Coronal oscillations
obsepved by Hinode/EIS




-1860s - “coronium” discovered

1902 - “coronium” has lesser atomic weight than
hydrogen (Mendeleev)

*1930s - spectral lines due to known elements at
very high stages of ionisation (Grotrian, Edlen)
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Loop structures are the “building blocks” of the corona
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Extraction and transfer of energy over long distances

Energy deposition through various processes (honlinear wave
conversion and MHD shock formation, resonant absorption, phase
mixing, etc.)

‘Important dynamic (spicules, explosive events, etc.) and energetic
consequences (plasma heating and acceleration)

-Coronal waves provide information about the magnetic field,
transport coefficients, heating function, etc.
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SXT and SUMER
observations of hot
loop oscillations
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Hydrodynamic
evolution of the
loop
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Establish the nature of the observed hot loop oscillations
Standing acoustic waves set up by a footpoint microflare

Reproduce the time-distance profile of the heating function
(important for understanding the nature of the heating process)

Why only hot loops?
Log heating rate
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Standing waves Propagating waves

(from Taroyan & Bradshaw A&A 2008)

EIS 194.58—-195.62 A (Fe XII, 40")

EIS 194.58—-195.62 A (Fe XII, 40")
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XRT and EIS observations

XRT Ti poly 19—Feb—2007 21:06:29 UT

= r| .:‘.W‘;'I e s L
L . : 0 ]
200 . r bl -
] o< '
e i 4 o< i e e
100 . =
T ] 0 %% Eg '
i o) =
i ~— (2 AV =
5 : ; — — >
” OB . < < =<
5 : v 0 0
A ﬁ e e e
pe B e :
-100 | - 2 ) 7|
‘_: — — — i
: - : ]
-200 8 b ”
e N
IR A '1- -.'I"-I o e I. . .k'.l | TR L 1 L5 |:E [} -|:| P £ e R A = Ly TR | |:

—300 —200 -100 0 100
X (arcsecs)

200



Doppler shift along the slit

Doppler shift (Fe XII 195 A)
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Doppler shift and intensity time series averaged over 5 pixels
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Wavelet analysis

a) Doppler Shift Time Series for Fe XII 195.12
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Wavelet analysis

a) Intensity (normalised) Time Series for Fe Xll 195.12
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Wavelet analysis
a) Intensity Time Series for Fe XII 185.12
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The XRT and EIS snapshots suggest that

* The oscillations seen by EIS in spectroscopy mode
correspond to a footpoint region of a loop;

* The oscillations are preceded by a microflare near the
footpoint.

- Intensity increase in lower temperature lines (Fe VIITI)
Céndxcﬁ%ease in higher temperature lines (Fe XTI, FeXIIT,
a

* Quarter period phase shifts between the intensity and
Doppler shift oscillations.
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XRT and EIS observations
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Wavelet analysis

a) Doppler Shift Time Series for Fe Xl 195.12
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Interpretation

The XRT snapshots suggest that

1. the oscillations seen by EIS correspond to an apex
region of a loop crossed by the slit;

Transverse motions should have a line-of-sight component

Doppler and no intensity oscillations --> maghetoacoustic
kink waves

Magnetic field measurements using intensity ratios
between different Fe lines: B~10 G




‘Hinode/XRT and Hinode/EIS observations in sit-and-stare
mode are carried out to study oscillations in active region
loops.

-Small amplitude oscillations are seen in different lines and
pixels along the slit.

‘Doppler shift and intensity oscillations (1 mHz) are
detected near loop footpoints and are interpreted as
standing longitudinal acoustic type waves.

‘3 mHz oscillations in the Doppler shift are present at near
apex regions and are most likely to be kink waves. These
waves have small amplitudes and have different origins from
previously studied examples of flare-triggered oscillations.
The oscillations are used to measure the magnetic field.




