Probing temperature of the sunspot atmosphere
by propagating slow MHD waves
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Upward propagating wave in a sunspot atmosphere

Lower atmosphere vs corona
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Lower atmosphere

Observations

NOAA 11711

NOAA 11131 NOAA 11582
A 280

-300

-320

SDOJ/AIA 304 A
(&)}
o
o

-340

-40 =20 0 20 -40-20 0 20 40 40 60 80 100120
-280
-300
-320

SDO/AIA 1600 A

-340

.

—40 20 0 20 —40 20 0 20 40 40 60 80 100120
[arcsec] [arcsec] [arcsec]

Sergey Anfinogentov Probing the sunspot atmosphere ISSI-Beijing 2019 3/19



Dependence of the wave displacement upon the

magnetic field inclination

Parallel to LOS

Wave arrives in the
same point on the
picture plane.

Oblique to LOS
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Estimation of delays and displacements

P
() ()

@ Calculate cross-correlation for
all possible wave paths

@ Select the path with maximal
correlation coefficient

o Estimate delay using
cross-correlation analysis

@ Ensure that correlation
coefficient is greater than 0.6

pixels
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Wave displacements
NOAA 11131
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Dependence of the wave displacement upon the
magnetic field inclination
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Calculation of distance between emission layers

@ Take ~y from the magnetic field measurements v = arccos(B,/B)
@ Wave propagation distance

/= VAx? + Ay?
N sin~y
@ Angle ¢ between the magnetic field B and the normal f to the
solar surface:

cosp = B-f
=B
e Distance between the layers
h=lcosp

o Calculate the average phase speed from the measured delay 7

Vp = —
P T
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Calculation of the phase speed

Dispersion relation for magneto acoustic gravity waves
2 422 2
w® = k“cs + wyg,

where wy is the acoustic cut-off frequency wy = % cos &
The phase speed
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Results

Maps of the measured parameters
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Results 1
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1[Deres and Anfinogentov, 2018]
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Results

Comparison with the models

Fontenla et al., 2009
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MHD modelling of a slow wave in a coronal fan

“Hot” and “cold” models

Temperature Density
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MHD modelling of a slow wave in a coronal fan
Apparent delays?

Cold Model. Cross-correlation

Hot Model. Cross—correlation
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2from forward modelling with the FoMo code [Van Doorsselaere et al., 2016]

Sergey Anfinogentov Probing the sunspot atmosphere ISSI-Beijing 2019 14 /19



Real observations
EUV images

2012-10-02 07:10:11, SDO/AIA, 171 A 2012-10-02 07:10:06, SDO/AIA, 193 A
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Real observations

Correlation analysis

2012-10-02, Gross-correlation 2013-14-06, Cross-correlation
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Summary

@ Spatially resolved observation of 3 min oscillations allow for
seismological estimation of
» Average phase speed (30 km/s between 1600 and 304 A)

» Distance between layers (500 — 750 km between 1600 and
304A)

» “Average” sound speed (5-6 km/s between 1600 and 304 A)

» “Average” temperature (2000-4000 K between 1600 and
304 A)

@ Apparent propagation speed is NOT a projected speed

@ Observed propagation speed, amplitude and damping are
apparent quantities. Forward modelling should be used for
interpretation of these observations.

@ We have found a seismological evidence that the coronal fans
have a core wormer than the background plasma
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Thank you for your attention!
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