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ABSTRACT

Context. Ca bright grains are small and repetitive brightenings ubiquitously found in the quiet Sun.
Aims. The relationship between the formation of Ca bright grains and the dynamics in the chromosphere and the photosphere is studied.
Methods. We simultaneously observed the time series of spectra in Ca II H, Hα, and Fe I with the horizontal spectrograph of the Domeless
Solar Telescope (DST) at Hida Observatory.
Results. Our wavelet analysis revealed that the occurrence of Ca II H2V brightenings are correlated with enhanced 5 mHz velocity oscillations
in the chromosphere and the photosphere.
Conclusions. Ca bright grains can be explained by acoustic shocks in the chromosphere that are associated with 5 mHz oscillations in the
photosphere below.
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1. Introduction

As small (2–3 arcsec) transient (1 min) brightenings,
Ca II H bright grains are ubiquitously found in the quiet Sun.
Cram & Damé (1983) obtained Ca II H spectra with high spa-
tial and temporal resolution and revealed the temporal behav-
ior of Ca II H bright grains. The brightenings usually occur
at 3 min intervals, so they are thought to be related to 3 min
oscillations in the chromosphere. On the other hand, high ve-
locity periodic upflow events (5 km s−1) of 2–3 arcsec size have
also been observed in Hα spectra (Kamio & Kurokawa 2004).
They appear as small dark points in the blue wing of Hα filter-
gram, also at 3 min intervals. They have been called Hα dark
grains in the Hα filtergram (Gaizauskas 1985). The similar na-
ture of these two different features suggests they are different
aspects of the same phenomena, but previous observations have
not firmly established the relation between them.

The excellent review by Rutten & Uitenbroek (1991)
suggests that grains are generated by the interference of
waves in the chromosphere. Carlsson & Stein (1997) car-
ried out a 1-D radiation-hydrodynamic simulation and claims
Ca II H2V bright grains were generated by acoustic shocks.
They simulate the wave driven by photospheric motions and
their result closely reproduces the observed characteristics of
Ca II H spectra.

The purpose of our study is to examine the relationship be-
tween Ca bright grains, Hα dark grains, and velocities in the
chromosphere and the photosphere. Spectra in Ca II H, Hα (or

Hβ), and Fe I are simultaneously observed in order to study
their temporal evolutions. We employed Hα or Hβ spectral
lines to determine the velocities in the chromosphere, because
the velocity derived from the Ca II H3 dark core may be af-
fected by the brightening in Ca II H2V or H2R. The long dura-
tion data sets are suitable for frequency analysis by wavelet
transformation. In Sect. 2, we briefly describe the observa-
tions. Section 3 explains the data reduction procedures for the
observed spectra. The evolution of photospheric and chromo-
spheric velocities and Ca II H2V intensities are presented in
Sect. 4. In Sect. 5, we discuss the relationship between the
formation of grains and the photospheric and chromospheric
oscillations.

2. Observations

The quiet Sun near the disk center was observed by the
Domeless Solar Telescope (DST) at Hida Observatory in July
and August 2004. The observation was specifically aimed at
studying the relationship between Ca II H brightenings and the
velocities in the chromosphere and the photosphere. We uti-
lized the horizontal spectrograph of the DST, which is capa-
ble of observing different wavelength ranges simultaneously.
We mainly observed the evolution of Hα (λ656.28 nm) and
Ca II H (λ396.85 nm) in the 1st order and 2nd order spectra,
respectively, in sit-and-stare mode (i.e. at a fixed position with-
out rotational compensation).

Article published by EDP Sciences and available at http://www.edpsciences.org/aa or http://dx.doi.org/10.1051/0004-6361:20054174

http://www.edpsciences.org/aa
http://dx.doi.org/10.1051/0004-6361:20054174


352 S. Kamio and H. Kurokawa: Ca bright grains and oscillations

The slit was oriented in the east-west direction on the Sun,
and it covered a spatial distance of about 110 Mm. The pro-
jected slit width was 0.32 arcsec or 230 km on the Sun. Pixel
sizes corresponded to 0.14 Mm (on the Sun)× 1.2 pm (in wave-
length) and 0.11 Mm × 2.5 pm for Ca II H and Hα, respectively.
In the observation on 31 July, Hβ in the 2nd order spectra was
observed instead of Hα. The pixel size for Hβ was 0.11 Mm ×
1.0 pm. The entrance slit of the spectrograph was monitored
with the Hα Lyot filter (0.025 nm FWHM) and its approximate
field of view was 220 Mm × 220 Mm on the Sun. Two spec-
tra and a slit image were recorded using three CCD cameras
controlled by separate PCs with an interval of 15 s. Although
the exposures of the cameras were not synchronized, tempo-
ral resolutions are enough for studying grains whose period is
about 200 s. The image fluctuation on the slit plane is less than
the size of grains (about 1 Mm) in good seeing conditions. The
telescope was pointed at the center of the Sun, but the solar
rotation was not compensated for.

The data sets obtained in good seeing conditions and with-
out interruption were selected and their analysis is presented in
this paper. Continuous observations for 1 h or longer are par-
ticularly suitable for wavelet transformation in the following
analysis. In the following sections, we focus on the two se-
lected data sets obtained on 31 July and 2 August. On 31 July,
time series of Ca II H and Hβ spectra were obtained for 75 min
from 22:56 UT. The exposure times were 2.0 s in Ca II H
and 0.3 s in Hβ. On 2 August, a longer data set was obtained
for 150 min from 23:15 UT in Ca II H and Hα with exposure
times of 2.0 s and 0.3 s, respectively. Displacement due to the
wavelength dependency of atmospheric refraction is estimated
to be 1.1 arcsec between Ca II H and Hα spectra. Because the
displacement is smaller than the typical grain size (2–3 arcsec),
it is not corrected in the following study. For Ca II H and
Hβ spectra, a smaller displacement of 0.7 arcsec is expected.
A pair of hair lines were placed on the slit throughout the ob-
servation in order to co-align the spectra for the subsequent
analysis.

3. Data reduction

The temporal evolution of spectra was studied for each location
along the spectrograph slit. The wavelength in the Ca II H spec-
tra was determined using the mean positions of Fe I lines as ref-
erences (λ396.61 nm and λ396.93 nm). Intensities of Ca II H2V ,
H3, and H2R are inferred by integrating spectra within the
ranges of λ396.830–396.843 nm, λ396.843–396.856 nm, and
λ396.856–396.869 nm, respectively. The Doppler velocity of
the photosphere was derived by measuring the wavelength shift
in the Fe I line at λ396.93 nm in the Ca II H wing. The Doppler
velocity was assumed to be zero at the average position of the
Fe I line. The line of sight velocity in the chromosphere was de-
duced from the Doppler shift of Hα or Hβ spectra. The center
position of the core of the Hα (or Hβ) line profile was deter-
mined by fitting the 2nd order polynomial function. The line
width is defined as the width at the half depth of the Hα or
(Hβ) absorption profile (FWHM). The excess width relative to
the average width was then used for the following analysis.
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Fig. 1. Power spectrum deduced from the data on 31 July. Each spec-
trum is normalized by its peak. Solid line: power spectrum of photo-
spheric velocity inferred from Fe I. Dotted line: power spectrum of
chromospheric velocity deduced from Hβ. Dashed line: power spec-
trum of Ca II H2V intensity.

In order to study temporal evolutions of Ca II H2V intensity
and of the chromospheric and photospheric velocities deduced
from Hα (or Hβ) and Fe I, wavelet transformations were ap-
plied to all the data. Wavelet analysis is suitable for determin-
ing the occurrence of a transient oscillation and its frequency.
The duration of the wavelet window was set to 500 s, which
can cover 2 cycles of typical grains. The wavelet analysis was
performed at each position on the slit, so the analysis produced
a three-dimensional data array (position × time × frequency).

4. Results

4.1. Data set on 31 July

First, power spectra of photospheric and chromospheric veloci-
ties and Ca II H2V intensity are deduced by Fourier transforma-
tion. While the wavelet transformation in the following analysis
is aimed at identifying sporadic oscillations, Fourier transfor-
mation provides the average power spectrum over the whole
data set. Figure 1 shows power spectra of Fe I velocity, Hβ ve-
locity, and Ca II H2V intensity. The strongest power of photo-
spheric velocity inferred from Fe I is found at 3.5 mHz, which
is commonly referred to as the 5-min oscillation in the photo-
sphere. The strongest peak is also found in the power spectrum
of Hβ velocity. In the frequency range higher than 4 mHz, the
Hβ power spectrum indicates a stronger power than Fe I. In the
power spectrum of Ca II H2V intensity, the strongest power is
found at 5 mHz. Even though a strong power of 3–4 mHz is
found, higher frequency powers also exist in the chromosphere
(5–8 mHz).

Figure 2 shows the time series of Ca II H spectra on
31st July at a fixed location where typical Ca II H bright grains
were observed. Repeated Ca II H2V brightenings are found
at λ396.84 nm with an interval of about 3 min. The dura-
tion of individual brightening was less than 1 min. The tem-
poral behavior of Ca II H spectra agrees with previous ob-
servations (Cram & Damé 1983; Rutten & Uitenbroek 1991).
After an H2V brightening, the dark H3 core (λ396.85 nm at rest)
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Fig. 2. Time series of Ca II H spectra at a fixed position showing bright
grains. Repetitive brightenings in Ca II H2V around 396.84 nm show
typical grains. The Fe I line at λ396.93 nm is used to derive the veloc-
ity in the photosphere.
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Fig. 3. Time plot of Ca II H2V intensity, Hβ excess line width, and
velocities. The uppermost curve shows Ca II H2V intensity. The solid
curve in the middle indicates the excess line width of Hβ relative to
the average width, which is denoted by the straight horizontal line in
the middle. The dotted and solid lines in the lower part of the figure
are the velocity curves derived from Hβ and Fe I, respectively. Positive
velocity indicates downward motion onto the solar surface.

exhibits a rapid blue-shift, which implies an upward motion.
The wings gradually become brighter as the H3 core goes back
to its nominal position. The H2V brightening occurs when the
H3 core indicates a red-shift. While Ca H2V shows noticeable
brightenings, significant brightenings are not found in H2R.

For the data set of Fig. 2, Ca II H2V intensity, the excess
line width of Hβ and the velocity inferred from Hβ and Fe I are
plotted in Fig. 3. The downward peak of the photospheric ve-
locity derived from Fe I precedes that of the chromospheric ve-
locity inferred from Hβ by 30 s on average. The intensity peak
in Ca II H2V is attained when Hβ indicates maximum down-
ward velocity. The line width of Hβ tends to broaden from
the increasing to the maximum phase of Hβ upward velocity.
It suggests the existence of turbulence in the chromosphere
when the downward motion changes to the upward motion.
The Ca H2V light curve and velocity curves indicate periodic
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Fig. 4. Top 2 panels: contours of power spectra deduced by wavelet
transformation of Ca II H2V intensity and photospheric velocity.
Bottom panels: light curve in Ca II H2V , velocities in Hβ (dotted line),
and Fe I (solid line), which are the same as in Fig. 3.

oscillations of about 200 s. While the strongest Fe I oscillatory
power is found at 3.5 mHz in the average power spectrum in
Fig. 1, the Fe I velocity shows quasi-periodic oscillations of
about 200 s (5 mHz) in Fig. 3 when Ca II H2V bright grains are
observed.

The result of wavelet analysis of the same data set is pre-
sented in Fig. 4. It shows the temporal change of power spec-
tra at the fixed slit position. The spectra implies that strong
power is distributed in the frequency range of 4–6 mHz both
for Ca II H2V intensity and photospheric velocity. These results
suggest that periodic Ca II H2V brightening is associated with
the high frequency oscillation (4–6 mHz) in the photosphere
below.

However, the photosphere is dominated by a 5-min oscilla-
tion, and the high frequency oscillation is less significant on av-
erage (Fig. 1). In order to examine whether the high frequency
oscillation in the photosphere is related to the one in the chro-
mosphere, the location and the time of the significant high fre-
quency oscillation in the photosphere is determined with the
aid of wavelet transformation.

Figure 5 shows the photospheric velocity deduced
from Fe I. Oscillatory motions can be found everywhere on
the map, but the amplitude of the oscillation is not uniformly
distributed. From the result of wavelet transformation, the dis-
tribution of oscillatory power in 5 mHz is retrieved to identify
the location of high frequency oscillations in the photosphere.
The overlaid contour in Fig. 5 marks the time and position of
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Fig. 5. The evolution of the velocity derived from Fe I. Downward and
upward velocities appear bright and dark, respectively. Overlaid white
contours indicate significant oscillatory power at 5 mHz.
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Fig. 6. The evolution of the velocity derived from Hβ. White and black
contours mark significant 5 mHz power in Hβ and in Fe I, respectively.
The time range is the same as in Fig. 5.

strong power in 5 mHz. The contour level is set to 2σ above
the mean in the power distribution.

The velocity derived from Hβ is presented in Fig. 6.
Although Hβ is not purely chromospheric and is partly pho-
tospheric, Hβ represents the higher part of the atmosphere than
does Fe I. Overlaid white contours indicate the strong 5 mHz
oscillatory power derived from the Hβ velocity. Black contours
show the locations with significant 5 mHz oscillatory power in
the photosphere that were identified in Fig. 5. From visual in-
spection, most of the Hβ contours are associated with Fe I con-
tours. The cross correlation between 5 mHz power distributions
in Fe I and in Hβ is 0.57. This implies that the high frequency
oscillation in the chromosphere is indeed connected with that
in the photosphere.

Figure 7 shows the Ca II H2V intensity distribution.
Overlaid white contours mark the strong intensity oscillations
at 5 mHz. Black contours show a significant 5 mHz oscillatory
power in Hβ identified in Fig. 6. The figure clearly shows that
the high frequency oscillation in Ca II H2V intensity is well
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Fig. 7. The evolution of Ca II H2V intensity. White and black contours
indicate significant 5 mHz power in Ca II H2V intensity and in Hβ ve-
locity, respectively. The time range is the same as in Fig. 5.
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Fig. 8. Power spectrum deduced from the data on 2 August.

correlated with that in Hβ velocity. The cross correlation be-
tween Hβ velocity and Ca II H2V intensity oscillatory powers
is calculated to be 0.79.

4.2. Data set on 2 August

Similarly, the data obtained on 2 August were analysed. The
Hα spectra in the chromosphere were observed on that day in-
stead of Hβ spectra. Figure 8 shows the power spectra as in
Fig. 1, although Fig. 8 has better frequency resolution than
Fig. 1 because it is deduced from the long duration data set
of 150 min. The chromospheric velocity derived from Hα in
Fig. 8 indicates stronger power than Hβ in Fig. 1, at the high
frequency range of 5–8 mHz. In the Fe I power spectrum,
a small enhancement is found at 5 mHz, where strong peaks
are denoted in Ca II H2V and Hα.

Figure 9 presents the data where two prominent crests of
a wave were found in Ca II H2V . The velocity and excess width
in Hα show larger fluctuation than Hβ (see Fig. 3). During the
Ca II H2V brightenings, downward velocity peaks in the photo-
sphere precede those in the chromosphere (inferred from Hα)
by 30–50 s. The Ca II H2V brightenings coincide with the
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Fig. 9. Time plot of Ca II H2V intensity, Hα excess line width, and
velocities. The solid line in the middle indicates the Hα excess line
width. Dotted and solid lines in the lower part of the figure are
the downward velocities derived from Hα and Fe I. Typical exam-
ples of Ca II H2V brightening occur at 910 s and 1100 s. The peaks
of Ca II H2V intensity coincide with downward velocities in Hα. The
maximum line broadenings of Hα are found just at or shortly before
the times of upward velocity peak in Hα.
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Fig. 10. Top 2 panels: contours of power spectra deduced by wavelet
transformation of Ca II H2V intensity and photospheric velocity.
Bottom panels: light curve in Ca II H2V , velocities in Hβ (dotted line),
and Fe I (solid line).

downward velocity peak in the chromosphere. The behavior of
the Hα excess width during the Ca II H2V brightenings suggests
that significant line broadening occurs just at or shortly before
the downward velocity peak.

The wavelet analysis of the data in Fig. 9 is presented in
Fig. 10. Around the brightening at 1000 s, significant power is

detected around 4 mHz in the photosphere. At the same time,
Ca II H2V indicates strong oscillatory power around 5 mHz.
As the velocity amplitude in the photosphere diminishes, the
Ca II H2V intensity oscillation decreases.

Figure 11 displays the photospheric velocity in Fe I. The
lower part of the velocity map (0–20 arcsec) is not studied be-
cause the spectrum was disturbed by vignetting. Overlaid con-
tours indicate significant power at 5 mHz (cf. Fig. 5).

The velocity in the chromosphere derived from Hα is pre-
sented in Fig. 12. Black and white contours mark strong 5 mHz
oscillatory power in the photosphere and the chromosphere, re-
spectively. Many of them coincide and the cross correlation
between them is 0.42. After 4000 s, a large and long-lasting
velocity is found around the position of 90 arcsec where a frag-
ment of the network boundary was located. The pattern of large
(5 km s−1) and long duration (300 s) velocity at this part is
quite different from the typical 3-min oscillation in the rest
of the map. This implies that the strong magnetic flux in the
network element influences the behavior of the chromosphere.
Long period oscillations may be due to magneto-gravity or
MHD waves (McAteer et al. 2002) or to the repeated occur-
rence of Hα spicules at the network boundary. It is interesting
to note that no apparent difference is found in the photospheric
velocity at the same location (see Fig. 11).

Figure 13 presents the distribution of Ca II H2V inten-
sity, showing that 5 mHz oscillations in Hα velocity and
Ca II H2V intensity are well correlated. The cross correlation
between Hα and Ca II H2V oscillatory power is 0.70, which
confirms the visual inspection.

5. Discussion

Bright grains in Ca II H2V and K2V are common features in
the network cells of the quiet Sun. Previous papers suggest
that they are related to 3-min oscillations in the chromosphere
(Rutten & Uitenbroek 1991, and references therein). Observed
Ca II H2V bright grains are small (2–3 arcsec) and short-lived
(1 min) features appearing at 3-min intervals. They are sporadic
and localized phenomena in the quiet Sun.

Our results prove that bright grains are indeed asso-
ciated with enhanced velocity oscillation in the chromo-
sphere. Velocity determination from the Doppler shift of the
Ca II H3 dark core causes ambiguity because it can be affected
by brightening or darkening of H2V or H2R. Simultaneous ob-
servation of Ca II H and Hα (or Hβ) allows us to establish the
relationship between Ca II H2V bright grains and velocity oscil-
lations in the chromosphere. The enhanced Ca II H2V intensity
oscillation at 5 mHz, which is the signature of bright grains,
is well correlated with the strong 5 mHz velocity oscillation in
the chromosphere (Figs. 7 and 13). The cross correlations be-
tween 5 mHz oscillatory powers of intensity and velocity are
0.79 and 0.70 for the data sets on 31 July and 2 August.

The numerical simulation by Carlsson & Stein (1997)
demonstrated that Ca II H2V bright grains are produced by
acoustic shocks propagating upward in the lower chromosphere
about 1 Mm above the photosphere. The evolution of Hα ve-
locity and width in Fig. 9 can be interpreted using their model.
Downward motion above the shock front and upward motion
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Fig. 11. The evolution of the velocity derived from Fe I. Downward and upward velocities appear bright and dark, respectively. Overlaid white
contours indicate significant oscillatory power at 5 mHz.
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Fig. 12. The evolution of the velocity derived from Hα. White and black contours mark significant 5 mHz power in Hα and in Fe I, respectively.
The time range is the same as in Fig. 11.

below it are predicted by the acoustic shock scenario. At first,
downward velocity is expected above the shock front in the
chromosphere, and then the velocity changes to upward as
the shock front moves up in the chromosphere. The large ex-
cess width in Fig. 9 increases when the upward velocity in-
creases and attains its maximum. This line broadening sug-
gests the existence of a shock or large velocity gradient in
the chromosphere.

Other evidence of acoustic shocks is that the velocity per-
turbation must propagate with supersonic speed. The time de-
lay between the downward velocity peaks in Fe I and Hα is
30–50 s when bright grains occur (Fig. 9). Assuming that the

formation height of the Hα line core is 1.5 Mm above the pho-
tosphere (Vernazza et al. 1981), the velocity perturbation must
propagate with the mean speed of 30–50 km s−1. Because the
sound speed is about 10 km s−1 near the photosphere, this sug-
gests the existence of supersonic shocks in association with
Ca II H2V bright grains.

At the time of Ca II H2V brightening, the peak downward
velocity is found in Hα. This indicates that the peak red-shift
of the dark H3 core in the Ca II H spectra at the time of
Ca II H2V brightening (Fig. 2) is a direct result of a large down-
ward velocity in the upper chromosphere. It also agrees with
the fact that bright grains are usually found in Ca II H2V and
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Fig. 13. The evolution of Ca II H2V intensity. White and black contours indicate significant 5 mHz power in Ca II H2V intensity and in Hα ve-
locity, respectively. The time range is the same as in Fig. 11.

Table 1. Cross correlations between oscillatory powers on 31 July.

Hβ 5 mHz Ca II H2V 5 mHz

Fe I 3 mHz 0.19 0.14

Fe I 5 mHz 0.57 0.56

Table 2. Cross correlations between oscillatory powers on 2 August.

Hα 5 mHz Ca II H2V 5 mHz

Fe I 3 mHz 0.20 0.18

Fe I 5 mHz 0.42 0.48

are less prominent in Ca II H2R. The brightenings are expected
to occur both in Ca II H2V and H2R, but the brightening in H2R

is absorbed by the overlying red-shifted dark H3 core (Rutten
& Uitenbroek 1991). The velocity of Hβ in Fig. 3 shows the
same tendency, but the velocity amplitude is smaller than that
of Hα. It reflects the fact that the formation height of Hβ is
lower than Hα.

The result of our wavelet transformation revealed that the
high frequency (5 mHz) oscillation in the photosphere plays
an important role in inducing oscillations of the same fre-
quency in the chromosphere. The power distributions in Figs. 6
and 12 indicate that 5 mHz oscillations in the chromosphere
are associated with those in the photosphere. We also exam-
ined whether photospheric oscillations at 3 mHz, which is the
dominant power in the photosphere (Figs. 1 and 8), is corre-
lated with 5 mHz oscillations in the chromosphere. Tables 1
and 2 present cross correlations between the oscillatory powers
at 3 mHz and 5 mHz. The result shows that photospheric oscil-
lations at 5 mHz are more important than oscillations at 3 mHz
in connection with the oscillation in the chromosphere,

although the frequency of 5 mHz is less prominent in the pho-
tosphere. Although Hoekzema et al. (2002) find that exces-
sive Ca II K2V intensity oscillations are associated with 3 mHz
acoustic flux with larger-than-random probability, it was far
from a one-to-one correlation. Our results clearly indicate the
correlation between 5 mHz oscillations in the photosphere and
the formation of bright grains. Carlsson & Stein (1997) inves-
tigated the relationship between the frequency of photospheric
motions and the formation of bright grains by driving the bot-
tom of the atmosphere with motions at different frequency
ranges. They concluded that waves near the acoustic cutoff fre-
quency (5 mHz) are crucial in producing bright grains. Their
estimation is consistent with our observational results.

Although the Carlsson & Stein (1997) model reproduced
the observed characteristics of bright grains, it did not ex-
plain the reason grains are localized phenomena, since it was
a 1-D simulation. We found bright grains are related to 5 mHz
oscillations in the photosphere, and the power distributions in
Figs. 5 and 11 indicate that these oscillations are localized and
sporadic. Rimmele et al. (1995) derived the spatial distribu-
tion of the acoustic flux in the photosphere by using a narrow-
band filtergram in Fe I (λ543.4 nm). They claimed acoustic
events predominantly occur in dark intergranular lanes. Recent
3-D simulations of convection near the photosphere demon-
strate that transient acoustic waves are excited when a small
granule undergoes a rapid collapse in the intergranular lane
(Skartlien et al. 2000; Stein & Nordlund 2001). According to
their results, when a granule collapses on a time scale shorter
than that of the acoustic cutoff, it causes downflow and leaves
a decaying oscillation. They also estimated the occurrence rate
of the granule collapse and claim that the process plays an im-
portant role in the excitation of 5 mHz waves. It is interest-
ing to note that the typical size of observed grains (2–3 arcsec)
is comparable to the size of the collapsing granules. Though
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we did not obtain data on the evolution of the granules, it re-
mains a possible excitation mechanism of localized and spo-
radic waves. This must be examined in future observations.

A remaining question is whether bright grains are corre-
lated with magnetic flux in the internetwork. Schrijver & Title
(2003) suggest that the magnetic flux in the internetwork could
be connected to the corona. If there is a correlation between
bright grains and the magnetic field, grains may play an im-
portant role in coronal heating. While magnetic fields are not
included in the simulations by Carlsson & Stein (1997) and
Skartlien et al. (2000), one possible explanation for the lo-
calized nature of grains is that a wave is guided by mag-
netic flux in the intergranular lanes. Sivaraman & Livingston
(1982) claimed a one-to-one correspondence between weak
magnetic elements and Ca II K bright points in the internet-
work. However, no correlation between the bright grains and
magnetic flux has been found in recent observations. Remling
et al. (1996) used CN bandhead brightening as a proxy for
magnetic flux, but no correlation was found between CN in-
tensity and K2V bright grains. Lites et al. (1999) obtained
Ca II H spectrum and polarization data with the Advanced
Stokes Polarimeter (ASP), and concluded H2V grains were not
correlated with magnetic features. Because internetwork flux
concentrations are expected to be small in size (0.1 Mm or
less), a higher resolution polarimeter such as the Solar Optical
Telescope (SOT) on board Solar-B is required to examine
the relationship between magnetic flux and grains in more
detail.

6. Conclusions

We observed the quiet Sun with simultaneous spectroscopy
in Ca II H, Hα (or Hβ), and Fe I to study the relation between
Ca II H2V bright grains and velocity oscillations. We have
found typical examples of bright grains, which are short-lived
(1 min) brightenings and repeatedly appear at 3-min intervals
(Fig. 2). The data sets obtained with multi-line spectroscopy
first allowed us to establish the relationship between grain
formation and oscillations in the chromosphere and the
photosphere. The results indicate Ca II H2V bright grains are
clearly associated with enhanced velocity oscillations in the
chromosphere. The subsequent Ca II H2V brightenings coin-
cide with maximum downward velocities in the chromosphere,

and the line broadening suggests the existence of a velocity
gradient or acoustic shock in the chromosphere (Figs. 3 and 9).

Spatial and temporal distributions of oscillatory power
are inferred from wavelet transformation. The distribution
of 5 mHz power in the photosphere is well correlated with both
Ca II H2V intensity and chromospheric velocity. This suggests
that Ca II H2V grains are produced by 5 mHz oscillations in the
photosphere below. The 3 mHz oscillation, which is prominent
in the photosphere, is not important in terms of wave excitation
in the chromosphere (Tables 1 and 2). The question of whether
or not Ca II H2V bright grains and dark Hα grains are correlated
with magnetic flux in the internetwork is very important for the
study of coronal heating. We need more detailed observations
to solve this problem.
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