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ABSTRACT

Aims. Our aim is to investigate the intensity oscillations in coronal X-ray Bright Points (XBPs).

Methods. We analysed a 7 h long time sequence of the soft X-ray images obtained on April 14, 2007 with a 2 min cadence using the
X-Ray Telescope (XRT) on-board the Hinode mission. We use SSW in IDL to derive the time series of 14 XBPs and 2 background
regions. For the first time, we have tried to use power spectrum analysis on XBP data to determine the periods of intensity oscillations.
Results. The power spectra of XBPs show several significant peaks at different frequencies corresponding to time scales that range
from a few minutes to hours. The light curves of all the XBPs give the impression that the XBPs can be grouped into three classes
depending on emission levels: (i) weak XBPs; (ii) bright XBPs; and (iii) very strong XBPs. The periods of intensity oscillation are
consistent in all the XBPs and are independent of their brightness level, suggesting that the heating mechanisms in all the three groups
of XBPs are similar. The different classes of XBPs may be related to the different strengths of the magnetic field with which they have

been associated.
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1. Introduction

Solar coronal X-ray bright points (XBPs) have been an enigma
since their discovery in late 1960’ (Vaiana et al. 1970). XBPs
have been studied in great detail using Skylab and Yohkoh X-ray
images (Golub et al. 1974; Harvey 1996; Nakakubo & Hara
1999; Longcope et al. 2001; Hara & Nakakubo 2003). Their cor-
respondence with small bipolar magnetic regions was discovered
by combining ground-based magnetic field measurements with
simultaneous space-born X-ray imaging observations (Krieger
et al. 1971; Golub et al. 1977). The number of XBPs (daily)
found on the Sun varies from several hundreds up to a few thou-
sands (Golub et al. 1974). Zhang et al. (2001) found a density
of 800 XBPs for the entire solar surface at any given time. It
is known that the observed XBP number is anti-correlated with
the solar cycle, but this is an observational bias and the number
density of XBPs is nearly independent of the 11-yr solar activ-
ity cycle (Nakakubo & Hara 1999; Sattarov et al. 2002; Hara &
Nakakubo 2003). Golub et al. (1974) found that the diameters
of the XBPs are around 10-20 arcsec and their life times range
from 2 h to 2 days (Zhang et al. 2001). Studies have indicated
the temperatures to be fairly low, 7 = 2 x 10° K, and electron
densities 1, = 5% 10° cm™ (Golub & Pasachoff 1997), although
cooler XBPs exist (Habbal 1990). XBPs are also useful as tracers
of coronal rotation (Kariyappa 2008) and contribute to the Solar
X-ray irradiance variability (DeLuca & Saar 2008; Kariyappa &
DeLuca 2008). Assuming that almost all XBPs represent new
magnetic flux emerging at the solar surface, their overall contri-
bution to the solar magnetic flux would exceed that of the active
regions (Golub & Pasachoff 1997). Since a statistical interaction
of the magnetic field is associated with the production of XBPs,
the variation of the XBP number on the Sun will be a measure
of the magnetic activity of its origin.

Bright points are also observed in the chromosphere using
high resolution Call H and K spectroheliograms and filter-
grams. Extensive studies have been conducted to determine
their dynamical evolution, the contribution to chromospheric
oscillations and heating, and to UV irradiance variability
(e.g. Liu 1974; Cram & Damé 1983; Kariyappa et al. 1994;
Kariyappa 1994 & 1996; Kariyappa & Pap 1996; Kariyappa
1999; Kariyappa et al. 2005). The oscillations of the bright
points at the higher chromosphere have been investigated using
SOHO/SUMER Lyman series observations (Curdt & Heinzel
1998; Kariyappa et al. 2001). It is known from these studies that
the chromospheric bright points are associated with 3 min peri-
ods in their intensity variations, using power spectra analysis.

Oscillations have been investigated in XBPs using
Yohkoh/SXT (Strong et al. 1992) and intensity variations
on time scales of a few minutes to hours have been found. In
2002, we investigated the intensity oscillations at the sites of
XBPs using Yohkoh/SXT observations. We found that there
were several long gaps in the time sequence data and hence
it was difficult to derive the power spectra precisely. The
studies related to intensity oscillations of the XBPs and their
contribution to coronal heating were not well discussed with
Yohkoh/SXT observations. The X-ray Telescope on Hinode,
XRT, has made long and continuous high temporal and spatial
resolution time sequence observations of XBPs. In addition the
angular resolution of XRT is 1”, which is almost three times
better than that of Yohkoh/SXT instrument. Due to the wide
coronal temperature coverage achieved with XRT observations,
for the first time the XRT can provide complete dynamical
evolution information for the XBPs. The study of the spatial and
temporal relationship between the solar coronal XBPs and the
photospheric and chromospheric magnetic features is an impor-
tant issue in physics of the Sun. The Hinode/XRT observations
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Table 1. Classification of XBPs.
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XBPs Class XBPs  XBPs mean brightness XBPs brightness/Background brightness Mean ratio
(DN/s) (where background brightness=4440 DN/s)
Class I xbp3 157389 35.45
xbp4 288013 64.87
xbp6 145266 32.72 42.33
xbp7 162340 36.56
xbpl4 186745 42.06
Class I xbp2 53573 12.07
xbp5 58236 13.12 13.39
xbpl 65445 14.74
xbp13 60567 13.64
Class III xbp12 36978 8.33
xbp10 26789 6.04 7.39
xbp8 34676 7.81
xbpl1 37873 8.53
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Fig.1. A sample of an image from the time series obtained by
Hinode/XRT on April 14, 2007 at 17:05:17 UT. Where xbpl,
xbp2,....c..c... xbpl4 are the X-ray bright points and xbpl5 and xbpl6
are the background coronal regions selected for the analysis.

provide an opportunity to investigate and understand more
deeply the dynamical evolution and nature of the XBP than
has been possible to date and to determine their relation to the
large-scale magnetic features. Such high resolution observations
and investigations would be helpful in understanding the role of
oscillations and the nature of the waves associated with XBPs
to heat the corona.

In this paper, we report the analysis of 14 XBPs and 2 back-
ground coronal regions showing different emission levels se-
lected from 7 h time sequence observations of soft X-ray images
obtained on April 14, 2007. We discuss the results of the peri-
ods of intensity oscillations associated with XBPs of different
emission levels.

2. Methods and results

We use a 7 h (from 17:00 UT to 24:00 UT) time sequence
of soft X-ray images obtained on April 14, 2007 from X-Ray

Telescope (XRT) on-board the Hinode mission. Images were ob-
tained at time cadence of 2 min, but with a short data gap around
18:00 UT. The images were obtained through a single X-ray
Ti_poly filter in a quiet region near the center of the solar disk
and the image size is 512" x 512" with a spatial resolution of
1.032"/pixel. Figure 3 shows a sample of an X-ray image from
the time sequence illustrating all the XBPs, which we discuss in
more detail below. We have identified and selected 14 XBPs and
2 background coronal regions of the images around 17:00 UT for
analysis. We have marked the 14 XBPs on the image in Fig. 1 as
xbpl, xbp2,............ ,xbp14 and 2 background coronal regions as
xbpl5 and xbp16.

We have used the routine xrt_prep.pro in IDL under SSW
to calibrate the images and this routine performs many correc-
tions such as: (i) removal of cosmic-ray hits and streaks (using
the subroutine xrt_clean_ro.pro), (ii) calibration of read-out sig-
nals, (iii) removal of CCD bias, (iv) calibration for dark current,
and (v) normalization of each image for exposure time. On the
calibrated images we have placed rectangular boxes covering
the selected XBPs and derived the cumulative intensity values
of the XBPs by adding all the pixel intensity values. The light
curves of all the XBPs and background regions have been de-
rived. The light curves of the background coronal emission show
that the fluctuations due to the background coronal emission is
very small compared to the intensity variations at the sites of
XBPs. However, we assumed that the background coronal emis-
sion is more or less constant and subtracted the intensity values
of XBPs, point-by-point, from the background coronal intensity
values (xbp15 and xbp16) in all the images.

The light curves of 5 XBPs (xbp2, xbp3, xbp4, xbp5, &
xbp12) and one background coronal region (xbpl5) are shown
in Fig. 3 for comparison of the selected XBPs. The intensity os-
cillation is seen in all the light curves of the XBPs. There is a
short data gap in all the time series around 18:00 UT due to a
lack of observations. The light curve of xbp3 is shown in Fig. 3a
which indicates a steady increase in brightness with intensity
oscillation. Figure 3b shows the brightness variation of xbp4
which is similar to xbp3 in the intensity variations. Figure 3c
illustrates the light curve of xbp2 exhibiting oscillations with a
strong intensity enhancement in the time period from 18:30 UT
to 20:30 UT. The light curve of xbp5 is shown in Fig. 3d and
shows intensity oscillations similar to other XBPs but with a
strong intensity enhancement at two locations between 18:00—
19:00 UT and 21:00-22:00 UT. Similarly the light curve of
xbp12 is presented in Fig. 3e and the intensity oscillations are
clearly seen. The light curve of the background coronal region,
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Fig. 2. Time series of XBPs and background coronal region (xbp2, xbp3,

291
xbp4
_40x10° o)
B
5
> 35x10°F E
2
> 3.0x10° :/’\/"WW\’JJ\/‘\_
‘n
§ 25x10°F g
g
= 2.0x10°
18:00 19:00 20:00 21:00 22:00 23:00 00:00
Start Time (14—Apr—07 17:05:16)
xbp5
__sxio®
2
> 7x10%E
IS
= 6x10”
‘0
5 sx10%F
2
= axi0t
18:00 19:00 20:00 21:00 22:00 23:00 00:00
Start Time (14*Apr707 17:05:16)
xbp 15:Background
8000
(2]
7000 f
2 (f)
2 6000F
>
£ 5000F
2
£ 4000
<
3000

18:00 19:00 20:00 21:00 22:00 23:00 00:00
Start Time (14—Apr—07 17:05:16)

xbp4, xbp5, xbp12 & xbp15 as shown in Fig. 3) of April 14, 2007, where

a) xbp3 & b) xbp4: Class I; ¢) xbp2 & d) xbp5: Class II and e) xbp12: Class III and f) xbp15: background coronal region.
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Fig. 3. Power spectra derived for the time series of XBPs and background coronal region (xbp2, xbp3, xbp4, xbp5, xbp12 & xbpl5: background
as shown in Fig. 3) of April 14, 2007, where a) xbp3 & b) xbp4: Class I; (c) xbp2 & d) xbp5: Class II and e) xbp12: Class III and f) xbp15:

background coronal region.

xbpl3, is also shown in Fig. 3f which does not show much in-
tensity fluctuation compared to XBPs, except for sharp intensity
brightenings about every 80—100 min.

In order to determine the periods of the intensity oscilla-
tions, we have carried out a power spectrum analysis of all the
XBPs and coronal background regions. The power spectra of
5 XBPs and one background coronal region are shown in Fig. 3.

Figure 3a shows the power spectrum of xbp3 with three signifi-
cant peaks at the beginning with low frequency values that cor-
respond to the periods of 139 min, 37 min and 24 min. Figure 3b
illustrates the power spectrum taken for the time series of xbp4
indicating many significant peaks at various frequency values
which correspond to the periods of 111 min, 37 min, 23 min,
17 min etc. The power spectrum of xbp2 is shown in Fig. 3¢
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and represents two prominent peaks corresponding to the pe-
riods of 69 min and 28 min. The power spectrum of xbp5 is
demonstrated in Fig. 3d representing several periods of oscilla-
tion, namely 133 min, 33 min and 13 min. Similarly, in Fig. 3e
the power spectrum of xbp12 is plotted and shows a variety of
periods of 133 min, 33 min, 17 min and 9 min. The power spec-
trum of one of the background regions (xbpl5) is also shown
in Fig. 3f and has several prominent peaks corresponding to the
periods of intensity oscillation as 81 min, 31 min, 19 min, and
8 min. The power spectra of all the XBPs reveal a wide variety
of time scales from a few minutes to hours and some periods of
oscillation are similar.

3. Discussions and conclusions

The XRT data shows that XBPs tend to produce small and large
time scale fluctuations in their intensity and some periods of in-
tensity oscillation are similar in all the XBPs. The periods ob-
served with XRT data ranges from a few minutes to hours and
these findings are in good agreement with the results of Strong
et al. (1992) derived from the analysis of full-disk images ob-
tained by the Yohkoh/SXT experiment.

Although at first sight the light curves of 14 XBPs seem to
be very diverse in their pattern during evolution, we find that
they can broadly be grouped into three classes depending on
their emission level. The Class I XBPs show a very large in-
tensity enhancement, whereas the Class II XBPs show moder-
ate brightness enhancement and the Class III XBPs show only
a marginal intensity enhancement during their dynamical evolu-
tion. We have calculated the mean intensity of XBPs from their
time series belonging to Class I, Class II and Class III and the
background coronal regions and presented the results in Table 1.
We determined the mean intensity ratio between the different
classes of XBPs and the background coronal emission and the
ratios have been listed in Table 1. The mean background inten-
sity value of xbp15 and xbp16 derived over the time sequence is
4440 DN/s. It is seen from the light curves (Fig. 3) and Table 1
that the XBPs will fall into 3 classes depending on the bright-
ness level during their dynamical evolution. Class I XBPs are
almost 42 times brighter than the background coronal emission,
whereas the Class II and III XBPs are 13 and 7 times brighter
than background coronal emission respectively.

We conclude that the analysis of long time series ob-
servational data of the XBPs is thus promising and future
work will reveal more of the dynamical nature and the phys-
ical properties of different oscillations and waves associated
with the XBPs. Since the periods of intensity oscillation in
all the three cases of XBPs seem to be similar, this can be
taken as an evidence that heating mechanisms in the three
cases of XBPs are similar. XBPs exhibit a wide variety of
time scales ranging from a few minutes to hours in their
intensity variations and the periods are almost similar in all
the cases of XBPs and thus seems to be independent of the
differences in the brightness enhancement. The XBPs are the
sites where intense brightness enhancement is seen, and the
brightness oscillates with different periods. It suggests that
the regions of intense vertical magnetic field strength coincide
with regions that are bright, indicating non-radiative heating,
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irrespective of the sizes of these structures. A comparison be-
tween the XBPs and underlying photospheric magnetic features
has suggested that the horizontal component of the magnetic
field may be playing an important role in driving the brightening
of an XBP (Kotoku et al. 2007). Therefore the explanation of
the existence of different classes of XBPs with similar periods
among all the XBPs may be related to the different strengths of
the magnetic field with which they have been associated.
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