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Abstract. Here we study the dynamic properties of EUV spicules seen at the solar limb. The selected data were
obtained as time series in polar coronal holes by SUMER/SoHO. The short exposure time and the almost fixed
position of the spectrometer’s slit allow the analysis of spicule properties such as occurrence, lifetime and Doppler
velocity. Our data reveal that spicules occur repeatedly at the same location with a birth rate of around 0.16/min
as estimated at 10” above the limb and a lifetime ranging from 15 down to ~3 minutes. We are able to see some
spicules showing a process of “falling after rising” indicated by the sudden change of the Doppler velocity sign. A
periodicity of ~5 minutes is sometimes discernible in their occurrence. Most spicules have a height between 10"
and 20" above the limb, and some can stretch up to 40”. These “long macro-spicules” seem to be comprised of a
group of high spicules. Some of them have an obvious periodicity in the radiance of ~5 minutes.
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1. Introduction

Solar spicules were seen on the limb more than a cen-
tury ago (Secchi 1877; Roberts 1945). They are rapidly
evolving jet-like structures extending from the chromo-
sphere upward into the corona, and are probably the most
common feature of the upper solar atmosphere. Spicules
were traditionally defined in the cool chromospheric lines
such as Ha. Reviews summarizing Ha spicule properties
have been given by Beckers (1968, 1972) and recently by
Sterling (2000). Based on Har observations (Beckers 1968,
1972, and references therein), typically, spicules have an
average length ranging from 6 500 km to 9 500 km, widths
from several hundred to 2000 km and lifetimes from sev-
eral minutes to 15 minutes. They have an apparent up-
ward velocity of about 25 km s~!. After having reached
the maximum height, spicules are found either falling
back into the chromosphere or fading out in the tran-
sition region (TR). Spicules are reported to be slightly
taller and oriented more nearly vertical in coronal holes
(CHs), and are somewhat more numerous at polar than
at low latitudes. Spicules are estimated to cover about
1% of the Sun’s surface. Their typical chromospheric den-
sity is ~ 10" cm™3. The upward mass flux in spicules
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is estimated to be two orders of magnitude larger than
that needed to maintain the solar wind. Yet, spicules are
still among the most unresolved solar phenomena, as their
physical conditions are difficult to be clearly defined from
observations due to their small size and duration.

Since the launch of satellites, we are also able to ob-
serve spicule-like structures above the limb in UV and
EUV wavelengths. Bohlin et al. (1975) were the first to
clearly notice He11 jets at the solar limb with the help
of the XUV spectrograph on the Skylab mission. In their
data, such jets were found to construct a nearly contin-
uous band over the polar caps, ranging from 5” to over
60" in length (1”~720 km on the Sun), from 5” to 30" in
width, and from 5 to over 40 minutes in lifetime. It should
be noted that the term “macrospicules” was then used by
Bohlin et al. to name the newly discovered EUV spicules
in order to distinguish them from the Ha spicules. In this
context, the name “macrospicule” is independent of the
actual length of EUV spicules. In the following sections, we
use the term “long macro-spicule” for these EUV spicules
that were occasionally observed as high as 30000 km off-
limb. Note that, in the case of long Ha spicules, the term
“Ha macrospicule” is used (see, e.g., Moore et al. 1977).

From the Naval Research Laboratory (NRL) High
Resolution Telescope and Spectrograph (HRTS) and the
Harvard experiment on Skylab, more information about
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EUV spicules emerged (see, e.g. Withbroe 1983; Dere et al.
1983, 1989; Karovska & Habbal 1994). Nevertheless, EUV
spicules are more difficult to observe than the Ha ones,
not only because the spatial resolution needed to study
spicules is more difficult to achieve with EUV instruments
in space, but also because they are much harder to detect
against the bright TR background.

The best spectral and spatial resolution currently
available in the EUV for solar studies comes from SUMER
(Solar Ultraviolet Measurements of Emitted Radiation),
a spectrometer on SoHO (the Solar and Heliospheric
Observatory). Its spatial resolution of 1”, together with
a high spectral resolution and a time cadence of a few sec-
onds, makes it a good instrument for resolving small-scale
and rapidly evolving structures such as spicules.

According to SUMER observations (Budnik et al.
1998; Wilhelm et al. 2000; Wilhelm 2000), EUV spicules
have a length comparable to Ha spicules. They have
widths of about 1-2” when seen at chromospheric temper-
atures, and are wider in TR lines. Their enhanced radiance
structures can be distinguishable up to a temperature of
about 2 x 10° K. The line-of-sight (LOS) velocity derived
from the Doppler shift has average values of 30 km s~!.

Spicule studies are still in their infancy, and many
questions about their properties are not yet answered, not
to mention the efforts which are being made for finding
the mechanism that is producing them. There is a strong
debate as to whether they are due to propagating waves
or to magnetic reconnection.

Another one of the most controversial issues is the con-
nection between Ha and EUV spicules. Although both
features look like thin elongated jets, a direct comparison
is rather difficult (see, e.g., discussion in Sterling 2000).
Because the density of EUV spicules measured at TR tem-
peratures is much lower and their width is much broader
than those of Ha spicules, it is suggested that, if these
two structures belong to the same phenomenon, the EUV
spicules are likely the hot sheath of the cool Ha spicules,
which constructs a transition between the hotter corona
and the cooler material from below (Withbroe 1983).

In the attempt to elucidate more of the spicule charac-
teristics, in this contribution we study the dynamic prop-
erties of EUV spicules. The data selected for this study
were obtained as time series in polar CHs by SUMER.
The short exposure time (compared with the lifetime of
spicules) and the almost fixed position (due to a reduced
effect of the solar rotation at the poles) allow us to analyse
the spicule occurrence, lifetime, LOS velocity and other
characteristics derived from the good spectral information
of our data. The temporal evolution of solar EUV spicules
has never previously been seen for such long observing se-
quences or with such clarity as reported here. A colour
version of the figures from this paper are given on-line.

2. Observations and data analysis

The data selected for this study were obtained as time se-
ries in two polar coronal holes (PCHs, see Table 1) by the
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Fig. 1. The two figures illustrate the solar poles in the light
emitted by the Fexir 195 A line (1.5 x 10° K), taken by
EIT/SoHO. The vertical white lines show the fixed position
of the SUMER slit during the observations for PCH 1 and
PCH 2a. The third dataset, PCH 2b, is taken in the same
Southern hole, four days before the PCH 2a data.

SUMER spectrometer (Wilhelm et al. 1995, 1997; Lemaire
et al. 1997). During the observation, the SUMER slit was
fixed (without scanning) at position = 0", y = 909.75"”
for PCH 1, z = 0”, y = —950.25" for PCH 2a, and
xz=0"y =—-984.75" for PCH 2b. The two CHs are shown
in Fig. 1, where the EIT (Extreme Ultraviolet Imaging
Telescope) 195 A images are plotted overlaid with the po-
sition of the SUMER slit. The two PCHs (dark regions)
can be clearly distinguished in the images.

The slit width (1”7 for PCH 1 and PCH 2a; 0.3”
for PCH 2b) determine the spatial resolution along the
x—direction, while the resolution element along the slit
in the y—direction (north-south; positive towards north)
is given by the pixel size of the detector, and is approxi-
mately 1”. The exposure time for each dataset was: 30 sec
for PCH 1, 60 sec for PCH 2a, and 15 sec for PCH 2b.

In our analysis, we first applied the standard proce-
dures for correcting and calibrating the SUMER raw data.
They include decompression, reversal, as well as flat-field,
dead-time, local-gain and geometrical corrections. The
method used to deduce the line parameters (radiance, cen-
tral position of the spectral line and width) is described as
follows. We calculated the central position for every pixel,
by integrating the line radiance across a certain spectral
window and determining subsequently the location of the
50% level with sub-pixel accuracy. This procedure is fre-
quently used to obtain SUMER, Dopplergrams (see details
in Dammasch et al. 1999) and dramatically reduces the
computing time for a large number of data. The results
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Table 1. SUMER observations of temporal series in polar coronal holes (PCHs)

Ttem Date Time Solar coordinate Wavelength used Detector Exposure
UT z ("), y (") (A) and slit time (s)
PCH1 20/10/1996 19:57 - 23:57 0, 909.75 N Niv 765 A, Neviir 770 A B 2 (1”x300”) 30
PCH 2a 25/02/1997  00:03 - 13:58 0, 950.25 S N1v 765 A B 2 (1”x300") 60
PCH 2b  21/02/1997  01:20 - 01:35 0, 984.75 S C 977 A B 6 (0.3 x120") 15
N IV 76.5 nm (140 000 K) 20 October 1996 Ne VIl 77 nm (630 000 K)
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Fig. 2. The temporal evolution of the Northern coronal hole (PCH 1) seen in the N1v 765 A (left) and Ne viii 770 A (right) lines,

with a cadence of 30 sec. Spicule structures are clearly seen in the TR line N1v (140 000 K), but not in the higher temperature

line Ne viir (630000 K). At the top of the figures we show the radiance varying with time for both lines at the height of 10"

above the limb (indicated, in the 2D plots, by the dotted black line). The continuous black line represents the N1v limb.

deduced by this method are statistically consistent with due to the high brightness contrast between spicules and
those obtained by using the standard Gaussian fitting pro- the dark regions, while they are indistinguishable in the
gramme (Xia 2003). In addition, a line-position correction NevIl line. Further inspection of the latter line reveals
was applied, to remove spurious spectral line shifts caused that its time-dependent radiance variation above a height
by thermal deformations of the instrument, and to elimi- of 5” falls in a range of standard deviation, indicating that
nate residual errors (systematically varying along the slit) the temperature of spicules cannot reach 6 x 10° K, the
after the geometric correction, using the standard software  value of the Ne vIII formation temperature. This is consis-

(Dammasch et al. 1999; Xia 2003). tent with previous observations (Withbroe 1983; Budnik
et al. 1998; Wilhelm et al. 2000). In the following study,
3. Occurrence, length and lifetime we only use the N1v line due to its strong radiance and

almost pure profile without blends of other lines.
The time evolution of a small region at the solar limb,

inside the Northern coronal hole (PCH 1), is displayed PCII-IDQF%g. }?’ gve ?.how §p}ilcule Structu;es obs.erved fin
in Fig. 2 as radiance maps in the N1v 765 A (left) and ain the N1v line, with a cadence of one minute, ior

Ne VI 770 A (right) lines. The maps show a time sequence almost 14 h0.ur3. The figure S}.IOWS solar spicules continu-
taken repeatedly every 30 sec for =~ 4 hours. In order to o.usly appearing and then fadl'ng away at.the samne loga-
. . o1 . tion, allowing us to see the spicule evolution with clarity
increase the visibility of structures, we have processed this " .

image by using a logarithmic scale to improve its contrast. and for a long single observing sequence.

The limb position is set as Y = 0. We have determined Note that both Figs. 2 and 3 display time-series radi-
it as the peak-radiance position along the solar y-direction ance maps, which are different than raster images. Spicule
in the N1v line. Previous studies (see Mariska 1992) in- shapes in such a map exhibit their evolution with time if
dicate that the white-light limb would be about 2” lower they can be detected at the location where the SUMER
than this. And it is indeed 2" lower if we look at the con- slit is pointed. Therefore, the shapes do not reflect a spa-
tinuum in our data. tial expansion along the z-direction. Nevertheless, we are

At the top of the figures, we plot the radiance varying able to see how they expand along the y-direction (radial
with time at a height of 10” above the limb. One finds direction in these observations) and how long they persist
that spicule structures are clearly seen in the N1v TR line in the field of view (lifetime). In this context, a narrow
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Fig. 3. The evolution of a small region at the solar limb, inside the Southern coronal hole (PCH 2a). The image is a time
sequence taken repeatedly every minute for ~14 hours. Brighter colors represent higher radiance of the N1v 765 A line.
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Fig. 4. Radiance ratio I /I (I is the background radiance taken from the darkest pixel at each height) versus time (in min) at
10” and 15" above the limb for PCH 2a (N1v 765 A line). The over-plotted curves represent I, > 4; we use them for counting
the spicules. With “A” and “B” we denote two locations where spicules show an obvious periodicity.

(wide) feature seen in such an image means it has a short
(long) lifetime. In addition, different shapes may represent
different evolution stages of spicules, e.g., in Fig. 3 the ex-
pansion front tilts towards the right side when they are
rising and towards the left when falling.

From Figs. 2 and 3, one can see that most spicules
have a height between 10” and 20" (similar in range to
a typical Ha spicule length). Nevertheless, some of them
can reach heights of 30” — 40” and can be identified as
long macro-spicules in terms of length.

An exact counting of spicules is difficult due to their
different sizes and overlaps, in particular, for those with
small lengths. However, an estimate can be made for those
visible at a height above 10”. Fig. 4 displays the radiance
ratio I/Ip, in which I, is defined as the background radi-
ance taken from the darkest pixel at each height, versus
time, at 10” and 15” off-limb. The over-plotted curves
represent the radiance ratio larger than 4, and are used
to count the number of spicules. The occurrence rate of

spicules during the entire observation, viewed by eye, is
estimated to be about 0.16/min, with little difference be-
tween 10” and 15" off-limb.

An average lifetime of about 5 min can be inferred
from the occurrence rate discussed above. An inspection
of individual structures indicates that their lifetimes range
from ~ 15 down to ~ 3 min. This is in agreement with
previous studies of Ha spicules (Beckers 1972), as well as
EUV spicules (see, e.g. Dere et al. 1989; Budnik et al.
1998). However, an exact measurement of the spicule life-
time is not easy, especially for those which are short-lived,
because their roots are overlaid with each other, making
them difficult to be determined individually.

Spicules are sometimes found to have a periodic occur-
rence, with periods ranging from 3-5 min to 10-15 min.
But as they are so dynamic, they look different along the
distance from the limb. For example, one can see in the
upper frame of Fig. 4 at location “A” a period of ~10 min,
and at location “B” a period of =5 min. Nevertheless, the
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Fig.5. Top panel: a segment plot (the first 100 min) taken
from PCH 2a showing the temporal map of the N1v 765 A
radiance, with overlaid contours showing different levels of ra-
diance in logarithmic scale. The other panels represent the line
Doppler shift (thin black curve) and radiance (the thick grey
curve) varying with time at three locations: at 5, 10" and 15"
above the limb. Note that the radiance is inverted to enable
an easier comparison with the contours from the top panel.
Vertical dotted lines show examples of positions where, in the
third panel (at 10”), the velocity changes its sign (negative
values represent blue-shifts, or outflows; positive values — red-
shifts, or inflows). This transition of the spicule Doppler shift
could be caused by material falling after rising.

situation changes higher up, at 15”: the structures from
location “A” now show a finer detail, revealing that each
of the three clear peaks from 10”, “split” into two, show-
ing a small peak in front of the big one. This could indi-
cate that such a 10 min-living structure (as seen at 10”
above the limb) is actually made up from two indepen-
dent features, or that the spicular material is falling back
to the surface after rising, having a slightly different form.
Other locations in Fig. 4 also undergo obvious changes in
the structure viewed at different heights off-limb. To fur-
ther analyse the characteristics of spicules, we look at the
Doppler shift of the plasma in these features.

4. Velocity

In Fig. 5, thin black lines in the bottom panels repre-
sent the Doppler velocity for the first 100 min taken from

PCH 2a, with the radiance curve over-plotted as a thick
grey line (in arbitrary units). Note that the radiance is
inverted to enable an easier comparison with the contours
showing different levels of radiance in logarithmic scale,
from the temporal map in the top panel. We assume that
the velocity is zero at the limb, therefore we have sub-
tracted 2 km s~! from its values. This is, nevertheless,
within the limit of the uncertainty for this type of data,
which, in a previous study, we have estimated to be ~ 3 km
1 (Popescu et al. 2004).

Like the line radiance, the velocities deduced from line
shift are highly structured, with a time scale down to a
few minutes. In addition, they seem to vary with height
if observed at the same time. Obviously, the higher we go
off-limb, the more structure we see in spicules, and the
wider become the “inter-spicular” gaps, with low plasma
density. The precision of the Doppler shift measurement
decreases with height, but not uniformly, as we can still
measure it quite well inside the spicules.

To see where the changes in the velocity sign are taking
place, we show some of these examples as vertical dotted
lines in Fig. 5; they mark out the position at 10" above the
limb (the third panel) where the Doppler velocity changes
the sign. Following the intensity curves at 10" and 15" off-
limb in the one-dimensional plots or in the 2D temporal
radiance map (top panel), we find that the change of sign
takes place near the peak of the radiance.

A direct interpretation of such a velocity jump is that
the spicule material is seen falling after rising. The veloc-
ity jump corresponds to locations where a “falling after
rising” process is also indicated by the expansion front in
the time-series radiance map. Note that the velocity often
begins with a positive sign which means a red shift (i.e.
away from the observer). This can be naturally interpreted
as being due to the spicules tilting towards the back side
of the sky plane; in that case the Doppler shift is red when
the material rises and blue when it falls. The opposite sit-
uation will happen if the blue shift is first observed, i.e.
the spicules tilt towards the observer.

In order to see in more detail the Doppler velocity
behaviour in spicules, we have chosen another dataset
in which the line is cooler (C1r 977 A at ~60000 K)
and stronger, so that the exposure time is only 15 sec.
Although this dataset lasts only for ~15 min, we are able
to see a better time resolution “close-up” of the Doppler
velocity in spicules. In Fig 6, we plot the radiance map
and Dopplergram of the C1iI line obtained in PCH 2b,
where we find a clear periodic variation of the Doppler
shift. The period is around 5 min, present at all heights
between the limb and 15" above it.

Regarding the spicule periodicity, a recent observa-
tional and modeling study exhibited evidence for a re-
lationship between the Ha spicule occurrence in an active
region and persistent photospheric oscillation (De Pontieu
et al. 2003, 2004).
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in logarithmic scale. Right panels show the relative Doppler shift at four locations above the limb: at 0”, 5, 10” and 15" off-limb.

5. Long macro-spicules

In the presently studied datasets, there are spicules that
reach lengths higher than 30" off-limb (see Figs. 2 and 3).
As discussed in the introduction, we refer to these with the
term “long macro-spicule”. We have looked at the evolu-
tion of some of these long macro-spicules. In Figs. 7 and 8
we plot the time-series radiance and LOS velocity maps,
as derived from the N1v line characteristics, for the four
longest macrospicules from PCH 1 and PCH 2a.

During the observations, the SUMER slit was point-
ing to the center of the Sun’s poles across the limb. Thus,
it practically followed the same region on the Sun for
the whole observing time, with the rotational compensa-
tion switched off. The instrument itself had no mechani-
cal movement between any two exposures. In addition, the
SoHO spacecraft has a good pointing stability better than
1" over a 15 min interval (Domingo et al. 1995). Therefore,
we believe that the features displayed here were actually
from a specific part of a spicule. When looking at such
detailed plots of long macro-spicules one can see how the
radiance of this specific location varies along their lifetime,
as well as the behaviour of the Doppler velocity.

The time-series radiance maps shown in Figs. 7 and 8
reveal that long macro-spicules are highly structured. In
the first frame of Fig. 7, two bright columns with bright
feet at the same location near the limb can be identified
between 0" and —10”, centered at 473 min and 478 min, re-
spectively. The time interval between them is about 5 min.
Another bright column between —5"” and —15" centered at

481 min seems to disconnect with the low-lying bright fea-
tures. We cannot know whether it is another jet or just
the returning plasma of the macro-spicule. A similar situ-
ation can be found at the leading edges of the other long
macro-spicule, but less obvious concerning the 5-min in-
terval for the one centered at 90 min plotted in Fig. 8. For
the macro-spicule centered at 775 min in Fig. 7, individ-
ual components from its right side seem to have different
footpoints (a few arcsec away from those on the left).

The fact that long macro-spicules are composed of sev-
eral individual spikes seems to be a general characteristic
for both datasets from PCH 1 and PCH 2a (look again at
Fig. 2, upper panel, left and Fig. 4). Some of them have
an obvious periodicity in the radiance of ~5 min, regard-
less of the exposure time of the dataset. This corresponds
exactly to the average lifetime of a “normal” spicule, as
seen in the same data. This therefore suggests that a long
macro-spicule is made from a group of spicules that reach
larger heights. It is also possible that two adjacent com-
ponents could actually represent the same plasma loop,
tilting backward and then towards us (or vice-versa), but
this requires a special configuration: the loop to be ori-
ented along the line of sight, with both feet inside the slit.

One finds, in the time series Dopplergrams shown in
Figs. 7 and 8, that the amplitude of the Doppler shift
variation for the macro-spicules is the smallest (mostly
ranging from ~-5 to +5 km s~!) just above the limb. The
Doppler shift values quickly increase with height above
10", reaching a maximum between 20” and 30”. The max-
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imum red-shift ranges from ~20 to 60 km s~!, while the
blue-shift from ~-10 to —40 km s~!. As pointed out be-
fore when we discussed Fig. 5, the precision of the Doppler
shift drops together with the plasma density, therefore we
can only trust its values inside spicules. At large off-limb
positions outside spicules, the derived velocity values are

not reliable, and thus they have not been plotted.

The two long macro-spicules from Fig. 7 and the left
one in Fig. 8 are found to be composed of several increases
in radiance (individual spicules) with alternating velocity
signs. On the contrary, the one centered at 92 min in Fig. 8
exhibits a different Doppler pattern, without a similar sys-
tematical change of the velocity signs. A possible reason
may be that this macro-spicule was located in the sky
plane, so no systematical LOS velocity was detected.

radiance map Dopplergram t=60:110
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Fig. 8. The same as Fig. 7, but taken from PCH 1 (the time
interval between 60 and 110 min).

Long macrospicules are often observed having one side
with a red-shift and another side with a blue-shift if seen
in the Dopplergrams obtained by CDS/SoHO (see, e.g.
Pike & Mason 1998; Banerjee et al. 2000). This has been
interpreted as evidence of rotating motion of the spicular
plasma, which may be driven by torsional Alfvén waves
propagating along an open magnetic flux tube (Kudoh &
Shibata 1999). Another possible explanation is that this
would be an indication of a flow up and down along a loop
with both feet rooted on the Sun’s surface. In that case,
its projection constructs a spike-like structure in the sky
plane.

In our temporal series data, we see that the long
macro-spicule consists of several increases in radiance (in-
dividual spicules) with alternating Doppler velocity signs.
This phenomenon could be caused by an up-going followed
by a returning of the macro-spicule’s plasma or just sim-
ply by individual spicules if they tilted away from the sky
plane. An interpretation as a flow along a loop seems to
require a special geometrical configuration, as discussed
above. Furthermore, we emphasize here that the transi-
tion of Doppler shift actually took place at the same lo-
cation, on top of the peak. Should a rotating motion have
been considered, we would have had an interesting result
that the transverse velocity changes its sign during the
decaying phase of macro-spicules. It is also possible that,
as suggested by Pike & Mason (1998), a combination of
both rotating and up-going motion was indeed observed.
Therefore, it seems that at the time being we are unable to
get an exclusive interpretation, and a fast-repeated raster-
scanning observation should hopefully provide a clear view
on the time evolution of an entire spicule-structure.

The low velocity in the early stage of spicule evolution
deduced from the line shift has also been found with CDS
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observations (Pike & Harrison 1997; Pike & Mason 1998).
The reason why spicules have a low Doppler velocity just
above the limb is unclear. One possible explanation is that
the measured line profiles are contributed largely by the
background emission there, which stems from surrounding
structures being at rest. From a statistical point of view,
velocities from unresolved spicules with random orienta-
tions may also cause a small total shift by cancellation
with each other. Another possibility is that spicules are
really undergoing acceleration at these heights, as sug-
gested by Pike & Harrison (1997). We believe that a fur-
ther study is necessary in order to answer this question.
In the radiance map from Fig. 3, many bright structures
show a vertical appearance which might reveal that they
are ejected quickly in this initial stage, an idea consistent
with previous studies (Karovska & Habbal 1994; Parenti
et al. 2002).

6. Summary and conclusions

In this study we analysed the behaviour of solar EUV
spicules in three observing sequences, one of them being as
long as =14 hours. It is of great interest to see the spicules
continuously appearing and then fading away at the same
location, inside both the Northern and the Southern polar
coronal holes.

Most spicules studied here have a height between 10”
and 20” above the limb. Nevertheless, a few of them can
reach a height up to 40”, being defined then as “long
macro-spicules”. Their lifetime ranges from 15 min down
to ~3 min. These results are consistent with previous stud-
ies carried out by various authors cited in the introduction.

We have concluded that EUV spicules occur repeatedly
with a birth rate of around 0.16/min as estimated at 10”
above the limb. But their periodicity is difficult to deter-
mine, as spicules have different heights and it is not always
possible to distinguish individual features. Nevertheless, a
careful examination of the long datasets in the N1v line,
as well as a short but better resolution data in the C1i1
line indicate that the periods would be around 5 min.

Another conclusion derived is that the high long-lived
macro-spicules are not a single entity, but a group of
plasma jets reaching larger heights, occurring repeatedly
at a time interval similar to the normal spicules, of about
5 min.

A fast-repeated raster-scanning observation is indeed
necessary to provide a clearer view on the time evolution
of a spicule, and especially to what produces the red-blue
velocity structure clearly seen in long macro-spicules.
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