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Fig.1 The butterfly diagram of rotating sunspots and the butterfly diagram of sunspots in cycle 23. The
yellow cross symbols indicate the butterfly diagram of sunspots, the blue dots indicate the butterfly
diagram of rotating sunspots. The red solid (dashed) line stands for the curve-fitting of second order for
the northern (southern) hemisphere of the butterfly diagram of rotating sunspots, the green solid (dashed)
line stands for the curve-fitting of second order for the northern (southern) hemisphere of the butterfly

diagram of sunspots
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Fig.2 The change of mean square error be-
tween the two wings of the butterfly diagram of

sunspots with the phase in cycle 23

N hag b ey
o o o o
T
L

Mean square error

—
(=

Shift/ month

Bl 4 23 JA-CaaRpes T W R A B 2 R T
SR P40 5 b 2 TR 159 7 22 RE AR A AR AL

Fig.4 The change of mean square error between
the butterfly diagram of rotating sunspots and
the butterfly diagram of sunspots with the phase

in the solar northern hemisphere in cycle 23
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Fig.3 The change of mean square error between
the two wings of the butterfly diagram of rotating
sunspots with the phase in cycle 23
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Fig.5 The change of mean square error between
the butterfly diagram of rotating sunspots and
the butterfly diagram of sunspots with the phase

in the solar southern hemisphere in cycle 23
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Solar-cycle Time Delay of Rotating Sunspots

SHI Xiang-jun? LI Ke-jun!  YAN Xiao-li%¥? GAO Peng-xin'+?
(1 National Astronomical Observatories/Yunnan Observatory, Chinese Academy of Sciences,
Kunming 650011)
(2 Graduate University of Chinese Academy of Sciences, Beijing 100049)

ABsTRACT The statistical results indicate that the distribution of rotating sunspots vary-
ing with latitude and time in cycle 23 also shows the butterfly pattern. The changes of mean
square errors among the four curve-fitting of second order for the two wings of the butterfly
diagram of sunspots and the two wings of the butterfly diagram of rotating sunspots in cycle
23 with the phase are studied. The results are used to show a systematic time delay between
northern and southern hemispheric sunspots activities in cycle 23, a systematic time delay
between northern and southern hemispheric rotating sunspots activities in cycle 23, and a
time delay between rotating sunspots and sunspots activities in the same hemispheres. It is
confirmed that sunspots activity does not occur synchronously in the northern and south-
ern hemispheres, and there is a systematic time lag or lead (phase shift) between northern
and southern hemispheric sunspots activity in cycle 23, with southern hemispheric sunspots
activity lagging behind northern hemispheric sunspots activity. It is also found that there is
a phase shift between the butterfly diagram of rotating sunspots and the butterfly diagram
of sunspots, with the butterfly diagram of rotating sunspots lagging behind the butterfly
diagram of sunspots, and the lag is smaller than the theoretical result predicted by the solar
dynamo model.
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