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Abstract

The Ellerman bombs are small-scale explosive events that occur at the base of the chromosphere and exhibit
a characteristic spectral profile, showing absorption in the Ha line center and significant brightening in the wing.
While magnetic reconnection is considered to be the mechanism of their occurrence, the details remain unresolved.
Therefore, the aim of this study is to elucidate the temporal evolution of the three-dimensional structure of Ellerman
bombs through their spectral characteristics. Using the horizontal spectrograph at the Hida Observatory, Kyoto
University, in October 2022, we conducted spectroscopic observations of Ellerman bombs that occurred in the
vicinity of sunspots in active regions NOAA13124 and NOAA13135, using the Ha and Ca 11 K lines, and obtained
the temporal variations of physical quantities such as velocity, temperature, and brightness at each wavelength. As
a result, we observed magnetic reconnection at the base of the chromosphere in the He line, and bi-directional flow
resulting from it. Furthermore, we confirmed a correlation between the increase in brightness and the subsequent
rise in velocity in the wing. In the Ca 11 K line, we considered magnetic reconnection to occur below the middle of
the chromosphere, and we found a similar correlation between the velocity and brightness of the Ks component as
in the Ha line wing.
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Fig. 1. Images taken on October 16, 2022 (top) and October 31, 2022 (bottom) at a wavelength 1.25 A short of the center of Hor observed with the Solar
Magnetic Activity Research Telescope (SMART) at Kyoto University’s Hida Observatory. The right figure is an enlarged view of the region indicated by
the black frame in the left figure, The red frame is the slit-scan observation area.

Table 1. Observation summary

Date (JST)
Target

Camera

Pixel number
Center wavelength
Spatial sampling
Wavelength sampling
Exposure time
Slit
Scan width

Scan time

2022, October-16 9:06-9:24
near NOAA13124
AVT Prosilica GE1650
(02-2075A-06004)
800 x 600
Ha(6562.808 A)
about 0.34 arcsec pixel !
about 0.04 A pixel !
0.06 sec
0.1 x 50 mm
35 arcsec

10 sec

Spectral images in one scan

about 56 images

2022, October-31 10:32-10:50
near NOAA13135
AVT Prosilica GE1650
(02-2075A-06052)
800 x 600
Ca 11IK(3933.682 A)
about 0.32 arcsec pixel
about 0.018 A pixel !
0.14 sec
0.2 x 20 mm
35 arcsec
10 sec

about 56 images
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Table 2. Notation and physical quantities to be used afterwards.

Notation | Physical quantities H Notation ‘ Physical quantities
S Source Function Iy Quiet Region Intensity
T Opacity thickness ) Damping constant [A]
w Doppler shift [A] A Wavelength [A]
h Planck constant c Light velocity
b departure coefficients of T Quiet Region Temperature [K]
the hydrogen atom at energy levels
e} new parameter B new parameter
Ha-line spectral image 169 Ellerman Bomb profile
0 | 20
20 ! 18
o 401 16
2
E. 01 | 1 ‘E 14
£ g,
- . — - HE
» ; 10
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3
2

0.8 A

. = - — —
120 l { 1 Elltlzrman aomb \/
T 0.6 1 === Quiet Region -~
6554 6558 6562 6566  B470 6558 6560 £562 6564 §566
Wavelength [A] Wavelength [4]

Fig. 2. The left figure is a Ha-line spectral image, and the red arrow shows an Ellerman bomb with a wing section that is intensified. The right figure
shows profiles of Ellerman bomb (solid line) and quiet region (dashed line).
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Fig. 4. The right figure is the result of a quadratic function approximation of the central wavelengths of the Ha and Ti lines. The red line is the fitting
result and the dashed line is the vertex position. The left figure shows the Doppler shift of the wing area obtained by the bi-sectoral method in contrast

with the background profile.
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Fig. 5. Time variation of the Doppler velocity of the Ho and Ti lines.
The green line is the velocity time variation of the Ha center, the purple
line is the velocity time variation of the Hae wing, and the light blue line
is the velocity time variation of the Ti line. Negative velocities indicate
an upwelling that seems to spring from the sun.
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Fig. 6. Results of fitting each component of the Ca 11 line individually.
The dashed lines indicate the vertex position of each component..
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Temperature time variation in the lower layer during EB occurrence
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Fig. 7. Temperature time variation within the altitude region of the Ha
wing obtained by the Two Cloud Model.
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Fig. 8. Results of fitting only the individual components of the Ca 11 K
line. The points plotted with + are the points used for fitting. The points
plotted in circles are the vertex positions in the approximate curve.
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Fig. 9. Doppler velocity time variation of the Ca 11 K line. The green
line is the K3 velocity time variation, the red line is the Ko veloc-
ity time variation, and the blue line is the K7 velocity time variation.
Negative velocities indicate an updraft that seems to spring from the
sun.
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Fig. 10. Correlation between Ha line velocity and intensity. From top
to bottom, the time variation of velocity, intensity, and shift of the wing
section are shown. One-minute moving averages are taken to make it
easier to see the large trends in time variation.
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Fig. 11. Correlation between Ha line velocity and intensity. From top
to bottom, the time variation of velocity, intensity, and shift of the wing
section are shown. One-minute moving averages are taken to make it
easier to see the large trends in time variation.
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