Strong Photospheric Heating Indicated by Fe | 6173 A Line Emission During White-Light Solar Flares
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line briefly goes into emission during sunquake-producing flares.
* This line emission, in addition to sunquakes, provides unambiguous
evidence of flares affecting the photosphere and subphotospheric regions
* Line emission observed during or near peak electron flux, however
modeling suggests that electrons alone do not carry enough energy to

High-pressure fud /
region

M

Exponential Downward Increase
in Density at Footpoints

g | 0 ! 12:09:00 25
\\ \ & .h"?' . o : _12:06:00
1) 1 s 2 R <t 5 12:03:00 20
e Y 4 s ' & © 12:00:00 .
100 - .. : A X ) — 11:57:00
106 8¢ @ 50 i } woe 60 11-54-00 Lo
11:51:00
0.02 100.0" 06 100.0" | ;‘21:52:30 12
MethOdS 12:09:00 000 0.03 oo oo Lop = 21:49:30
: : 12:06:00 2.5 | 4 £ 21:46:30 1.0
* Compile and analyze Stokes data from SDO HMI observations of E 1.03:00 0.01 oo o 60.0° " oo . Faasso
. — 2.0 ' ! 0.2 ! ' 21:40:30
sunquake-producing solar flares © 12:00:00 0.00 0.00 o0 3 7 =~ 21:37:30 °'8
: : : : . ] = 11:57:00 | _ ) 0 00 0" 960 0" 920 0" o0 200" R oe0 0" o200 T 090 170 0 170
* |dentify locations where the line goes into full emission, and record line 1.52.00 " ool “0.01 0.01 e et A-ho, mA
B —0.02
behavior over time at these locations 11:51:00 1.0 —0.02 Continuum, 2023-12-31 21:51:00  Line Core Emission, 2023-12-31 21:51:00

1.0 1.10 Stokes [/,

Photospheric shofcli'( ,‘:

Sunquake

Y (arcsec)

. . . . 0.14 140.0° 140.0" 21:58:30 produce sunquakes.
* Compare timing of these line emission events with GOES soft X-ray and 12:09:00 3.0 on 0.00 0.12 oo 08 1500 21:55:30 . . .
. , , L 12:06:00 0.02 0.02 0.10 1o - Y5 o120 14 * Based on our semi-empirical RADYN models, cooler photospheric
KONUS-WIND hard X-ray data to find correlation with precipitating S 12:03:00 N o0 ~0.04 006 o o 2 21:49:30 12 conditions may make it more likely for the line to go into emission, however
= | 0.06 £ g0.0" 80.0" 1.00 ' ’
eleCtronS © 12:00:00 2.0 -0.02 | _0.06 0.00 4 ;r_:; 0.4 521 :46:30 . ' . .
: : . . . . = 11:57:00 s AR o IO 0.02 60.0" 60.0" bgs | 21:43:30 10 more physically consistent models of particle beams above various
* Compare HMI observations with simulated line profiles computed using 11:54:00 .06 | 0.00 40.0" 02 40,0 21:40:30 N , . ,
1.0 ~0.10 ~0.02 . . 21:37:30 - photospheric conditions are required.
RADYN RHD code and RH1.5D RT code 11:51:00 -0081 —0.04 ™ .1000.0"-960.0" -920.0" >0 <% 1000.0"-960.0" -920.0" 090 170 0 170

7\-)\0, mA

X (arcsec) X (arcsec)

Acknowledgements:

February 22, 2024: X6.3 Flare

| thank the NASA Advanced Supercomputing Division and Dr. Irina Kitiashvili for their
hospitality during the Summer 2025 Internship Program.

SDO HMI WLF Line-Core Emission Observations
This internship was supported by the NASA grant SONSSC22M0162.

12:09:00 - 0.08 0.02 0.04
12:06:00 - 0.00 0.03
—_ ’ ) 0.06 —0.02
5 12:03:00 2.0 - 0.02
. . . . . . . ~ 0.04 —-0.04 0.01 _
* Rapid, short-lived increase in line-core emission precedes or concurrent 2 12:00:00 . . _0.06 000 D PR T, e e e coree
. . . . . . . .. . = 11:57:00 ' Rl ~ _ P L s s OX=> /o .
with continuum intensity increase, indicating core emission may occur in o 000 | 0.08 ~0.01 o BER SR g g 425.0° 22:39:00 L6
. L5409 1.0 ~0.10 >0 PR L0 22:36:00 1« This work was partially supported by the NSF grant 1916509.
higher layers of photosphere. 11:51:00 002, 012 oY | P 5223300

o

© 22:30:00
e

Y (arcsec)

-170 0 170 -170 0 170 170 0 170 -170 0 170
* Line-core emission primarily occurs above umbra and umbra-penumbra A-Ro, mA Ao, mA Ao, mA Ao, mA o : £ 22:27:00 = VMSacknowledgesthe NoF FDSS grant 1936361,
border. 095  53.24.00 L0 GSK acknowledges support from a NASA Early Career Investigator Program award (grant
Line Profiles — Pre-Flare vs Peak Line Emission

: . e : T s 22:21:00 08 # 8ONSSC21K0460
* Lasting magnetic field changes following flare peak indicate 475.0° 020 170 0 170 )

0.2 375.0"

4500 4250h4000 © -475.0"

Location 1 Location 2 Location 3 Location 4 Location 5 *450.0% -425.0% -400.07 A-Do, mA Refe rences
. . . . . ] . - X (arcsec) X (arcsec)
reconfiguration of magnetic field at the flare location. 0T 100- o Carlsson, M., Fletcher, L., Allred, J., et al. 2023, A&A, 673, A150
. . . . . . u—‘f% 0 0.95- : 0.05 - ] : Kerr, G. S., Allred, J. C., Kowalski, A. F., et al. 2023, ApJ, 945, 118
* Line-core emission occurs near peak in hard X-ray emission / soft X-ray $E S0 250 09 02 Paper Available: Kerr, G. S., & Fletcher, L. 2014, Ap), 783, 98
derivative, indicating that emission occurs near peak electron flux. gRLE " ;o % . J Kosovichev, A., & Zharkova, V. 1998, Nature, 393,doi: 10.1038/30629
) &t , peal 8ot , RN 18 250 | . Granovsky, S., Kosovichey, A. G., Sadykov, Kosovichev, A. G. 2006, in ESA Special Publication, Vol.624, Proceedings of SOHO 18/GONG 2006/HELAS |,Beyond
° Determlnlng the true line proflle and the exact relative tlmlng of events is ETE% o 12: 2_25_; 3'0_5 ; V. M., Kerr,G. S., & Allred, J. C. 2025, Ap)J, the spherical Sun, ed. K. Fletcher &M. Thompson, 134
difficult due to the sampling delay between the six wavelength channels g3= ] 200 > 20 988, 74, doi: 10.3847/1538-4357/addd1e Sadykov, V. M., Stefan, J. T., Kosovichey, A. G., et al. 2024, ApJ, 960, 80
- - —_1|?0 (l) 1%0 . __1I?0 [l) 1%0 __1|?0 (l) 1%0 __1|?0 [l) 1%0 __1|?0 I[l) 1%0 E Sharykin, I. N., & KOSOViCheV, A. G. 2020, ApJ, 895, 76
and the 90 S Cadence. A-Ao, mA A-Ao, mA A-Ao, mA A-Ao, mA A-Ao, MA

Stefan, J. T., & Kosovichey, A. G. 2020, ApJ, 895, 65



	Slide 1

