that the conduction is the dominant cooling mechanism for the
loop in the AIA 131Å passband. The finding that the
conductive losses are much more efficient suggest that there
is more energy involved in the events than what is seen, as was
also suggested by Peter et al. (2014). Similar results were
obtained for Hi-C EUV bright dots studied by Subramanian
et al. (2018).
To better understand the physical mechanism responsible for

the observed plasma dynamics, we performed a 1D hydro-
dynamic simulation of a monolithic loop. In this simulation,
energy was deposited at the two footpoints, mimicking the two

Figure 17. Evolution of (A) temperature and (B) density along the simulated loop described in Figure 16.

14

The Astrophysical Journal, 857:137 (16pp), 2018 April 20 Gupta, Sarkar, & Tripathi



Results from simulation



• Observed simultaneous micro-flare at two foot-points and associated loop brightening.

• Density reaches upto 1011.5 cm-3 whereas temperature goes upto 10 MK.

• After the micro-flare, hot plasma flows along the loop with projected speed  210 km/s, 74 km/
s, and 50 km/s as measured from AIA 131 Å, 94 Å, and 335 Å passbands.

• Cool chromospheric and transition region plasma moves downwards with velocity >20 km/s.

• Observational evidence of hot mass supply to coronal loop from chromosphere because of 
chromospheric evaporation during micro-flare.

• Lifetime of observed hot loop is temperature dependent and that the high temperature 
upflows are short lived events.

• The total energy (kinetic and thermal) released during the transient is of the order of 1027 erg. 

• Performed 1-D loop hydrodynamic simulations. Some observations were reproduced.

• A comparison of the lifetime of the loop with radiative and conductive cooling time suggests 
that the conduction is the dominant cooling mechanism for the loop in AIA 131 Å passband.

Summary

—Gupta, Sarkar & Tripathi, 2018, ApJ, 857, 137
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