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Abstract. This work presents an analysis of UV spectroscopic observations from the IRIS
satellite of an M1.0 class ﬂare occurred on 12 June 2014 in active region NOAA 12087. Our
analysis of the IRIS spectra and Slit-Jaw images revealed presence of a strongly redshifted
chromospheric jet before the ﬂare. We also found strong emission of the chromospheric lines,
and studied the C II 1334.5 Å line emission distribution in details. A blueshift of the Fe XXI line
across the ﬂaring region corresponds to evaporation ﬂows of the hot chromospheric plasma with
a speed of 50 km/s. Although the enhancement of the C II line integrated redshift correlates with
the ﬂare X-ray emission, we classify the evaporation as of a “gentle” type because of its long
time scale and subsonic velocities. Analysis of X-ray data from the RHESSI satellite showed
that both, an injection of accelerated particles and a heat ﬂux from the energy release site can
explain the energetics of the observed event.
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1. Introduction
Spectroscopic observations represent a powerful instrument to study solar ﬂares (Milligan 2015). For the processes associated with plasma ﬂows (like jets and chromospheric
evaporations (Brosius & Phillips 2004; Milligan et al. 2006; Doshchek et al. 2013)) the
spectroscopic observations are essentially important. The recent NASA’s Interface Region Imaging Spectrograph (IRIS) mission (De Pontieu et al. 2014) allows us to observe
several strong UV lines forming in the upper chromosphere and transition region (e.g.
Mg II h&k, Si IV and C II lines) and in the high-temperature coronal plasma (Fe XXI
line). High spectral (26-53 mÅ), spatial (0.33 arcsec), and temporal (≈2 sec) resolutions
make this telescope a unique instrument for the spectroscopic observations.
The M1.0 class ﬂare of 12 June, 2014 was of our particular interest because of the
simultaneous observations by the IRIS satellite and New Solar Telescope (NST, Goode
et al. 2010). For the NST observational details, we refer to Sadykov et al. (2014) and
Kumar et al. (2015). We have also used data from the GOES (Bornmann et al. 1996)
and RHESSI (Lin et al. 2002), and from Solar Dynamic Observatory (SDO) Helioseismic
and Magnetic Imager (HMI) (Scherrer et al. 2012) and Atmospheric Imaging Assembly
(AIA) (Lemen et al. 2012) instruments.
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Figure 1. Upper panel: the time curves of the integrated Fe XXI 1354.1Å line blueshift (dark
blue) and its peak intensity (light blue). Additionally the RHESSI 12-25 keV ﬂux (green), the
GOES temperature (gray) and the GOES emission measure (black) are shown. Lower panel: the
time curves of the integrated C II 1334.5 Å line redshift (red) and its peak intensity (orange).
Additionally the RHESSI 12-25 keV ﬂux (green) is shown.

2. Observational overview
The studied ﬂare event was produced in the region located approximately 50 deg southeast from the solar disc center. The ﬂare X-ray ﬂux peak occurred near 21:12 UT. The
RHESSI 12-25 keV ﬂux is presented in Figure 1. The hard X-ray ﬂux from the ﬂare was
not high; however, it was suﬃcient to reconstruct the 12-25 keV sources.
IRIS observed in the coarse-raster mode (8 slit positions covering the region of interest in a cyclic order), which allowed us to reconstruct the spatial structure of spectral line properties during the ﬂare. For the cold transition region lines (Si IV 1403 Å,
C II 1334/1335 Å and Mg II k&h 2796 & 2803 Å) we performed the following analysis steps
(see Sadykov et al. (2015) for details): 1) determine the intensity maximum (the most
intense point of the line); 2) calculate the Doppler shift estimate as λ − λr ef =
λIdλ/ Idλ − λref , where λr ef is the reference wavelength of the line; 3) estimate the
√ 2

λ I dλ/ I dλ−λ̄ 2 . In addition, IRIS detected the forbidden
line half-width as (λ−λ̄) 2 =
transition Fe XXI 1354.1 Å line, which appeared during the ﬂare in the O I spectral window, and represents the dynamics of the hot 10 MK plasma. Because this line is blended
by the narrow C I 1354.29 Å line, we performed a two-Gaussian ﬁtting for the spectra,
and derived all the parameters from these ﬁts.
Our ﬁndings are the following:
• A strongly redshifted jet (collimated plasma ﬂow) is detected in the vicinity of the
magnetic neutral line prior the ﬂare. The jet crosses the four rightmost slit positions, and
a detailed study of its spectra revealed an additional redshifted (for ∼100 km/s) peak of
Mg II and C II lines corresponding to this jet. Possibly, we observe the plasma ﬂow from
the reconnection region.
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Figure 2. a) The IRIS 1330 Å SJ image. The slit positions are marked by black lines, and
the white rectangle represents the region for which the Fe XXI Doppler shift maps are constructed. b) The Fe XXI integrated intensity time curve. The vertical lines correspond to
the time moments for which the Doppler shift maps in panels c)-h) are plotted. Additionally, the RHESSI 6-12 keV (gray) and 12-25 keV (black) sources are plotted for the corresponding times (20:04:00 UT-20:06:00 UT for the panel d), 20:07:50 UT-20:09:50 UT for e), and
20:12:00 UT-20:14:00 UT for f)). The Doppler shift scale is shown on the panel b).

• A sharp increase of emission of the “cold” UV lines is observed during the impulsive
phase of the ﬂare. In particular, the C II 1334.5 Å line emission is localized in small points
(about ∼1 arcsec in diameter) distributed along the ﬂare ribbons. The C II integrated
intensity (see Figure 1) is correlated with the RHESSI 12-25 keV light curve. The line
intensity in selected ﬂare points increased by several orders of magnitude without a
signiﬁcant increase of the line half-width, which may reﬂect nonthermal processes (e.g.
nonthermal ionization and excitation of the atoms).
• The C II 1334.5 Å line redshift formed a stable structure across the ﬂare region.
This structure did not change signiﬁcantly during the ﬂare revealing the presence of
a background dynamical process. However, the integrated time curve of the redshift is
correlated with the X-ray ﬂux (see Figure 1). Possibly, this is due to a combination of
active region downﬂows and a ﬂare impact in the atmosphere.
• In the Fe XXI 1354.1 Å line, we detected blueshifts of about 50 km/s. The temporal
evolution of these blueshifts corresponding to hot plasma upﬂows is presented in Figure 2.
Initially, they appear in two zones roughly coincided with the 12-25 keV X-ray sources
(Fig. 2d). After some time, the blueshifts ﬁll the space between these zones (Fig. 2f).
We interpret this phenomenon as “chromospheric evaporation” — an upﬂow of the chromospheric plasma heated to coronal temperatures by an energy release mechanism, and
ﬁlling coronal loops.
• The X-ray spectrum obtained from RHESSI observations is well-approximated either
by a single-temperature model with a nonthermal emission, or by a two-temperature pure
thermal model.

3. Discussion and Conclusion
The chromospheric evaporation process is very important to study, because it allows us
to understand ﬂare energy release and transport mechanisms. Historically, two types of
the chromospheric evaporations are distinguished: “gentle” evaporation characterized by

Downloaded from https://www.cambridge.org/core. IP address: 34.204.189.171, on 19 Oct 2019 at 02:01:22, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/S174392131600034X

IRIS observations of a solar ﬂare

67

subsonic upﬂows and relatively long time scales at about several minutes (see Antiochos
& Sturrock 1978, for details), and “explosive” evaporation with rapidly evolving supersonic velocities (e.g. Zarro and Lemen 1988). From the observational point of view, the
gentle evaporation corresponds to blueshifts of both, the upper chromospheric and coronal lines. In the explosive evaporation, only the hot coronal lines are blueshifted (with the
corresponding ﬂow velocity of more than ∼200 km/s), but the chromospheric lines are
redshifted (see works of Milligan et al. 2006; Milligan & Dennis 2009, for observational
examples).
It is hard to understand what type of evaporation occurs in the discussed event. The
“cold” transition region line C II is redshifted during the ﬂare, and the “hot” coronal
line Fe XXI is blueshifted (see Figure 1). However, the evaporation process develops on
the time scale of several minutes, and the evaporated plasma ﬂow is deﬁnitely subsonic
(about 50 km/s). Because of this, the evaporation process can be classiﬁed as “gentle”.
Theoretically, the gentle evaporation is predicted for the chromosphere heating by a heat
ﬂux from the energy release site or by a relatively low ﬂux of high-energy electrons.
To understand the possible energy sources we calculated the energy which might
be deposited by the injection of the accelerated electrons (the thermal-nonthermal ﬁt
27
to the X-ray spectrum): Pnonth = δδ −1
−2 F (E > Elow )Elow = Pnonth ≈ 5 × 10 erg/s,
5/2

and by the heat conduction (the two-temperature model ﬁt): Qcl = k0 Te S∇Te ∼
7/2
k0 Te S/L ∼ 1028 erg/s (Spitzer and Härm 1953). Surprisingly, we received approximately the same energy rates, which indicate that, perhaps, both processes of the energy
transfer took place.
To summarize, we have analyzed the UV spectroscopic data for a M 1.0 class solar ﬂare,
and found several observational details. A strongly redshifted preﬂare jet and nonthermal
emission at the beginning of the ﬂare were observed. During the ﬂare the “cold” lines of
the transition region are redshifted, and the “hot” coronal Fe XXI line is blueshifted as
predicted for “explosive” evaporation. However, the plasma ﬂows are subsonic and develop on the time scale of minutes, corresponding to “gentle” evaporation. Thus, perhaps,
this classiﬁcation is ambiguous, and a larger statistical study is needed to understand
the chromospheric evaporation properties in relation to diﬀerent mechanisms of chromospheric heating caused by solar ﬂares.
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Spitzer, L. & Härm, R. 1953, Phys.Rev., 89, 977
Zarro, D. M. & Lemen, J. R. 1988, ApJ, 329, 456

Downloaded from https://www.cambridge.org/core. IP address: 34.204.189.171, on 19 Oct 2019 at 02:01:22, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/S174392131600034X

