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Sizes of quiet Sun transition region structures
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Abstract. We studied the morphology of the transition region of the quiet Sun, with data obtained BpltreUltraviolet
Measurements of Emitted Radiati@pectrometer (SUMER) and thExtreme-Ultraviolet Imaging Telescop&IT), in
September 1996. We analyzed lines emitted in the chromosphere, the low transition region and the low corona. We com-
puted the mean autocorrelation function for the radiance images in order to estimate the characteristic size of the features
present in the transition region. Moreover, we calculated autocorrelation functions for the dopplergrams and line width images
deduced from the SUMER data. In addition to the line core of the {the, we investigated a broader tail component, whose
origin is still unclear. We found that the size of the bright radiance features is always larger than the size of the structures of
the dopplergrams and Doppler widths, at any altitude. The network features seem to diminish at a temperature akgund 10
due to the thermodynamic properties of the transition region. The mean size of the structures of the tail component radiance is
smaller than the one of the core radiance.
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1. Introduction footpoints of quiet Sun loops connecting network features of

Latelv. th . | that the t i different supergranulation cells. The variation of the width
ately, there 1S a general consensus that the ransition regiN, e natwork boundaries with height, could be an indication

(TR) between the chromosp here and the corona, plays an 8Pihe expansion of the funnel-type magnetic field (Patsourakos
portant dle for the acceleration of the fast solar wind (Hanste al. 1999)

& Leer 1995; Hassler et al. 1999) and is involved in the coro- . - ] .
nal heating phenomenon (Hansteen 1993; Chae et al. 1998:The intensities of lines from the low corona were inter-
Gontikakis & Dara 2000). The systematic study of this part geted by Gabriel (1976), who assumed that the funnels were
the solar atmosphere, which emits mostly in the EUV, starté§ated by conduction from the corona. However, the bright-
after the first space missions that made observations of the §g&S Of the low £10° K) transition region computed for his
in this spectral domain possible. Such missions were the O8t9del by using theDifferential Emission Measur¢DEM)
(Orbiting Solar Observatory¥atellites,Skylah SMM (Solar Curve was lower than observed. To explain this dlscrgpancy,
Maximum Missiojy HRTS High Resolution Telescope and?owdy et al. (1986) proposed that the energy responsible for
Spectrograph and, recently, SOHOSplar and Heliospheric the large brightness of the low transition region is produced in
Observatory Domingo et al. 1995) and TRACETiansition small loops, confined within the network boundaries. Feldman
Region and Coronal ExploreHandy et al. 1999). (1983, 1987) and Feldman et al. (2001) suggested that. the TR
A first result about the quiet Sun transition region is thalasma, from 2x 10'Kto 7 x _105 K, seems to be confined
the chromospheric network is still a characteristic feature tfSmall loop-like features, which do not extend to the corona,
its morphology (Reeves 1976). Gabriel (1976), using a MHEP' do they have a chromosp_herlc counterpart. This p|ctL_1re is
calculation, showed that the magnetic field, confined at tHiferent from the standard view that the TR acts as an inter-
boundaries of the supergranulation cells at the level of the chf8¢€ between the chromosphere and the corona. However, the
mosphere due to the motion of the convection zone, expar?déeSt'On on the connection of the chromosphere and the transi-
with height covering all the space at the coronal level. Thel@h region remains open. Judge & Mcintosh (1999) compared
expanding magnetic features, called funnels, are believegdigerent views of the transition region and argued that even if

be the sites of the solar wind acceleration or, perhaps, th€§ chromosphere and the transition redmok disconnected,
they might well be connected. This could be dfeet of the

Send gfprint requests toC. Gontikakis, intrinsically dynamic nature of the transition region (Wikstgl
e-mail: cgontik@cc.uoa.gr etal. 1998).
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The shape and Doppler shift of emission lines inform uall disk images with reduced spatial resolution. The exposure
about two properties of the transition region: first, that the lindéisne used varied for diierent images from approximately 3 s
emitted from a substantial part of the solar surface are, on the2 min, depending on the line and the spatial pixel binning.
average, redshifted (Doscheck et al. 1976) and, second, ffla¢ high-resolution EIT images were taken during the first
the shape of the line profiles presents deviations from a singleur of the SUMER scan, whereas most of the low-resolution
Gaussian profile. Detailed studies of the redshift& show ones, during the seventh hour. EIT images are snapshots of the
that it is more pronounced at temperaturesd6® K, whereas studied area and are meant to be used in a complementary way
it is decreasing and turns to blueshift, for lines emitted in the this analysis. Let us note that the same SUMER data set
low corona (Peter & Judge 1999; Teriaca et al. 1999). A staas used by Hassler et al. (1999) to study the solar wind, by
tistical analysis shows that the redshift tends to be stronger @ammasch et al. (1999) to measure the reference wavelength
brighter individual profiles (Brynildsen et al. 1998). As for theof Ne v, and by Peter (2000) to study the tail component
profile, Kjeldseth Moe & Nicolas (1977) were the first to noef C1v.
tice a second Gaussian component in the enhanced wings of
the transition region spectral lines. .

The SUMER (Wilhelm et al. 1995) spectrograph, with itsz'z' Data reduction
high spectral and spatial resolutions, has given the opporturfiyr the EIT images, we followed the standard data treatment
to systematically study the two spectral components in the line®posed by the instrument team, including: background sub-
of the transition region, mostly in the line of i@ (Peter 2000, traction, degridding, flat field correction and degradation cor-
2001). The picture deduced from these studies is that the twegtion. Similarly, for the SUMER data, flat field and geomet-
spectral components correspond téietient physical regimes. rical distortions, as well as additional corrections were applied
This is so, because the two components shoffiedint cor- (see Peter 1999 for more details).
relations between the flierent spectral parameters (radiance, The Gaussian fits to the spectral profiles and especially the
Doppler shift and line width). It seems that the core comp@ecomposition of the core and tail components in the case of
nents are a trace of the small loops, whereas the tail comgge C1v line follows exactly the procedure described in de-
nents are emitted by the funnels. tail by Peter (2000). A genetic algorithm based, optimization

In this work we carried out a quantitative study of the momethod was used (Charbonneau 1995).
phology of these spectral components. To do that, we com- One of the goals of this work is the study of the quiet Sun
puted the mean autocorrelation function (ACF) of the thregorphology and the evolution of its features with height. The
types of images that could be deduced from the spectral a0dF based on Fourier analysis, provides a statistical estima-
spatial information taken from SUMER, i.e. radiance imagesion of the scale length of the bright features of an image. The
dopplergrams and maps of the spectral line widths. In the sagmaller the features, the sharper the central peak of the ACF
way we analyzed EIT images that where obtained during thgll be. We computed the map of the ACF in 2-D and, using
SUMER raster. The feature size determination is performpdlar coordinates, we calculated the mean ACF along the radial
again on the images of the tail component of the@vQine, coordinater, after averaging oves. Before the calculation of
but there the low signals lead to less conclusive results. the ACF, we applied a cosine bell function in order to smooth

the discontinuity at the image borders, thus we overcame the

. . limited size of our sample (Brault & White 1971).
2. Observations and data reduction ple ( )

2.1. Observations 3. Data analysis

Part of the data used for the present study were obtained b e
SUMER raster scan on 22 September 1996, during solar mi%i—i Artificial data
mum (see Fig. 1). They covered a quiet Sun region of’540 In order to make clear the results of the autocorrelation opera-
300, at 25 heliocentric angle to the north-east. The step sizien, we first applied it to artificially created radiance images.
was 3’ for the 181 horizontal steps of the scan, with a slit widtiihe images contained several circular features, either randomly
of 1”. The spectral region (1531 A to 1552 A) includes, amorjstributed or ordered in a chessboard and in a hexagonal ar-
others, the Qv 1548 A line, the Sit 1533 A one and the rangement (see Fig. 2). We checked if the Half Width at Half
Ne vt 770 A one, in second order. The SUMER data weidaximum HWHM) of the central peak of the ACF is close
binned along the slit on the ground and this, along with trenough to the feature size. The “radiance” of the features is
step process (under-sampling) leads to fieative size of the either uniform or Gaussian with the peak at the center of the
resolution element of’3x 3”. The exposure time at each slifeatures. The tests performed show that the best fit between
position was 150 s so that the duration of the scan was of THe ACF HWHM) and the size of the features is obtained for
and 50 min, starting at 00:40 UTC. Gaussian radiance distribution features. In this case the radius
The corresponding EIT images were selected within the fs-equal to the width (&) of the distribution. The ACF contains
riod of the SUMER observational time in the He304 A, the also a secondary peak that corresponds to the mean distance be
Feix/x 171 A, the Fexn/xx1v 195 A, and the F&v 284 A tween the features. The amplitude of the second peak is much
lines. They provided synoptic, 1024024 pixels, full disk im- smaller than the central one, due to the average over azimuth
ages in the four pass bands, with a pixel size.6f % 2.6” and angle¢.
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Fig. 1. The SUMER images (first three rows) for tag b) Si1, c), d) C 1v, ande), f) Ne vir lines. The left column shows the radiances
and the right the Doppler widths. The last rg); h) shows the EIT image of the He 304 A (01:30:13 UTC) and of F&/x 171 A line
(01:00:14 UTC). The full-disk EIT images were cut and co-aligned to match the SUMER FOV.

In order to deal with dopplergrams, where we have red- For different radiance distributions of the circular fea-
shifted (positive velocities) and blueshifted (negative velodiures the relation between tHéWHM and the feature size
ties) features, we created an image with positive and negativéed{WHM =~ 0.8p, wherep is the structure radius, for sizes
features (as mountains and ravines). ThereHW#WHM of the smaller than 10 pixels. However, the relation is not linear when
ACF is between the sizes of the two types of features. If vike size is larger (Fig. 3). Our tests with square features have
change the sign of the features, tH&VHM of the ACF has a shown that this result is independent of the shape of the fea-
relative variation of only 0.5%; the autocorrelation operatiainires and our method reproduces quite well the sizesftd-di
does not distinguish between positive and negative featunemt shapes, provided they are not very large.

Thus, theHWHM of the ACF of a dopplergram takes into ac-
count both directions of flow.
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Fig. 2. Top row three examples of artificial radiance images with circular features: randomly distributed, in a chessboard pattern, or in a netw
of hexagons. Each feature is circular with radigiswith a Gaussian radiance distribution of widdfj1/€] equal to the radius. The lower row
shows the radiance variation along the radius of a typical feature (triangles) and the mean ACF (thick solid line). The first peak of the ACF
the typical features, whereas the second, smaller peak, is at a distance equal to the mean distance between the closest features.
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Fig. 4. Autocorrelation curves of imagesfacted by noise. The solid
Fig. 3. Dependence of theEWHM on the size of circular features for line corresponds to the 81533 A image without noise addition, the

different radiance distributions. The features with uniform radianceosses to 15% relative noise addition, the dashed line to 50% relative
distribution are represented by triangles and the ones with Gaussiaise addition and the point-dashed one to a fully noisy image. For
radiance distribution by diamonds. The line correspondingWiHM this last case, thelWHM of the ACF is equal to half the pixel size
equal to the feature width is also traced. The dashed line, corresp@hgixel = 3” x 3”).

to 0.8x HWHM.

For the radiance images, we estimated the percentage of the

3.2 Influence of noise noise and how it could influence the resulting ACF. We used
artificial images, as the one in the first panel of Fig. 2, where

To estimate the influence of the noise on the autocorrelatian amount of noise, corresponding to the counting statistics of
images, we chose the radiance image ofiQi533 A, where the image, is taken into account. Since we knew in advance the
the noise is small. The size of the pixel corresponds to appraxze of the artificial features, we could estimate the RéHM
imately 3’ x 3” (see Sect. 2.2). We progressively added noisdter the noise addition. Thus we could find the dependence of
to this image, in order to follow the change of the ACF shapeWHM on noise.
When we add e.g. 15% noise in theiSimage, this means that ~ We concluded that for the radiance images of the, & 1v
at each pixeli( j) of the initial image, of radiancKi, j) we add and Nevii spectral lines the relative noise is less than 10%
a random number within the rang®.151(i, j). In Fig. 4, we and does not influence significantly the resulting ACF. For the
compare the ACF of Si with the one of Si1 plus a contribu- continuum, the Har image and the radiance of the tail com-
tion of 15% and 50% relative noise and the ACF of an imagmnent of Civ the relative noise is of 15% and we estimated
having just noise. The addition of noise reducestifvéHM of that the relative uncertainty when measuring tH&/HM is
the ACF. The ACF of an image with noise only (which mearasbout 4%. These noise estimations from the artificial images
just filled with random numbers) will have ldWHM near to are in agreement with those presented in Fig. 4 resulting from
half the pixel size (3/2 for the example of Fig. 4). a solar image.
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Table 1. Formation temperatures of the spectral lines, #vgHM of
the features of the radiance images and an estimation of its uncertainty.

AA)  1ogT(K) HWHM(") AHWHM(")

(6]

a

c Sitcont. 1533 3.7 4052
Sin 1533 44 7.4 0.1
He1r 304 4.7 9.2 0.3
Civ 1548 5.0 55 0.1

.. gl i . Ne viur 770 5.8 11 0.05
0 100 200 300 400 500
arcsec

by the ion sound velocityys, and the non-thermal velocity,

asiw = 2v¢ + £2 (Mariska 1992).

In the corresponding panels of Fig. 6, we present the

250 HWHM of the ACF with and without the smoothing of the im-
200 age. The first one corresponds to the lower limit, with the given
resolution of 3 (HWHM = 1.5”), while the second one corre-
150 sponds to the upper limit, given that in the smoothed image the
feature size may be overestimated. Tha Sontinuum panel
100 corresponds to a height below the canopy of the magnetic field,
50 whereas, the other images to a height above it.
The ACF graphs show a first peakrat= 0” and, in most
0 . of the cases, a second onerat: 30—40'. The parameter we
0 100 200 300 400 500 are interested in is thelWHM of the first peak of the ACF

arcsec functions, which represents the size of the features, as already

Fig. 5. The Sint 1535 A non-thermal width map before (top) and aftefentioned in Sect. 3.1. The presence of the second peak may

(bottom) the appropriate treatment (see Sect. 3.2). The treated imgg&respond to the mean distance between the features which,

is less spiky due to the smoothing we applied to smear out the noigepur case, is the size of the supergranulation network, its low

The horizontal stripes present in the upper image, due to imperfecti@mplitude being due to the average ogeOther peaks, for

of the flat field, are also corrected (see Dammasch et al. 1999).  |arger than 40, are probably due to the periodic nature of the
supergranulation network.

In the case of the dopplergrams and the non-thermal width For the ACF calculated for the radiance images, we can
maps, the noise is more important as it is clear from the irgonclude that thelWHM s increasing with the formation tem-
ages themselves (see in Fig. 1 the non-thermal width maps)Pgfature of the lines, with the exception ofr€. This result
order to reduce thefiect of the noise, we smoothed these inseems to be significant since théfdrence of these values are
ages by convolving them with a sharp 2D-Gaussian havinda&ger than the estimated error bars. H&/HM of the non-
width of 6” for the C1v dopplergram, 7.5 for the continuum thermal width images shows a variation with temperature, sim-
image, 9 for the non-thermal width maps of ®, C 1v and ilar to the one of the radiance images. Comparing the ACF
Ne v, as well as for the Ne'mr dopplergram, while 12for HWHM of the same line in dierent images (radiance, dopp-
the Sitt dopplergram. The width of the Gaussian was chosétgram, and non-thermal width), we found that Hi&/HM of

in such a way, so we could reduce the noise with a minimuife radiance images is larger than that of the dopplergrams and
smearing of the features. of the non-thermal width maps, even for the smoothed ones. To

In Fig. 5 we show the non-thermal width map of therSi compare the variation of the structure sizes determined from
1533 A, line before and after the smoothing. With the exceptitie ACFs, we plot théiWHM for the various ACFs as a func-

of the continuum image, we didn’t apply such a treatment ton of formation temperature in Fig. 7 (we omitted the value
the radiance images since their noise level is very low. It igr He 1l as it was recorded with EIT, while the rest ACFs are

worth noting that when the smoothing of two pixels (i.&) 6 based on SUMER data). Even though the values fortheHM

is applied, the network shows up clearly even in the line wid@f the ACFs for Doppler shift and non-thermal width are close
map (cf. Fig. 5). to the resolution limit, they closely follow the trend of the struc-
ture sizes seen in the radiance images.

Table 1, contains the formation temperature of the lines and
continuum, theHWHM of the features of the radiance images
In Fig. 6, we show the mean ACF for the maps of the rad&nd an estimation of its uncertainties. The formation temper-
ance, line shift and non-thermal width for &j the C1v core atures of Sit, C 1v, and Nevir are taken from Chae et al.
component (CC) and Neiil, along with the continuum and (1998). They represent the maximum of the contribution func-
the EIT Hen 304 A image. We computed the non-thermalon of the line, (/ne) T~Y2 exp[-E/(KT)], where (i/ne) is
width, &, considering that the/& line width, w, is expressed the ionisation fraction andE = hc/A is the energy of the

4. Typical size of quiet Sun structures
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Fig. 6. ACF of all images except those of ther€tail component (TC) and the three EIT coronal lines. In the first column, we show the ACF

for the radiance images: the continuum near 1533 A, the $533 A, the core component (CC) of tha€1548 A, the Hal, being the only

EIT image used, and of the Nair 770 A. The second column shows the ACF for the dopplergrams for the SUMER data, with the same ordé
(Sim, C1v, Nevm). The third column shows the ACF of non-thermal width images, smoothed (solid line) and unsmoothed (dashed line).
each panel we note th¢WHM of the ACF, the second one corresponding to smoothed images.

transition. In the case of He, we only list the temperature of low transition region up to the Nett formation level. The su-
maximum ion fraction following Arnaud & Rothenflug (1985) pergranulation network is also present in the non-thermal width
Please note that this can only be a rough indicator, as the fA€F of the Sitt line, as well as, with a smaller contrast, in the
mation of the helium lines is still poorly understood (see e.gne of Civ line. The smaller contrast maybe due to the removal
Andretta et al. 2003). For the formation of the iSicontin- of the spectral tail component, which enhances the line width
uum near 1530 A, we adopted the temperature at the maadithe sites of the network boundaries.
mum of the contribution function in the semi-empirical model
of Vernazza et al. (1981)

The seconddlWHM value of the Sit continuum, is calcu-
lated after the smoothing of the image (see Sect. 3.2).

The peak at 40, is visible in all the radiance images excepthe fact that the feature sizes of the radiance images
the one of Neviit, which certifies the appearance of the supeare larger than the velocity ones, needs more investiga-
granulation network pattern in the upper chromosphere and th. This result is in agreement with some previous works

4.1. Comparison of the quiet Sun velocity features
with the radiance ones
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SUMER images resolution limit (3. F
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(Gontikakis et al. 2001; Tsiropoula et al. 1994) for the transi- i ® ¢
tion region and the chromosphere. However, Dere etal. (1984) ¢ 8[ 7]
found that radiance structures along the slit of the HRTS-3 are ¢ /\
smaller than the velocity ones in therC line. A possible ex- S 6 (
planation for this discrepancy may be due to thedent life- 2 W Y'\[
times of radiance and velocity features. For the moment let us E A I\/\ Pa\ /\ V[\
assume that the radiance features have a smaller scale than the V\/\,\/"\,J V V\/V VA'RAYA 1
velocity features. If now the time scale is smaller for the fea- 2[ j
tures seen in velocity than for those in radiance, the instrument i 1

might cover the full duration for a radiance structure across the oL
slit during the raster process, but it might cover just a part of 0 20 40 60 80
the corresponding velocity feature. The result will be a veloc- pixels along the sit

ity feature diminished in the direction across the slit. Howeve#ig. 8. Comparison of the 1-D ACF between radiance and doppler-
the 2-D central part of the ACF is rather isotropic, showing thgtams of the Qv line (core component). In the first panel thexis

this stretching #ect does not influence the shape of the featurisgheHWHM along the slitin seconds of arc, where thaxis shows
significantly. the slit position. Here also, the dopplergrams are smoothed to avoid

The discrepancy between our result and the one of Dé?@ influence of the noise (see Sect. 3.2). The thin line represents the
dianceHWHM, while the thick line shows the velocityWHM. The

et al. could be due to the fact that HRTS-3 and SUMER hai/&
different spatial and spectral resolution. The exposure ti twé) horizontal lines give the respective mean values. The diamonds
cate the positions where the radiaid®&/HM is smaller than the

used by HRTS-3 was of 3 s, much smaller than ours, where l&%city one.
intermittency of the transition region could modulate smaller
radiance features.

However, this dierence could be due to the smaller samradiance fluctuations in the network, the stucture may look
ple of data that was available to Dere et al. using HRTS data.more fragmented.
check this, we computed th#WHM along and across the slit  |n order to quantify the radiance fluctuation, we divided the
in the SUMER images using an 1-D ACF function. On the aymage into 3x 3 square pixels. Then we calculated the relative
erage, the radiance features were found to be larger than thewgiation of the radiance of these sampidg f, f being the ra-
locity and non-thermal width ones, in both directions. In Fig. 8liance in each square ok3 pixels. In Fig. 9, we show the his-
we see that thelWHM of the velocity along the slit, is largertogram ofAf/ f for the radiance images of 8j Hen and Civ.
than the one acrossiit. In our (larger) sample we find that at 15%e histogram shows that the relative variation ai &hd Heit
of the slit positions, the features in velocity are larger than ig close to 5%, whereas the variation fon'Cis around 17%.
radiance. Thus, the Dere et al. result might be a selecfiente This indicates that the fluctuation of the radiance is more im-
although more data are needed to investigate this further. portant at the level of @v formation and produces a decrease
of theHWHM in the same way noise does (see Sect. 3.2).

Similarly, Wilhelm et al. (1998) found that the spatial ra-
diance variability was higher in the lower and middle transi-
The low values of theHWHM measured in the Qv line, tion region. In addition, the temporal variability was also found
coincide with stronger fluctuations. Due to these highemaximal in the middle transition region, (Brkavet al. 2003),

4.2. Smallest structures in the low transition region
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£ - Fig. 10. ACF of the C1v images of the parameter of the tail spectral
e ool _ component. The first panel shows the ACF for the radiance images,
L ] the second of the dopplergrams and the third of the non-thermal width.
0.0L . . . ] The ACF curves of are produced by images in which we kept only the
0.00 0.10 0.20 0.30 0.40 0.50  DGF pixels.
He I radiance of the tail component (only3lcompared to the core;
1.0[ ' ' ' ' ] see Peter 2000, 2001); second, the tail component is basically
I <Af/f>= 0.06 1  restricted to the network (Peter 2000). Therefore the “image” of
§‘ 0.8 m.h.= 0.04 7 the tail component radiance, Doppler shift or width is patchy;
S L <'§f g% i the “image” is restricted to those regions, where a tail compo-
g oep " 7 nentis significantly detected.
9 [ ] The selection criteria applied are: (1) thg of the double
5 041 7 Gaussian fitGF) should be less than 0.9 of the one of a sin-
§ C ] gle Gaussian fitYGF). This means that the addition of a second
< oz ] Gaussian improves the fit. (2) Th@ must be smaller than 1.5,
0 o: 1 so that the fit is reliable (Peter 2000). The profiles where the
0.00 5 '10 5 '20 5 '30 5 ;0 o5 WO criteria meet, are calledWo component regiofiswhile
’ ’ ’ ’ ’ ’ the ones where only the second criterion is met are #ire “
gle component regiofisThe second Gaussian, for the cases
CWv where the second criterion is not satisfied (as for example in
10 i <Af/fS= 0.17 1 the inter-network), are so stretched that they reach the adjacent
~ 08k 4 h _ O’ 16 1 continuum (Peter 2000, Figs. 4a—c).
§ r <|'>’= 4 1'9 1 In Fig. 10 we see the shape of the ACF of thevdmages,
& o6l o= 391 ] where only thedGF points were included. The size of the fea-
£ tures depends on the selection criteria. However, the values of
= ol b the HWHM are smaller than the core component ones and we
E’ r found that the typical size of the tail component radiance fea-
s ook E tures is smaller than the core component ones by a fa@or
r to 2.5.
ook . . . o The dopplergrams and the non-thermal width AQWHM
0.00 0.10 0.20 0.30 0.40 o.50 Isofthe same order as the one of the radiance image. However,

the line profile parameters of line position and width have
larger uncertainties, introduced by the fit, than the radiance (the
a more extended queue in the large values ©ff, indicating that the position and_ width of a Weak_broad qor_nponent_below a strong
fluctuation of the intensities is more important in this image. In ea&}ff"OW one is hard to determine). This is underlined by the fact
panel,< | > is the mean radiance; is the standard variation of it, that theHWHMof 1.7” and 1.8 is very close to the resolution

< Af/f > is the mean ofAf/f. The maximum of the histogram is limit of 1.6” (see Sect. 3.2). Therefore, the feature sizes of the
also indicated. tail component radiance, position and width could look quite
different with a better spatial resolution.

Fig.9. Histogram of the relative variation of thef/f, for the Sint
(left panel) and the @v (right panel) lines. The @v histogram has

suggesting a close relation between the spatial and temporal
variations. 6. Discussion

6.1. Size of radiance features as a function
5. Analysis of the images of the tail component of temperature

of the C 1vline The HWHM of the radiance features is generally increasing

We repeated the analysis of the ACF for the images createdvath the formation temperatures of the emission lines, which
the tail component parameters of the Gaussian fits. In this caseans with height, if one assumes a temperature stratification
the computation is influenced by two factors: first, the tail conof the various transition region structures. This can be inter-
ponent parameters are more noisy, due to the relatively weakted by the opening of the magnetic field lines when they
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reach higher levels of the atmosphere, as it is described in #wen when they have comparable intensities, and another based
Gabriel (1976) model. The increase of the size of bright fean the geometry of the loops.

tures from the temperature minimum (continuum) to the upper |n the first case, the two directions of flow (towards and
chromosphere (Sit line) continues in the low transition re-away from the solar surface) expected in a siphon flow loop,
gion, as we can see from the radiance images of the&id are not present, or at least cannot be resolved in our low and
the Civ lines (Fig. 1). In the firstimage, the network elementgiddle transition region dopplergrams.

are quite small and the image is dominated by the dark cells. However, it is possible that one may detect marfjedént
However, in the Qv line, thg dark cells are smaller and thg|g\ws in the dopplergrams, which may correspond to hardly
network features are occupying a larger area. distinguishable legs of loops in the radiance image. This may

However, the autocorrelation analysis revealed smallgg so, because the loops could be heated by roughly the same
structures in the case of the low transition region (in th@mount of energy that is almost completely radiated away, re-
C1v line) than in the upper chromosphere (thaidine). The sulting in similar loop radiances. Because of the geometry of
same behavior was found by Patsourakos et al. (1999), whgfe magnetic field, the heating may be asymmetric, inducing
the Her 584 A features, corresponding to chromospheric affferent flows in the dierent legs, which would lead to dif-
lower transition region plasma, were larger than the onesfefent Doppler shifts. This would correspond to packing dif-
the low transition region in the @1 599 A and Ov 630 A  ferent model loops as calculated, for example, by McClymont
lines. The authors excluded the influence of the opacity @fCraig (1987), Mariska (1988) or Hansteen (1993) together,
the Her line. This is in agreement with our results, since thgith the diferent loops having comparable intensities but dif-
Si 1 line is optically thin. Moreover, in contrast to the heliunferentnetredshifts.
lines, the Sill line is not sensitive to coronal radiation, €X- | the second case, we have to keep in mind that we observe
cluding an explanation based on coronal back radiation. It the flow along the line of sight. Since the flow follows the
very important to note that the ACF gives information abotagnetic field geometry, the plasma flowing along nearly hori-
the structuring of the individual network elements and canngdia| parts of the magnetic field will not be detectable, even if
estimate the real size of the network features. the region there is bright, while its flow will be better detected

In the transition region both the spatial and the temporal the region where the magnetic field is vertical. For the case
radiance variations are maximum (Fig. 9; Wilhelm et al. 1998¢ the C1v line, if the network bright features are filled with
Brkovit et al. 2003; Patsourakos & Vial 2002). The latter is dugmgl|| loops of length of the order afl0* km, as Dowdy et al.
to the very short (down to seconds) time scales in the transitigrge) suggested, the redshift will be detectable only near the
region. Short time scales also imply high spatial variability, i‘botpoints and not at the top. For small loops af X) their
one assumes that structures next to each other are indepengtele height£2000 km) is of the same order as their length
(this should be the case because of the verffirient heat con- and the intensity will be uniform along them. This explanation
duction across the magnetic field). could fit our observations, if the loop length were larger than

At higher temperatures, in the upper transition region amige resolution element, even if it couldn’t be resolved, due to
the lower corona, the time scales for cooling and conductiabhsence of contrast.
become much longer (up to hours). Therefore the increase of However, there is more to the interpretation of flows in
the feature size is picking up again and we see larger, streci¢hs than simply looking at the velocities. What we observe
out features. are the photons and, as shown in the loop models just men-

We suggest that the minimum size of the structures in tkiened above, one has to calculate the emission line spectra
transition region may be explained by the intermittence of ti&m the loop model to get the interpretation of the Doppler
solar atmosphere which includes energy release at small teifts right. There is a complex interaction between plasma
poral and spatial scales. flows, waves and density, which all contribute to the formation
of the lines. Therefore more theoretical model work is needed
for final conclusions.

It should be noticed that the smaller features of the doppler-
grams, have already been detected in the upper chromosphere
The values of th&dWHM of the velocity features and the nonin C 1 (Dere et al. 1984) where they were interpreted as chro-
thermal widths are always smaller than the intensity ones. mospheric jets.

As we described in Sect. 3.2, we further processed the
dopplergrams, which are much moiéezted by the noise, even ) .
with the good statistics of the data. We are careful for the cag'é?' The non-thermal width
of the Sim dopplergram, where, due to the very small valve found that the features of large non-thermal widthare
ues of the velocities, the relative uncertainties are importaafways smaller than the intensity features and similar to the ve-
Applying the autocorrelation method on a sample of therC |ocity ones. What was said in the previous paragraph for the
image that includes only the bright network, we get the sarm@ppler shift features can be also applied here, based on the
result: the intensity features are larger than the velocity onessalculations of Hansteen (1993), Hansteen et al. (1996) and

We can think of two possible explanations, one based on tékstal et al. (1997). In these models, the redshifeet is
fact that diterent structures may showfidirent Doppler shifts, produced by the propagation of compressive (MHD or purely

6.2. Comparison of radiance features with the velocity
ones



752 C. Gontikakis et al.: Transition region structures

acoustic) non-linear waves towards the surface of the Sun. TheFinally, the features in the images of the tail component of
waves are generated by the energy release of nanoflares irthleeC1v line were found to be much smaller than the ones of
upper part of the loops. Thetect of a compressive wave onthe core component. It may be that these features correspond tc
a spectral profile depends on the angle between the linefufinels crossing the Transition Region. Explosive events could
sight and the direction of the wave (Eriksen & Maltby 1967glso be of this scale. This fits the proposal of Peter (2000)
which, in our case, is along the magnetic field. The fact that thieat the tail and core components followffdrent physical
Doppler shift and non-thermal width features are of the sampeocesses.

order, could be due to the fact that they depend on the orienta- Further work, with higher resolution observations, is
tion of the magnetic field. We should note that a non-isotropieded to clarify the nature of these transition region features.
distribution of the line widths was excluded by previous au-

thors (Chae et al. 1998), since the comparison of the line width
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