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Abstract. We have observed a quiescent prominence with the Hinode Solar Optical Tele-
scope (SOT) (Ca II and Ha lines), Sacramento Peak Dunn Solar Telescope using the Uni-
versal Birefringent Filter (DST/UBF, in Ha, HS and Sodium-D lines), THEMIS (Télescope
Héliographique pour 1 Etude du Magnétisme et des Instabilités Solaires/MTR (Multi Raies)
spectromagnetograph (He D3), and the Solar Dynamics Observatory Atmospheric Imaging As-
sembly (SDO/AIA) in EUV over a 4 hour period on 2012 October 10. The small fields of view
of the SOT, DST, and MTR are centered on a large prominence footpoint extending towards
the surface. This feature appears in the larger field of view of the AIA/304 A filtergram as a
large, quasi-vertical pillar with loops on each side. The THEMIS/MTR data indicate that the
magnetic field in the pillar is essentially horizontal and the observations in the optical domain
show a large number of horizontally aligned features in the pillar. The data are consistent with
a model of cool prominence plasma trapped in the dips of horizontal field lines. The SOT and
DST data show what appear to be moving wave pulses. These pulses, which include a Doppler
signature, move vertically, perpendicular to the field direction, along quasi-vertical columns of
horizontal threads in the pillar. The pulses have a velocity of propagation of about 10 km/s, a
wavelength about 2000 km in the plane of the sky, and a period about 280 sec. We interpret
these waves in terms of fast magnetosonic waves.
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1. Prominence observed with Hinode/SOT, DST and THEMIS

The prominence is observed by SDO/ATA (Fig. 1 left panel) in 304 A. The fields
of view of Hinode/SOT in Ca II H (Fig. 1 middle panel) and of the THEMIS vector
magnetograph working in He D3 are pointed at the central footpoint of the prominence.
The raw data of the THEMIS/MTR mode was reduced with the DeepStokes procedure
(Lopez et al. 2009). The Stokes profiles are fed to an inversion code based on Principal
Component Analysis (Casini et al. 2003). The database used contains 90,000 profiles.
The inferred magnetic field strength is in the range 5-10 Gauss, with an uncertainty of
2 Gauss, the inclination is estimated to be 90° + 10°, and the azimuth is about 110°
from the plane defined by the line of sight and local vertical. Thus we conclude that the
magnetic field in the locations of the cool prominence material is horizontal and about
30° from the plane of the sky (Schmieder et al. 2013).

435

https://doi.org/10.1017/51743921313011435 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921313011435

436 T. A. Kucera et al.

HINODE SOT/WB 10-Oct-2012 14:04:47.098 UT

Distance (arcsecs)

b)

)
g M

2000 3000
X (arcsecs ) Time (sec)

Intensity
8 o 8
vngr

°
3
8
8

Figure 1. Prominence of 2012 October 10, observed by SDO/AIA in 304 A (left), by Hin-
0de/SOT in Ca II H (middle), and an intensity map as a function of time along a long narrow
box through the brightest column (top right), and a cut along a horizontal line in the time vs.
distance plot (bottom right).

2. Oscillations: Observations and Theory

We integrated the intensity across a 0.55”(5-pixel) wide area positioned across the
oscillating region (Fig. 1 middle panel). The distance between each intensity peak (Fig. 1
right panels) is approximately 2000 km. The slopes of the intensity peaks in these plots
of time vs. distance correspond to the upwards velocity of the moving features, approxi-
mately 10 km/s. Fourier and wavelet analyses give a wave period of 277 £ 50 sec, which
appears to be approximately constant. We have modeled the oscillations as a fast mag-
netosonic wave in an uniform atmosphere. The driver oscillates three times with a period
of 300 sec, similar to the observed one. The prominence-slab has a total width of 10
Mm. The magnetic field is taken to be uniform and horizontal (B = 7.5 Gauss). It is
a similar equilibrium configuration to that of Joarder and Roberts (1992). The model
prominence electron density (10*'em™?) is 200 times larger than that of the surrounding
corona and also on the high end of measured prominence densities (Labrosse et al. 2010).
The temperature of the plasma is 8000 K. We impose pressure perturbations.

3. Conclusion

The field strength in the bright columns is 5-10 Gauss and the magnetic field vec-
tor is mainly horizontal, confirming previous results. Propagating waves with periods
around 300 sec are detected. The Doppler shifts measured in HG show maxima during
the passage of the wave. The driver of these waves is unknown. A simulation of a train
of waves traveling upward producing disturbances of the gas pressure, the velocity and
the magnetic field was performed. The wave front is almost planar in the prominence,
oscillating vertically and horizontally in the corona with larger perturbations in the cool
plasma than in the corona. The phase speed is the fast magnetosonic velocity of a uni-
form medium. This simulation demonstrates that the propagating waves are consistent
with a fast magnetosonic wave confined to the prominence. However, the phase speed is
much larger than the one observed. This could be due to projection effects.
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