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ABSTRACT

The influence of solar flares on the ~dynamics of lower atmospheric plasma is not yet fully under-
stood. We performed full-Stokes spectro polarimetric observations of|Active region NOAA 3363 on
GREGOR Infrared Spectrograph (GRIS) during consecutive C-class flares on July 16, 2023. The near-
infrared spectral interval covered photospheric Si1 10827 A and CaIl/{0839 A lines and chromospheric
He1 10830 A triplet line. Besides the enhanced emission of Hel 10830 A triplet, the upper photo-
spheric line Si1 10827 A also showed a significant increase_in intensity. The intensity,of the Sif line g
¢ \L_)_HAL was increased @_fﬁgl_‘ several minutes,of HeI enhancement, which indicates slow energy transfer from the
chromosphere to the upper photosphere. We speculate that the heat transfer by thermal conduction
from the formation height of Hel to the formation height of SiI line is responsible for the observed

time delay. \ /&
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1. INTRODUCTION

For many years, researchers have examined collimated ejections of chromospheric plasma into the corona. Jets
are essential building blocks of the solar chromosphere. Spicules and mottles constitute the main features of the
chromospheric jets (Beckers (1968), De Pontieu et al. (2007), van der Voort et al. (2009), Moore et al. (2011), Tsiropoula
& Suematsu (2012), Sterling et al. (2020)). Surges, on the other hand, are chromospheric jets that appear dark in
Ha images and can reach heights of up to 200 Mm (Roy (1973); Yoshimura et al. (2003)). Recent studies have also
identified small chromospheric jets with loop structures at their bases (Shibata et al. (2007)).

Flares, high-speed reconnection jets and coronal mass ejections characterized by sudden releases of magnetic energy
originate from changes in the magnetic field structure in the corona. High energy particles, accelerated during the flare, i
penetrate the lower regions and heat the local plasma through interaction with atoms.VThis leads to the enhanced . ; fotit@
emission of chromospheric plasma. During the intense flares, the photosphere responds to the flaring event with

L increased emission (while light flares). However, it is dlfﬁcult to determlne the penetration helght of flare-related
2 T~ particles. & R0 W.L,\"\/Ut\‘\,‘ I iCP-V L\;\A— —SAnfUAaed - kOosdwur

Spectral lines, such as the He1 10830 A triplet, formed in the chromosphere may give valuable information about

the potential impact on the surrounding environment. Observations of this line, along with other diagnostic lines like

sHUYr e + B
oe\su\wk ¥ Whely \M‘f\\vd)u\
St hundn el VG - s 5 e wdely

(D =30 KA+
(D &~ ﬁk&&%



2

the Si1 10827 A line, provide valuable information about the temperature and dynamics of the chromosphere. Earlier
observations showed the increased emission of Hel triplet after flares (Penn, M. J. & Kuhn, J. R. (1995){Li et al. Y [
(2007), Sasso, C. et al. (2011), Kuckein et al. (2015)). The increased emission was explained to be connected with the
bombardment of non-thermal electrons after flares (Nagai, F. & Emslie, A. G. (1984), Tei et al. (2018), Anan et al.
(2018)). On the other hand, Si1 10827 A line, formed in the upper photosphere, showed no significant change in earlier
observations. At the same time, some models of flare-related photosphere-chromosphere predicted the increase in its” -Hn @/
intensity.
To study the behav10ur of Si1 10827 A line, we performed full-Stokes spectro-polarimetric observations during <l

consecutive C-class flares on.the GREGOR Infrared Spectrograph. These observations cover spectral interval that
includes the photospheric Ca1 10839 A and Si1 10827 A lines, with the chromospheric He1 10830 A triplet line. This

7 (/ paper presents observations of dynamics occurring in the active region in both the photosphere and chromosphere

during and after the flare events. S:_Q’ -
6 -
91 2. OBSERVATIONS W Q/ ) ?m

Y/\ On July 162023}, we observed a chromospheric dyMﬂugh speed jet-like structure in the active region NOAA
3363, with ac/companymg % C4.7 and C3.5 class flares, using the 1.5-m GREGOR telescope (Schmidt et al. (2012)).
Spectropolarimetric data were obtained from the GREGOR Infrared Spectrograph (GRIS, Collados et al. (2012)),
in conjunction with the High-resolution Fast Tmager (HiFI+, Denker et al. (2018b); Denker et al. (2018a); Kuckein
et al. (2016); Denker et al. (2023)). The observations were made in spectropolarimetric mode, and the GREGOR
polarimetric calibration unit (Hofmann et al. (2012)) was used to carry out the polarimetric calibration of the data.

@L he GREGOR telescope incorporates the GREGOR adaptive optics system (GAOS, Berkefeld et al. (2010)) which ‘(‘,3 W")/
operated effectively throughout the observation period under favourable conditions.
The GREGOR Infrared Spectrograph (GRIS, Collados et al. (2012)) captured full- St% spectra within the ¢
< Si110827 A spectral range.] Telescope was operated within the 1.0 - 2.3 pum range,|the spectra most frequently utilized ened
1.083 pm, which includes both the photospheric SiI and the chromospheric triplet He1 (Collados et al. (2012)). Each OM
step involved eight accumulations, with an exposure time of 100 ms per accumulation. The map consisted of 105 steps,
" Covering approximately NYIO min of observation time. The step size and pixel size along the slit were both 0.135”,
resulting in a field of view (FOV) of 60”x15”. In detailed spectral range, they have covered the photospheric lines
Car1 10838.97 A (deeper photosphere) and Si1 10827.09 A (upper photosphere), both of which are Zeeman triplets
characterized by an influential Landé factor of geff = 1.5 (Balthasar et al. (2016)). Additionally, the spectrum encom- 1 E i
passed the chromospheric He1 10830 A triplet” (upper chromosphere), with each spectral sample spaced at intervals of
18 mA. o == AVAX E o /(H({z 2. fen 2 wé

X 2. We observed a-ehremespheric-jet-like structure Avith-two-consecutive-flares-of-C4-7-ard-C375 classes Mear the active'l U OT(
region NOAA 3363 (X 728", Y: 346”) on July16, 2023 (Figure 1). During the peak of the first flare’at 08:41 UT, the ’

GREGOR slit location, “denoted by the red rectangle in Figure 1, was positioned over the active region NOAA 3363.
This positioning allowed for targeted observations of specific solar features crucial for understanding jet dynamics. The
accompanying C4.7 class flare started at 08:31 UT, peaked around 08:41 UT and ended at 08:45 UT. Subsequently, the

Au/' consecutive C3.5 class flare began at 08:46 UT, peaked around 08:50 UT, and ended at 08:56 UT(Figure 1 lower right
panel) L’J/“he observations consisted of spatial scans performed during specificphases-of-theseflares: the first scan was

W \ (kL performed during 08:41 UT - 08:44 UT, with the-correspending-chromespheric jet-fying-toward the-sunspettFigure 2 — ‘Q&D
white arrow)-after C4.7 class—fare-peak. The second scan was performed from 08:44 UT - 08:47 UT, cerresponding

\(/WL{ to-the-declining phase of the«£4-%, and the third scan was performed from 08:47 UT - 08:50 UT, cerresponding-to

+ the-initial phase of C3.5. Additionally, an extra scan of the same area was conducted immediately after the third
scan, which covered the time from 08:51 UT to 08:58 UT (peak-and-dectining phase of the C375 fiare). .Exciting and
LY | speetaoatarprofiles-were observed-durimg-the-third-scan(Figure T and Figiire-8.reck-and bhve-asterisk) Hence, the data

W covered almost the entire duration of the two flares. BM%L‘LGREGQW d utilizing

S nltiple-imaging madalisies, ineluding ams : wm —-9@
tfwwwﬁwww These observations
provide a comprehensive dataset for analyzing the evolution of the dynamic Jet-like structure and its impact on the

solar atmosphere across different layers and wavelengths. {, (,( ;

- > =3
VEEPED T |
y\w/l — Spfeadg v Asa + Dy AN ’L-A\Q—?'L-E—

7. . 2~ W_}«—\!‘b m})« hla + -
A Dl;«t\Z.~ \QMK?-[UU\& }?%@’{'*OU 4\1/\.-«@/ \-AZW\L
Lo«v%r,~ Aot vedmiA\]




apealv a2 A i% qu/

N <
\HML/Int 2023-07-16T08:48:38.800

SDO_ATA_2023-07-16T08:48:52.741

-360

{arcsec]

Solar_Y

700 720 740 760 780 “ 680 700 720 740 660 680 700 720 740 760 780
~—Solar-¥faresec] ~Solar_X faresec] ! —SolarX {arcsec) —

D_AIA_2023-07-16T08:48:38.132 SDO_AIA_2023-07-16T08:48:29.15 SDO_AIA_2023-07-16T08:48:33.35

-340

-360

Solar Y [arcsec]

1600 A - 10 kK 304 A - 50 kKK

9 720 740 740 760 780 660 680 700 720 740 60780
Solar, X [arcsect— So\ar Xlamneci * —Solar_X [atcsee}- -~ =

2023-07-16T08748:33.62 ~~SDO-AWK—2023-07-16T08:48:35:12— < ES xray flux

760

Shtar Y [arcsec]

211 A-2 MK

740 760 780

0 20
Solar_X [arcsec]
SOPNZD avea
Figure 1. GREGOR}ﬁflocation (red rectangle) on SDO/HMI-AIA images during the flare initiation at 08:48 UT and

ime evolution of the X-ray flux in GOES satellite z : ). On the upper left and
middle panef the active region NOAA 3363 is present in the SDO/HMIMamwmﬁges The SDO/AIA image of the A"’@‘- ;
Photosphere/Chromosphere reglon(1700 A) is shown on the right upper panel. The Upper Photosphere/Transition regioii{ 1600 w{[d H’
A), the Transition region/Chromosphere (304 A) and the Quiet corona/upper transition region(171 A) are shown on the middle I
panels, respe(,tlvel‘}’/"(flom left to right). SDO/AIA images of the active region(211 A) and Flare region(94 A) were shown on
the lower right and middle panels. On the lower right panel: X-ray flux for 08:00 UT-09:10 UT_of-2646=67=16 and with the
grey rectangle marked the observed time of C4.7 and C3.5 class flare in NOAA 3363 active’ region. Red and blue asterisks mark +U
locations where spectacular profiles are observed. UL >

L s o G
: o has Seff a : Steps of-observations-on-the-GREGOR tetescope. The
CI‘)rocess includes photometrlc corrections, dark current subtraction, flat fielding, and polarimetric-calibration and
cross-talk removal accormgandard "GRIS data reduction software, as described by Collados (1999); Collados \A"(

(2003). The data-unde “and-flat-field correction, as well as pelarization—calibration using the GREGOR

polarimetric unit (Hofmann et al. (2012)) and-s ¢ : dos L/Q

£2663)y. Following calibration, the Stokes profiles were normalized to the average continuum level, calculated from

various areas across the field of view (FOV), with regions displaying significant polarization signals excluded from the

analysis. <
After-the-mentioned-corrections, aﬂdrtmmrl"d]usmrems-—werem}ed The-usefultool"is Cassda GUI, a program

d iepenheuer-Insti forr. ! The software autematically remove,(

£ We wied b
G >

L https://gitlab.leibniz-kis.de/sdc/gris/cassda_gui
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- - arrow shows a hlgh-geed chromospheric jet. A black asterisk showing the posmon of tﬁe Stok& pro 1{4 presented pn the

Cal line. Vertical dashed lines indicate the static. wavelengths of the Si1 10827.09 A line (blue), the Hel triplet (red), and

Ca110838.97 A (purple) respectively. For compaerverage quiet-sun intensity spectrum is presented as an orange line

on the Stokes I profile. a3} veot2Z-

AU/\A ’ QM
the spikes using the 1nterpolat10n method., The spectrograph still exhibited continuum intensity variations thatrequired

z correctﬁw\gga/mi{eﬁt\m-sﬁa&for wavel/ngth calibration, we utilize the IAG spectral atlas obtained with the Fourier

: $ Transform SpectrographReiners, A. et al. (2016)). The continuum correction curve is derived by fitting a polynomial lz
to the ratio of the disk centre slope from our observations and the slope of the atlas spectrum. Telluric lines in the
observed spectral region are utilized for wavelength calibration. The calculated spectral dispersion is 18 mA per pixel.
Finally, the observed spectrum is normalized to the continuum level of the quiet Sun at the disk centre, a step necessary

for the inversions. oot
<@6 Z:El_thls study, our emphasis is on the derlved magnetic field strength and line-of-sight velocity patterns.
D Jawt T b SRR T ey &
e Q—A&\L\ ATA-ANALYSIS o Q
o deduce the flare’s magnetic field configuratign and thermodynamic parameters, we utilize the Hazel inversion
code (Ramos et al. (2008)) to fit the profiles of/He1 10830 A and Si1 10827 A, In addition, the photospheric Sq1
line was analyzed using the Weak Field Approjimation. The HAZEL (HAnle and ZEeman Light; ?) inversion code
was employed to determine the chromospherj¢ magnetic field/ vector from the ¢gbservations. This code necessitates

LYt Aganl s

1_?6 fourth row. The spectral interval covered the following lines (from left to right): Sir line, Hel triplet, two telluric lines and3
&M»‘Rt
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Figure 3. Full GREGOR/GRIS slit in Ca1 10839 A (first row), Si1 10827 A (middle row) and He1 10830 A triplet red wing

of "red” component (third row) during the bserv&_tlon time 08:46:54-08:49:54 UT. Normalized Stokes I profiles at different w((%
locations, indicated by the different colours (,ée anel of the fourlh row). Orange colour: quiet sun profile, red: Hel redshifted

emission profile, and blue: profile indicating strongly blueshifted Her line, proﬁles are from different locations (red and blue

asterisk first - third rows). Stokes V profiles corresponding to Stokes I profiles are presented in the left panel of the last row. Not . . - d%/
_to overplot Stokes V profiles; they are placed _separately besxde each otlLr Vertical dashed lines indicate the static wavelengths

" of the Sil 10827.09 A lme%he Fle{ triplet (red), and Ca1 10838.97 A (purple) respectively. L KAZ_ 72@‘-
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the full Stokes vector data, the observation angle, and an initial estimate as inputs. The code considers atomic level

polarisation and Zeeman, Hanle, and Paschen-Back effects. The model assumes a slab for the upper photosphere,

silicone, and three slabs with constant properties that are asymmetrically illuminated from below and in the telluric

line. The irradiation of the slab accounts for the center-to-limb variation. We used the code in the mode of a single

optically thick slab. These slabs are positioned at a height h above the solar surface and are subjected to a deterministic

magnetic field with arbitrary strength, inclination\ and azimuth. We allowed high up-flow velocities. The inversion
code utilizes response functions to solve the radiative transfer equation, assuming local thermodynamic and hydrostatic
equilibrium. A %/

The inversion code determines varfous-physicat-pararmetess; nctuding the magnetic field vector components, tempera-

ture, and Doppler velocity. We constrained the inversions to a single node for Doppler velocity, magnetic field strength,
inclination, and azimuth, maintaining these values as constant with height. Conversely, the temperature varies with
height, employing one, three, and four nodes in the different stages of SIR. We consistently set the macroturbulence
to 750 m s~! throughout the entire inversion process without any alterations. The-GRIS-spectrepolarimeter—atows—
WWWMMJ&WWe used the Hanle and
Zeeman Light (HAZEL) code to invert the Stokes parameters of the helium triplet. N‘;
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4. RESULTS

Figure 2 shows the first scan of selected AR in Ca1 10839 A (Fig. 2 first row), Si1 10827 A (Figure 2 middle row) U)/t/[ LL(
and He1 10830 A triplet(Fig. 2 third row). The spectral line position for Ca,l and SiI was selected at thé line core.
But for the Hel triplet, the red wing of the "blue” component of the line was selected. The chromospheric high=speed \ )
jet-like structure is seen in both Si1 and HeT spectral lines(Figure 2 white arrow). Figure 2 black asterisc showing the 'E' KLJ\
normalized Stokes profiles (black lines) at 08:42 UT (Fig.2 fourth row), corresponding to the point from the jet-like UZ.ZLVKZ—
structure after-the peak-of the first-flare: The orange line on Stokes I denotes the average quiet-sun intensity spectrum.
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Figure 4. Example of bﬁerved Emasson Stokes I profiles (red, blue) and HAZEL inverted profiles (orange) of Hel and Si1
lines during the post-phase of, C4.7 flare and the pre-phase of C3.5 flare. The left panel presentéd Hel redshifted emission
profile (Fig.3 red coloured proﬁfe), and the right panel shows a strongly blueshifted He1 line, with modified Si1 lin (Flg 3 blue

e i T T

dhe

3
'V'L*——Q""g It is seen that the Hel trlpletw\/u?l"gtnsformed from absorption to emission beh&v&eﬁf-accompamed by significant

et-like structure shown by the white arrow in Figure 2 or, on the other hand, increased
temperature in the ch onlo yphe e after a ﬂare The increased emission of Hel triplet with regards to the continuum
during flares has been cem-mu.o.\il@ reported ~1.36 times during M2.0 flare, (Li et al. (2007)), ~1.30 times during the
decay phase of a C9.7 flare (Penn, M. J. & Kuhn, J. R. (1995)), and ~1.15 éﬁﬁong a C2.0 flare (Sasso, C. et al. (2011)).
Kuckein et al. (2015) observed maximal increase of He1 10830 A line emission by ~1.86 W the red component. In
our case, the red component of Hel Stokes I profile reached the emission ratio of ~1.1 just-after-the-G4-7ftare a
over across the jet from 08:42:05 UT - till 08:42:42 UT. The jet-like structure has a ~ 5 length and a velocity of
~95 kms~l— Ml YW /MPF)——QR
Figure 3 also shows the normalized Stokes profiles from different locations and times, corresponding to an example
of the unusually wid¢ range of Stokes profiles observed. The Sto&qes red-coloured profiles were taken at the spatial
locatlon 1ndlcated by the red asterlsk 1n».E‘4g—a—re‘1"and Figure3. The-orange-linerepresents-a-profile-observed in-a-euiet
E . The black colour line spectrum shows a Hel line in emission
and redshifted Zmhn-a er-the ek, at 08:49 UT and showed a peak at ~1.3 (Fig. 3 fourth row).
The blue colour okes 1 5h0ws strongly blueshlfted of HeI line at 08:48:55 UT. The blueshift is so large that it reaches
even the blue wifig of the SiI line at 10827.1 A, corresponding td"% 90 km s~1. The above rows in Figure 3 show the

he Het 10830 A triplet line orlglnates in the upper chromosphere. Therefore, the increase in emission is
probably related to t_

~
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temperature significantly (Nagai, F. & Emslie, A. G. (1984); Tei et al. (2018)). As the electrons lose the energy, they
do not penetrate in the photosphere, where Ca 1 10839 A line is formed. Hence, the line is not affected. Howe
Figure 3 shows a significant change in Si1 10827 A line, mostly because of the large blueshift of HeT line.
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Figure 5. First row: Full slit in Her 10830 A line during the observation time 08:41:26-08:43:54 UT, with black asterisk :t; Z‘[Z
showing the position of the Stokes profiles in Fig.2. Second row: The He1 10830 A line red wind (41.0A) during the observation
time 08:46:54-08:49:54 UT, with blue and red asterisks showing the position of the Stokes profiles in Fig.3. Third row:,Slit-
reconstructed monochromatic intensity images of Sit line (left and right panel). Fourth row/' magnetic field B in SiI spectral

line. i MZ,/E&_Z/

(= ‘ == d 1 - &
Figure 4 shows the observed Stokes I (blamur) and HAZEL inverted (or profiles at-different timnes—corre- g o [

N?
A'\"“\ J sponding to the third scan. The left column corresponds to-the pl arked with a red asterisk in Figure 1 and Figure

sl

.,?l; The right column shows the spectra frce marked with a blue asterisk in Figure 3. T. . 0 &
i i 3 nes. 0839 A Time-show significant-ehangedurine—the ] the pro
of Si1 significantly increases in intensity\/The line core still shows absorption, but the wings are domi@tﬁg by emission,
which indicates a significant increase ﬁ)ﬁplasma temperature of the upper photosphere, where the line is }{)rmed. his
figure delineates the temporal sequence from the aftermath of the C4.7 class flare to the intro of the ensuing C3.5 /_>
class flare)) HAZEL inversion show the significant supersonic downflow and up-flow with +90 — 150 km s~! LOS
velocity range. The depiction in the left panel of Figure 4 is of particular interest, which presents the observed profile
of Si1, revealing an unexpected emission feature or strong blueshifted Hel line. Traditionally, SiI is recognized as
primarily an absorption line; however, the manifestation of emission in this context-signifies a significant perturbation
in temperature after the flare event and the subsequent emission of Hel 10830 4 the discerned alterations in the
Si1 profile denote a pronounced shift in thermal conditions during-the-post-flare-phase

Figure 5 shows the full slit in He1 10830.33 A line core during the observation time 08:41:26-08:43:54 UT (first-row)
and the line red wing (+1.0A) at time 08:46:54-08:49:54 UT (second-row). The black and red asterisks show the position

-
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of tile same colour Stokes profiles in Figure 2 and Figure‘B. Slit-reconstructed monochromatic intensity images of Si1
line (left and right panel) ¢n the third row of Figure E@lese images precisely capture the portion of the entire scanned
field of view corresponding to the post-flare phase of the C4.7 class flare and the pre-flare phase of the subsequent

C3.5 class ﬂare.\) /'45\'4 . )(_ | ,%D
A clear increase of intensity in SiI and HeT lines are seen during the third scan, correspending-to-thesecond-flare’s.

. ————ising phase. We performed the Weak Field Approximation of Si1 10828 A line. It has a relatively low Landé factor
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(g9ers = 1.5) and a strong magnetic field. The resulting upper photospheric magnetic field strength is shown in Figure

k)@/fpurth row. In Figure 5 we present a jet-like structure during the post-flare phase of the C4.7(left panel) and
ds

hifted emission of the Hel line during the pre-flare phase of the C3.5 class flare(right panel). With a small time
difference of ~ 5 s and a short distance apart, the He,I line blueshift is shown in the second row of Figure 5 (blue
asterisk). Which representation of the supersonic downflows in the chromosphere, connected to He1 10830.33 A loops.
These downflows are found along the loops and at their footpoints, with velocities increasing towards the footpoints
(Sowmya, K. et al. (2022)). At approximately 8000-10,000 K formation temperature for the He1 10830 A triplet, the
sound speed is around 10 Km s~1. The observed average velocities of the magnetized supersonic downflows range
from 1.5 to 2.7 times the local sound speed, consistent with the values reported by Manrique et al. (2020). In a flaring
active region filament, Sasso, C. et al. (2011) recorded redshifts reaching up to 100 km s~!. However, in the active
regions, they analyzed, none flared during their observations, and downflows did not exceed 50 Km s~!. In our case,
the downflows speed reaches ~ 150 Km s~ 1.

.

’CE 5. DISCUSSION AK&CONCLUSION

Several scenarios have been proposed in the literature to explain the origin of highly redshifted and blueshifted flows.
The downflows in loops or arch filament systems (AFSs) are typically interpreted as the result of plasma draining from
emerging flux tubes (Chou, D. Y. (7777); Solanki S. K. et al. (2003); Lagg, A. et al. (2007); Xu et al. (2010); Balthasar
et al. (2016); Gonzélez Manrique, S. J. et al. (2018)). Upflows with subsonic velocities are observed at the loop tops for
the slow component, while faster downflows are detected closer to the footpoints, indicating gravitational acceleration
of the material as it descends along the loop. Our observations show a distinctly redshifted emission representing a

chromospheric jet-like structure in Figure 2(white arrow). The blueshifted absorption of the He1 10830 A line (Fig.
3 blue asterisk) represents the supersonic downflow connec and Fig. 5 blue

o0 Hel 10830. loop(Fig.1, Fig.3
asterisk). —_— TR DO\)(B N _D >

Presented slit scan and spectrum of the infrared spectral region around Herl 10830 A including photospheric
Ca1 10839 A line and upper photospheric Si1 10827 A line, conducted during the high-speed chromospheric jet
accompanied with C4.7 and C3.5 class flares. Observations were performed using the Infrared Spectrograph GRIS.
As expected, Ca1 10839 A line are not changed during the flare events. Upper chromospheric Hel 10830 A triplet
line shows the increase of intensity all over the jet-like structure, starting from the post-flare phase of the C4.7 class
flare. The intensity of the upper photospheric SiI line starts to increase in ~ 7 min after the increase of He1 10830 A
line intensity. This means that the upper photosphere, where the SiI line is formed, is heated after several minutes of
upper chromospheric heating.

The upper chromospheric heating, which results in the intensity enhancement of Hel 10830 A line, is caused by
the high-speed, dynamic jet-like structure releasing high-energy electrons. But the mechanism for heating the upper
photosphere, which results in the intensity enhancement of Si1 line, is unclear. Heating due to the electrons can be
excluded because of the jet-like structure, mostly up-flow injection. On the other hand, heat transportation may be due
to thermal conduction. The distance from the upper chromosphere to the upper photosphere is ~ 1500 km, yielding
a communication speed of 5 Km s~!. This speed is close to the speed of thermal conduction rather than the velocity
of flare-induced electrons. As expected, the temperature of the lower photosphere did not significantly increase after
the flare.
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