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Table 1 List of sunspots in this study

Active Region Number Time Span/h Hemisphere Rotation Direction
NOAA 13217 2023-02-11UT00:53—2023-02-12UT11:15 (~35) South clockwise
NOAA 13310 2023-05-22UT06:25—2023-05-23UT09:13 (~27) South contrary clockwise
NOAA 13490 2023-11-23UT01:10—2023-11-24UT23:22 (~47) North clockwise
NOAA 13531 2023-12-24UT02:19—2023-12-25UT13:01 (~35) South clockwise
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Fig. 1 Four rotating sunspots involved in this work. Left: a synthesis of the initial positions of the sunspots on the full solar

disk. Right: local views of the sunspots. The arrows indicate the light bridge structures.
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Fig. 3 Determination of the light bridge position. (a) and (b): the r — § diagram in the continuum at the initial and final times

of rotation. The two parts of the light bridge are named Arm1l and Arm2, respectively. Three angles # = 90°, 225° and 350° are

marked by three vertical lines. (c): the “f—time” diagram at the radius of r = 6. The green lines represent a range to calculate

the centroid of the light bridge, and the red dots indicate the centroid.
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Fig. 5 Temporal variation of the light bridge position of Arml in sunspot NOAA 13531 at different radii over time with

respect to the initial position. In the small graph of the subgraph, we show the relative centroid positions of a certain

wavelength with respect to the continuum (see the definition of Af in the main text). Line core: red, Line wing: light blue,
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Multi-Wavelength Observations of Sunspot Rotation and Analysis of
Influencing Factors

XIANG Chao'? XU Zhit ZHAO Ming-yu* ZHU Bing-qian'?
(1 Yunnan Observatories, Chinese Academy of Sciences, Kunming 650216)
(2 University of Chinese Academy of Sciences, Beijing 100049)

AssTtracT Sunspots represent regions of highly concentrated magnetic fields on the solar surface.
Multi-wavelength observations enable the acquisition of magnetic and dynamical information across
different atmospheric layers, thereby facilitating investigations into the formation of non-potential
magnetic field configurations. Based on observations from the Chinese Ha Solar Explorer (CHASE),
which offers the advantage of multi wavelengths observations within the Ha spectral window (featuring
spatial co-alignment and temporal simultaneity), four sunspots exhibiting light bridge structures were
analyzed to investigate their rotational characteristics in both the photosphere and chromosphere. While
employing the light bridges within sunspots as tracers, particular attention was paid to the influence of
light bridge evolution on the determination of rotational velocities. Key findings include: (1) analysis of
all four samples revealed that the angular velocity of sunspot rotation in the line wing (AX = —0.8 A,
AX is the wavelength interval between the Ha line core and other wavelengths) and continuum
(AN = —2.8 A) is consistent with angular velocities ranging approximately from 0.5 (°)/h to 2 (°)/h;
(2) three of the samples exhibited faster rotational velocities in the line core (chromosphere) compared
to the line wing, with a velocity difference of 0.1 (°)/h, however, dynamic evolution (e.g., morphology
and brightness variations of light bridges) significantly influenced the measurements; (3) three sunspots
featured radially penetrating light bridges traversing the umbra. Analysis demonstrated that one side of
the light bridges displayed a rotational velocity profile characterized by “slow-fast-slow” variations with
increasing radial distance across all wavelengths, while the opposite side exhibited a gradually increasing
velocity trend, highlighting the non-rigid rotational nature of sunspots. It is critical to consider the
effects of sunspot evolution across different spectral wavelengths for multi-band researches of sunspot
rotation.

Key words Sun: activity, Sun: sunspots, techniques : imaging spectroscopy
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