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ABSTRACT

High resolution, multi-wavelength images from the Dutch Open Telescope were used to study the
detailed mechanisms that might be involved in the multiple layer solar atmosphere observed in high
cadence multi-wavelength observations. With the exceptional data observed for active region NOAA
10789 on 2005 July 13th, we study the changing pattern of the fibril using multi-wavelength tomography
of the Hα line center and blue wing, Ca II H, and the G Band. It is believed that a long fibril that is rooted
in the umbra, with longer apparent periodicity, may be due to morphological changes. To determine this,
we conduct phase difference and coherency analysis between points along the fibril to understand how the
wave propagates.
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1. INTRODUCTION

The solar chromosphere, located above the photo-
sphere, is an interesting topic for understanding cou-
pling processes in the atmosphere of the Sun. The
intricate coupling interactions among the photosphere-
chromosphere-corona are not yet known. One partic-
ular feature observed in the solar chromosphere is the
dynamic fibril, and it is argued that dynamic fibrils hold
the key to the mass and energy loading of the quiet Sun’s
outer atmosphere (Rutten, 2012).

In this work, we study the changing pattern of a fibril
using multi-wavelength tomography of the Hα line cen-
ter and blue wing, the Ca II H line, and the G Band.
We conducted phase difference and coherency analysis
between points along the fibril to understand how the
wave propagates and investigate the correlation for each
point along the fibril.

In Section 2, we briefly describe the DOT observa-
tions and the data reduction procedures. Results and
discussion are reported in Section 3, and the conclusion
is given in Section 4.

2. DATA AND METHOD OF ANALYSIS

The sunspot of active region NOAA 10789 (N17W23),
located close to the disk center on July 13, 2005, was
selected for this study. This active region had a sim-
ple bipolar shape with beta and Eao for magnetic and
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McIntosh classifications, respectively. A series of high
angular resolution images of a sunspot at AR 10789 on
July 13, 2005 were carefully filtered and aligned from the
observations taken at the Dutch Open Telescope (Rut-
ten, 2004).

The data have already been speckle reconstructed
from the observing run from 07:49 – 10:35 UT to give
a resolution of 0.071′′/pix. There are 332 images total
with a time cadence of 30 seconds for each band, and
multiple wavelengths of Ca II H, G Band, Hα line center
and Hα blue wing.

For each area marked along the fibril, we do phase
difference and coherency analysis for each wavelength.
A snapshot of active region NOAA 10789 from Hα
Doppler-signal is shown in Figure 1, with the area un-
der investigation inside the rectangle. In the vicinity
of the Sunspot, the fibril is marked by four cross signs.
For each marker we also do a correlation using a scatter
map contour analysis.

3. RESULTS AND ANALYSIS

Figure 2 shows the Fourier decomposition for each
marker of Figure 1. Each figure represents the relation
from phase differences, power and coherence for each re-
lation, between G Band and Ca II H (column one and
two), Ca II H and Hα line center (column three and
four) and Ca II H and Hα blue wing (column five and
six), with the numbers 1 to 4 representing the markers
of Figure 1.
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Figure 1. The selected fibril for this study is shown in
the rectangle with four areas along the fibril marked with
+. Number 1 indicates the sunspot umbra area and subse-
quent numbers the outer part of the active region, with the
near umbrae-penumbrae border for number 2, penumbrae for
number 3 and near the quiet region for number 4.

Figure 2. Upper panel; phase difference, Lower panel; power
for G band (solid line) and CA II H (dashed) for each marker
and coherence (dot-dashed). The number in each panel rep-
resents the marked area on the fibril as described in Figure
1. Subsequent columns are the relation between Ca II H and
the Hα line center (column three and four) and between Ca
II H and the Hα blue wing (column five and six).

The upper panel shows the phase difference withv the
amplitude weighted phase difference/pixel in grey scale.
the lower panel shows the corresponding power spectra,
solid for the first parameter and the dashed for the sec-
ond, and coherence shown with dot-dashed and dotted
for noise estimation.

Figure 3 shows the pixel-by-pixel correlation diagrams
as sample density contours. Each plotted sample repre-
sents the brightness values specified along the x and y
axes at a given pixel location in the field, each x and y
represents wavelength under investigation. The G Band
and Ca II H correlation for each marker are shown in a
similar format to Figure 2 (column one and two), Ca II
H and Hα line center (column three and four) and Ca
II H and Hα blue wing (column five and six), with the
numbers 1 to 4 representing the markers of Figure 1.

Based on this analysis several results can be discussed:

• It appears that waves on the photosphere (G band
to Ca II H) tend to be evanescent (∆φ=0), however
the 4th marker showed indication of a 3-5 minute
oscillation propagating upward. Coherence appears
to be lower at high frequencies for marker 1 and 2,
but tends to be significant for 3 minutes for the 4th

marker (Figure 2, first and second column).

Figure 3. Pixel-by-pixel scatter correlations for G-band vs Ca
II H (column one and two), with the other relations following
a similar format to Figure 2; scales are brightness in arbitrary
units. The solid curves show the occurrence distributions
and the dashed curves show the first moments of the sample
density distributions over x and y bins.

• The waves in the photosphere tend to have good
correlation, based on scatter the correlation be-
tween G Band and Ca II H, compared to the upper
chromosphere. The further from sunspot umbra,
the better the correlation (shown on the 4th marker
of the G Band vs Ca II H, Figure 3 first and second
column).

• In the sunspot umbra, there is a peak around 3
minutes; we argue it might be related to a wave
propogating upwards (1st marker of 3rd column of
Figure 2.) For less then 3 minutes the relations of
Ca II H are Hα are noise dominated, however, the
Hα blue wing showed slight coherence.

• On the sunspot umbra the relation in the upper
chromosphere (Ca II and Hα, the 1st marker) shows
a slight 2:1 slope (third and fifth column).

• There are steep coherences changing on 10 minute
scales for all relations in Figure 2.

4. CONCLUSIONS

From these results we argue that waves propagate in in-
clined magnetic fields from the sunspot umbra, with 3
minute oscillations dominant around the sunspot um-
bra region. Away from the sunspot umbra the propa-
gating wave to the chromosphere around the fibril tends
to show longer period oscillations, and the propagating
wave is shown by the correlation between Ca II H and
Hα. The 10 minute oscillation might be indicating the
typical oscillation of the fibril away from sunspot umbra,
but further study is needed to verify this.
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