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Abstract. We describe new ground-based spectroscopic ob- 1. The dissipation of small-scale electric currents associ-

servations made using a 40-cm aperture coronagraph over a
whole range of radial distances (up to heights of al2ove

the limb) and along four different heliocentric directions N,
E, S and W. The analysis is limited to the study of the bright-
est forbidden emission line of Fe XIV at 530.3 nm, in order
to reach the best possible signal-to-noise ratio. To make the
results statistically more significant, the extracted parame-
ters are averaged over the whole length of the slit, and mea-
surements are repeated fives times at each position; the cor-
responding dispersions in the results obtained along the slit
are given. Central line profile intensities and full line widths
(FWHM) are plotted and compared to measurements pub-
lished by other authors closer to the limb. We found widths
and turbulent (non-thermal) velocities of significantly higher
values above the polar regions, especially when a coronal
hole is present along the line of sight. We do not see a def-
initely decreasing behaviour of widths and turbulent veloci-
ties in equatorial directions for larger radial distances, as re-
ported in the literature, although lower values are measured
compared to the values in polar regions. The variation in the
high corona is rather flat and a correlation diagram indicates
that it is different for different regions and different radial
distances. This seems to be the first analysis of the profiles
of this coronal line, up to large heights above the limb for
both equatorial and polar regions.

Key words. Magnetospheric physics (MHD waves and in-
stabilities) — Space plasma physics (turbulence) — Solar
physics (corona and transition region)

1 Introduction

Any measurement of non-thermal velocities distributed in-
side the coronal plasma is a good diagnostic for studying both
the origin of the coronal heating and the sources of the solar
wind (see, e.g. Doschek et al. 2001). Two mechanisms are to-
day widely discussed to explain the high temperature of the
corona (see, e.g. Phillips, 1995) and how it is maintained:
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ated with a changing small-scale magnetic field, cur-
rently described by the concept of reconnection of mag-
netic field lines (see Priest and Forbes, 1999). Impul-
sive heating and sudden local release of energy leading
to high temperature effects and transient brightenings
are possibly the signature of this mechanism, (see, e.g.
Smartt, Zhang and Smutko, 1993; Wood et al., 1998).
We will not consider this process in this paper sim-
ply because it presumably requires good spatial reso-
lution observations which are difficult to obtain simul-
taneously with precise spectroscopic data, especially
from the ground. Another reason is that this mechanism
certainly operates close to the surface and our corona-
graphic observations are done well above the surface.

2. Nonlinear effects occurring during the propagation of

waves inside a magnetically dominated atmosphere and
further, in the outermost atmosphere where waves are
guided. Waves obviously produce displacements, in-
cluding unresolved proper motions which can better be
studied by measuring Doppler effects seen in the broad-
ened profiles of coronal emission lines. Because of the
high level of structuring in the corona, as shown on
high resolution coronal images, the observed broaden-
ing shows the integration effects along the line of sight.
However, depending on the importance of waves, one
can look for a signature at different heights, keeping in
mind that the hydrostatic pressure scale (see Novem-
ber and Koutchmy, 1996) is of the order of 100 Mm
in a 2x10°K corona (or two times less, in a presum-
ably more inner ¥10°K corona). Observations usu-
ally have a spatial resolution significantly better than
this scale, and their resolution is often comparable or
similar to the typical scale of variations of the coronal
magnetic field. Accordingly, we can expect some dis-
persion occurring in the real data when looking at an
“instantaneous” line profile, even after integration along
the line of sight, due to the finite number of summed
contributions along the line of sight at a given moment
of observation.



3056 S. Koutchmy et al.: Analysis of non-thermal velocities in the Solar Corona

Another important aspect of the coronal dynamics iseverywhere inside the corona and up to great heights (see
the outward acceleration of the “bulk” (magnetic) coronal Arnaud, 1982 for coronagraphic observations; Kim, 2000;
plasma leading to the solar wind. Recent movies made usBocchialini and Koutchmy, 2001 for eclipse observations).
ing the beautiful LASCO observations from SoHO, amply Many observations were collected with coronagraphs, both
demonstrated that a permanent flow with different scalesphotographically and photoelectrically. Well above the limb,
including the smallest one which is evidently not fully re- especially in polar regions, the coronal signal obtained with
solved, exists along streamers (movies are available on CDa ground-based coronagraph becomes weak above the so-
by ESA and by NASA or using the Web sites of SoHO in called aureola background parasitic light level. The use of a
USA or Europe). At larger scales, coronal mass ejectionsvery sensitive and linear charge-coupled device (CCD) cam-
(CMEs) are episodically observed, but their study requiresera extended in dynamical range makes possible a new way
more global diagnostics. Here we will not discuss these pheto analyse the line by subtracting the background. Note that
nomena any further. the limitation occurring in space due to the limited telemetry

We know for a long time that a solar wind of significantly rate does not exist at ground-based sites.
larger speed originates more from coronal holes than from Recently, Singh et al. (1999, 2002, 2003) published a se-
other regions of the Sun (the so-called fast wind is typically ries of new and well-documented papers devoted to the anal-
a factor of two faster than the slow wind). The mechanism(s)ysis of the main coronal lines observed using the Norikura
of acceleration operating at some unknown distance from thébservatory Lyot coronagraph of 25-cm aperture. CCD
Sun, here again, is not clear. It has been suggested by severspectra were obtained with high signal-to-noise ratio and
authors that waves outwardly propagating along an approxithe behaviour of the line broadening as a function of height
mately radial magnetic field (presumably “open”) could ex- was studied in particular. Impressive results were obtained,
plain the strong wind coming from a large part of the coronavery similarly to the earlier classical study of Tsubaki (1975)
(see, e.g. Wilhelm et al., 1998; Tziotziou et al. 1998; seemade with the larger 40-cm aperture coronagraph at Sacra-
also the recent review by Woo and Habbal, 2002 for an al-mento Peak Observatory, but using photographic film of
ternative topological configuration). The propagating waveslower sensitivity. Surprisingly, Singh et al. did not find def-
in the corona are believed to have short periods and smalhite evidence for increasing amplitudes of non-thermal ve-
amplitudes, just because, low in the corona, magnetic forcesocities in the Fe XIV line with height. Instead, they describe
dominate pressure gradients of the high temperature (at leasbme decrease of non-thermal velocities measured from their
1P K) plasma. Often Alfen waves coupled with the plasma line profile analysis, for heights up to 14@bove the limb.
are suggested (see, e.g. Axford and McKenzie, 1992). TheWote that this is still a rather limited range, not surpassing
are difficult to resolve but their signature on the line profiles two hydrostatic scale heights. In addition, their study was
of strong emission lines should be imprinted; associated velimited to bright regions of the corona related to limb coro-
locities are usually called non-thermal (or turbulent) veloc- nal enhancement probably overlying sunspots and facular re-
ities and they have been discussed for a long time since aljions.
coronal lines are indeed affected. Here we report similar measurements, but extended to

To perform a precise line profile analysis far enough outmuch greater heights and using the larger diameter 40-cm
in the corona, the strongest emission line available, whercoronagraph and an excellent 16-bit CCD camera. Depend-
using a Lyot ground-based coronagraph, the forbidden lineing of the parts of the corona under investigation, our results
of FeXIV at 530.285nm, is the best choice. Note that thisdiffer from those of Singh et al. We also consider weak polar
line produces a photon flux per resolution element severatoronal regions. Itis the first time that a CCD analysis of line
ten times larger than the strongest EUV lines, such as the Ferofiles is performed so far in the corona using the Fe XIV
IX and Xl lines at 17.1 nm used currently for coronal imag- line.
ing from space. This truly coronal emission line is not sensi-  Finally, it is important to mention that line profile analyses
tive to the so-called Doppler dimming effect (see, e.g. Kohl of resonance lines, like the HI Ly line and the OVI doublet
and Withbroe, 1982), such that its profile is directly reflect- near 103 nm, performed with the UVCS instrument of SoHO,
ing line-of-sight velocities inside the corona. In addition, it already provided strong evidence of very large effective ion
has been established a long time ago (see Allen, 1946) thabmperatures above coronal holes (see, e.g. Cranmer, 2002).

the line is measurable in the corona all along large radial disAdditional effects could also be considered in terms of very
tances (beyond at least three solar radii from the solar center)arge non-thermal velocities.

Accordingly, a detailed quantitative analysis of the line pro-

files can be made, even when using a temporal resolution of

the order of 0.1 min (with the possibility to search for oscil- 2 Observations

lations). As a rule, the signal-to-noise ratio is usually high

enough to measure easily any departures from a GaussiaDbservations that we collected used a setup located at the
profile, and also to deduce some effective Doppler shifts fromoutput of the universal spectrograph of the NSO-Sacramento
an average profile (see, e.g. Tsubaki, 1975 and Koutchmy ePeak Observatory (at 2800 m elevation) coronagraph of 40-
al., 1983) with a precision better than 1 km/s. Another advan-cm aperture. For a description of the facility, see http://nsosp.
tage of this nearly 210° K line is that it is produced almost  nso.edu/esf/userman/coronagraph.html. We performed a set
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of observations extended over several weeks, but only thg
best data collected on 31 March 2002 are discussed herj
Unfortunately, the EIT instrument of SoHO was not in op-
eration at that time. In space only the EUV imaging in-
struments of the Russian Coronas spacecraft were collectin
data. From the ground, we simultaneously obtainedsht-
jaw images. They are of little scientific interest on their own,
but could be used to check the position of the slit of the spec
trograph, and also the sky brightness and viewing during ou
observations. However, many FeXIV images collected with
the Mirror Coronagraph for Argentina (MICA) coronagraph
operated in Argentina (Stenborg et al., 1999) are available fo
the day of observation (see Fig. 1).

We selected the best time of the day when the Sun waj
high enough (at least 3Gabove the horizon) to have a re-
duced atmospheric aureola background, as measured wif
the Evans’ sky photometer of Sacramento Peak Observator
but still before the hours of important heating due to so-
lar irradiation, which generates large viewing effects in both
the Earth’s atmosphere and inside the coronagraph. Speq
tra were obtained between 15:30 and 18:00 UT on 31 Marc

H H 1 /
2002. The 10@m width slit correspond_lng FO /2(.)n the Fig. 1. A reconstructed image of the Fe XIV corona made from the
sky, was p_ut orthogonally to the local ra@al dlreCt.IOI’], at S€- series of observations with the MICA coronagraph in Argentina (see
Ie_c_ted radial distances, r, and Consecunve'.y at d'ﬁeren.t po'Stenborg etal., 1999). The positions and lengths of the entrance slit
sitions exactly above the N, E, S, and W limbs (see Fig. 1of our spectrograph are indicated (see also Table 1). The MICA
and Table 1). We used a dispersion similar to what was useghage is a processed average of the best frames taken during the
by Tsubabi (1975); other parameters, such as the setup afteshole duration of our observations on 31 March 2002. Note the
the exit of the spectrograph, were similar to what has beerabsence of a significant signal above the North Pole, which is a
used by Koutchmy et al. (1983) with the same instrumentresult of both the weak level of Fe XIV line emission and possibly of
to obtain photographic time sequences to search for FeX|\e slightly exaggerated cancellation of the (fluctuating) background.
oscillations. The resulting spectral dispersion was 4.05pm
per pixel, taking into account the 8m pixel size of the Ko-
dak KAF 1602E chip. After the re-imaging Micro-Nikkor A very important step in analysing the spectra is the re-
lens and a field lens, an almost perfectly flat field over themoval of the background aureola parasitic light scattered
whole chip was obtained (no trace of vignetting effect could inside the instrument, Ar), superposed on the light coming
be detected over the whole field). The adjusted effective exfrom the sky, A(r), which is mainly produced by the forward
posure time was 55, just enough to avoid any saturation ofcattering by aerosols. The summed intensity corresponds to
the chip and to provide the best signal-to-noise ratio over ahe intensity of the so-called aureola, which decreases drasti-
16-bit dynamic range. The cosmetic property of the cooledcally when going away from the limb. All components of the
chip at—20 C was found to be excellent, judging from dif- aureola are coming from the solar disk illumination and evi-
ferent calibration spectra, including solar spectra taken withdently contain all the Fraunhofer lines of the solar spectrum.
the diffuser put in the light path of the coronagraph. We ac-We tried several methods for removing the background, in-
curately removed the bias and dark currents from each frameluding some convoluted spectra computed from the AFGL
and for each selected position shown on Fig. 1. We consecsolar irradiance atlas of Sacramento Peak Observatory, using
utively recorded five frames in order to improve, after av- a spectral smearing function of slightly different widths. Fi-
eraging the set, the signal-to-noise ratio over profiles whichnally, the best background cancellation was obtained using
were extracted from the resulting images. Before averagspectra taken before and after the series, over the aureola at a
ing, individual spectra were co-aligned with a precision of large radial distance 1.5 solar radius) in polar directions
1/10 of a pixel in the spectral direction (note that the ob- and normalizing each reference spectrum with the effectively
served shifts of the overall spectra never exceeded one pixgheasured intensity of the “continuum” near the coronal line.
for each set) and geometric distortion effects were removedFigure 2 shows an example of an image of an observed aver-
Regarding the other direction, note that the instrument uses age spectrum (no corrections) and the resulting emission line
4-quadrant-cell system of guiding to keep the same region orspectrum alone, after removing the background. Figure 3
the slit during the recordings of each set of spectra, althoughs showing a display of all raw intensities of a background-
the viewing is the real factor limiting the spatial resolution. subtracted spectrum collected from a slit position close to the
An additional smearing is produced by the temporal averagiimb. Interestingly, a very small effect is still detectable in the
ing (typically 2-min averages). residual background level due to an imperfect cancellation.
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dispersion direction

ol

Fig. 3. Three-dimensional display of the distribution of the Fe XIV
emission line profiles along the slit, after removing the background
and hair lines and averaging five spectra. Note the variations in the
central intensities. The slit was put at an average height 6frbi

the east limb.
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Fig. 2. Average image of the spectrum taken above the E-limb at a 0 2 4 6 & 10 12 14 16 18
distance of 1.5from the limb (this position of the slit is barely seen Height [arcmin]

in Fig. 1). At the top, a raw spectrum; at the bottom, the coronal _| . L . .
spectrum after removing the parasitic background light and correctFig- 4. Radial variations of the average intensities of the aureola

ing the spectrum for geometric distortion effects. Note the ratherP@ckground measured in the neighbouring continuum of the coronal
large inhomogeneities of coronal line emissions along the length 01“”e at 530.3nm. Time of the day when the data are collected are
the slit. The hair lines are also kept (two dark lines crossing the

shown in Table 1. Accordingly, the Earth’s atmospheric component
spectra) to show a distance of 56 Mm in the corona along the slit. of the aureola changes by a small amount. Intensities are given in

units of 10-® of the average brightness of the solar disk.

This is just because the radial variation of the intensity of tion in the sky). Different methods were tried to deduce these
the aureola is stronger close to the limb than at a large radiaipso|yte values and a fair agreement is indeed obtained with
distance, where the reference background spectra are madge scale of brightnesses of FeXIV used at Sacramento Peak
using the same slit length (see Fig. 1). In Fig. 4, we showgpservatory when the photoelectric coronal emission lines

the intensity of the aureola measured in a spectral Windo"‘bhotometer is used to perform routine measurements.
corresponding to the continuum near 530.3 nm, at different

times (see Table 1) and different directions. Intensities inte-

grated along the line of sight were converted in absolute unit3  Results of the analysis

of the average intensity of the solar disk at the same wave-

length, as usually done by coronagraphic observers. We segfter subtracting the background, we obtain the full line pro-
that near the limb, intensities reach rather high values (keeffiles which still have to be corrected for the instrumental
in mind, however, that the Sun was not at its highest elevabroadening, using the usual method where the instrumental
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Table 1. Times, positions and numbers of the analysed slit spectra
(see Fig. 1). 043 1| ? ? ‘It ? T ' z]s . ?0,13
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Fig. 6. Variations of the line widths as a function of height above
the limb for different directions shown in Fig. 1 of this paper, and

from the limb from the limb above coronal enhancement regions, as reported by Tsubaki (1975)
N1to5 15 S1lto5 15 and also, for selected regions, by Singh et al. (2000).
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Fig. 7. As in Fig. 6, but now considering the Doppler temperatures
(effective ion temperatures) computed from the line widths. Note
the excellent agreement with the Tsubaki (1975) values when con-
sidering the same radial distances and only equatorial regions.

T T T T T T T
0 2 4 6 8 10 12

Height [arcmin]

Fig. 5. Radial variations of the 530.3-nm Fe XIV coronal central
line average intensities for different directions (see Fig. 1). Units

are the same as in Fig. 4 and intensities are averaged over the whole . . . -
length of the slit shown in Fig. 1. Bars of uncertainty correspond to nagraphic data obtained by Armaud (1982) at Pic du Midi

the dispersion of the intensities measured over the length of the slitObservatory. Note that even north, where a coronal hole is
the level of the noise is always smaller. possibly situated along the line of sight (see Fig. 1), we mea-
sured a substantial level, probably because we cross at least
some boundaries of the hole: polar holes are not covering the
profile is assumed to be of Gaussian shape. Furthermorayhole polar region at this time of the solar cycle (typically
all line profiles were fitted with a simple Gaussian, a pro- one year after the sunspot maximum). This is confirmed
cedure which leads to some small dispersion (see Table 2hy studying the polar regions from the EIT Fe XV images
but provides a precise comparison with data coming fromtaken before and after our observations (not shown here), as
other published analyses. The deduced central intensitiesell as by looking at the images taken on 17 March and 14
of the line are plotted as a function of radial distances inApril 2002, which correspond to the corona seen behind the
Fig. 5, showing mutually consistent data sets, with the corodimb but are still relevant for a line of sight integration above
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Table 2. Average for each slit length of the measured parameters of FeXIV line emissions in different locations of the solar corona (see
Fig. 1). We did not report all the analysed data (see Table 1), in order to keep a good enough signal-to-noise ratio, which means that very low
level emissions are not discussed here.

Height above  Average FWHM  Dispersion of Dispersion in

the limb Central Min  Max [pm] FWHM [pm]  Doppler Shift

[arcmin] Intensities [km/s]

15 45.0 343 529 849 1.37 2.61

3 12.0 76 158 849 1.67 3.80
East 5 3.5 23 50 85.2 4.25 3.51

8 1.9 0.0 32 82.4 6.97 1.94

12 1.6 00 28 105.8
15 24.3 13.9 39.7 86.5 4.67 4.03

3 9.8 6.6 156 90.6 7.35 3.40
West 5 3.4 10 53 85 4.71 3.33

8 1.2 00 31 92.9 6.15 3.35

15 7.6 49 97 95.7 3.92 3.27
North 3 4.6 30 64 110.1 4.32 4.96
15 13.1 6.9 16.3 953 411 3.46
South 3 5.0 18 75 97 13.36 2.55

5 1.9 00 35 96.9 11.43 2,94

the polar regions. So observations are not necessarily in1.8 MK, which corresponds to a FWHM of 0.068 nm (see

dicative of coronal hole conditions, at least at low heights, Kim, 2000).

as confirmed by the examination of the 19.4-nm filtergram Figures 6 and 7 indicate the radial variations of the ob-

taken at the same time on Cororlas tained average values of the FWHM and of the correspond-
The fitting of line profiles and the computation of their ing Doppler temperatures in all directions N, E, S, and W.

FWHM has been well described by Tsubaki (1975) and re-  Finally, we plotted in Fig. 8 the computed turbulent veloc-

cently by Kim (2000) and again by the Singh et al. (1999, ities, assuming £1.8 MK. The indicated uncertainties give

2002, 2003), such that we do not consider it useful to repeathe whole range of velocities we obtained for each position

or duplicate here this part. The same is true for the extracof the slit, which means the dispersion and not intrinsic un-

tion of the Doppler temperature,pI’ and of the turbulent  certainties in measurements which are significantly lower.

velocities, V, making the assumption that the full profile is

due to the superposition of thermal velocities at the formation

temperature of Fe XIV, T, and to unresolved turbulent and 4 Discussion of results

isotropic velocities Y, (also called non-thermal velocities),

smearing the profiles integrated along each line of sight. As-The first interesting result concerns the agreement we see

suming that T is known from the ionisation balance calcu- with the Tsubaki (1975) photographic results, and, to some

lations, and taking 55.85 for the atomic mass number of theextent, with the Singh et al. (1999, 2002, 2003) results (see

Fe 13+ ions responsible for producing the Fe XIV line, it is Fig. 6), taking into account that these authors studied the line

easy to deduce a quite simple and practical formula relatingprofiles in specific regions, at low latitudes and for a rather

the different parameters: limited extension in height. The results that we obtained over
12 the polar regions cannot be compared with other ground-
Vi =17.2km/s(Tp/MK —T;/MK)~<. (1) based coronagraphic data, because to our knowledge, there

are no such observations. Regarding these regions, Figs. 6
and 7 show definitely larger values of both the widths and
Tp. The effect can especially be seen above the north polar
region, where intensities are, however, very low and corre-

1v. Slemzin and the Lebedev Institute team, private communi- Spondingly, the signal-to-noise level is lower. The effect is
cation even better seen in the turbulent (non-thermal) velocities (see

We take T=1.8 MK, i.e. to be equal to the temperature of
maximum ionic fraction from Arnaud and Rothenflug, 1985.
The measurements show thas miever reaches a value under




S. Koutchmy et al.: Analysis of non-thermal velocities in the Solar Corona 3061

35 - N 4500 ; ﬁ*
] %  West 4 *:
0 North 4000 i o North 1.5
[2] 1 U
30 4 = @] P o North 3
3500
2 o S 1 © % A South 3"
1 2 3000 % East1.d
T . o West1.5'
@ 251 °
v = 2500 5
= i? 2 2000 O
> 204 3 ] T=1.8 MK
T 1500 o '
| E | o
S 1000
15 s
U7 1l Lo§ wl
] i ] & 0 A
0 0 0 O
10 T T T I T ¥ T ¥ T ¥ T 7 T ¥ T ¥ 1
J J J J T T ' ' 16 18 20 22 24 26 28 30 32

_\
N
w
N
&)
o
~
-
©

. . Turbulent Velocities,V, [km/s]
Height [arcmin]

Fig. 8. Radial variations of the turbulent (non-thermal) isotropic Fig. 9. Correlation plot between central intensities of each average

velocities, assuming a temperature of 1.8 MK for the Fe XIV ions. Fe X1V line profile and the corresponding turbulent velocities. It

Uncertainty bars correspond to the dispersion obtained along eackhows different velocities N depending on the distance from the

slit length, not to the significantly smaller intrinsic uncertainties.  |limb (for polar regions only) and, in particular, on the latitudes of
the emission and the brightness.

Fig. 8). This seems to tell us something about the coronalyidths would appear. To go further in the analysis of the dis-
holes and coronal hole boundaries physics. SUMER/SOHQ;repancy, we built a correlation diagram (see Fig. 9). The
results of Wilhelm et al. (1998) are going in the same direc-typical intensities of the line studied in the regions selected
tion; we think our result is the first independent confirmation by Singh et al. correspond to intensities situated at the top of
coming from CCD measurements on a forbidden line andthe diagram (the highest intensities corresponding to equato-
FeXIV. Note that the more recent results of O'Shea, Baner-ial regions and to the position of the slit close to the limb).
jee and Poedts (2003) obtained using the MgX line observedrhe highest intensities give the smallest values of turbulent
with CDS/SoHO in a CH is more difficult to evaluate. Al- velocities, in agreement with Singh and et al. (1999), and
though in the more inner corona situated under 65Mm, theironly for low intensities did we see a completely different be-
reported data seems to support the behaviour of an increasraviour, with high values of turbulent velocities occurring in
ing FWHM with heights, they see a different behaviour be- these regions. This range of small intensities is obviously
tween 65Mm and their maximum height of analysis situ- beyond the intensities used by Singh et al. (1999) and this is
ated at 90 Mm. It could be very important to continue theseprobably the origin of the apparent discrepancy. In polar re-
ground-based coronagraphic measurements further in the sgrions, we think that there is no discrepancy and the observed
lar cycle, going to the minimum-type corona. Further out |ine broadening is an argument in favour of coronal wave ac-
in the polar region corona, Hassler et al. (1990) and Kohltjvity.

et al. (1999) reported space-borne results that were also in

agreement with us. As far as eclipse results are concernedicknowledgementsData used in this paper were collected at NSO-

we finally found the agreement to be excellent with data re-Sacramento Peak Observatory sponsored by AURA and the US Air
ported by Kim (2000). Force Research Labs. We thank the telescope allocation committee

Another tvpe of diagnostics which we will now discuss for the generous allocation of the time of the 40 cm coronagraph
yp 9 and especially R.C. Altrock, K. Balasubramaniam, R. N. Smartt,

Concem$ the behaviour of the coronal line W'_d.ths' and, Ccorg, Hegwer and J. Cornett for their precious advices and help; L.
respondingly, of turbulent (non-thermal) velocities for larger gjjliams assisted us during the whole run and special thanks go to
radial distances (or heights above the limb) in the equatotim. We are indebted to J-P. Maillard, J. Singh, R.N. Smartt, R.
rial regions. Our Figures 6, 7 and 8 do not confirm the very Taillet and K. Wilhelm for reviewing the first manuscript and to
recent results by Singh et al. for particular regions. Theyboth our Referees for significantly improving it.

found decreasing and rather small line-width values obtained Topical Editor R. Forsyth thanks S. Fineshi and another referee
near 2 from the limb. Our data probably cover a larger av- for their help in evaluating this paper.

erage but, more importantly, we looked much further out in

the corona,where we never see such narrow widths. Indeed,

in the west, we have an almost flat or very slight increas-

ing behaviour and, in the east, a very slight decreasing part.

Some dispersion is, of course, present in the data (see also

Table 2), but no indication of a systematic decrease in the
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