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Abstract. A spatio-temporal analysis of IRIS spectra of Mgii, Cii, and Siiv ions allows

us to study the dynamics and the stratification of the flare atmosphere along the line

of sight during the magnetic reconnection phase at the jet base. Strong asymmetric

Mgii and Cii line profiles with extended blue wings observed at the reconnection site

are interpreted by the presence of two chromospheric temperature clouds: one explosive

cloud with blueshifts at 290 km s
�1

and one cloud with smaller Doppler shift (around

36 km s
�1

). Simultaneously at the same location a mini flare was observed with strong

emission in multi temperatures (AIA), in several spectral IRIS lines (e.g. Oiv and Siiv,

Mgii), absorption of identified chromospheric lines in Siiv line profile, enhancement of the

Balmer continuum and X-ray emission by FERMI/GBM. With the standard thick-target

flare model we calculate the energy of non thermal electrons observed by FERMI and

compare it to the energy radiated by the Balmer continuum emission. We show that the

low energy input by non thermal electrons above 20 keV was still sufficient to produce

the excess of Balmer continuum.
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1. Introduction

Solar flare models have been extensively developed using 1D to 3D non
LTE radiative transfer codes in flare loops (Allred et al., 2020; Kerr et al.,
2020). The sites of chromospheric excitation during solar flares are marked
by white light emission, extended extreme ultraviolet ribbons and hard X-
ray footpoints. The standard interpretation is that these are the result of
heating and bremsstrahlung emission from non-thermal electrons precipi-
tating from the corona (Fletcher et al., 2013). Solar flare models interpret
enhancements of emission in white light and in Balmer continuum by non
thermal electron beams (Heinzel and Kleint, 2014; Kleint et al., 2016, 2017;
Kowalski et al., 2017). It is important to understand the relationship be-
tween electron beams and radiative emission for interpreting white light
super flares in stars (Kowalski et al., 2012; Heinzel and Shibata, 2018).

We report on a solar jet observed in multi wavelength with the Interface

Region Imaging Spectrograph (IRIS, De Pontieu et al., 2014) (IRIS) in chro-
mospheric lines and with the Atmospheric Imaging Assembly (AIA, Lemen
et al., 2012) on board the Solar Dynamics Observatory (SDO, Pesnell et al.,
2012) occurring on March 22 2019. This event has been well described using
spectroscopy data of IRIS and spectropolarimetry data from HMI in a se-
ries of papers (Joshi et al., 2020; Joshi, Schmieder, Tei, Aulanier, Lörinčík,
Chandra and Heinzel, 2021; Joshi, Schmieder, Heinzel, Tomin, Chandra and
Vilmer, 2021) and NLFF extrapolation of the photosphere magnetic field
have been performed (Yang et al., 2020).

Here we present a summary of the observations leading to an empirical
atmosphere model of the mini flare at the base of the jet (UV burst). The
mini flare (GOES B6.7) occurred in the active region (AR NOAA 12736),
which was located at N09 W60 on March 22, 2019.

2. Observations

The AR was the only AR in the whole solar disk on that day (Fig. 1 panel
a). The AR was formed during the day and the previous day, by successive
emerging fluxes. At the time of the jet at 02:04 UT two emerging flux col-
lapse and a flux rope was created between them (Joshi et al., 2020). Figure
1 panel (b) shows an AIA 304 image with overlying magnetic field contours
which indicate the presence of positive and negative polarities on both side
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Figure 1: Observations of the solar jet and surge on March 22, 2019. Panel a shows the

full disk image of the Sun, and the blue rectangular box is the AR zoomed in panel b.

In panel b the green and blue contours represent positive and negative magnetic polar-

ity respectively (± 300 Gauss). Magnetic reconnection occurred between two emerging

magnetic flux regions. The jet and cool surge are indicated in panel c. The reconnection

site (bright point) is crossed by the IRIS slit position 1 indicated in panel d.

of the brightening. These polarities are squeezed and at the location of the
bright arch center a small bipole (blue and green) is detected. The reconnec-
tion occurs at this point and a bright vault is observed from which escapes
the jet. In panel (c) the bright jet and a parallel dark surge are observed.
The bright point is indicated in panel (d). This bright point is observed in
all the channels of AIA indicating that the plasma is heated to more than
1 MK and corresponds to the B 6.7 X-class detected by GOES.

IRIS spectra have been analysed showing the evolution of the jet and
the mini flare at its base in the three band passes centered in Mgii, Cii
and Siiv lines (Fig. 2). The spectra along the slit shows in all the panels
at 02:04:28 UT an extended horizontal brightening, indicating large flows
and heating. These flows are characterized as bidirectional flows during the
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Figure 2: Jet reconnection base (UV burst/mini-flare) and jet evolution. First column:

images in AIA 304 Å. Second, third, and last columns show IRIS spectra of the jet

reconnection site at the slit position 1 (shown by green arrows).

reconnection. The extension of the flows have been calculated with the cloud
model technique and two clouds were identified with flows of -36 km s�1

and -300 km s�1. The brightening is also extended far away of Mg II k line
blue wing indicating an enhancement of the Balmer continuum. The Balmer
continuum presents an excess of brightness by 50%.

We combine the observations of Balmer continuum obtained with IRIS
(spectra and SJI 2832 Å) and hard X-ray emission detected by FERMI
Gamma Burst Monitor (GBM) during the reconnection producing the mini
flare (Fig. 3). Calibrated Balmer continuum is compared to non-LTE ra-
diative transfer flare models and radiated energy is estimated. With the
standard thick-target flare model we calculate the energy of non-thermal
electrons detected by FERMI GBM and compare it to the radiated energy
(Joshi, Schmieder, Heinzel, Tomin, Chandra and Vilmer, 2021). We need to
assume a very small area for the reconnection site, probably smaller then
the IRIS pixel resolution for a satisfactory fit.

3. Conclusion

From the study of the IRIS spectra and filter images we deduce an empirical
flare model for the mini flare (UV burst) at the base of the jet during
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Figure 3: Hard X-ray emission
recorded by FERMI/GBM
(panel a), GOES soft X-ray
(panel b), light curve of the in-
tensity in the bright point in
the Balmer continuum image
obtained from the IRIS SJI at
2832 Å (panel c).

Figure 4: Empirical flare
model along the line of sight
(LOS) through the current
sheet observed at the recon-
nection point deduced from
the analysis of the IRIS
spectra and AIA images.

reconnection (Fig. 4). A sandwich of different temperature layers explain
the observations. It is consistent with MHD models (Hansteen et al., 2019).
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