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Abstract. The Coronal Diagnostic Spectrometer (CDS) omrevealed intriguing insights. Thus Porter et al. (1984) discov-
board the SOHO satellite has been used to obtain movieseoéd transition region brightenings lasting typically less than 1
quiet Sun regions at disc centre. These movies were usednioute, while Rabin & Dowdy (1992) reported on transition re-
study brightness variations of solar features at three differggion brightenings lasting longer than 5 minutes and found that
temperatures sampled simultaneously in the chromospheric Hedst of the significant fluctuations last ferl 0 minutes, though
584.3,&(2-104 K), the transition reginOV629.7A(2.5~105 K) a non-negligible amount of points shows longer lasting bright-
and coronal Mg IX 368.14 (108 K) lines. enings. Lites & Hansen (1977) analysed images of solar active

In all parts of the quiet Sun, from darkest intranetwork teegions usingSO-8lata and reported on transient brightenings
brightest network, we find significant variability in the He | ana@f transition region lines of up to factors of 10 lasting several
OV line, while the variability in the Mg IX line is more marginal. minutes and showing a repetitive character.

The relative variability, defined by rms of intensity normalised The improved performance of the instruments onboard of
to the local intensity, is independent of brightness and strongtst Solar and Heliopsheric Observatory (SOHO) and Yohkoh
in the transition region line. Thus the relative variability is theatellites allow this topic to be investigated in greater detail.
same in the network and the intranetwork. More than half of ti8trong et al. (1992) used the Soft X-ray Telescope (SXT) on-
points on the solar surface show a relative variability, determinbdard Yohkoh to study X-ray bright points (XBPs). They found

over a period of 4 hours, greater than 15.5% fa @V line, that the longer-lived XBPs exhibit significant intensity fluctua-

but only 5% of the points exhibit a variability above 25%. Mogions on time-scales from a few minutes to hours. Shimizu et al.
of the variability appears to take place on time-scales betwg@d®92) reported that transient brightenings were typically ob-
5 and 80 minutes for the He | drO V lines. served at a rate of one every 3 min in very active regions, down

Clear signs of “high variability” events are found. For thes® one every hour in somewhat quieter active regions. Bergh-
events the variability as a function of time seen in the diffemans et al. (1998) studied quiet Sun EUV transient brighten-
ent lines shows a good correlation. The correlation is highiegs by applying a Fourier analysis to data obtained with the
for more variable events. These events coincide with the (tiraatreme-Ultraviolet Imaging Telescope (EIT) onboard SOHO,
averaged) brightest points on the solar surface, i.e. they ocand reported that transition region brightenings last from 2 to
in the network. The spatial positions of the most variable poirg® min, while brightenings in the low corona range from 2 to 30
are identical in all the lines. min. Finally, strong transient brightenings called blinkers have

been observed on a time-scale of tens of minutes in the quiet
Key words: Sun: chromosphere — Sun: corona — Sun: transiti®un (Harrison 1997) and in active regions (Walsh et al. 1997)
region — Sun: UV radiation using CDS on SOHO.

The study of solar variability could provide clues for un-
derstanding how the solar chromosphere, transition-region and
corona are heated, since heating events, be they due to magnetic
reconnection or the dissipation of wave pulses, are expected to
The variability of the Sun’s upper atmosphere on time scalegduce transient brightenings in the emission from the rele-
less than a day has been studied using a variety of instrume¥@it atmospheric layers (e.g. Schadee et al. 1983; Lin et al.
Early work used instruments on the Skylab mission (e.g. RE984, Parker 1987, Ulmschneider et al. 1991).
bin & Dowdy 1992, in the quiet Sun) and the Solar Maximum Inthis paper we present the results of a statistical analysis of
Mission (SMM, e.g. Porter et al. 1984, in an active region). [fa€ brightness variations observed in the quiet Sun using movies,
spite of suffering from poor spatial sampling these instrumerfigtained with the Coronal Diagnostic Spectrometer (CDS). A

1. Introduction
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He | 584.33 A OV 629.74 A Mg IX 368.06 A rays. Finally, the data were corrected, to first order, for the slow
evolution of the geometrical structure of solar features by re-
moving the long-term linear trend. This was done separately for
each pixel and spectral line.

We quantify the variability through the rms of the time se-
ries. Due to the broad point-spread-function of CDS individual
pixels are not independent in their brightness or noise proper-
ties. If analysed individually normal statistics could then not be
applied to determine the photon noisgIfitensity). Thus we
found that the variability determined from individual pixels in
the Mg IX line is far smaller than the photon noise, if the later
is simply determined using the data from that pixel. To resolve
this problem we bin the intensities from groups of 4x4 pixels for
most of the analysis described here. This is the minimum binning
required in order to achieve nearly critical sampling (compare
with the point spread functions given by Harrison etal. 1995 and
Pauluhn et al. 1999). In this manner the S/N ratio is increased
by a factor of 4 and, as we shall see in Sect. 3.2, the variabil-
_ _ _ _ ity of the Mg IX line appears marginally significant. Note that,
E‘Sé;mﬁ‘a ETESZ-,Egﬁ.ﬂﬁg}?guhq-%z?énﬁivg\;rzrznge;\r Zz%rﬁﬂegdlg’(” 3f’élllowing Thompson (1998) the noise has been multiplied by
368 A. The field of view corresponds 7" x 217". Brighter areas V2. Th(.:" bmmng over 16 pler§ 'S acompromise- averaging over
correspond to higher intensities. more plxels_ improves the statistics so_mev_vhat, but decreases the

number of individually analysed spatial pixels.
The average S/N ratios, after grouping 4x4 pixels, are 65.4
preliminary version of some of the results was presented #gd 70.3 for He I, 44.9 and 49.2rf® V and 26.4 and 25.9
Ruedi et al. (1997). for Mg IX for the two data sets, respectively. In the following
we analyse the temporal intensity variations for each of the 320
binned pixels.
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2. Observations

The analysed observations have been carried out using the NorResults
mal Incidence Spectrometer (NIS) of CDS (Harrison etal. 199
in its movie mode, i.e. with th@0” x 240" slit. In this mode
a filtergram covering a part of the solar surface corresporidtensity distributions in EUV lines (originating from the upper
ing to the slit size is produced at each wavelength. Filtergramisromosphere to the corona) of the quiet Sun are given by Huber
in 3 strong and sufficiently isolated spectral lines, He | 584.3et al. (1974) and Reeves et al. (1976), base8kylabdata, by
(210 K), 0V 629.7A (2.5-10° K) and Mg 1X 368.1A (106 K), Lemaire et al. (1997) who used the Solar Ultraviolet Measure-
were recorded simultaneously. Spectral information within eanfents of Emitted Radiation (SUMER) spectrograph onboard
spectral line is lost. The images were obtained at a cadenc&s@HO, and by Gallagher et al. (1998), from CDS scans. Ac-
31 seconds for a duration of 4 hours each on 3rd December 1@86ding to the first three of these investigations the distributions
and on 6th December 1996. The actual exposure time wasi2%he quiet Sun can be characterized by a peak at a relatively
seconds and the overhead per frame amounted to 6 secondd@thieéntensity and a high-intensity tail. Gallagher et al. (1998)
overhead is mainly for reading out the CCD and preparingshowed that the intensity histograms of 10 spectral lines (orig-
ready for the next exposure). The targets were quiet regionsratting from the upper chromosphere to the corona) can be de-
the centre of the solar disc. Hig. 1 shows a time-averaged fragteibed by the sum of two Gaussians.
in each spectral line. The panels correspond from left-to-right Histograms of the temporally averaged intensity obtained
to the He 1 5843, O VV 629A and Mg IX 368A lines. from our data are displayed in Fig. 2. The distributions of the in-
After carrying out the standard reduction procedure - i.@gnsity in He | (solid curves) ahO V lines (dash-dotted curves)
correcting for bias of detector, calibration, etc.- we used crodsve a peak at a relatively low intensity and a high-intensity
correlations and pointing information provided by the instruail in both data sets, while they are rather narrow in the Mg IX
ment housekeeping data to compensate for solar rotation ¢énd (dashed curves). The tail of high intensity points seen in
changes in the telescope pointing. Therefore, in the redudde | and O V is due to thihigh contrast of the network in these
time series, each pixel follows the same point on the solar slines (the bright features in the left and middle panels of[Hig. 1).
face during the whole time series. The size of the resulting fielthis network is still recognizable in the images recorded in the
of view is 67”7 x 217" (40 x 129) pixels, with the pixel size Mg IX line, but at a much lower contrast, and covering a larger
being1.68” x 1.68”. We took special care to interpolate ovefraction of the solar surface, which leads to the narrower and
pixels with missing data and pixels contaminated by cosmigore symmetric histograms of this line. In the first data set the

é.)l. Intensity distribution
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Fig. 2. Histograms of the intensity values recorded in the 3 spectialg. 3. Scatter plot of the ratio of the intensity-rms to the noise of the
lines. The intensity is given in cgs units, i.e. in ergsitancseé/sec. OV line at 629A as a function of its intensity. The horizontal dashed
line represents rms values corresponding to tha@@ise level.

distribution in the Mg IX line is slightly broader than in theFig[3, with a somewhat higher S/N ratio and only marginally
second data set and shows hints of a second peak. This lin@vger rms/noise.
actually a blend of a Mg IX10° K) and a Mg VII (6 - 10° K) We tested to see if pointing errors due to the jitter of the
lines (Brekke et al. 1997). Using the CHIANTI database (Despacecraft and the instrument could produce the observed vari-
etal. 1997, Landi et al. 1999) we find that the expected relatiggons by making a Monte—Carlo simulation. Pre-launch tests
strengths of the Mg VI line to the Mg IX line is 0.25 in thegive avalue of below.1” for the spacecraftjitter, while the CDS
quiet Sun. This blending is unlikely to be responsible for thastrument itself is expected to be even more stable. We there-
double-peaked distribution because the second data set exhfbits produced 120 pairs of normally-distributed random num-
a single-peaked distribution, while Gallagher et al. (1998) albers, corresponding to shifts in theandy directions (along
observed a double-peaked distribution in the unblended Mgaxd across the slit, respectively) with a standard deviation of
624.954 line. The 2 peaks are characteristic of the solar featuréd 5”. We selected arbitrary frames for each spectral line and
present at the observed location. shifted these frames according to the values of the “Monte—
Carlo” shifts, thus creating artificial time-series in which the
variability is produced solely by the jitter of the spacecraft. The
analysis of these time-series reveals that the jitter can contribute
Tojudge the reality of the brightness variations with time we firth at the most 10% of the observed variations. Hence most of
determined and plotted the ratio of the rms intensity fluctuatiotiee observed fluctuations are intrinsic variations of the solar
to the noise as a function of the intensity for each of the 32adiation.
binned pixels. This is shown on Fig. 3 forelD V line. The Fig[4 shows the percentage of pixels with an rms/noise ra-
rms is computed over the whole duration of the observationst{d lying above the corresponding value on the abscissa. For
hours). The noise and the intensity are averages over this pesadh spectral line two curves are plotted, corresponding to the
of time. two analysed data sets (of 3rd December 1996 and 6th Decem-
Since all but one of the points lie above an rms/noise raer 1996, respectively). The difference between the two days
tio of 3.0 all intensity variations are larger than the noise arsl not significant. The vertical dashed line marks rms values
consequently real. Significant variabilities are observed at afirresponding to thedlnoise level. The most significant varia-
intensities. The possibility that the geometrical evolution of th®ns are observed in ¢ V line, while the Mg IX line shows
brightness structures produces a substantial amount of theémgeleast significant, barely marginal variations. Recall that the
variabilities was tested by removing a long-term linear trembise level depends on the amount of binning. The rms of the
for each pixel. No significant changes in the plot were noticaéatensity, however, is almost identical for single pixels and the
before and after this correction (all the results presented in thie4 binned pixels, as is expected as long as the spatial res-
paper were obtained after the removal of such trends). The owatition element of CDS is not smaller than the binned pixel.
all shape of the corresponding plot for the He I line is similar tSince the true variability cannot be smaller than the noise, the

3.2. Reality of the brightness variations
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Fig. 4. Fraction of points with an intensity-rms/noise ratio lying abov&ig. 5. Fraction of points with relative variability lying above the cor-
the corresponding value on the abscissa. For each spectral linergsponding value on the abscissa. The two curves for each spectral line
shaded regionis enclosed by two curves resulting from the two analyseste obtained from the two analysed data sets.
data sets. The vertical dashed line marks rms values corresponding to
the 1o noise level.
dotted lines. The curves show a significant inclination, implying
that the variability in one line is related to the variability in an-

rms/noise ratios plotted in Fidg. 3 ddd 4 are lower limits. [Hig.ether line. The correlation coefficients between the variabilities
tells us that basically every point in the quiet Sun is significantsupport this and amount to 0.77 and 0.86 for the O V-He | pair,
variable at the & level in the upper chromospheric and transiB.53 and 0.65 for the Mg IX—He | pair and 0.45 and 0.64 for
tion region lines (in agreement with Rabin & Dowdy 1992 anthe Mg IX-—O V pair. The correlation coefficients were deter-
Berghmans et al. 1998). Only 47% of the points of the corormalined using all the 320 points, i.e., prior to this second round
line are significantly variable at therlevel (for the 4x4 binned of binning. The correlation between the Mg IX line and the
data, which are analysed here), but, as mentioned above, thig other lines implies that at least some of the variability seen
proportion depends on the amount of binning. in the Mg IX line is of solar origin. Since according to Hig. 4

The difference in the significance of the variability exhibitethe variability of the Mg IX line is barely significant, Figl. 6 in-
by the 3 lines is not due to different noise levels, but rather tiicates that the noise estimate is still somewhat too large, even
absolute differences in variability. This is illustrated by Eig. Jfter binning. Not surprisingly, the correlation is largest between
whichis similar to Figl 4, but with the difference thatthe abscis$¢e | and O V, but it is slightly larger between He | and Mg IX
is the relative variability (i.e. rms/intensity) instead of rms/nois¢han between O V and Mg IX. This may at first sight appear
The highest relative variability is observed iretl® V line, surprising since ta O V lines samples a temperature between
followed by the He I line, with the least being in the Mg IXHe | and Mg 1X, so that variability that takes place simultane-
line. The median variability for the 3 spectral lines is found tously at the chromospheric and coronal levels should also be
be 15.5% for tke O V line, 8.5% for the He | line and 3.5% forvisible in between. The solution to this riddle may well lie in
the Mg IX line. the complex formation of the He | line, which is also somewhat

Let us now test whether the variability shown by Mg IX isensitive to coronal properties (Fontenla et al. 1993; Andretta
really due to noise, as suggested by [Hig. 4, or if at least a p&rfones 1997). Hence, the large correlation between He | and
of it is real. To this end we plot pixel-by-pixel the variabilityMg IX may simply reflect the fact that a part of the fluctuations
in one line vs. the variability in another line (Hig. 6). Prior tseen in He | are actually coronal in origin. Since the coronal
plotting we collected the data points into bins of 32 points eachdiation is far less variable than the transition region radiation
according to their variability in the spectral line. l.e., we firstas suggested by the Mg IXdi© V curves in Fig.b) the lower
take the 32 points with the lowest variability values on the abelative variability of the He 1 line (i.e. variability over inten-
scissa and find their average value. Then, for the spectral Igi) must not on its own signify that chromospheric radiation is
on the ordinate we take the 32 corresponding values of rms desk variable. The argument for that chromospheric radiation is
determine their average value and standard deviation. Then,legs variable could be in the results of Rabin & Dowdy (1992)
proceed with the next 32 points and so on. The binned variabilho found that the relative variability in the chromospheric H |
ity is represented by the solid line, the standard deviation by the « line is smaller than in any of the transition region lines
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Fig. 6. Variability exhibited by one spectral line vs. variability of another line. Solid curves: binned values (see text for details). Dotted curves
indicate the & uncertainties. The correlation coefficient between two variabilities is given at the upper left corner of each frame. Left-hand

frames: data obtained on 3rd December 1996, right-hand frames: data obtained on 6th December 1996.

they observed. The non-negligible correlation between the Gsvhall correlation coefficients between the relative intensity fluc-
and the Mg IX variability is in agreement with the finding otuations and the intensity (also indicated on the plots), amount-
Berghmans et al. (1998) of the similarity between the paraniag to —0.21 and 0.03 for He I, 0.10 and 0.29 for O V, and 0.17
ters characterising brightenings detected in lines formed in thied 0.24 for Mg IX, confirm that theslativeintensity variations
transition region and cooler parts of the corona. This suggegtsnot depend significantly on the absolute intensity in a spectral
thatthe brightenings in both layers result from the same physiéedture, irrespective of the spectral line, i.e. of the temperature.
processes. This result implies that the relative brightness fluctuations are
equally strong in the network as in the intranetwork. Vernazza
et al. (1975) found the same result for the chromospheric and
transition region EUV lines they used. The average values of
Fig.[d shows binned values of the relative intensity fluctuatiotise relative intensity fluctuations are identical for the two data
of each spectral line as a function of the time-averaged intengts and amount to 8.8% for He I, 15.2% f@ V and 3.7%
(solid lines). Prior to plotting the data from all 320 pixels, théor Mg IX (the averaging was done over all 320 values). These
points were combined according to increasing intensity into 18lues are compatible with those of Berghmans et al. (1998),
bins, each containing 32 points. The dotted lines indicate twao got 16% for the He 1l 304\ line and 5% for the Fe XII
standard deviation of the points in the bin. The relative variabil95A coronal line.

ity does not depend on intensity, within the uncertainties. The

3.3. Relative intensity fluctuations
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Fig. 7. Relative intensity fluctuations (rms of intensity/intensity) vs. intensity for each spectral line (from top to bottom) and for the two days
(left: 3rd December 1996, right: 6th December 1996). Solid curves: values binned over 32 points with neighbouring intensities. The dotted
curves indicate the standard deviation. The correlation coefficient between relative intensity fluctuations and intensity is given at the top of each
frame.

The correlation seen in Figl 6 between different spectral Fig.[8 shows histograms of the relative intensity fluctuations
lines may to some extent reflect the approximately linear dea different time-scales (as indicated in the figure). It displays
pendence of absolute variability on brightness valid for eatie percentage of pixels with a relative intensity fluctuation
line implied by Fig[Y (recall that the time-averaged brightnesslue corresponding to the value on the abscissa. The relative
is correlated from one line to the next; see Eig. 1). intensity fluctuations observed over short time-scales €i.b.

Next we investigate, in a very simple manner, the time scalesn, thin solid curves) are much smaller than the fluctuations
of the variability seen in our data set. In order to determine tiodserved over the 3 other time-scales (i.e., fluctuations on time-
relative brightness fluctuations occurring over time-scales sfales> 5 min and< 240 min, on time-scales &f 80 min and
5 minutes or less (or 80 minutes or less), we cut our 4 hooin time-scale oK 240 min). To test the significance of these
sequence into 5 (or 80) minute pieces. For each of these we llistograms we created an artificial data set consisting of 2x320
termine the rms of the intensity for each binned pixel separatdiyne series with the same averaged intensities as the observa-
For the relative brightness fluctuations occurring on time-scaksns, but with fluctuations due purely to white noise with an
between 5 minutes and 4 hours we determined the average intenplitude corresponding to that expected for photon noise. A
sity observed in each 5 minute interval. The standard deviatioomparison between these artificial histograms and the observed
of these values represents the brightness fluctuations on tirmees reveals that for He | drO V all fluctuations except those
scales larger than 5 minutes for a given pixel. shorter than 5 min are almost entirely unaffected by noise. Even

the short fluctuations are partly (He 1) or largely (O V) solar.
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Fig. 8. Histograms of relative intensity fluctuations. The thin solid lines correspond to variations with time-scales shorter than 5 minutes, the
dashed curves to variations with time-scales longer than 5 minutes, the dash-dotted curves to variations with time-scales shorter than 80 minutes
and the thick solid lines to all variations with time-scales below 240 minutes (i.e. the full period of 4 hours).

Since we are probably overestimating the noise (see Sect.\&#iable (in agreement with Vernazza et al. 1975). The apparent
and below) we expect that for both these lines most of the shthdency for the Mg IX line to show more rapid fluctuations may
variations are real. In the case of Mg IX the noise histogramell have to do with the lower significance of the variability of
for the variations< 80 min and< 240 min are similar to the this line, so that this result should be considered with some
observed ones, the observed variatiorfs min possess a largercaution.
amplitude than the noise, while the observed fluctuatiors
min lie below the noise. This confirms that we are still overs
estimating the noise somewhat. Scaling it in such a way tha
the short Mg IX fluctuations are compatible with noise sugrhe Figs[®a—f show scatter-plots of the absolute variability of
gests that the Mg IX fluctuations 5 min are almost entirely the O V line over 5 minutes against the intensity for six consec-
solar. From the similarity of all plotted curves except that fastive 5 minutes intervals. During this period of half an hour, the
fluctuations shorter than 5 min, as well as from a similar higariability of some points changed dramatically, first increas-
togram for fluctuations between 5 and 80 minutes we concluitigy and then decreasing. In panels b—e a significant number of
that the brightness fluctuations occurr dominantly on time-scaiixels shows a much larger variability than average, larger even
between 5 and 80 minutes. than the maximum reached at other times (compare with frames
For all the time-scales investigated the transition region lieand f). We concentrate here on the most variable pixels and
exhibits the largest variability while the coronal line is leastonsider single pixels (i.e. without the 4x4 binning). We there-

gl. Analysis of “high variability” events
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Fig. 9. Scatter-plots of the (absolute) variability vs. the intensity (frames a—f, upper row) and spatial images showing the points with variability
> 2.5x107° cgs (frames g-I, lower row) for 6 consecutive 5-minute intervals. The time ranges (in minutes since the start of the observations)
are given at the top of each plot. The dataset is of 3rd December 199@fOr\Hine. Darker shading in the lower row (panels g—I) corresponds

to higher variability.

fore selected the pixels with variability ingtO V line> 2.5x  the given threshold (for 0O V line), we found that over the
109 cgsin any given 5 minute interval. In Fi§$. 9a—fthis threskvhole 4 hours the heightened variability is concentrated in only
old is marked by the horizontal dashed line. On average, 2.@% compact and spatially distinct regions in the field of view.
of the pixels fulfill this condition. For the data shown in Fi§j. The sizes of these 20 regions range from 5 to 30 pixels (i.e. they
these percentages are 1.7, 4.4, 5.8, 5.7, 5.7 and 2.5% fromdefter areas 14 to 85 arc@cThis procedure was repeated for
to right. The spatial locations of the pixels satisfying this conime-scales< 10, < 20 and< 40 minutes in te O V line. The
dition are shaded in Figs. 9g—I. It is evident that regions of higkhgions found for these time-scales are the same as those found
variability are not randomly distributed but are concentrated far the time-scale< 5 minutes.

typically 2-5 locations within the field of view at any giventime.  Note that the high-variability events which we find differ
The increase of the maximum variability and of the number &fom, e.g., the blinkers (Harrison 1997) by the method used to
points above the threshold in Fig. 9b is due to the appearansearch for them. Blinkers are brightenings which rise above a
respectively enlargment of 2 regions of high variability. In pacertain threshold on a time-scale of a few minutes, whereas in
ticular the region centred approximately at(3040") exhibits the events we are considering the variability is the key element.
very intense variability. After inspecting all the spatial maps fdt is thus possible that although the brightness at a given point
regions having a variability at time scalegs5 minutes above is intensely variable on a short time scale, due to repeated rapid



A. Brkovit et al.: EUV brightness variations in the quiet Sun 1091

%' 1.0C T T T T T 7] . 30% brightest points in helium
n B ] - : : :
9 0sl ¥ He—0 : E & 8.0: a 1
c L * ¥ X ] > r q
E 06; * % * . b 60? ]
S} ok 7 ﬁ r 7
© Foxox X ] - . :
5 04 * — > 4.0 N
o L 1 = L il
6 02F A=0.45+0.07 3 CAPT YRRt <« o ek il b
2 F B=(6.76+2.30)x10"cgs™" ] s “Ur ]
S5 0.0C : : : : : . > r i
o 0.0 . . .
1.0 2.0 3.0 4.0 5.0 6.0 7.0 00 50 40 50 50
He variabilit 107° cgs ' ' o _ ' )
v 9] He variability [107% cgs]
£ 1.0F ‘ ‘ ] — All points
§ ogi He—Mg E ég 8.0 ‘ ]
c n * ] ® F :
S s x ] L 6.0 .
= 0.6F X x X - © F 1
N * 1 Tt .
5 041 X * % B 2 40 ]
¢ % 5 x ] 3 r 1
b 02 x ¥ A=0.23+0.07 AT I Eaii - 7 ek N
2 F B=(7.5142.23)x10"cgs™" ] s ]
5 0.0L * ] >t 1
S5 0. ‘ s s s ‘ [ i
o 0.0 . .
1.0 2.0 3.0 4.0 5.0 6.0 7.0 0.0 5.0 4.0 6.0 8.0
He variabilit 107° cgs ' ' L - ' ’
v [ 9] He variability [107% cgs]
< 1.0r " " " ] _ 30% darkest points in helium
o r _ 1 © 40E T T T E|
S o8l 0—Mg * 3 5 E ¢ E
c L ] @ E 3
s F ] L 30F E
= 0.6 - - E T
: o 1 ok =
§ 04 xx X ~ P B 2~ g ]
boo2fF ¢ rx A=0.2520.06 1 S 40b E
8 . B=(5.08+1.79)x107cgs ™" ] s E E
5 00r ‘ ‘ ‘ ‘ ‘ ] - E
o 0.0E ‘ ‘ ‘ E
1.0 2.0 3.0 4.0 5.0 6.0 7.0
0.0 1.0 2.0 3.0 4.0

o 9
O voriobility [1077 cgs] He variability [107° cgs]

Fig. 10.Maxima of the cross-correlation coefficients between the IrI]—'-ig. 11. Scatter-plot of the absolute variability in the He I line versus

tensity in two lines for a given region showing high variability versu e absolute variability in #10 V line for (a) 30% brightest points, (b)

]Ehet\éarl;tgllltjy of thi regllggnéndo:le oftthese lines. Plotted are the resu 1ﬁ"points and (c) 30% darkest points in the He | line. The dataset is of
orthe ord ecember ataset. 3rd December 1996.

The maxima of the cross-correlation coefficients (e.g., He I-

fluctuations, it never rises above the threshold defining a blink€r.V) are plotted as a function of the variability in He | or O V
We are currently identifying the blinkers in the same data seis.Fig.[10. The variability,é7, is the rms taken over the full
These are to be discussed in a separate paper in which we dl$murs time-series of the respective region. The plots show
intend to investigate the correspondence between blinkers #mat regions with larger variability also exhibit a higher cross-
high-variability events. correlation. The solid lines are linear fits between the maxima

At every time step we spatially averaged the intensity ovef the cross-correlation coefficients and the variabilities. The
the pixels belonging to a given (isolated) region of high variabitoefficients of the linear & A + B-51 are written in the lower
ity. This was repeated for each of the 20 such regions, and fayht corner of each plot. It is not surprising that the cross-
each spectral line. The average S/N values, for these 20 regiooselations involving Mg IX depend on variability since noise
lieintherange 32.9-113.2forHe |, 22.7-81.0@V and 12.4— is a problem with that line and the higher the variability, the less
34.0 for Mg IX. Then, for each region we cross-correlated theds affected by noise. However, for He | and O V, due to the
time series between pairs of spectral lines. Unsurprisingly, thiggh S/N ratio, the increase of the correlation is clearly of solar
best cross-correlation was found between the He | and the kgin.
line. In all but one case, the maximum of the cross-correlation We also studied how the correlation between the variability
coefficient was reached for zero time-lag (within an accuraay different lines depends on brightness, by considering sep-
given by the exposure time of 30 seconds). The anomalous aeately the 30% darkest and 30% brightest points of all 5160
gion also has second lowest cross-correlation. In other worgixels in a given spectral line. In Fig.111 the He Ida@ V vari-
changes in intensity in the chromospheric and transition regiahilities are plotted against each other for the brightest, the dark-
lines happen simultaneously. The cross-correlation of the Mg &st and all data points. The dashed line represents the threshold
line with the two other lines was of somewhat lower quality, anchlue of 2.5<10~? cgs explained earlier in this section. Note
the correlation was not always maximum for zero time lag. the axes of the panel showing the darkest points cover differ-
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ent ranges, but the relative ranges of the x and y-axis are flae-like events, called network flares, using SXT on Yohkoh
same in all three plots. Since absolute variability increases ahd the Very Large Array (VLA). Harrison (1997) reported on
most linearly with brightness (see Hig. 7) it is not surprising thatinkers using CDS on SOHO. Berghmans et al. (1998) found
all darker points have a variability below the threshold valugood indications that the He Il band brightenings and blinkers
Benz & Krucker (1998) also reported that in the quiet cororaae compatible. They also identified coronal brightenings seen
the brighter points show higher absolute variability. According an Fe XII line with X-ray network flares. The EUV explo-

to Fig[11 the brighter and more variable points are indeed bsive events, first detected by Brueckner & Bartoe (1983) using
ter correlated in the two lines. It is therefore in the network thte HRTS instrument and then confirmed by Innes et al. (1997)
variability at one temperature is most closely associated witking SUMER on SOHO, are high-velocity events originating
variability at another temperature. from transition region lines. Until now it is not clear if and how
explosive events and blinkers are related. Nor is it clear if the
“high variability” events which we see in ¢hO V and Mg IX
lines are related to blinkers or network flares. Searching for such
We have investigated the brightness variations observed in q@é&onnection will be the subject of a separate paper.

Sun CDS movies obtained simultaneously in He | 584.0 V

4. Conclusions
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