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Abstract. We study the relationship between wavelength shiftgork. Here we extend their work by analysing more spectr
and intensities of chromospheric, transition-region and corotiales and quantifying the correlation between the line-of-sig
ultraviolet emission lines in polar coronal holes and in the norelocity of the plasma at different temperatures and the intens
mal quiet Sun using SUMER data. Within coronal holes almost lines that clearly show network structures.
all the lines showing the network and formed above 30 000 K Our comparison is based on data taken close to the limb, |
show a correlation between blueshifts and brightness. This skl on the solar disk. This differs from many other studies whos
tends and supports the conclusion reached by Hassler eteaiphasis lies on off-limb, or disk-center coronal hole data (e,
(1999) that the fast solar wind emanates from the network. llandi et al., 2000). Detailed shift-versus-intensity studies ha
the normal quiet Sun, however, we find that only lines formdwzken carried out by Brynildsen et al. (1998), Peter (1999) a
above2 — 3 - 10° K show such a trend, the cooler lines beinglansteen et al. (2000). All find a correlation between intensi
more redshifted in the network. This suggests that either thexed red-shift in the quiet Sun areas.
is a fundamental difference in the initial acceleration of the so- The present investigation is an extension of a previous stu
lar wind in coronal holes and the normal quiet Sun, or that tlre which we used SUMER data to show that spectral lines
wavelength-shift versus brightness relationship in the quiet Siams with temperatures of maximum ionic fraction abage K
stems from other processes or structures (loops) than in coraadiibit a blueshift in coronal holes relative to quiet Sun regio
holes (open field lines). (Stucki et al. 1999, 2000).

Key words: Sun: corona — Sun: solar wind — Sun: transitioh  opservations

region — Sun: UV radiation
The observations consist of 3 different data sets. The firstand

second set of observations (JOP055 and JOPU®Staken in
_ December 1996, respectively September 1997), consist of se
1. Introduction of 14 different spectral frames, recorded with SUMER (102

The fast solar wind emanates in coronal holes, but the mecRBECtralx 360 spatial pixels each, exposure time 300 second
nism by which this solar wind is accelerated to the high speefa0se frames cover a large part of the spectrum between
observed in interplanetary space is still a matter of deb&@d 14204, including more than 70 identified spectral lines
(Marsch, 1997). Until recently little was known about the exadt€ Slit position was located on the central meridian, where
source regions of the fast and slow wind (coming from the qugtossed e|ther_the northt_arn or the southern coronal hole and &
Sun) on a smaller scale. traversed .portlons of quiet Sun. . '
Using data obtained with the SUMER spectrometer (Wil- The third data set c_on3|st5 of series of 12 different spect
helm et al., 1995) on SOHO, Dammasch et al. (1999) and V\}_‘ﬁames (each12 x 360 pixels; exposure time: 150 s) taken dur

helm et al. (2000) report a predominant blueshift of themNe "9 the SOHO roll manoeuver on 20th March, 1997. Series
770 A line in polar coronal hole regions, interpreted as bulffa@mes were obtained every 30 degrees along the disk circu

outflow motion from the source region of the fast solar windérence while SOHO was rotated around its sun-pointing ax
Hassler et al. (1999) found that the highest outflow speeds st&{ing the roll manoeuvre the slit was always oriented radiall

in Nevim are predominantly located in the chromospheric net- 1€ data cover a range of distances from the limb corr
sponding to approximately the outer third of the solar disk ¢

Send offprint requests t&. Stucki 0.1 < p < 0.67 (u is the cosine of the heliocentric angle).
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Fig. 1. Wavelength shift of
Nevir 770.43A versus in-
tensity of Niv at 765.15A.
Each plotted symbol corre-
sponds to the binned values
of 20 data points with neigh-
bouring intensity valuesa:
Coronal holeb: Quiet Sun.
The solid lines representlin-
ear fits to the binned data,
the dotted lines indicate the
uncertainties in the fit. The
correlation coefficients are
indicated.

Table 1. Analysed spectral lines with the formation temperatua#

some of our images. the corresponding line and the range of wavelength shift covered by
The data were reduced in the standard manner prior to the fit in the wavelength shifts versus intensity plots (in kilometers per

analysis, mainly involving flat-fielding and geometrical distorsécond).

tion correction. 10 spectral regions that are common to all data

sets and contain spectral lines of diagnostic value coveringRgctralline Temp.  Range of shift-intensity curve
wide range of formation temperatures were selected for further [Al [K] _ Coronal hole Quiet Sun
analysis. Ov 629.70 2.35-10° —22.7 -7.1
We retained a total of 24 spectral lines listed in Table $1v 661.44 1.04-10° —5.6 6.5
The temperatures of maximum ionic fraction in thermal equt" 753.76  1.04- 10: —6.0 —2.9
librium of the corresponding ions have been taken from Arnaﬁd" 758.67 2.35- 104 —5.9 —1.9
111 764.36 8.04-10 —12.6 5.4
& Rothenflug (1985). 765.15 1.42-10° —6.9 41
To facilitate data interpretation, lines with known blendﬁevm 77043 5.75. 10° 3.7 97
have been avoided when possible, or a multi-Gaussian fittiggy,,;;, 78032 5.75. 10° 3.9 95
routine is employed to separate the contributions of the in@jy; 933.39 1.74-10° 1.7 3.4
vidual blends. A more complete description of the observatiogs:; 1175.71 6.76 - 10% 6.2 6.0
and the chosen lines can be found in Stucki et al. (2000).  Sim 1206.51 3.00-10* -1.8 6.7
Fexi  1242.01 1.41-10° 0.1 3.2
Nv 1242.80 1.74-10° -2.5 6.1
Sir 1258.80 8.00- 103 9.8 3.4
3. Results O1 1302.17 1.51-10* 0.4 2.6
O1 1304.86 1.51-10% 0.2 0.0
We calculated the intensity, shift and width parameters of tig 1306.03 1.51-10% 1.8 3.9
selected lines at each location along the slit using Gaussiandit- 1315.92 1.44-10* 1.0 2.5
ting. Here we study the possible relation between line positidi: 1317.22 1.40-10* 4.0 3.0
(Doppler shift) and intensity of the lines showing the chromad¥ 1319.00 1.62-10* 1.8 2.8
spheric network. The shift has been measured relative to the 1334.50 3.72-10" —2.1 —0.7
position of the maximum intensity of the spectral line averagecdlIV Sgizg I-gg : 18: gg i-;
V . . . —O. .

over the whole slit Sitv 1402.80 7.08-10* -2.5 3.3

Fig.[d shows the wavelength shift of Ne 770. 43A, which

is formed at temperatures abdve10° K, versus the intensity © warning: Atomic lines and those from optically dense regions re-
of N1v 765.15A at the same location. The cooler line, which i Igiuire special consideration. The given temperatures are not directly

formed at around0® K, was chosen because it clearly shows thapplicable to them (Mason & Monsignori Fossi, 1994).

structure of the chromospheric network, is strong, unblended,
and is coregistered on the same exposure. Negative shifts sig-

nify blueshifts. The data were binned over 20 pixels, i.e. each The solid lines represent linear fits and the correlation co-

symbol represents the average line shift determined at 20 defficients are indicated. The binned data are plotted since they
points with neighbouring intensity values ofii(which do not reveal a clearer trend. The correlation coefficients for the un-

necessarily occur at neighbouring spatial locations). Results Binned data are smaller, beirgd.11 and—0.21 for the coronal

the coronal hole and the quiet Sun are plotted. hole and the quiet Sun, respectively. Since we do not use an
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absolute scale for the shifts, the line shifts at the meridian can- In Fig.[3, the correlation coefficients between line shifts al
not be compared directly with those obtained at other locaticimsensities of all the spectral lines in our sample are plotts
on the disk. Hence only the meridian data (JOP055) have beensus their formation temperature. We plotted only the resu
plotted here. Note that quantities such as the correlation codfifiem the binned data. Both the binned and unbinned data d
cient or the gradient of the least-squares fit are not affectedfidgly the same trend, but it is accentuated after binning (larg
this ambivalence and can be compared between the data satsrrelation coefficients).
The Nevrr line shows larger blueshifts with increasing in-  The chromospheric lines show a larger redshift in the ng
tensity of the cooler Nv line (Fig[1) in both the coronal hole work (i.e. positive correlation coefficient) for both coronal-hole
and in the quiet Sun. Although the correlation with the neand quiet-Sun regions. Most transition-region lines show t
work intensity is higher in the quiet Sun, this line is distinctlgame trend in the quiet Sun, but the opposite trend inside coro
more blueshifted inside the coronal hole than in the quiet Sholes. Finally, lines formed above®10° K show an increasing
(cf. Stucki et al., 2000). Both results are in agreement with tidueshift with increasing intensity in both coronal holes and t
findings of Hassler et al. (1999) and Wilhelm at al. (2000). quiet Sun (this includes the Nei: lines). For the Feauir line,
In Fig.[2 we plot line shift versus intensity for a transitionthe line with the highest formation temperature in our sampl
region line, Niv at 765.15A. Here also, we used only the meridthe shift has been correlated with the intensity afi368.794,
ian data. We observe stronger blueshifts with increasing intemhich is coregistred on the same frame (since the network ca
sities inside the coronal hole. The trend is reversed in the quiett be seen in Ferr; for the same reason as Nart is correlated
Sun, however. One must keep in mind that the blue- and redth N1v at 765.15&). The result for the F&i1 line is marginal,
shifts are arbitrary since we are lookingralative shifts only. due to its weakness and to blends, but has nevertheless b
Peter (1999), in contrast, sees no correlation between Doppikatted since it is by far the hottest line in our sample.
shift and intensity inside the coronal hole for another transition- The plotted coefficients have been calculated using all ava
region line, Qv at 1548A. This is not inconsistent with our able data pixels, which means that although the coronal hc
result since the correlation we obtain between the two paramesults include only meridian observations, the quiet Sun p
ters is rather weak for the unbinned data. files at the other locations have also been employed, in orde
An analysis of the remaining lines in our data set is necessaghieve better statistics.
to reveal whether the trends seen in Higs. 1[and 2 can be related
to their temperatures of formation. )
Table 1 shows the range in speed covered by the linear fittoCOnclusions

the wavelength shift versus intensity data points for the corong{s have analysed the wavelength shift as a function of the inte
hole and the quiet-Sun regions, for all analysed spectral Iingﬁy of selected spectral lines observed by SUMER in coron
The range is here defined as the difference between the MBtes and in quiet Sun regions. The correlation of line shi
imum and the maximum shift reached by the linear fit in thgith the network intensity confirms the results of Hassler ¢
intensity range of the data, expressed in kilometers per secod(1999). In particular, the Neu line at 770.43A shows in-
Most chromospheric lines show similar positive slopes in bOHPeasing blueshift with increasing intensity ofWNat 765.15A7
regions, while transition-region lines have a positive slope jf hoth quiet Sun regions and coronal holes. We find, howev
quiet Sun and a negative slope inside the coronal hole. For@lat the result depends on the choice of spectral line. Partig
most all the lines, the gradient is higher (more positive) in thgyly for transition region lines, formed between 10* K and
quiet Sun than in coronal holes. 2.10° K, we need to distinguish between coronal holes and t

normal quiet Sun. In this temperature range, this relation is o
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Fig. 3.Correlation coefficient between wavelength shifts and intensities, versus the ion formation tempéd&uoresds Coronal holeStars:
Quiet Sun. The data are binned in intensity bins of 20 data points. The curves are quadratic fits to coronal hole (dashed) and quiet Sun (sc
data, not including the results of the e lines.
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