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Fig. 2 The original flux series and its fitted curve

V | i | Mh | UWM V\ )

|
100 150 200 250 300 350
Time/d
Kl 3 xfEa%)E s EF

Average UV flux
W W o
S ) S
I

I
vy

I~
=

0 50

Fig. 3 The flux series after detrending

S e 3 0 0 0 A L e, 9



67 % N

3

s
=2

b4 13

B4R R 0% B 4f s fl AT L, PR ER 38 A R
B 5L 2 AN A3, 0 R I e 187 ) B2 TR
T I PR YR AR AT IR, 2 BRI AR RS sy I
AR 3B A T 20.02 — 0.1 dt, X 6B T 10-50
A FEBA. SR i 5o BB S P iR i 1 3 47 10 e L v A
e, A2 T AR S5 R F A, W E s R, S5
FEVE T FEISAH L, Hh 2R AR A5 T T, s T

5.0

x10°

4.5+
4.0
35+

|

l
\

8 3.0t ‘
2
£
Ea0: M
15 ‘
Lof ‘w J‘
o3
0 | d\f‘(.H\/‘M‘W/HVUWNA’\ VNI WV
0 0.1 0.2 0.3 0.4 0.5
Frequency/d™

Za iRl b L N e o
Fig. 4 Amplitude spectrum of the flux time series after

Fourier transform

D DD
S N

w
N 0
—

Average UV flux
wn W wn W
IS

~
o S

IS
=N

100 150 200 250 300 350
Time/d

0 50

5 Zad B IER G E R T

Fig. 5 The flux series after band-pass filtering
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Fig. 6 Autocorrelation plot of flux at 50°S in 2022
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Table 1 Fitted A and B values and errors for

different years

Year  A+SE/[(°)-d7] BSE/[(°)-d7] SSN
2023 14.84:0.22 —2.57+0.41 125.5
2022 14.72+0.30 —3.24+0.55 83.2
2021 14.01+0.18 -1.53+0.33 29.6
2020 14.42+0.22 —3.12+0.40 8.8
2019 14.07+0.19 —2.80+0.35 3.6
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Table1 Continued

Year ALSE/[(°)-d™] B£SE/[(°)-d ] SSN

2018 14.57+0.55 -1.73£1.01 7.0
2017 14.31+0.36 —1.32+0.66 21.7
2016 14.21+0.18 —2.96+0.33 39.8
2015 14.47+0.17 —2.50+0.32 69.8
2014 14.76+0.30 —2.08+0.55 113.3
2013 14.04+0.21 —2.83+0.38 94.0
2012 14.63+0.26 —2.89+0.48 84.5
2011 14.76+0.24 —1.89+0.44 80.8
Ave 14.33+0.07 —2.1240.12 —
133 « — Rotation profile

¢ Rotation rate
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Fig. 8 The rotation profile for the year 2022
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Table 2 Solar rotation parameters at different AIA wavelengths

Wavelength/A Ton®" *! Height+Error/km A£SE/[(°)-d7] B£SE/[(°)-d ]
1700 Continuum 360+162.55 14.304£0.170 —2.75440.32
1600 CIvV 430+92.5%1 14.331+0.08 -2.122+0.14
335 FeXVI 15200+2300" 14.458+0.07 —1.183+0.140
304 Hell 2820400 14.321+0.05 ~1.464+0.09
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Table 2 Continued

Wavelength/A Ton® *! Height+Error/km AZSE/[(°)-d7] BxSE/[(°)-d]
171 FelX 5100+£1900™” 14.310+0.14 -1.399+0.26
211 FeXIV 610019001 14.391+0.03 ~1.267+0.06
193 FeXII 670020001 14.440+0.06 ~1.388+0.12
131 FeVIII - 14.367+0.09 ~1.564+0.17
94 FeXVIII - 14.389+0.08 ~1.415+0.16
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Fig. 9 Average differential rotation profile across nine ATA

wavelength channels
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Fig. 10 The rotation profile coefficient A varies with height
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Fig. 11 The rotation profile coefficient B varies with height
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Table 3 Spearman correlation coefficient
between rotation profile coefficient and annual

mean sunspot numbers

Wavelength/A b
p P p p

1700 0.385 0.194 0.049 0.873
304 0.236 0.437 —0.286 0.344
1600 0.545 0.054 —0.187  0.541
131 0.214 0.482 0.451 0.122
171 0.044  0.887 0.148 0.629
193 0.577 0.039 —0.478 0.098
211 0.341 0.255 -0.451 0.122
335 0.291 0.334 0.022 0.943
94 0.187 0.541 —0.066 0.831
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Solar Differential Rotation Study Based on SDO/AIA
Ultraviolet Images

ZENG Shu-guang'? JIN Han-le!? DENG Lin-hua® WU Qian-ruit ZENG Xiang-yun'?
ZHENG Sheng!? HUANG Yao'? LIU De-jian'?

(1 Center for Astronomy and Space Sciences, China Three Gorges University, Yichang 443002)
(2 College of Mathematics and Physics, China Three Gorges University, Yichang 443002)

(3 School of Mathematics and Computer Science, Yunnan Minzu University, Kunming 650504)
(4 South-Western Institute for Astronomy Research, Yunnan University, Kunming 650500)

Asstract The differential rotation of the Sun is a key mechanism for converting polar magnetic
fields into toroidal magnetic fields. We used the flux modulation method to study the differential
rotation of the Sun based on the full-disk ultraviolet images at 1600 A, etc. from the Atmospheric
Imaging Assembly (AIA) of the Solar Dynamics Observatory (SDO). First, the full-disk images were
preprocessed and divided into different latitude regions. Then, after data processing, the flux time series
of each latitude region were obtained. Finally, autocorrelation analysis was performed on the flux time
series of each latitude region to obtain the rotation period and angular velocity of rotation at different
latitudes. Research findings indicate that within the latitude range of 80°S to 80°N, the solar angular
velocity of rotation varies as a function of latitude. Across different AIA wavelengths, the equatorial
angular velocity of rotation increases with height, while the differential rotation degree decreases. The
average angular velocity of rotation and differential rotation degree near the equator show no significant
correlation with the solar activity cycle.

Key words Sun: rotation, Sun: activity, Sun: UV radiation, methods: data analysis, autocorrelation
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