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Fig 1: Multiwavelength observations of the solar jet and surge in different 
AIA and IRIS wavebands on March 22, 2019. The four positions of the IRIS 
slit are shown with green vertical lines in panel h.
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Abstract:	A	spatio-temporal	analysis	of	IRIS	spectra	of	Mg	II,	C	II,	and	Si	IV	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	 Mg	 II	 and	 C	 II	 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	blueshift	at	290	
km/s	 and	 one	 cloud	 with	 smaller	 Doppler	 shift	 (around	 36	 km/s).	
Simultaneously	 at	 the	 same	 location	 a	 mini	 flare	 was	 observed	 with	 strong	
emission	in	multi	temperatures	(AIA),	 	in	several	spectral	IRIS	 	lines	(e.g.	O	IV	
and	Si	 IV,	Mg	 II),	 absorption	of	 identified	 chromospheric	 lines	 in	 Si	 IV	broad,		
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	 efficient	 	 to	 produce	 the	 excess	 of	
Balmer	continuum.
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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

A80, page 3 of 19

R. Joshi et al.: Stratification of the multi-thermal solar atmosphere

Mg II k 2796 Mg II h 2803

Mg II Mg II

cloud 

275 km/s

50 km/s

Fig. 6. Panel a: Mg II spectra at 02:04:00 UT along the slit position 1 before the UV burst (Fig. 3g). Panels b–e from top to bottom: evolution of
the Mg II k and h line profiles (for y = 79 pixel in panel a) shown by a profile every 14 s during less than one minute time (02:04:00–02:04:57 UT)
(Fig. 3 h). The emission of the Mg II triplet line profiles, one at 2791.6 Å and other two at 2799 Å, are indicated by red arrows in panel b. The
horizontal green brace denotes the low-intensity value of the Mg II blue peak, a signature of the possible presence of an absorbing (red arrow in
panel d) and emitting radiation cloud (black arrow in panel d) along the LOS. The reference profiles are shown in red. The vertical red dashed
lines in panels b–e show the position of rest wavelength at 2803.6 Å. The wavelength range in panels a and b–e is same in wavelength unit for
panel a and the corresponding Doppler shift unit in panel e.

3.5. Cloud model method for Mg II lines

Cloud model method was first introduced by Beckers (1964)
for understanding asymmetric line profiles in the chromosphere.
The structure overlying the chromosphere is defined by four
constant parameters: optical thickness, source function, Doppler
width, and radial velocity. Moreover, Mein & Mein (1988) devel-
oped the cloud method by considering non-constant source func-
tion and velocity gradients. Therefore this technique was applied
for di↵erent structures with high velocities, mainly observed in
the H↵ line, for example post flare loops (Gu et al. 1992; Heinzel
et al. 1992), spicules on the disc (Heinzel & Schmieder 1994),
atmospheric structures in the quiet Sun (Mein et al. 1996; Chae
et al. 2020), and even using multi-clouds (Gu et al. 1996; Dun
et al. 2000, see review by Tziotziou 2007). This new develop-
ment allows us to derive dynamical models in the chromosphere
(Heinzel et al. 1999). This technique is valid for a chromospheric

structure with a large discontinuity (e.g. a high radial velocity),
overlying the chromosphere along the LOS.

Recently, Tei et al. (2018) applied the cloud model technique
with constant source functions to the Mg II lines, which present
complex profiles because of their central reversal. Considering
multi-clouds, Mg II complex profiles of o↵-limb spicules were
successfully fitted (Tei et al. 2020).

The cloud model technique applied to Mg II lines allows us
to unveil the existence of moving clouds over the chromosphere.
For the present analysis, this is how during the peak phase of the
reconnection two clouds overlying the region of reconnection
are considered to fit the asymmetric Mg II profiles observed in
the UV burst region. Mg II asymmetric line profiles are assumed
to be the result of the presence of two overlapping clouds c1
and c2 located above a background atmosphere along the LOS.
We suppose the background atmosphere is symmetric with high
peaks in the Mg II lines. We consider a situation in which the
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Fig. 8. Spectra of the jet base (UV burst) showing the extended blue wing of Si IV line (panel a), C II line (panel b) and Mg II line (panel c) at
02:04:28 UT (Fig. 2 left column), the white horizontal dashed lines in these three panels indicate the position where the profiles are drawn in panels
d–h. In panels d–h, the horizontal wavelength axis is shown as Dopplershift relative to the rest wavelength in each window. The Doppler-shift
scale in all panels is the same for the comparison of the Doppler shifts in three element lines. We note the presence of dips in the Si IV profiles
corresponding to absorption of chromospheric lines (Ni II 1393.33 Å and Fe II 1393.589 Å) indicated by red arrows in panel d. The black arrow
in panel d indicates a dip due to self-absorption of Si IV line blended by a Fe II line. The cyan cross in panel e points a dip with missing data in
the spectra. The dashed vertical red lines indicate the zero velocity. The red arrows in panels g–h indicate the emission of Mg II triplet lines.

In the present work, we adopt T1 = T2 = 104 K since the cloud
temperatures do not a↵ect the result as long as we use a tem-
perature lower than 20 000 K at which Mg II is ionized. This
is because Mg atom is relatively heavy and the thermal width
is small compared to the non-thermal velocity in this situation.
For the background intensity, I0(��), we use a symmetric line
profile constructed from the red side of the observed profile,
as done by Tei et al. (2018). In addition, ↵m is defined as the
ratio of the source function of the cloud of number m to the
background intensity at the line centre [↵m ⌘ S m/I0(�� = 0)].
We consider a situation where a low-velocity component is in
the foreground (c2) along the LOS to lower the peak inten-
sity as it is observed. Figure 9 shows the result of a two-cloud
model fitting. The values of the free parameters are summa-
rized in Table 3. Two clouds have been detected: one with strong
blueshifts (�290 km s�1) and the other with a large optical thick-
ness but lower blueshift (�36 km s�1); these values are not far
from our approximate estimation (Sect. 3.4). We note that the
radiative transfer is completely treated under the above condi-
tions. The turbulent velocity derived for the cloud c1 is large
(150 km s�1). This could correspond to the existence of a large
velocity gradient inside the cloud, which has not be considered
in the assumptions in which, on the contrary, all the parameters
are constant. On the other hand, we may note that the assumption

Table 3. Results of two-cloud modelling (c1 and c2).

Cloud c1

↵1 ⌧0,1 VLOS,1 Vturb,1

1.6 0.99 �290 km s�1 150 km s�1

Cloud c2
↵2 ⌧0,2 VLOS,2 Vturb,2

0.5 1.6 �36 km s�1 50 km s�1

of a symmetrical Mg II profile background for the flare does not
influence the fast cloud existence, since the wavelength range of
this component is very far in the wing (see Fig. 9).

3.6. Spectral tilt profiles

Spectra of the Mg II, C II, and Si IV lines show a spectral tilt
at 02:05:39 UT (Fig. 3 panels i, n, s). Figure 10 details the spec-
tra of Mg II and Si IV lines for di↵erent times 02:05:25 UT and
02:05:39 UT in two slit positions distant of 6 arcsec. The tilt is
visible in these two positions. The profiles have dominant red
wings in the southern part of the brightening (y(pixel) = 50–79),
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Fig. 14. Sketch of the dynamics of the plasma in 2D (x, z) plane
at the reconnection site before (panels a and b), during (panels c
and d), and after the magnetic reconnection (panel e). The sketch is
based on the characteristics of the spectra detailed in Table 4. Panel
a: time 01:51 UT, panel b: 01:59 UT, panel c: between 02:02:21 and
02:04:28 UT, panel d: 02:05:39 UT, and panel e: 02:10 UT. The eye
on the left side indicates that the observations are done on the side
because the AR is located at W 60. The projected LOS in the plane (x, z)
is also shown by dashed arrow at the top. The magnetic field lines are
shown with black solid lines with arrows. The vertical central dotted
line is the PIL between magnetic polarities N2 and P1. The red solid
lines indicate the hot jet (in panel d) or loops (in panel e) and the veloc-
ity directions are indicated by thin blue/red arrows for the transverse
flow (panels b and e) and thick arrows for blue/redshifts (Vd) estimated
at the PIL zone (panels c–e). In panel a EMF1 and EMF2 represent
two EMFs, and N2-P1 is the bipole where the reconnection occurs in a
BP with cool material trapped inside (blue circle in panel b). The blue
lines and ovals denote the cool plasma visible with IRIS. The reconnec-
tion occurs at the “X” point with bidirectional outflows (panel c). The
cloud is shown by a blue oval on the left. Nearly at the same time the jet
(red line, hot plasma visible in AIA filters) and the surge (blue line) are
expelled with some twist to the right (panel d). Panel e: long loops (red
line) and an AFS (blue oval) between P2 and N1 after the reconnection.

over the limb as the paper of Joshi et al. (2020a), the recon-
nection point is clearly visible in the corona (e.g. 10 Mm in the
case of Joshi et al. 2020a). For events occurring on the disc it
is di�cult to derive the altitude of reconnection. Grubecka et al.
(2016), Reid et al. (2017) and Vissers et al. (2019) used a NLTE
radiative transfer code in a 1D atmosphere model to derive the
altitude of formation of the reconnection in UV burst visible in
Mg II lines. The altitude range spans the high photosphere and
chromosphere (50–900 km). With IRIS it was also found in UV
bursts or IBs that cool plasma emitting in chromospheric lines
could overlay hotter plasma at Si IV line temperature (Peter
et al. 2014). After a long debate about the temperature of the
Si IV lines in possibly non-equilibrium states, the 3D simula-
tion based on Bifrost code (Gudiksen et al. 2011) coupled with
the MULTI3D code (Leenaarts & Carlsson 2009) succeeded to
mimic the large observed Si IV profiles (very similar to our UV
Si IV burst) and the extended wing of the Ca K line with syn-
thetic profiles both formed at di↵erent altitudes simultaneously
due to an extended vertical current sheet in a strong magne-
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Fig. 15. Model of multi-layers of the mini-flare atmosphere during the
jet reconnection in a BP region. The model is based on the observa-
tions of emission or absorption of the IRIS lines and continua, and the
images of AIA in the multi-temperature filters in the mini-flare (UV
burst) around 02:04:28 UT± 60 s (right column). The y-axis is along the
LOS. The LOS successively crosses cool and hot layers (white for min-
imum of temperature, yellow for chromosphere until transition region
temperatures, red for coronal temperatures).

tized atmosphere (Hansteen et al. 2019). The authors proposed
that the current sheet is situated in a large bubble of emerging
magnetic field, and carrying cool gas from the solar photosphere
with it. This scenario is certainly valid for our observations. We
attempted to compute the optical thickness and the electron den-
sity in the mini-flare area during the reconnection process (Kerr
et al. 2019; Judge 2015). The transition lines (Si IV and O IV)
usually used for such estimations had such perturbed profiles that
no reliable numbers could be put forwards at the time of the
reconnection. One minute later the Si IV lines were estimated to
be nearly optical thin and the computed electron density arises
to log(Ne [cm�3])= 11± 0.3 value, which corresponds to a plage
or bright point, similar to the paper of Polito et al. (2016).

However, we have to consider that we not only have the sig-
natures of IBs with IRIS, but also the enhancement of Balmer
continuum detected in IRIS spectra as in a white light mini-
flare. The mini-flare is also visible as brightenings in all AIA
filters with multi-temperatures from 105 K to 107 K. This mini-
flare, so-called because of its small area and GOES strength flux
(B6.7), is a very energetic flare belonging to the category of
white light flares. There is a chance that the slit of IRIS with
its high spatial and temporal resolution was exactly at the site of
the reconnection. Therefore, it is the first time that we have such
important information on a white light mini-flare.

We have all along Sect. 3 discussed the signatures of the dif-
ferent elements and proposed a dynamical model for the mag-
netic reconnection in Sect. 4. The analysis of HMI magnetogram
of the AR shows that the region consists of several EMFs. The
jet occurs between two of the EMFs when the negative polar-
ity of the following EMF was collapsing with the positive polar-
ity of the leading EMF. Such magnetic topology leads to a BP
magnetic configuration, in which the magnetic field lines are tan-
gent to the photosphere (Paper I). This topology was confirmed
by the first reconnection signature in Mg II lines with symmet-
ric extended wings at 02:03:46 UT (Fig. 4 panel b) similar to
those in IBs commonly occurring in BPs (Georgoulis et al. 2002;
Zhao et al. 2017). At the reconnection site these bilateral out-
flows (±200 km s�1) observed in a few pixels were interpreted as
reconnection jets (Sect. 3.4). Less than one minute later (02:04:28
UT) extended Mg II line blue wing suggests super Alfvénic flows

A80, page 16 of 19

A&A proofs: manuscript no. output

Fig. 8. Intensity variation at di↵erent wavelengths with respect to y coordinates of IRIS slit position. The di↵erent colors shows the di↵erent
wavelengths at the pre-flare (01:43:41 UT) and flare (02:04:28 UT) times. The intensity variation shows a constancy during the pre-flare time,
whereas the curve shows a peak at y= 80 pixel during the flare time. The counts are minimum at the slit position y= 180 pixel. This position is
chosen as the reference of the quiet sun.

very bright Mg II line cores as computed in Liu et al. (2015)
which are not observed in our weak flare (such a high pressure
is found in an X-class flare atmosphere analyzed by Liu et al.
(2015). The second model E12 with lower coronal pressure pre-
dicts the Mg II line-core intensities more compatible with our
IRIS observations and is thus reasonable for this weak flare. The
energy value is of same order than the energy brought by the
electron beams of FERMI GBM between 109-1010 erg�1 cm�2

due to the uncertainty of the area size.

5. Discussion and conclusion

We analyze in detail the NUV continuum variation (between
2784-2791.5 Å) and between 2827-2834.5 Å) using IRIS spec-
tra and the 2832 Å SJIs observed in the mini flare (GOES B6.7)
at the jet base observed on March 22 2019. An excess of the
Balmer continuum has been detected at the flare time. The con-
stancy of the Balmer continuum excess all along the two spectra
ranges (bottom panels of Fig 7) is an important indicator.

a) Balmer continuum being optically-thin in a weak flare,
thus its emission is simply added to the photospheric (pre-flare)
background as a constant excess of intensity over the photo-
spheric continuum. This possibility seems perfectly fit to our ob-
servations

b) the increment in continuum intensity being constant can
not be due to the intensity enhancement in the far wings of Mg
II lines, which is decreasing with distance from the k or h Mg II
line center on either side.

The co-temporal time of the continuum enhancement peak
in spectral profiles and in SJIs suggests that the SJI is dominated

by the Balmer enhancement continuum and again not by the ex-
tended wings of Mg II lines due to the mini flare. Besides the
NUV continuum in these two wavelength ranges that we have
selected is relatively simple to analyse, because the metallic lines
(mainly Fe II lines) present in these domains are not in emission
for this mini flare, a GOES B6.7 flare . This is a very di↵er-
ent case from previous studies concerning X-class flares where
metallic lines in the spectra around 2830 Å went into emission
and a↵ected the Balmer continuum (Heinzel & Kleint 2014;
Kleint et al. 2017). The previous authors had to disentangle be-
tween the two emissions: continuum and Fe II lines.

For our weak flare we demonstrate that the FERMI GBM
energy output by non thermal electrons was equivalent to the ra-
diated energy computed in a non-LTE radiative model based on
the measured Balmer continuum excess. In large flares, it has
been shown that the injected non thermal energy derived from
RHESSI data is su�cient and even in excess for explaining the
thermal component of strong flares (Aschwanden et al. 2017;
Kleint et al. 2016). However it was shown that for weak flares
there was a deficit of energetic electrons for a↵ecting the low
levels of the atmosphere where the bolometric emission (NUV,
White-light, near IR radiation) is initiated (Warmuth & Mann
2020). The assumption for this statement is disputable because
in their model the former authors supposed that the initial en-
ergy release takes place in the corona. Therefore energy has to
be transported to the deeper layers in order to heat the plasma.
In our case the mini flare reconnection site occurred in the deep
atmosphere as shown in a previous paper (Joshi et al. 2020). The
reconnection site of the mini flare at the base of the jet has been
identified in a bald patch region transformed in a current sheet.
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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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Fig. 3. Balmer continuum enhancement all along the wavelength range of the two Mg II h and k lines observed in IRIS spectra during (panel a)
and after the mini flare (panels b-c) at the reconnection site (Fig. 2). Blueshifts, and redshifts are indicated by two arrows in the Mg II k line wings.

Even for the flare time the spectral profile could be about the
same as that detected in the IRIS spectrum outside the flare if
there was no Balmer continuum enhancement. The fact that the
"continuum" peaks in time with the hard X-ray emission indi-
cates that there exists a direct relationship between the enhance-
ment of the continuum and the non thermal flux (Fig. 4). How-
ever extended wings of Mg II lines during flares may also a↵ect
the continuum. Therefore we explore the wavelength range the
farthest as possible from k and h line cores during the flare time.

3.3. IRIS spectra at the flare time

The full range spectra along the slit at the time of the mini flare
(02:04:28 UT) is presented in Figure 7 panel (a). At the flare
site the Mg II h and k line emissions are very much extended,
mainly in the blue wings. We made cuts along the slit for di↵er-
ent wavelengths in the continuum on the extreme left and right,
of the spectra band to detect exactly the location of the contin-
uum enhancement of the continuum of the flare (Fig. 8). Peaks
in the continuum at the flare time are visible for pixels 70 and 80
along the slit.

By subtracting the background spectra in the whole IRIS
Mg II band observed before the flare (01:43:41 UT) we get the
Balmer-continuum excess in the spectra during the flare. We
check that the signal is constant at the boundaries of the do-
main after subtraction of the photospheric emission. The super-
imposed residual signal is weak, due to optically-thin Balmer
emission but significant.

We may detail the full process that has been done to arrive at
this result. We calculate the intensity variation in the MgII band
at two di↵erent times: 01:43:41 UT (pre-flare) and 02:04:28 UT
(mini flare time) and at two di↵erent positions along the slit y
values (70 and 80 pixel). The positions at 70 and 80 correspond
to the site of reconnection of the mini flare (Fig. 7 panel (b).

We note a similar behaviour of the spectral profile as for the
quiet sun with a U-shape profile and an increasing intensity at
the two extremities of the wavelength range. It is di�cult to de-
tect the excess of the continuum emission without proceeding
to a subtraction of the quiet sun profile. Thus two di↵erent do-
mains for the continuum region are chosen, e.g. 2784-2791.5 Å
and 2827-2834.5 Å and the intensity variation with wavelength
is calculated in these wavelength domains. The continuum inten-
sity variation in the two regions is presented in Figure 7 panels
c-d for flare time, in panels e-f for pre-flare time. The excess of
the continuum intensity in the two wavelength domains is anal-
ysed by making the di↵erence continuum intensity plot between
the mini flare and pre-flare times (Fig. 7 panels g-h). The dif-
ference intensity plots show a constant continuum enhancement
in each selected domain of the order of 1.5 to 1.75 ⇥ 105 erg
s�1 sr�1 cm�2 Å�1. The excess of enhancement of the Balmer
continuum is about 50 % during the flare.

3.4. IRIS SJI 2832 Å filter

The Slit Jaw Images (SJIs) in the 2832 Å filter show a peak of
emission during the time of the mini flare (B6.7 class) around
02:05 UT (Fig. 4). To focus exactly at the location of the recon-
nection site, we reduce the size of the box in the 2832 Å SJI (see
the small box in Fig. 2 panel d). This box corresponds approxi-
mately to the pixel y=80 in the IRIS spectra. Figure 9 shows the
light curve versus time obtained in this small area in the 2832
Å SJI. We estimate the increase of the brightening in the small
box by 50 % ((180-120)/120) between the time of the pre-flare
(01:44 UT) and the flare time (02:04 UT). The SJI 2832 Å filter
transmission profile includes the two Mg II k and h lines. The
2832 filter has two peaks one peak at 2832 Å and the second one
close to the k line (Kleint et al. 2017)). Therefore we consider
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F i g 2 : I n t e n s i t y 
variation at the flare site 
observed in FERMI 
GBM, GOES, and IRIS 
SJIs. Panel(a): Soft X-
ray (less than 20 keV) 
c o r r e s p o n d e n c e i n 
F E R M I G B M 
observations. There are 
fewer smal l 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 
p e a k s . P a n e l ( c ) : 
Intensity light curve at 
the bright point in Mg 
II 2832 Å SJIs. 

Fig6: Intensity variation at different 
wavelengths. The different colors 
shows the different wavelengths at the 
pre-flare (01:43:41 UT) and flare 
(02:04:28 UT) times. The intensity 
variation shows a constancy during 
the pre-flare time, whereas the curve 
shows a peak at y= 80 pixel during the 
flare time.


Fig5: Balmer continuum enhancement 
all along the wavelength range of the 
two Mg II h and k lines observed in 
IRIS spectra during (panel a) and after 
the mini flare (panels b-c) at the 
reconnection site. Blueshifts, and 
redshifts are indicated by two arrows 
in the Mg II k line wings. 


Fig7: Model of multi-layers of the 
mini-flare atmosphere during the jet 
reconnection in a BP region. It is 
based on the observations of emission 
or absorption of the IRIS lines and 
continua, and the images of AIA in the 
multi-temperature filters in the mini-
flare. The LOS successively crosses 
cool and hot layers (white for 
minimum of temperature, yellow for 
chromosphere until transition region 
temperatures , red for coronal 
temperatures). 


Fig4: Spectra and profiles of the jet 
base (UV burst) showing the extended 
blue wing of Si IV line, C II line and 
Mg II line. The black arrow in panel d 
indicates a dip due to self-absorption 
of Si IV line blended by a Fe II line. 
The cyan cross in panel e points a dip 
with missing data in the spectra. The 
dashed vertical red lines indicate the 
zero velocity. The red arrows in panels 
g–h indicate the emission of Mg II 
triplet lines. 

 


Fig3: Panel a: Mg II spectra at 02:04:00 
UT along the slit position 1 before the 
UV burst. Panels b–e from top to 
bottom: evolution of the Mg II k and h 
line profiles. The horizontal green brace 
denotes the low-intensity value of the 
Mg II blue peak, a signature of the 
possible presence of an absorbing (red 
arrow in panel d) and emitting radiation 
cloud (black arrow in panel d) along the 
LOS. The reference profiles are shown 
in red. The vertical red dashed lines in 
panels b–e show the position of rest 
wavelength at 2803.6 Å.



