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Motivation: to understand how the twist was injected into the jet using the IRIS 
spectrographic observations.  

Observations: Interface Region Imaging Spectrograph (IRIS: spectra and slit jaw images) 
and Atmospheric Imaging Assembly (AIA) 

Highlights: Why  is  there cool material over hot material in the flare site ? (Multi thermal 
flare model) 
Where comes from the twist in the jet ? (Signature in the spectra  : bidirectional flows 
(tilt),  Dynamical model) 

Overview :  Mini-flare and the jet observed with IRIS 



Solar Jets 
• act as a source for transporting mass and energy from lower solar atmosphere to 

upper coronal heights. 
• can contribute for heating the solar corona and accelerating the solar wind. 
• are the key tool to probe the broad dimensions of solar heliospheric problems.R. Joshi et al.: Stratification of the multi-thermal solar atmosphere
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Fig. 1. Multiwavelength observations of the solar jet and surge in di↵erent AIA and IRIS wavebands on March 22, 2019. Panels a–b: active region
AR 12736 with the mini-flare in AIA 304 Å and 193 Å passbands, respectively. Panel c: longitudinal magnetic field configuration observed with
HMI consisting of EMFs: EMF1 (P1-N1), EMF2 (P2-N2), and an earlier EMF encircled by yellow, red, and orange ovals, respectively. On panels
a–b the maps are overlaid with the HMI magnetic field contours of strength ±300 gauss, where green contours represent positive and blue contours
represent negative magnetic polarity; the magnetic PIL between P1 and N2 along the north-south bright area is indicated by a dashed black line
and the dark elongated structures between N1 (yellow arrow) and P1 (AFS, are denoted by a white arrow. The small white square in panels a–c
shows the FOV for the panels d–i. Panels d–f: three di↵erent AIA channels (171 Å, 304 Å, and 1600 Å), zooming on the jet base in a triangle shape
and the surge indicated with white and black arrows, respectively. Panels g–h: IRIS SJI 1330 Å and SJI 2796 Å. The four positions of the IRIS slit
are shown with green vertical lines in panel h. Panel i: zoom of the magnetic configuration at the jet base along the PIL between P1 and N2. The
polarities P1 and N2 are very much extended along the PIL between them. N2 is continuously sliding along (see magnetic field evolution in an
attached animation). In panel i, the bipole (part of N2-P1), where the reconnection takes place, is encircled with green. This region corresponds to
the bright point indicated by a green arrow in panels f and g. North is up and west is in the right in all the panels.

2. Instruments and observations

2.1. Global evolution of the active region

We report on the observations of a solar twisted jet, a related
surge and a mini-flare at the jet base in NOAA AR 12736 located
at N09 W60 on March 22, 2019. Figure 1 summarizes the obser-
vations obtained with the multiwavelength filters of AIA and the
Helioseismic and Magnetic Imager (HMI; Schou et al. 2012)
aboard Solar Dynamics Observatory (SDO; Pesnell et al. 2012),
and IRIS. The jet and the mini-flare are observed in all the AIA
channels covering a wide range of temperatures (105–107 K)
(animations are attached in AIA 304 Å and 193 Å as MOV1 and
MOV2). Figure 1 (panels a–b) show an example of the mini-

flare and the jet visible as bright elongated regions in AIA 304 Å
(50 000 K) and 193 Å (1.25 MK) filters, respectively.

The AR has been formed by successive emerging fluxes
during 24 hours before the jet observations. The AR magnetic
configuration at the time of the mini-flare consists of three
emerging magnetic flux (EMF): an earlier one and two very
active EMFs (i.e. EMF1 (P1-N1) and EMF2 (P2-N2) highlighted
by the yellow and red ovals; Fig. 1 (panel c), see also the ani-
mation attached for the magnetic evolution with HMI obser-
vations as MOV3). The contours of the longitudinal magnetic
field (±300 gauss) is overlaid on AIA 304 Å and 193 Å images
(Figs. 1a–b). The polarity inversion line (PIL) between these two
EMFs (more precisely, between P1 and N2) is shown by a dashed
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Reetika Joshi et al.: Balmer continuum enhancement at the base of a solar jet
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Fig. 4. Intensity variation at the flare site observed in FERMI GBM,
GOES, and IRIS SJIs. Panel(a): Soft X-ray (<20 keV) correspondence
in FERMI GBM observations. There are fewer small peaks observed
with hard X-ray correspondence (>20 keV, pink curve). Panel (b):
GOES light curve for the B 6.7 class solar flare, shows the flare starts
at 02:02 UT and peaks at ⇡ 02:06 UT with small peaks corresponding
to GBM peaks. Panel (c): Intensity light curve at the bright point in Mg
II 2832 Å SJIs. The DN signal over the big green square, shown in Fig.
2 (d)) at the flare base is integrated and divided by the total number of
pixels.

two wavelength ranges, one range containing the Mg II k and h
lines and one range around 2832 Å. The two light curves versus
time for each wavelength range show a peak at the time of the
flare (Fig. 9 panels a and b). However the 2832 Å filter reduces
the intensity of Mg II h and k lines by a factor nearly equal to
10�2 (see Fig. 3 in Kleint et al. (2017)). During the flare at 02:04
UT the peak maximum of the DN/s integrated over the wave-
length range 2791 -2802 Å (h and k range) is equal to 3 and 27
(112-85) for the continuum (2821-2832 Å) after applying the re-
duction factor of the filter. The excess of the Balmer continuum
is around 30% (Fig. 9 panels c, d). It is less that what we compute
directly with the spectra and the SJI but the wavelength ranges
are wider including the two Mg II lines and for the continuum
domain it is noisy due to the presence of Fe lines.

Further on we check the contribution of the h and k lines in
the excess of Balmer continuum with their calibrated values after
applying the decrease factor due to the 2832 Å filter. In Figure
10 we present the calibrated intensity di↵erence curves in three

Fig. 5. Mg II k line spectra along the slit at 01:43:41 UT before the flare
(a), panels (b) and (c) Mg II k line profiles in position y = 180 pixel
representing the quiet sun, respectively in DN s�1 and in cgs units

wavelengths domains between the pre-flare and flare time, two
curves correspond to the continuum (Fig.10 panels a, e) and one
curve the k line (Fig. 10 panel c). After multiply by the trans-
mission factor of the filter we obtain the values of the intensity
in the line (peak at 6 ⇥ 104 erg s�1 sr�1 cm�2 Å�1) and in the
continuum (1 ⇥ 103 erg s�1 sr�1 cm�2 Å�1) in the band around
2787 Å and 105 erg s�1 sr�1 cm�2 Å�1 in the band around 2832
Å) (Fig. 10 right panels). The emission of the k line and at 2787
Å is very much reduced due to the reduction factor of the filter.

In a second step we compute the integrated value of the k
line over the wavelength range (2790-2802 Å) and compare to
the integrated intensity of the continuum (2820- 2832 Å). The
total dashed area divided by the number of points is for the lines
2 x 104 erg s�1 sr�1 cm�2 per unit of �� (472 wavelength points)
and 1x 105 erg s�1 sr�1 cm�2 per unit of �� (589 wavelength
points) (Fig. 10 panels d and f). The lines contributed globally
by 18 % to the Balmer continuum enhancement.

In conclusion, the main contribution (82 %) of the emission
in the 2832 SJIs is the Balmer continuum around 2832 Å dur-
ing our mini flare. It confirms the results of Kleint et al. (2017)
showing that the Balmer continuum enhancement could be the
principal contributor to the flare brightenings in the 2832 Å SJIs
in very specific pixels. In fact their observations concerned an X-
class solar flare where the Balmer continuum enhancement can
also be a↵ected by the Fe II line emission. As our flare is very
weak (B-class) no Fe II emission is detected. It is the reason why
our conclusion is more convincing about the enhancement of the
Balmer continuum.

4. FERMI measurements of HXR emission

4.1. FERMI spectral analysis

A significant proportion of energy released during a solar flare
is thought to go into particle acceleration (Emslie et al. 2012).
By studying the electron spectra obtained from the HXR pho-
tons during the flare phase one can deduce important informa-
tion about the energetics of the non-thermal electrons. For our
study, we use the FERMI mission launched in 2008. FERMI
is made up of two separate instruments - GBM and the Large
Area Telescope (LAT, Atwood et al. 2009). Of these, we use
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 A part of the flux rope formed a small bipole with a bald patch (BP) region, which 
dynamically became an X-current sheet during reconnection. 

A strong extension of the blue wing in Mg II  decreased over a distance (from −300 km/s to 
a few km/s ). This is the signature of the transfer of the twist to the jet. 

The reconnection would start in the low atmosphere in the BP reconnection region and 
extend at an X-point along the current sheet. 

The nonthermal HXR emission is related to the enhancement of the Balmer continuum 
emission, as a signature of a significant excess in heating. This supports the scenario of 
hydrogen recombination in flares after a sudden ionization at chromospheric layers. 

Results


