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Abstract. In this paper we examine regions of internetwork, It has been proposed (Habbal et al. 1990) that bright points
network and bright network emission, observed in the quiitthe network boundaries are formed from a complex of loop
Sun with the Coronal Diagnostic Spectrometeng) onboard structures at different temperatures, which are a subset of the
SoHO. The slopes of the emission measure distributions, Belall-scale network loops proposed by Dowdy et al. Habbal &
tween 5.4 log T, < 6.0, are found to differin each region, sugGrace (1991) argue that these bright points show two favoured
gesting the presence of different atmospheric structures. Friamperature distributions (of closed magnetic structures) in the
an analysis of emission area the network is shown to have tquaiet Sun, one below % 10° K, and one at coronal temper-
populations of structures, a low transition region group andatures, implying that not all structures in the quiet Sun reach
coronal group. Usingtdl magnetograms the bright networkcoronal temperatures. Dowdy (1993) suggests that bright points
emission is shown to originate from regions of strong magnetigthout associated coronal brightenings can be interpreted as
field composed of bipolar loops and unipolar funnels, that emetwork loops that are heated internally but which have no
tend from the low transition region up to the corona. Up to 30%irong thermal connection to the large-scale corona. Similarly he
of all radiative losses between 5%7log T. < 6.3 are found to suggests that bright points that have associated coronal bright-
come from these continuous bright network structures. Crogsings, i.e. coronal bright points, are network loops that have
sectional areas calculated from redshift values suggest thatliken heated to coronal temperatures but which are stillinsulated
area expansion seen in the bright network emission is the re$udim the large-scale corona by their magnetic fields.
of flux tube expansion into the corona, accompanied by either Early investigations of the quiet Sun with the Skylab S055
a downflow or upflow of material. instrument (Reeves, Vernazza & Withbroe, 1976) indicated that
the intensity histogram afuv features follows a distribution in

Key words: techniques: image processing — methods: obserwehich there is a strong peak at a relatively low intensity and a tail
tional — Sun: corona— Sun: transition region — Sun: UV radiati@xtending to several times the peak intensity. Vernazza, Avrett
— Sun: atmosphere & Loeser (1981) found that up to six different features such as
dark points within the internetwork, bright network elements,
average network emission etc. could be characterised from the
1. Introduction intensity distribution. Using a number of transition region and

_ ) N ) coronal lines Gallagher et al. (1998) seperated intensity distri-
The simplest picture of the transition region, formed betwegjytions into internetwork and network regions and examined
temperatures of10'K and 10K, is that it is the thermal in- the variation of different network properties with temperature.
terface between the hot corona and the cooler chromosphgigay found that the transition region model of Gabriel, i.e. that
and that it is heated by a process of back heating. Early mqfla network fans outin the form of a funnel at coronal heights, is
els of the transition region assumed a plane-parallel geomefiynsistent with their results. Recently Patsourakos et al. (1999)
However, following Gabriel (1976) these simple energy balanggamined the expansion of network boundaries with tempera-
models were modified to include the effect of a magnetic fielgre and found similar results.
that expanded and fanned out at coronal heights. This model |, this paper we use Coronal Diagnostic Spectrometes)
and later ones (e.g. Athay, 1981, 1982) implicitly include thenq Michelson Doppler Imagexipr) observations to study the
assumption that the magnetic field within the network is unipgsternetwork and network emission in the quiet Sun. Following
lar over supergranular scales. Dowdy et al. (1986) have argyginazza, Avrett & Loeser (1981) and expanding on the work of
that the observed fine scale structure of the network, consigigiagher et al. (1998), we propose that the quiet Sun intensities
of mixed magnetic polarities. This led them to propose an &an e separated into three distributions; the internetwork, the
ternative ‘magnetic junkyard’ picture of the transition regionpormal’ network and the bright network. We focus our analy-
consisting of coronal funnels and small cool network 100ps. gjs primarily on the network and bright network emission and

Send offprint requests t&. O’'Shea




742 E. O'Shea et al.: Transition region and coronal structuring

Table 1. Details of the high telemetrwT_DIST 0bserving sequence. Table 2. The lines identified in the observing sequenee_pIST.

Date of observation 11 April lon Transition Wavelength  logg)
Time of observation 08:42 UT Hel 182 1) — 152p'P, 584.33 4.50
Instrument CDS/NIS @ Herr 1s °Si/5=2p°Pij2 s/ 303.78 4.90
Slit size on Sun . 4 24010 arcs our* 2822p? 1D, — 252p° 1Py 525.80 510
Wavelength covered by slit ~2.8A Nerv* 282p° 453/2 — 2s2pt 4p5/2 543.89 5.30
Exposure time 40 sec On*  28°2p 2Py, —252p° 2Py, 554.52 5.30
Numper of slit positions 60 ov* 28 Ig, — 22p 1P, 629.73 540
Area |mag¢_ad 240 _240 arcset Nevi 229p 2P, - 2007 Dy5  558.59 560
Total duration 55 minutes Nevr* 2522p‘ 2p3/2 _ 2§2p2 2D5/2 562.80 5.60
Nevir*  2s2p 3P, — 2p? 3P, 561.73 5.70

* 2 2
it's variation with temperature. We present the results of thﬁh%z)i/ - 2; QIS;/ 2 3222;34; 2?;;2 238
. . . - }/2 - 1/2 . .

analysis in Sect. 3 and the conclusions in Sect. 4. Sivin 252p° 1S, , — 2520 Py, 314.33 590
Sivin* 2522p® 4S5, —22p* “P;,,  319.83 5.90
2. Observations and data reduction Mgix* 2¢° 'Sy —252p 'Py 368.07 6.00
21 0Ob , Mgx*  253%S;,5—2p *Py)s 624.94 6.05
-1. Observations Six*  2p 2P21 /2 — 25p? 2033/2 347.40 6.10
The EUV observations were obtained with the Coronal Diai—exm* 2?2'02 3E2 ‘gpfi 322 gig'?g 2'38
nostic Spectrometer (Harrison et al. 1995) operatingigh Fzgﬁ SSQSEQ 3P‘1):38353 3D; 250,64 690
telemetrymode. The observing sequense _DIST (see Table 1) 3s3p °P, — 3° °Py 321'80 6'30
was designed prlmarlly to prowd@s/ms (Normal Inmdepce Fexv 3s3p P, — 37 D, 327.03 6.30
Spectrometer) images of the quiet Sun at disc centre in nifgy\ - 35 %S, 5 —3p 2Py s 335.41 6.30
teen wavelength regions. The lines identified together with thexy* 35 %S, /5 —3p 2Py s 360.79 6.30

maximum temperature of formation, are given in Table 2. Thgines marked by asterisks are those used to construct the differential
data were corrected for cosmic ray eventsp readout bias, emission measures

pixel-to-pixel variations and tilted spectral lines. This was done

using the standardps /N1s calibration software. A radiometric ., ars between 10 and 25% of the surface depending on the

calibration was also pféfofTed ;[oog()lnvert the original photqgmnerature. In most situations a threshold level between each
countrates into ergs cmi s~ s A~ . Note that we did not ¢ the populations can be difficult to detect due to the fact that

use the full 240 pixels in the Solar-Y direction. It was necessafyey are not well separated in intensity.

to remove the'top 37' pixels due to a small brightening event Thare are several methods that can be used to produce a
oceurring at this location. transformed grey-level histogram in which the valley between
Using the Michelson Doppler Imagentr) (Scherrer etal., o6 jations is deeper, and is thus easier to detect. Suppose
199_5) magnetograms_ were also .obtamed gt 08:44 UT on.\% have an imagé(z, y), composed of three regions closely
April. Mp1 was operating in the high resolution mode. In thi§;q ped in intensity. We can use the Laplacian operator to de-

mode 10 arcminx 10 arcmin images with a spatial resolutiofe ¢ the threshold between populations. In a continuous image
of 1-2 arcsec were taken at the same location asmisebser- the Laplacian operator

vations. )
0°I(x,y)
2 _ 9
VeI (z,y) = 7@x8y

. . . . forms a second partial derivative of the image. In regions where
In this section we expand upon previous image segmentatj

; . f8re is little or no variation in intensity, the absolute value
algorithms discussed by Gallagher et al. (1998). We use a Pthe Laplacian is zero while large values occur on the bor-

togram modification technique based on detecting pixels Wit?’g& : . ; . )
: . . rs between objects. The histogram of high Laplacian points
the images which show high edge values (Weszka & Rosenfe ould therefore have two peaks, representing the internetwork—

1979; Gupta & Sortrakul, 1998). network boundary®;) at low intensities and the network—bright

. We assume that the image consists of three COMPONERtgy ork boundaryX:) at high intensities (see Fig. 1).
internetwork, network, and bright network, each having a uni- The Laplacian modified histogram can then be fitted with

”?Oda' grey-level ‘”ter_‘s“y dist_ribution. _Therefore, the in_tensi%/o Gaussians in order to establish the thresholding levels to be
h!stogram ofthe total_lmage wil be_ amixture of three unimod ed in pixel classification. In our case the following classifica-
histograms. The choice of three distributions seems reasongplg | \ies are then applied:

as the quiet Sun has been shown to contain not only the inter-
network and network components (Gallagher et al., 1998), but internetwork  if I(z,y) < 11,
also an enhanced network or bright point component (Dowdy;, 4/) = { network it Ty < I(z,y) < Ty, 2
1993). Habbal & Grace (1991) find that the enhanced emission bright network if I(z,y) > Ts.

(1)

2.2. Image segmentation
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Fig. 1. The original and Laplacian transformed histograms for theg. 2. Differential emission measures of (from left to right) the bright
240'x 240’ Ov (629.73A) image. The threshold levels for thenetwork, the network and the internetwork region. Temperatures shown
internetwork—networkT1) and network—bright network boundariesare the product ofi(T) x DEM(T).

(%) are also shown.

< log T, < 6.2. Griffiths et al. argue that the trend of these
results suggests a decrease in the emission measure slope with
3.1. Emission measure distributions increasing intensity. Applying the same technique to our results

) ) ) ) we find slopes of 1.3 for the bright network, 1.6 for the network
A widely used method for the analysis and interpretation of sgnq 1.8 for the internetwork, between temperatures ofay

lar observations is based on differential emission measure dis-< g 0. We also see a decrease in slope with increasing inten-
tributions pEm), €.9. Raymond & Doyle (1981). In the presenkjry with the bright network region showing the lowest value
study differential emission measures were produced using g€, although there may be some abundance related uncertain-
CHIANTI software package (Del Zanna et al., 1997, Dere et glgs in these values. Following the argument of Griffiths et al.

1997), the ionization equilibrium values of Araud & Rothene 999 these results suggest that different density structures are
flug (1985) and the coronal abundances of Feldman etal. (199)tributing to each internetwork and network region.
TheDpEewm is given by:

3. Results and discussion

DEM(T) = N@Q(T)@ e K- 3) 3.2. Filling factors of the emission
dr One of the outcomes of the image segmentation technique, is

whereN, (T') is the electron density, arld /dT is the reciprocal that it allows us to estimate the percentage area (spatial den-
of the line of sight temperature gradient. We found it necessaiyy) occupied by the internetwork, network and bright network
to increase the abundance of oxygen by 0.2 dex, in ordereimission in each line. In Fig. 3 we plot these area percentages
obtain consistency between the oxygen and neon spectral liressa function of the line formation temperature. Each of the

Despite the large number of lines observed, several of thelistributions has been fitted with a second order polynomial.
were unsuitable fopEm analysis due to blending problems or  Fig. 3(a) indicates that the area of network emission does
low intensities. For example, Na 558.59A is blended with not change significantly with temperature, with only a marginal
Nevir 558.609A while Fexv 327.03A was found to have a decrease towards higher temperatures. However an examination
low intensity in all the regions. The two helium lines are naif the rasters of eight representative low and high temperature
used as they are both optically thick. lines, shown in Fig. 4, indicates that the network shape changes

The emission measures produced using the remaining limegssiderably at or about the temperature of the’Néine. This
are shown in Fig. 2 for the internetwork, network and brighs$ despite the fact that the overall percentage area of network
network areas. The differential emission measures are plotedission remains more or less constant. Feldman (1987) used
versus the temperature where the product ofittie) function the fact that the network in low and high temperature lines is
and thepeM is at a maximum. Note that the Ner 561.73A very different in appearance, e.gr@and Six in our figure, to
line is absent from both the internetwork and network regionargue that unresolved fine structures extend in temperature up to

Raymond and Doyle (1981) found that, assuming a powat least that of the Neitr line, but not to coronal temperatures.
law of the form EM~T<, the emission measures for the network In Fig. 3 the internetwork emission area shows a maximum
and internetwork had slopes)of 1.4 and 2.1 respectively. Re-increase at the temperature of the Weand Nevir lines. In
cently, Griffiths et al. (1999) found that this slope varied fromomparison the combined network area (i.e. the area of emis-
between~1.8 in the highest intensity regions upt@.4 in the sion from the normal and bright network) shows a minimum at
lowest intensity regions, for temperatures in the range of 32 temperatures of Na and Nevii, before increasing again to
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Fig. 3a — d.Percentage ad normal network emissior internetwork emissiorg bright network emission, andl combined network (normal
network and bright network) emission.

reach a maximum at the temperature ofxFe. Habbal & Grace work area. For example, Mgshows a value that is significantly
(1991) interpreted a similar minimum in their estimates of spamaller than the values of other coronal lines in the combined
tial densities to indicate that within the structure of bright pointsetwork plot, while Cax shows a value significantly higher than
there exist two favoured temperature populations of magnesimilar temperature lines, such asvsil. These variations are
structures: one below 3 10°K and one at coronal tempera-possibly explained by the fact that both lines are blended to a
tures. We argue that our results also show the presence of smuall degree, Mg with a line of Orv 624A and Cax with the
populations within the (combined) network, a low transition reNe v1 558A line. These values should therefore be treated with
gion group and a coronal group. However, we must be carefidme caution.
in making these assumptions as our technique for seperating theA plot of bright network emission, Fig. 3(c), shows a rapid
areas can assign a non-negligible number of pixels to the wrdngrease in the area above a temperature of |egbl7 K. Again
distribution. While this technique still gives a valid estimate dhis can be qualitatively confirmed by examining the rasters
the proportion of area in each distribution it can produce sorreFig. 4. Some bright points (e.g. at X=160, Y=70 arcsec) in
uncertainties. An examination of the rasters plotted in Fig.this figure show no appreciable expansion with temperature,
confirms that there is a minimum in the amount of networsut overall the rapid expansion of the bright network to higher
area at the temperatue of Ma. It is also possible to see fromtemperatures indicates the opening out of flux tubes, either in
these rasters that the amount of network area decreases ftoenform of funnels or loop structures into the corona. In or-
larger values at low temperatures to increase again at higter to examine the magnetic structure of the network we use
temperatures, albeit with a different appearance. This increasevbl magnetogram which was taken on the same day as the
in network area at higher temperatures has been taken to siguaifys observations (see Sect. 2.1). This is plotted in Fig.5. We
the opening out of flux tubes or funnels (Gallagher et al., 1998ave overlain the magnetogram with bright network contours
Patsourakos et al., 1999). of Ov and Sivin in black and normal network contours of the
We note that the Ca and Mgx lines show slightly anoma- same lines in white. In the magnetogram the intensity has been
lous values for the amount of combined network and internegaled to+ 50 G to bring up the weaker field structure. Mag-
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heating, along individual field lines emanating from patches of
purely unipolar magnetic flux. In these regions there appear
to be no magnetic bipoles present. This is in contradiction to
the arguments of Dowdy (1993) and Falconer et al. (1998) that
network brightenings over unipolar regions only appear to be
present due to a failure to resolve the opposite polarity flux in
the magnetograms. That argument does not seem to hold in this
situation.

However other regions at (25,35) and (60,40) do show
brightenings over bipolar magnetic field regions. Following the
definition of Dowdy (1993) these are considered to be locations
of network loops. The expansion of the bright network area in

Distance /arcsec
ssnen,/xn)y oneuley

U = e A= these locations indicates the expansion of network loops as they
pistance/aresee arch up into the corona. Furthermore, both loops and funnels
Si VIII (319.83), log,,(T,)=5.9 .
2003 T R S must reach coronal temperatures as the expansion of these fea-
400 tures in the bright network can be seen all the way from Op
200 to Six at log T.=6.1 K (see Fig. 4). Note, however, that certain

bright points in the low temperature lines do not show equiva-
lent brightenings in the higher temperature lines, e.g. at (140,
175), (185, 185), (200, 160). These brightenings are present
in Ov (Fig. 5), but not in the higher temperaturevsir line.
They can similarly be seen @l the low temperature lines in
Fig. 4 but not in the high temperature lines. These brightenings
are interpreted as internally heated network loops without any
-80.0 strong thermal connection with the large-scale corona. In fact,
N g | 100 the brightening at (140, 175) may be occurring over a unipolar
T 150 200 region, suggesting a possible low temperature funnel structure.
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Fig. 5. High-resolutionmbr magnetograms showing the field concensy 4
trations in the quiet Sun. The magnetogram has been scaled to high-
light weaker magnetic features. In the upper panel the magnetogranTable 3 we present the total radiative losses calculated using
has been contoured with thexQ629A) bright network (black lines) oyr emission measures and the radiative loss function of Cook et
and normal network (while lines) while the bottom panel shows thg (1989). The radiative loss function was scaled to the coronal
corresponding 31t (3194) contours. abundances of Feldman et al. (1992). The radiative losses have
been integrated over the temperature range lggb10-6.3 K

netic fields with values greater than this will thus be saturatégfe Fig. 6(a)). Scaling these radiative losses to the area fractions
in these images, appearing as either purely black or white, gbown in Fig. 3 for the three regions results in the curves shown
pending on their polarity. In Table 3 we show the distribution df Fig. 6(b). From this figure it is clear that the bright network
magnetic field within the bright network, normal network angontributes little to radiative losses below log=b.7 K, due to
internetwork areas defined using ther@ontours. The maxi- its small spatial extent at these temperatures. However, between
mum magnetic field per pixel is 330.7 Gauss. It can be seen tift Te=5.7 and log T=6.3 as much as 30% of the total radiative
almost 70% of the total magnetic field lies within the bright an@sses is accounted for by bright network emission, and thus by
normal network. continuous layers in a stratified atmosphere as suggested in the
Itis striking that the bright network emission in both the’O Previous section. The integrated value of the scaled radiative
and Sivit lines is concentrated precisely in those areas whd@sses over log J=5.0-6.3 K is shown in the final column of
there is a strong magnetic field, as indicated by the black af@ple 3. The sum of these integrated values gives a value of
white patches. Note that the (coronal) bright point at approx-46x10° ergs cn? s~! for the whole quiet Sun, agreeing
mately X=160, X=70 arcsec (160,70) corresponds to a strowg!! with the value of 6:10° ergs cnT? s~ calculated by Dere
unipolar magnetic region. No strong opposite magnetic pold-Mason (1993).
ity is visible. Similar bright network points are apparent at (60,
150), (40,85) and (95, 175) The area Of em|SS|0n over th@a Geometry Of the emission
bright points increases in the @it line, signifying the opening o )
out of a coronal funnel. As this magnetogram was obtained I€s82¢ et al. (1998) showed that the variation with temperature
than two minutes after the raster images, the magnetic structdfdhe relative cross-sectional area of a flux tube can be esti-
did not have time to change significantly. These brighteningted from measurements of redshift velocity, if the pressure is
may be due to local density enhancements, caused by localipEgpumed constant in the transition region and if the mass flux

Radiative losses
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Table 3. The distribution of magnetic field and radiative losses within the bright network, normal network and internetwork.

Ov Area Mean Magnetic Max Magnetic Fraction of Total Rad. Losses Scaled Rad. Losses

Region (%) Field (Gauss)  Field (Gauss) Magnetic Field (%) (ergscsn')  (ergscm?s™ 1)
Bright Network 7.07 16.14 330.70 10.50 9:280° 1.39x10°
Normal Network 58.77 10.77 288.46 58.91 5:98)° 2.80x10°
Internetwork 34.16 9.51 77.61 30.59 3480° 1.27x10°
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Fig. 6aand b. aThe radiative losses shown for each of the three regioriSig. 7a and b. aEstimates of normalised cross-sectional areas calcu-
bright network (solid line), normal network (dot-dash line) and celated from the redshift values of Brekke et al. (1997), dotted line, Chae
(dashed line)b The scaled radiative losses for the same regions. etal. (1998), dashed line and from the Rabin (1991) model parameters
(dot-dash line)b The normalised area of the bright network emission
&\(erplotted with a thin black line fit, using the function in Eq. 4. Also
tube. plotted are the equivalent estimated areas from the Rabin coefficients

Usi hi hni h bl d . (d?t-dash line), the Brekke coefficients (dotted line) and the Chae coef-
sing this technique they were able to produce estlmateqzig ents (dashed line) together with a fit to the observed bright network

the relative area of a flux tube from their redshift measuremenR{g, anove log 5.6 K (long dashes).
which they then fitted with the functional form (see Dowdy et

al., 1987 and Rabin, 1991);
A(T)/A(Ty) = [L+ (I = 1)(T/Ty)"]"/?/T

carried by the downward motion is conserved along the fl

4) these values with the functional form shown in Eq. 4, where in
this case we chose,T= 10P-3 K, the temperature of Fevr,
where A(T) is the area of the flux tube as a function of tempagives values of" = 6.7 andv = 2.3. Inputing these values back
ature, A(T,) is the area at the hot end of the flux tube (in theinto Eq. 4 results in the curve shown in Fig. 7(b) as a continuous
case T, = 10° K), v is the value of the shape factor aRids the thin black line. Using the estimated valuesIofand v from
amount of constriction of the flux tub&=A(T;)/A(T.), with Chae et al. (1998), Brekke et al. (1997) and Rabin (1991), but
A(T.) being the area at the cool (usually chromospheric) Endwith T, =10°3 K to compare with our results, gives the different
is also sometimes referred to as the loop expansion factor. Tashed and dotted curves shown in Fig. 7(b).
shape factor, as its name suggests, determines the shape of thelt is clear from Fig. 7(b) that the estimated cross-sectional
flux tubes (see Dowdy et al., 1985, 1987). areas are similar in shape to the fit of our measured bright net-
From their redshift measurements Chae et al. (1998) calewsrk emission areas. This is particularly true in the case of the
lated values of' = 31 andv = 3.6 for the constriction and shapeareas estimated from the Brekke et al. (1997) redshifts, espe-
factor respectively. Inserting these values into Eq. 4 gives tbially at temperatures abovelog T.=5.6 K. If we only fit the
curve with the short dashes shown in Fig. 7(a). Similarly, usimgeasured values above log=5.6 K with the functional form
other redshift values from Brekke et al. (1997) we were able ¢d Eq. 4 (i.e. if we remove the effects of the low temperature
calculate values df=114 andv=2.2 and to produce the curvelines) we obtain the curve shown in Fig. 7(b) with long dashes.
with the dots shown in Fig. 7(a). Rabin (1991) showed that thée note that this curve has a very similar shape to the estimated
hotter transition region plasma (5:0log T. < 6.0) can be ex- areas from the Brekke et al. (1997) redshifts as can be seen
plained as a conductive transition between the corona and ithéhe figure. This new curve has=2.36 and a larg&=2625.
chromosphere if he modelled a bowl(horn) shaped funnel witltne fact that the estimated cross-sectional areas (from Chae et
I'=4,1=2.5 and },=10°2 K. Using these estimates bf » and al.,1998 and Brekke et al., 1997) have a similar shapes to the
Ty in EqQ. 4 gives the dot-dash line shown in Fig. 7(a). observed area expansion of the bright network strongly suggests
In Fig. 7(b) we plot as triangle symbols the normalised arélaat what we are seeing in these bright network regions (at least
of bright network emission as a function of temperature. Fittirapove~log T.=5.6 K) is an expansion of flux tubes, either in
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loops or funnels, with a corresponding downflow of redshifted Future work in this area would involve time series of rasters
material. to examine the variation of network structures with time. These
Some recent work of Teriaca et al. (1999), Peter (1999) arasters combined with simultaneous magnetogram observations
Peter & Judge (1999) has found evidence for a net blueshuftuld help to further identify the ‘Dowdy’ component in the
above temperatures of log. 5.7 K, in contradiction to Chae network by allowing a more comprehensive statistical analysis
et al. (1998) and Brekke et al. (1997). Peter (1999) discussede carried out.
these blueshifts anq points OUF that they may be ewd_ence L%{(nowledgementsNe would like to thank the CDS teams at God-
downward propagating waves induced by nanoflares in Ioos
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clusion reached by Teriaca et al. (1999). However Peter (199R)iospheric Observatory. which is a project of international coopera-
mentions another possibility, in that the observed blueshifts Mg between ESA and NASA. EOS is grateful to PPARC for financial
be the solar wind in the transition region. He further suggesispport, and PTG acknowledges the award of a studentship from the
that the redshifted material may originate in the cool loops beepartment of Education for N.Ireland. This work has been supported
low temperatures of 5 10° K, with the higher temperature by the Nuffield Foundation (NUF-NAL)

blueshifted material (the slow solar wind) originating in the re-

gions in between (i.e. the coronal funnels). In producing th@eferences
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