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Table 1 The details of observational telescopes in this paper

Instrument ~ Wavelength/A ~ Cadence/s Spatial/(arcsec - pixel ') Spectral/(mA - pixel ™*)

ATA 4500 3600 0.6 -
ATA 1700 24 0.6 -
SDO ATA 1600 24 0.6 -
ATA 171 12 0.6 -
ATA 193 12 0.6 -

Mg II h 2803.53 19 0.166 25.46

Mg II k 2796.35 19 0.166 25.46

IRIS Si IV 1393.76 19 0.166 25.44
SJI 2796 37 0.166 -
SJI 2832 223 0.166 -
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Fig.1 Multi-wavelength snapshots of the sunspot on 2017 September 15. The black and white contour lines are derived from the

visible continuum radiation at AIA 4500 A, representing the penumbral-photospheric and umbral-penumbral boundaries,

respectively. Two vertical lines indicate IRIS slits, and the plus marks the studied location at the sunspot umbra.
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Fig.2 Temporal evolutions of IRIS spectral lines in Mg II k (a), Mg IT h (b), and Si IV (c) at the sunspot umbra (the plus in

Figure 1), respectively. The reference wavelength used here is labeled in each panel.
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Fig.3 Multi-wavelength light curves at the same umbral position. (a) and (b): Normalized SDO/AIA light curves. (c):

Normalized IRIS light curves. (d): Time series of Doppler velocity at Mg IT h and k lines.
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Fig.4 Detrended light curves at the same umbral position. (a) and (b): Detrended SDO/AIA light curves. (c): Detrended IRIS
light curves. (d): Detrended light curves of Doppler velocity at Mg II h and k lines.
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Table 2 Periods of umbral oscillations detected at multi-height solar atmosphere

Wavelength/A Parameter Period/min  Temperature/K  Atmospheric height
ATA 1700 Intensity 4.240.8 ~5x10° Photosphere
Mg IT k 2796.35 Doppler velocity 3.1£0.5 ~ 10* Chromosphere
Mg II h 2803.53 Doppler velocity 3.140.5 ~ 10* Chromosphere
Mg IT h 2803.53 Intensity 3.1£0.5 ~ 10* Chromosphere
SJI 2796 Intensity 3.1+0.5 ~ 10* Chromosphere
Si IV 1393.76 Intensity 2.9£0.4 ~6.3x10% Transition region
ATA 1600 Intensity 2.84+0.3 10° Transition region
AIA 171 Intensity 2.840.3 ~6x10° Corona
AIA 193 Intensity 2.840.3 ~1.6x10° Corona
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Fig.5 Lomb-Scargle periodogram of the detrended light curves from the sunspot umbra. A horizontal line in each panel

indicates the 99.9% confidence level.
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Fig.6 Correlation coefficients between Doppler velocities and line intensities of raw (thin line) and detrended (think line) light

curves as a function of the time lag. The vertical dotted line marks the position of maximal correlation coefficient.
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Fig.7 Sketch plot of outer solar atmosphere based on the
classical layered model®!. The height ‘0’ is at 7500 = 1,
namely, the optical depth of white light in the solar
atmosphere is 1. The multiple channels used here are also
listed in the right-hand side, and the data of CO is referred
to Ref.[20]. White and black curves indicate umbral
oscillations at periods of 5 minutes and 3 minutes,
respectively. The horizontal lines and their error bars

indicate the periods observed in multiple wavelengths.
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Multi-wavelength Observations of Umbral Oscillations above a
Sunspot

LI Dong
(Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210023)

AsstracT We investigate the umbral oscillation at multi-height solar atmospheres above a sunspot in
the active region National Oceanic and Atmospheric Administration (NOAA) 12680 on 2017 September
15. In this study, the extreme ultraviolet images were measured by the Atmospheric Imaging Assembly
(ATA), while the ultraviolet spectral lines and images were observed by the Interface Region Imaging
Spectrograph. At the sunspot umbra, the ATA 1700 A intensity curve shows the primary oscillation with a
long period of ~(4.24-0.8) minutes, while the intensity curves in AIA 1600 A, 171 A and 193 A exhibit an
apparent oscillation with a short period of ~(2.84+0.3) minutes. Meanwhile, a short period of ~(3.140.5)
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minutes is found in the Mg ITh & k lines and the slit-jaw image at 2796 A, a short period of ~(2.940.4)
minutes is detected in the SiIV 1393.76 A line. Our observations suggest that the oscillatory periods at
the sunspot umbra decrease with the height of solar outer atmospheres. The short period is roughly equal
to 3 minutes, which could be interpreted as the propagating slow magnetoacoustic wave above the sunspot
umbra, and it might originate from the temperature minimum region and then propagate up to the corona.
While the long period is close to 5 minutes oscillation in the photosphere, which might be regarded as the
solar P-mode wave.

Key words sunspots, Sun: atmosphere, Sun: oscillations, magnetohydrodynamics (MHD), waves
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