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Abstract. The UV spectral lines formed at transition region
temperatures in the solar atmosphere, show a prevailing red-
shifted emission. Using the Solar Ultraviolet Measurements of
Emitted Radiation spectrometer flown on theSolar and He-
liospheric Observatoryspacecraft, we measure the amount of
line shift as a function of the temperature for several spectral
lines formed in the range between104 and106 K. We analyze
spectrograms relative to the quiet Sun and to the active region
NOAA 7946. The velocities derived are increasing from a red-
shift of ∼ 0 km s−1 at ∼ 20000 K to 10 km s−1 at 1.9 105 K
for the quiet Sun, and to∼ 15 km s−1 at105 K for the active re-
gion. At higher temperature an opposite behaviour is observed.
In the quiet Sun ablueshiftof ∼ −2 km s−1 is observed at the
Neviii formation temperature (6.3 105 K), while in the active
region, ablue-shiftedvalue around−8 km s−1 is observed for
the same spectral line. The finding of blueshift in Neviii is due
to the adoption of a new rest wavelength of 770.428Å. By 106 K
theblueshiftis∼ −10 km s−1 in the active region as measured
by Fexii 1242.

Key words: Sun: atmosphere – Sun: transition region – Sun:
UV radiation

1. Introduction

One of the most interesting problems in solar physics is the ob-
served redshifted emission of lines formed at transition region
(TR) temperatures. During the last two decades, observations of
this phenomenon were obtained by many authors using several
UV instruments with different spatial resolution (see Brekke
et al. 1997 and references therein). In earlier investigations the
magnitude of the redshift has been found to increase with tem-
perature, reaching a maximum (around8 km s−1 in the quiet
Sun) atT = 105 K, and then to decrease towards higher tem-
peratures. Doschek et al. (1976) found no significant shift in
the Ov line at 1218Å at disk center and the commonly quoted
average velocity variation with temperature above105 K de-
pended to a large extent on this particular observation of the
1218Å line. Chae et al. (1998a), have shown that, for the quiet
Sun, the redshift is peaked around1.5 105 K with a value of
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11 km s−1 but it is also present at higher temperatures with
a value around5 km s−1 for Neviii 770.409Å in the quiet
Sun. Similar results were also obtained by Brekke et al. (1997).
Peter & Judge (1999) have foundblueshiftsat disk center for
three coronal lines in the dataset Neviii at 770Å and 780Å
and Mgx at 625Å, in contradiction to the two previous papers
but in agreement with an Fexii 1349.375Å measurement by
Sandlin et al. (1977) based onSkylab data. This difference
in the value of Doppler shift for the Neviii 770 line is due to
the assumption of a new rest wavelength of 770.428Å. More
recently, this value for the Neviii rest wavelength has been
confirmed by Dammasch et al., (1999). Peter (1999) and Peter
& Judge (1999) found also, at spatial scales up to 50 arc sec,
clear evidence of a center-to-limb redshift behaviour consistent
with a cos θ behaviour in all transition region lines and acos θ
blueshiftbehaviour for the three upper transition region/coronal
lines listed above. This suggests an explanation in term of preva-
lent vertical mass or wave motion for the observed line shift.

Transition region and coronal emission lines show a full
width half maximum that can not be explained only with
Doppler thermal broadening (Mariska, 1992). Motion associ-
ated with small and large scale motion and/or wave propagation
can explain the observed broadening. For optically thick lines,
opacity effects will contribute to the line broadening. However
the majority of TR and coronal emission lines, such as Siiv,
C iv, Nv, Svi, Ovi, Mgx, are optically thin and opacity ef-
fects can be ruled out at least for the quiet Sun (Chae et al.,
1998b). In this case, after correcting for instrumental broad-
ening, the measured full width half maximum can be written
as,
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whereM is the ion mass,ξ is the non-thermal speed andTi is the
ion temperature. At transition region densities and temperatures,
the electrons and ions rapidly equilibrate (Mariska, 1992) and a
single temperature plasma can be assumed at least for on-disk
measurements.ξ is an indication of the amount of turbulence
and/or waves present in the plasma at a certain temperature and
can be useful to discriminate between different theoretical mod-
els. Chae et al. (1998b) using SUMER observations, shows a de-
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Fig. 1.Slit location in Active Region NOAA 7946 (23 February 1996)
on an EIT images in Fe IX-X (courtesy of the EIT consortium).

pendence ofξ with temperature, from∼ 5 km s−1 at1.5 104 K,
reaching a maximum of∼ 30 km s−1 at 3 105 K and return-
ing down to∼ 18 km s−1 at 106 K. Similar trends were also
detected previously by other authors and a review can be found
in Mariska (1992). In this paper we present measurements of
Doppler shift and non-thermal velocity of TR and coronal lines
for Active Region NOAA 7946 and for the quiet Sun at disk
center. The extremely good quality of the active region dataset
and the particular location of the slit, which is placed between
the two regions of opposite polarity, allows us to give a new
insight into the problem of observed line shift in the solar TR
and corona.

2. Observations

SUMER is a normal incidence spectrograph operating over the
wavelength range 450̊A to 1610Å. It is a powerful UV instru-
ment capable of making reliable measurements of bulk motions
in the chromosphere, transition region and low corona with a
spectral resolution of 45 m̊A/pix at 800Å (first order) and a
spatial resolution of 1 arcsec across and 2 arcsec along the slit
(Wilhelm et al. 1995; Lemaire et al. 1997). Four slits are avail-
able;4 × 300, 1 × 300, 1 × 120 and0.3 × 120 arcsec2. The
detectors (see Siegmund et al., 1994) have 1024 spectral pix-
els and 360 spatial pixels, each. The central area is coated with
KBr which increases the quantum efficiency by up to an order
of magnitude in the range 900̊A to 1500Å.

The observations discussed were obtained in Feb. ’96 and
consist of a series of spectral images covering the wavelength
range between 800 and 1590Å. Every spectrum is partially over-
lapping the previous and the following, in order to ensure that the
spectral lines are recorded on both the bare and the KBr parts
of the detector. This allows us to recognize the second order
lines from the first order ones using the different wavelength-
dependent sensitivity of KBr compared to the bare part. During
Feb. ’96 the Sun was at the minimum of the sunspot cycle, with

Fig. 2.Power spectrum of the average along the slit of an image relative
to the Quiet Sun before (left panel) and after (right panel) the flat field
subtraction, showing the reduction in the electronic modulation.

very few active regions present on the disk (see Fig. 1). The two
datasets (for the active region and for the QS) consist of a series
of spectra characterized by the same reference pixel-wavelength
(with the exclusion of 4 spectra in the QS that do not have a cor-
respondence in the AR). Every single spectrum was exposed
for 100 seconds using the1 × 120 slit in the quiet Sun and in
Active Region NOAA 7946 for a total of 41 and 37 spectra re-
spectively. The dates of observations, locations, pointing, slit
size and exposure times are given in Table 1.

3. Data reduction

Reduction of SUMER raw images follow several stages, i.e.
dead time correction, local gain correction, flat field subtraction,
radiometric calibration (in order to pass fromcount px−1 s−1

to erg cm−2 s−1 Sr−1 Å
−1

) and a correction for geometrical
distortion. All these stages were applied to our data.

3.1. Dead time and local gain corrections

For a total counting rate up to5 104 events s−1, a correction for
the dead-time effect needs to be applied (Wilhelm et al. 1995;
Hollandt et al. 1996). Another, more serious, effect arises when
for certain bright lines (i.e. Ciii 977Å or Ovi 1032Å) levels
up to10 counts pix−1 s−1 are reached. In these cases a local
reduction in the micro channel plate (MCP) gain and, therefore,
a loss of dynamic range will be present for such strong lines
(Wilhelm et al., 1997). In these cases also a correction for the
local gain depression needs to be applied. These two corrections
must be applied at the initial stage.

3.2. Flat field subtraction

Flat field subtraction is necessary in order to correct for non
uniformity in the sensitivity of the detector on scales of about
20 pixels or less. Flat field images are taken approximatively
every month with a∼ 3 hour exposure in the Lyman continuum
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Table 1.SUMER observations of Active Region NOAA 7946 and Quiet Sun (QS). Slit 4 = 1x120 arcsec2.

Date Region Detector Slit Solar X-Y Observing period No. of spectra Wavelength range (Å)

23 Feb’96 NOAA 7946 A 4 −364,+219 19:11-19:44 18 1252–1592
23 Feb’96 NOAA 7946 A 4 −359,+219 19:44-20:27 19 786–1275
23 Feb’96 Quiet Sun A 4 +1,0 21:34-22:12 20 1158–1592
23 Feb’96 Quiet Sun A 4 +7,0 22:12-22:30 10 980–1180
23 Feb’96 Quiet Sun A 4 +10,0 22:30-22:50 11 786–1002

Fig. 3. SUMER spectrum of Active Region
NOAA 7946.

between 860 and 900̊A while the spectrometer grating is de-
focused (Wilhelm et al., 1997). In some cases the flat field was
subtracted on-board using the last acquired image. In our dataset
this is the case for the data related to the active region NOAA
7946. The flat field correction also eliminates or, at least greatly
reduces, a modulation of approximatively 20% every two pixels
in the spatial dimension caused by an analogue-to-digital con-
verter differential non-linearity (Wilhelm et al., 1997; Lemaire,
private communication). This gives us the possibility to check
if an image was corrected or not, simply by comparing a power
spectrum of the averaged image along the slit before and after
the flat field correction. The disappearance of the peak at period
2 is a clear signature of a proper flat field correction. In Fig. 2
we show the power spectrum for one of the images related to
the quiet Sun before and after the subtraction with the flat field
taken on 21 February 1996. The disappearance of the peak at
period 2 is evident.

Judge et al., (1998) find that there is a drift in the fixed pattern
of the detector with time. They quantify this drift as∼ 0.5 pixel
month−1 in the spectral direction and 1 pixel month−1 in the
spatial direction. Two flat fields, taken on 21 and 28 February
are available for our dataset. A cross-correlation between them
reveals a drift of 0.1 pixel in the spectral direction and 0.03 in
the spatial. The two flat fields are 7.5 days apart and the 21
February one is∼ 2.8 days from our dataset. Assuming a linear
drift, we obtain a drift of 0.037 pixels in the spectral dimension
and 0.011 pixels in the spatial. We checked this result using a
spectrum of the QS obtained around 856Å. At this wavelength
the continuum is particularly high and there are, practically, no
spectral lines present. Instead of dividing by the average along
the slit, we perform a low order fit to this average and divided
each column of the image by the fit. This allows us to remove
only the large scale intensity variations. The resultant image
clearly shows the flat field pattern. A cross correlation between

this “artificial” flat and the 21th February flat field gives us
drift values that are substantially identical to the ones obtained
assuming a linear drift between the two consecutive flat fields.
It is also interesting to note that if a new flat is obtained from
the 21th February data in the position of the 28th February one
(i.e. correcting for the spectral and spatial drift of 0.1 and 0.03
calculated above) and a new cross correlation is performed, a
drift of 0.024 pixel in the spectral direction and 0.025 in the
spatial ones is still present. This can be considered as a lower
limit to the determination of the drift between the two images.
These values are very close to the ones that we have calculated
for the drift between our data and the flat field of 21th February.
Drifts of 0.037 and 0.011 pixels correspond to∼ 0.4 km s−1

and∼ 0.1 km s−1 at 1250Å. These errors are however, much
smaller then the residual errors in the geometrical distortion
correction (see below) and can be ignored.

3.3. Geometrical distortion

The electronic design of the instrument induces a geometrical
distortion in the images produced by SUMER (Wilhelm et al.,
1997). This effect was corrected using the routine written by
T. Moran. Peter (1999), Peter & Judge (1999) and Judge et al.
(1998) stress that the geometrical correction routine leaves a
residual wavelength error that has a maximum value of∼ 0.2
pixel. We adopt an error of 0.15 pixel taking into account these
residual effects. This corresponds to an error of∼ 1.5 km s−1

around 1250̊A.

4. Data analysis

Particular attention needs to be paid to the problem of the wave-
length calibration. For SUMER there is no on-board calibration
source, so the wavelength calibration is done using some chro-
mospheric lines of neutral atoms. These lines are formed in the
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chromosphere at temperatures around6500 K (e.g. Sii and Si,
Chae et al., 1998a) and are supposed to be at rest (Samain, 1991).
These should therefore allow the determination of an absolute
wavelength scale. It is important to remember that all the abso-
lute velocity measurements made with SUMER will be relative
to these chromospheric reference lines. Lines such as Ci, Oiand
Feii are formed at temperatures higher than Si and Sii, (Chae
et al., 1998a) and can present a certain amount of Doppler shift.
Chae et al. (1998a) found redshifts of1.5, 1.8 and1.8 km s−1

for C i, Oi and Feii respectively. Hassler et al. (1991), using the
LASP EUV Coronal spectrometer on a sounding rocket flight,
found a redshift of2.7 km s−1 for Feii 1563.790. Thus, this
amount of Doppler shift should be taken in account before us-
ing these lines as zero-point reference lines. Chromospheric
lines disappear below 900̊A, reducing the wavelength range in
which it is possible to make an absolute measure of velocity, to
900–1600Å (first order); but, when observations are carried out
in first order, some strong second order lines are recorded. In
Fig. 3 we have an example of the first order spectra of NOAA
7946. It is possible to see some second order lines superimposed
to the first order ones as well as chromospheric lines used for
wavelength calibration.

For every image we find a preliminary wavelength scale
using the information contained in the header (dispersion and
wavelength of reference pixel). This is used as a starting point
for the identification of the spectral lines present in the spectra.
The identification of ionic lines was carried out by over-plotting
the SUMER spectrum with a synthetic one, generated (for both
orders) by the CHIANTI database (Dere et al., 1996, 1997).
Lists of lines observed on the Sun (on disk and off disk) are
available in the literature (Kink et al., 1997; Curdt et al., 1997;
Feldman et al., 1997; Sandlin et al., 1986; Noyes et al., 1985;
Cohen et al., 1978; Vernazza & Reeves, 1978). For laboratory
wavelengths of UV spectral lines, a large dataset can be found
in the literature (Kelly, 1982, 1985, 1987) and on the Internet
(Harvard-Smithsonian Center for Astrophysics Databases1; Na-
tional Institute of Standard and Technology on-line energy level
database).

Brynildsen et al. (1998) have examined some SUMER and
CDS images producing velocity maps (absolute for SUMER
data and relative to the average velocity for CDS) in which they
show an evident correlation between the observed redshift and
the intensity of the line. Compared to the average wavelength
position there is a tendency for the wavelength of the lines to
change from blueshift to redshift as the peak intensity increases.
This means that the redshift phenomenon is of a statistical na-
ture, with strong local variations in the observed Doppler shift
in all the TR lines. This last point is particularly important if
we want to measure the average redshift. In fact, if a simple
average (along the slit or over a whole image) is made, the loca-
tions with most redshift will also be the most “intense” and the
averaged value will be shifted towards more red shifted values.
To avoid this, it is necessary to take some precautions. Chae
et al. (1998a), performed a weighted average along the slit, i.e.

1 http://cfa-www.harvard.edu/amp/data/amdata.html

they normalize the line profile by the integrated intensity be-
fore an average is taken. Brynildsen et al. (1998), calculated the
shift in every position along the slit and, afterward they perform
the average along the slit. The last authors showed that the val-
ues obtained in this way are systematically lower that the ones
obtained with a simple average, especially in active regions. It
is also interesting to underline that they found practically no
differential velocity between active and quiet regions, but this
difference is present when they perform a simple average (with
a maximum value around 5km s−1 in Ov). We have adopted
the idea of Chae et al., (1998a) but we have, also, performed an
average on the values calculated for every single spatial pixel
(see Sect. 5.9.2) for some spectra with very high signal-to-noise
ratios. We find no relevant difference between the two methods,
so a weighted average along the slit was performed in order to
obtain the final spectral profile to be analysed.

The measurement of the central line position, together with
amplitude and full width half maximum, was performed using
the Genetic Algorithm (GA) of Charbonneau (1995). A com-
plete examination of the reliability of GA with respect to other
algorithms was performed by McIntosh et al. (1998). An es-
timation of the errors in the derived parameters was obtained
using the GA-derived parameters as input for a “classical” IDL-
CURVEFIT procedure (Peter, 1999; Peter and Judge, 1999). For
each spectral region of interest, we have calculated the local
spectral dispersion using chromospheric lines. The formation
temperatures are obtained using the data tables of the Arcetri
Spectral Code (Landi & Landini, 1999; Landini & Monsignori
Fossi (1990) and are listed in Table 3.

For each region of interest the dispersion relation was calcu-
lated performing a first order polynomial fit to the pairs central
pixel - laboratory wavelength of the reference lines. The derived
dispersion values are reported in Table 2. Generally the labora-
tory wavelengths of chromospheric lines are well known, with
errors much less than1 km s−1. Unfortunately this is not the
case for some ionic lines (especially coronal ones) in which the
errors can raise up to1–10 km s−1. Errors in the determination
of the velocity along the line of sight were hence determined
considering a quadratic sum of the errors due to the Gaussian fit
and to the residual errors in the geometric calibration. These re-
sults, together with the measured value are reported in Table 3.
For each spectral line analysed, we measure the FWHM and,
using Eq. 1, the non-thermal velocity. However, opacity effects,
especially in the active region, can be important.

Chae et al. (1998b) evaluated the opacity of many spec-
tral lines finding that the Ci 1315.918, Oi 1355.5977 and Ni
1319.6770 are optically thin; while Cii 1036 & 1037 are opti-
cally thick. Also lines due to Feii and Siii are believed to be
optically thick (Chae et al., 1998b). We are interested in the
general trend of the non-thermal velocity with the formation
temperature in correspondence with the trend of the Doppler
shift. For this reason, we will not include non-thermal velocity
values obtained for lines affected by opacity in the figures (see
Figs. 9, 10, 11 lower panels later). It is also important to under-
line that spectral profiles are obtained doing an average along
the slit, that means summing up many profiles that may have
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different central positions. This can lead to an extra broadening
of the final line, particularly for narrow lines (such as Ci and
O i). For the narrow Ci 1315.918 and Oi 1355.5977 lines we
evaluate the FWHM by performing an average over groups of 3
pixels along the slit for the active region dataset (over 5 for the
quiet Sun). The final FWHM is an average of all the dataset. We
note that FWHMs obtained by such a method are only slightly
narrower (∼ 0.05 pixels) than the one obtained by performing
a Gaussian fit of a profile averaged over the entire slit. For hot-
ter (broader) lines there is no practical difference between the
two methods (see Sect. 5.9.2) and the weighted average over
the entire slit can be used. When we compare our quiet Sun
non-thermal velocity measurements (see Fig. 10, lower panel)
with Chae et al. (1998b), it shows that our values are larger for
low temperature lines (belowLog T = 4.8), but are consistent
at higher temperatures. This is in large part due to the differ-
ent choice of the FWHM of the instrumental profile. In fact,
Chae et al. (1998b) assumed that the instrumental broadening
can be considered as a Gaussian with a FWHM of 2.3 pixels.
We used the correction package provided in the SUMER soft-
ware tree, which is equivalent to a correction with a Gaussian
having a FWHM of 1.92 pixels (for the 1′′ slit on detector A).
This different assumption yields larger values of non-thermal
velocities especially for the narrower and cooler lines, with a
difference of∼ 3.4 km s−1 and ∼ 2.3 km s−1 for the Ci
1315.918 and Oi 1355.5977 lines respectively. The difference
reduce to∼ 0.6 km s−1 for the Civ 1548 line. It is also im-
portant to stress that, due to the non-linear dependence of the
non-thermal velocity with the measured FWHM (see Eq. 1) the
difference increases with the reduction of the observed FWHM,
so that a small difference in the latter quantity can lead (for nar-
row lines) to mach larger values of non-thermal velocity when
a narrower instrumental profile is adopted.

5. Results

We have analyzed a series of spectra in several wavelength bands
to measure the Doppler shifts and non-thermal velocities for
quiet Sun and active regions separately. We now describe mea-
surements of these quantities in a series of selected wavelength
bands in detail. The results are depicted (in a summarized form)
in Figs. 9 & 10. The readers are encouraged to refer to these two
figures while reading each subsection.

5.1. 1560–1590̊A

Seven Feii lines were identified in this spectral region. Five
were already reported by Brekke et al. (1997). The other two
lines (Feii 1571.137 and Feii 1581.270) were observed by San-
dlin et al. (1986). All laboratory wavelengths for iron are from
Kelly (1985). In this same region there are also three Sii lines
at 1569.3185, 1571.4058 and 1571.796Å (Sandlin et al. 1986;
wavelengths from Kelly, 1982). In this spectral range it is pos-
sible to observe the Sv 786.470 and the Oiv 790.199 lines. For
the Sv line we have in the literature two values for the labora-
tory wavelength, 786.480 (Kelly, 1982) and 786.470 (Kaufman

Table 2. Dispersion values for different spectral regions as measured
in the Quiet Sun and in an Active Region. Wavelengths for Iron are
from Kelly (1985), all the others from Kelly (1982)

Spectral Range̊A Ref. line Disp. (̊A/pix)

1560–1590 (AR) Feii 1563.790 0.04166
Feii 1569.674

Sv Feii 1570.244
O iv Feii 1571.137

Feii 1581.270
Feii 1584.952
Feii 1588.290

1540–1570 (AR) Feii 1550.274 0.04176
Feii 1559.085

C iv Feii 1563.790
Feii 1569.674
Feii 1570.244

1520–1550 (QS) Siii 1526.7076 0.04180
Si ii 1533.4320

Neviii C i 1542.1766

1380–1405 (AR) Feii 1387.219 0.04257
Feii 1392.149

O iv S i 1392.5878
Si iv Feii 1392.817
Ar viii S i 1401.5136

1350–1365 (AR) Ci 1354.288 0.04266
C i 1355.844

Na ix C i 1357.134
O i C i 1357.659

C i 1358.188
C i 1359.275
C i 1359.438
C i 1364.164

1295–1320 (AR) Si 1295.6526 0.04286
S i 1300.907

Si ii C i 1310.637
Si iii C i 1311.363

C i 1311.924
C i 1312.247

1250–1270 (AR) Ci 1254.513 0.04296
Si i 1258.795

O v S i 1262.8596
S i 1270.7821

1240–1255 (AR) Ci 1244.535 0.04307
C i 1245.943

N v C i 1249.004
FeXii C i 1249.405

C i 1252.208
C i 1254.513

1025–1045 (QS) Oi 1027.4307 0.04391
O i 1028.1571

C ii O i 1039.2304
O vi O i 1040.9425

O i 1041.6876
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& Martin, 1993). Curdt et al. (1997) using observations taken
near the North Polar limb measured a wavelength of 786.470.
This is consistent with Peter & Judge (1999), who has shown
that the observed Doppler shift along the line of sight decrease
to zero towards the solar limb. Thus the value of 786.470 will
be used as the rest wavelength for Sv. The value of 790.199̊A
(Kelly, 1982) will be used as the rest wavelength of Oiv.

5.1.1. Active region

Using the Feii lines the dispersion relation was found perform-
ing a first order polynomial fit, with residuals of∼ 0.005 Å. In
Table 2, the lines used to find the dispersion relation are listed
together with the dispersion values. With this relation the wave-
lengths for the Sii lines were calculated finding a total value of
−0.4 ± 1.1 km s−1. Assuming the Sii lines at rest, this infers
a redshift of0.4 ± 1.1 km s−1 for Feii in the Active Region.
This allows us to use the Feii lines as reference lines together
with the cooler Si and Sii ones. Values of13.1 ± 1.2 km s−1

and11.2 ± 1.2 km s−1 were found for Sv 786.470 and Oiv
790.199 respectively. We also calculate the non-thermal velocity
component (using Eq. 1) for Feii, Sv and Oiv, finding values
of 14.1 ± 0.2, 26.4 ± 0.7 and31.7 ± 0.6 km s−1 respectively.

5.1.2. Quiet Sun

The same analysis was performed for the quiet Sun, obtaining
values of0.0 ± 1.6, 12.8 ± 1.2 and8.0 ± 1.2km s−1 for the
Doppler shift of Feii, Sv and Oiv, while values of13.9 ±
0.6, 26.6 ± 0.7 and30.8 ± 0.6 km s−1 were obtained for the
non-thermal velocities. These values for the Doppler shift are
consistent with the ones of Brekke et al. (1997) who, using
the same laboratory wavelengths, obtained14.0 ± 2.0 and
7.0 ± 2.0 km s−1 for Sv and Oiv. A value of9.1 ± 1.4 km s−1

for O iv 790 was found by Peter & Judge (1999).

5.2. 1540–1560̊A

In this spectral range the two resonance lines of Civ at 1548.195
and 1550.770 (Rottman et al., 1990) are present. The dispersion
relation was found using the lines listed in Table 2. In both
datasets the 1548 line shows a value for the Doppler shift∼
5 km s−1 lower than the 1550 one. In our datasets the reference
lines are available only up to 1550Å. This can lead to errors in
the measured shift of the 1548 line. Brekke et al. (1997) finds a
difference of∼ 2 km s−1 between the two lines in their quiet
Sun dataset.

5.2.1. Active region

A Doppler shift of10.2 ± 1.2 and14.6 ± 1.2 km s−1 were
measured for Civ 1548.195 and 1550.770 respectively, while
non-thermal velocities of29.5 ± 0.7 and30.2 ± 0.7 km s−1

were established for these two lines. Achour et al. (1995) found
a redshift of13.0 km s−1 for the 1548 line using HRTS (High

Resolution Telescope and Spectrograph; Bartoe & Brueckner,
1975).

5.2.2. Quiet Sun

In the quiet Sun, values of4.9 ± 1.2 and10.7 ± 1.2 km s−1

for the Doppler shift and28.4 ± 0.7 and29.5 ± 0.7 km s−1

for the non-thermal velocities were obtained for Civ 1548.195
and 1550.770. Peter & Judge (1999) finds a value of4.5 ±
1.2 km s−1 for the 1548 line, using the assumption of zero off-
limb shift. Achour et al. (1995) found a value of6.2 km s−1

using a rest wavelength of 1548.202Å (Kelly, 1982); that will
gave us a value of7.6 km s−1 if the laboratory wavelength
of 1548.195Å is used. Chae et al. (1998a) report an average
value of9.6 km s−1 for C iv using rest wavelengths from Kelly
(1982). Finally, Rottman et al. (1990) measured the Doppler
shift for the two Civ lines along the solar equator finding a
radial downflow of7.7 ± 1.0 and7.3 ± 1.5 km s−1 for C iv
1548 & 1550 respectively.

5.3. 1520–1550̊A

In this spectral region the strong, second order, Neviii line at
770Å is observed. Unfortunately the small number of reference
lines make it difficult to evaluate the amount of Doppler shift
showed by this line. Anyway the line centre is located at pixel
563.93 in the quiet Sun and 563.0 in the active region, while
values of 595.59 (quiet Sun) and 595.45 (active region) were
found for the Ci 1542.1766 line (see Table 2). This lead to
a “distance” of 31.7 (quiet Sun) and 32.5 (active region) pix-
els between the Neviii and the Ci lines. With a dispersion of
0.0418Å/pix this will give us a difference of∼ 6.5 km s−1

between the active region (more blue) and the quiet Sun. This
is independent of any laboratory wavelength. For the Neviii
laboratory wavelength the value of 770.409Å (Bockasten et al.,
1963) has been widely used in the literature (Brekke et al., 1997;
Chae et al., 1998a). Recently Peter & Judge (1999) observe a
cosθ trend in the center-to-limb Doppler shift of TR and coronal
lines, that they explain in terms of prevalent mass/waves vertical
motions. They also observe that the Neviii shows an excess of
blueshiftat disk center and, assuming that a zero shift must be
observed off-limb, the authors claims a value of 770.428Å for
the rest wavelength. This value has been recently comfirmed by
Dammasch et al. (1999).

5.3.1. Quiet Sun

For the quiet Sun a redshift of1.8 km s−1 is found (see below)
for Si ii. Correcting for this value the rest wavelengths of the
two Siii lines and using the Ci line 1542.1766, the dispersion
relation was derived. If a laboratory wavelength of 770.428Å is
assumed for Neviii, we find ablueshiftof −1.9 ± 2.0 km s−1.
This value is consistent with the one found by Peter & Judge
(1999) of−2.5 ± 1.1 km s−1 using the off-limb zero shift
assumption. If the laboratory value of 770.409 AA is used in-
stead, a redshift of5.5 ± 2.0 km s−1 is obtained in very good
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agreement with the value of5 ± 1.5 km s−1 (Brekke et al.,
1997) and5.3 km s−1 (Chae et al., 1998a) obtained using the
same laboratory wavelength. A value of26.9 ± 0.6 km s−1

was found for the non-thermal velocity.

5.3.2. Active region

In the active region the Siii lines shows a redshift of6.3 km s−1.
Making the correction as outlined above, we obtain ablueshift
of −7.8 ± 2.0 km s−1 for Neviii if a laboratory wavelength of
770.428Å is assumed, while ablueshiftof −0.5 ± 2.0 km s−1

is obtained if the ‘older’ laboratory wavelength of 770.409Å
is adopted. A value of31.1 ± 0.6 km s−1 was found for the
non-thermal velocity.

5.4. 1380–1405̊A

This spectral region allows us to measure the Doppler shift of
two important TR ions, two Siiv lines at 1393.755 & 1402.770
(Kelly, 1982) and two Oiv lines at 1399.774 & 1401.156̊A
(Kelly, 1982). In this wavelength range there is a second order
line due to Arviii at 700.245̊A (Kelly, 1982). This line is too
weak to be detected in the quiet Sun, but it is strong enough in
the Active region (see Fig. 3).

5.4.1. Quiet Sun

In the quiet Sun redshifted values of10.6 ± 1.4 km s−1 and
7.4 ± 1.4 km s−1 were found for Siiv 1393.755 and 1402.770
together with non-thermal velocities of27.3 ± 0.8 km s−1 and
27.4 ± 0.8 km s−1 respectively. The Doppler shift value for
the 1402 line is consistent with that of Brekke et al., (1997), i.e.
7.0 ± 2.0 km s−1. Chae et al. (1998a) found an average value of
7.8 km s−1 for Si iv. Peter & Judge find values of6.5 ± 1.1 and
4.8 ± 1.1 km s−1 for Si iv 1393.755 and 1402.770 respectively.

For the Oiv 1399.774 & 1401.156 lines we find redshifted
values of10.4 ± 1.6 and8.6 ± 1.4 km s−1 with non-thermal
velocities of23.1 ± 1.3 and 25.8 ± 0.8 km s−1. In the
literature, the following values are available for the 1401.156
line:12.0 ± 1.6 km s−1 (Peter & Judge, 1999),12 ± 2 km s−1

(Brekke et al., 1997) and10.5 km s−1 (Achour et al., 1995),
while Chae et al. (1998a) gives an averaged value of11 km s−1

for O iv.

5.4.2. Active region

Doppler shifts of15.6 ± 1.4 and15.9 ± 1.4 km s−1 were
found for Siiv 1393.755 & 1402.770 together with non-thermal
velocities of27.8 ± 0.8 and27.5 ± 0.7 km s−1 respectively,
while redshifts of16.5 ± 1.4 and16.0 ± 1.4 km s−1 were
measured for the Oiv 1399.774 & 1401.156 lines. We measure
non-thermal velocities of26.2 ± 0.8 km s−1 for the former and
25.4 ± 0.7 km s−1 for the latter Oiv line. Achour et al. (1995)
report a value of17.6 km s−1 for the Oiv line at 1401.156̊A.

In this spectral region there is a second order spectral line at
700.245Å due to Arviii. Curdt et al. (1997), report the presence

Fig. 4. Line fitting for the second order Naix line at 681.720̊A.

of two second order Siii lines at 700.15 and 700.29̊A. We find
that the line is well fitted with only one Gaussian obtaining a
value of 4.3 ± 1.6 km s−1. The line shows a non-thermal
velocity of26.0 ± 1.4 km s−1.

5.5. 1350–1365̊A

Eight Ci lines are available (see Table 2) giving us a good wave-
length calibration. This region allows us to measure the Doppler
shift of two Oi lines at 1355.5977 & 1358.5123̊A (Kelly, 1982).
A measurement of the non-thermal velocity of Oi was per-
formed using the optically thin line at 1355.5977Å. In this re-
gion there is also a second order line at 681.720Å (Kelly 1982)
due to Naix. This feature is too weak to be analyzed in the quiet
Sun, but it is strong enough in the Active region to allow us a
measurement of the line parameters.

5.5.1. Quiet Sun

We obtain shifts of−0.1 ± 1.4 and1.3 ± 1.4 km s−1 for O i
1355.5977 & 1358.5123̊A respectively. Achour et al. (1995)
found a redshift of0.5 km s−1 for the Oi 1302.1685̊A line,
while Chae et al. (1998a) report a value of1.8 km s−1 for the
same line. Finally Brekke et al. (1997) assumed no relevant shift
for the Oi. A non-thermal velocity of13.1 ± 0.3 km s−1 was
found for the Oi 1355 line.

5.5.2. Active region

In the Active region we measure Doppler shifts of1.0 ±
1.4 km s−1 and 1.1 ± 1.4 km s−1 for the Oi 1355.5977
and Oi 1358.5123̊A lines respectively, while a non-thermal ve-
locity of 12.4 ± 0.2 km s−1 is measured for the optically thin
O i 1355 line. These values of Doppler shift are in agreement
with the value of1.2 km s−1 by Achour et al. (1995) for Oi
1302.1685̊A.

Curdt et al. (1997) report a Siii line at 681.50̊A that could
affect the measurements of the second order line due to Naix
at 681.720̊A. However, we are able to fit the line with only one
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Fig. 5. Line fitting for the Fexii line at 1242.03̊A.

Gaussian (see Fig. 4). We find ablueshiftof −3.6 ± 1.4 km s−1

and a non-thermal velocity of27.7 ± 0.7 km s−1.

5.6. 1295–1320̊A

Inside this spectral range numerous chromospheric lines are
present. Besides the ones showed in Table 2, there are three Oi
lines at 1302.1685, 1304.8576 and 1306.0286Å together with
a Ci line at 1315.918̊A and a Ni line at 1319.6760̊A (wave-
lengths from Kelly 1982). Finally a Siii line at 1304.3720̊A
and a Siiii line at 1301.146̊A (Kelly 1982) are present. Unfor-
tunately the latter one is blended with the Si 1300.907Å line
and only in the Active Region were we able to safely resolve
the two lines.

5.6.1. Active region

In the Active Region we used the lines listed in Table 2 in order
to obtain the wavelength calibration. We have also checked the
absence of shift between the Si and the Ci lines. Using these
six lines we obtain a redshift of6.3 ± 1.5 km s−1 and a non-
thermal velocity of23.1 ± 0.8 km s−1 for Si ii 1304.3720̊A.
For Siiii 1301.146Å a redshift of10.1 ± 1.5 km s−1 and a
non-thermal velocity of30.8 ± 0.9 km s−1 were obtained.
Achour et al. (1995) obtained a value of3.8 km s−1 for the
Si ii 1533.432Å line shift. We also measure the redshift values
of the three Oi lines, obtaining values of1.0 ± 1.5 km s−1,
1.7 ± 1.5 km s−1 and1.2 ± 1.5 km s−1 for the 1302, 1304 and
1306 line respectively. This result is fully consistent with that
obtained in the previous spectral region. Non-thermal velocities
for the optically thin line due to Ci 1315.918Å was measured,
obtaining a value of10.2 ± 0.6 km s−1.

5.6.2. Quiet Sun

In the quiet Sun some of the chromospheric lines listed in Ta-
ble 3 are too weak, so we used the three Oi lines. A Doppler
shift of 1.2 ± 1.5 km s−1 was found for Siii 1304.3720̊A
together with a non-thermal velocity of19.7 ± 0.8 km s−1.

Fig. 6. Doppler shift of the rest component (filled circles) and of the
secondary component (open circles) with respect to the average posi-
tion of the rest (or primary) component. The vertical mark indicates
the position along the slit of the spectral profile fitted in Fig. 7.

Adding 0.6 km s−1 to the value found by taking in account
the measured average redshift showed by Oi in the quiet Sun,
we obtain a redshift of1.8 ± 1.5 km s−1. Chae et al. (1998a)
report a value of2.6 km s−1 for the Siii 1260.412Å line,
while Achour et al. (1995) find a value of1.8 km s−1 for the
Si ii 1533.432Å line. Non-thermal velocities for optically thin
lines due to Ci 1315.918Å was measured, obtaining a value of
9.6 ± 0.7 km s−1.

5.7. 1250–1270̊A

In this spectral region the second order Ov 629.730Å (Kelly
1982) line is present. This line is blended with a relatively strong
Sii 1259.530Å line (Brekke et al. 1997, Chae et al., 1998a). The
first authors observed the line in the KBr part of the detector,
which suggested Ov to be approximately six times stronger
than the Sii line. Measuring the total intensity (in count/sec)
of the unresolved line in the bare and KBr parts of the detector
and knowing (from the calibration curves) the ratio between the
peak intensities of each line in the two different parts of the
detector, it is possible to estimate (from the knowledge of the
FWHM of each line) the ratio between the intensities in the bare
and in the KBr part of the detector. An estimation of the FWHM
can be obtained using Eq. 1. Assuming a non-thermal velocity
of 15 km s−1 for Sii and28 km s−1 for Ov (Chae et al., 1998b)
it is possible to estimate that the Ov is ∼ 3 times stronger than
the Sii in the KBr part of the detector. In the bare part this
ratio rises to∼ 22, essentially due to the reduced sensitivity
of the bare part at wavelengths around 1250Å with respect to
the KBr. We have therefore performed our measurements in the
bare part of the detector. Performing a constrained two Gaussian
fit we found that there is no substantial difference in the central
position with respect to a single Gaussian fit, that we have finally
used.
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Fig. 7. Line fitting to the Ovi line profile in the position showed in
Fig. 6. The vertical dotted line represents the average central position
of the rest component.

5.7.1. Quiet Sun

A redshift of 7.0 ± 1.5 km s−1 was found together with a
non-thermal velocity of28.5 ± 0.8 km s−1. Peter & Judge
(1999) find a Doppler shift of9.8 ± 1.0 km s−1. Brekke et
al. (1997) find a value of16.0 ± 3 km s−1. However we find
that the Sii line is, in the KBr part, quite strong and, probably,
having a larger rest wavelength than the Ov line, leads to the
high redshift observed by the last authors. Chae et al. (1998a),
find a value of10.6 km s−1. Achour et al. (1995), found a value
of 9.0 km s−1 for the Ov 1371.292Å line.

5.7.2. Active region

In the Active Region a Doppler shift of7.9 ± 1.5 km s−1 and
a non-thermal velocity of29.1 ± 0.8 km s−1 were found for
the Ov 629.730Å line. Achour et al. (1995), found a value of
9.0 km s−1 for the Ov 1371.292Å line.

5.8. 1240–1255̊A

In this spectral range we observe the Nv 1242.778Å (Edlén,
1934) and the Fexii 1242.03Å (Kelly, 1985) lines. The latter
line is too weak to be reliably measured in the quiet Sun. How-
ever it is strong enough to be measured in the Active region
(see Fig. 5). For the Nv 1242 line, Kelly (1982) reported a rest
wavelength of 1242.804̊A. However, when this rest wavelength
is used, Achour et al. (1995) and Brekke et al. (1997) found too
small values of redshifts with respect to the other lines formed
at similar temperature. In contrast with this, Chae et al. (1998a)
found an average redshift of11.3 km s−1 in the quiet Sun using
the laboratory wavelengths from Kelly (1982).

5.8.1. Quiet Sun

A redshift of9.8 ± 1.6 km s−1 and a non-thermal velocity of
24.9 ± 0.8 km s−1 were found for the Nv 1242.778Å line.
Using this rest wavelength, Achour et al. (1995) found a redshift

of 8.3 km s−1 while Brekke et al. (1997) obtained a value of
11.0 ± 1.5 km s−1. A Doppler shift of9.9 ± 1.0 km s−1 was
found by Peter & Judge (1999).

5.8.2. Active region

In the active region the Nv 1242.778Å line is shifted toward the
red by10.6 ± 1.6 km s−1 and shows a non-thermal velocity of
29.4 ± 0.8 km s−1. We fitted the Fexii line with only one Gaus-
sian (see Fig. 5), measuring ablueshiftof −9.8 ± 1.6 km s−1

together with a non-thermal velocity of26.7 ± 0.7 km s−1, al-
though Brekke et al. (1997) report blending with Si 1241.905Å.
It is interesting to note here theSkylab observation by Sandlin
et al. (1977) from Fexii 1349 of a blueshift of−6 km s−1.

5.9. 1025–1045̊A

In this region we find two Ovi 1031.9261 & 1037.6167̊A
(Kaufman & Martin, 1989) and two Cii 1036.3367 1037.0182
(Kaufman & Edĺen, 1974) lines. The wavelength calibration
was obtained using the five Oi lines listed in Table 2. A value
of 0.6 km s−1 was added to the shift values found in the quiet
Sun by taking in account the Oi observed redshift.

5.9.1. Active region

Unfortunately, the active region spectrum is somewhat incom-
plete (probably due to telemetry problems) starting from pixel
548, missing part of the Ovi 1037.6167̊A and the three Oi
lines at 1039, 1040 and 1041Å (see Table 2.). Moreover, the
two remaining Oi lines (1027.4307 1028.1571̊A) appear in this
active region spectrum, heavily blended with others lines (ac-
cordingly to the CHIANTI database, Fex 1027.65 and Fex
1028.39Å; Curdt et al. 1997 and Hassler et al. 1997, report a
Fex at 1028.04̊A). For these reasons, we are unable to do a reli-
able fit of these two Oi lines, making impossible the wavelength
calibration of the active region spectrum. Nevertheless, it is still
possible to obtain information from the Ovi 1031.9261̊A line.
Looking at the spectral line obtained with the weighted average
along the slit, a non-Gaussian profile is immediately evident.
Due to the very high intensity of this line in active regions (see
Fig. 7) it is possible to perform a multi-Gaussian fit for every
single spatial pixel. In many positions a two Gaussian fit was
clearly necessary (see Figs. 6 & 7), showing clear evidence for
shifts up to± 50 km s−1 of the secondary component (open
circles in Fig. 6) with respect to the rest component (filled cir-
cles). Doppler shifts are measured with respect to the average
position of the rest component (pixel position 417.77). Explo-
sive events are observed in mid (Civ & Si iv) and in the upper
(Ovi) transition region (Innes et a., 1997; Pérez et al., 1999).
Our data do not have temporal resolution, but we can see many
different events registered in our spectra (see Fig. 6) with an av-
erage spatial dimension of 6–7 pixels (4300–5000 km). We do
not observe such clear signature of explosive events in any other
UV line in the Active Region dataset. This further suggests that



L. Teriaca et al.: SUMER observations of Doppler shift in the quiet Sunand in an active region 645

Table 3.Doppler shifts and non-thermal velocities in the Active Region NOAA 7946 and in the Quiet Sun.

Ion λlab Å λobs Å Log T (K) Velocity (km/s) ξ (km/s) Ref.

AR QS AR QS
C i (8 lines) — 4.11 0.0± 1.5 0.0± 1.5 — — — — K
C i 1315.918 — 4.11 — — — — 10.2± 0.6 9.6± 0.7 K
Feiia (7 lines) — 4.23 0.4± 1.1 0.0± 1.6 14.1± 0.2 13.9± 0.6 K
Si iia 1304.3720 1304.3771 (QS) 4.26 6.3± 1.5 1.8± 1.5 23.1± 0.8 19.7± 0.8 K
O i 1355.5977 1355.5971 (QS) 4.31 1.0± 1.4 -0.1± 1.4 12.4± 0.2 13.1± 0.3 K
O i 1358.5123 1358.5180 (QS) 4.31 1.1± 1.4 1.3± 1.4 — — — — K
C iia 1036.3367 1036.3460 (QS) 4.71 — — 3.3± 1.9 — — 24.3± 0.9 KE
C iia 1037.0182 1037.0343 (QS) 4.71 — — 5.3± 1.9 — — 27.6± 1.0 KE
Si iii 1301.146 1301.190 (AR) 4.78 10.1± 1.5 — — 30.8± 0.9 — — K
Si iv 1393.755 1393.804 (QS) 4.84 15.6± 1.4 10.6± 1.4 27.8± 0.8 27.3± 0.8 K
Si iv 1402.770 1402.805 (QS) 4.84 15.9± 1.4 7.4± 1.4 27.5± 0.7 27.4± 0.8 K
C iv 1548.195 1548.220 (QS) 5.01 10.2± 1.2 4.9± 1.2 29.5± 0.7 28.4± 0.7 R
C iv 1550.770 1550.825 (QS) 5.01 14.6± 1.2 10.7± 1.2 30.2± 0.7 29.5± 0.7 R
O iv 1399.774 1399.823 (QS) 5.23 16.5± 1.4 10.4± 1.6 26.2± 0.8 23.1± 1.3 K
O iv 1401.156 1401.197 (QS) 5.23 16.0± 1.4 8.7± 1.4 25.4± 0.7 25.8± 0.8 K
N v 1242.778 1242.819 (QS) 5.25 10.6± 1.6 9.8± 1.6 29.4± 0.8 24.9± 0.8 E
Sv 786.470 786.504 (QS) 5.26 13.1± 1.2 12.8± 1.2 26.4± 0.7 26.6± 0.7 KM2
O iv 790.199 790.220 (QS) 5.26 11.2± 1.2 8.0± 1.2 31.7± 0.6 30.8± 0.6 K
O v 629.730 629.745 (QS) 5.39 7.9± 1.5 7.0± 1.5 29.1± 0.8 28.5± 0.8 K
O vi 1031.9261 1031.9677 (QS) 5.47 — — 12.7± 1.9 — — 32.9± 0.9 KM1
O vi 1037.6167 1037.6446 (QS) 5.47 — — 8.7± 1.9 — — 31.7± 0.9 KM1
Ar viii 700.245 700.255 (AR) 5.61 4.3± 1.6 — — 26.0± 1.4 — — K
Neviii 770.428 770.423 (QS) 5.80 -7.8± 2.0 -1.9± 2.0 31.1± 0.6 26.9± 0.6 PJ
Na ix 681.720 681.712 (AR) 5.90 -3.6± 1.4 — — 27.7± 0.7 — — K
Fexii 1242.030 1241.990 (AR) 6.12 -9.8± 1.6 — — 26.7± 0.7 — — K

References: K: Kelly (1982), KM1: Kaufman & Martin (1989), KM2: Kaufman & Martin (1993), E: Edlén (1934), KE: Kaufman & Edlén
(1974), R: Rottman et al. (1990), PJ: Peter & Judge (1999).
a Lines that are believed to be affected by opacity (see Sect. 4).

frequent occurrence (and/or energy) of these events takes place
at the Ovi formation temperature.

5.9.2. Quiet Sun

In the quiet Sun a Doppler shift of12.7 ± 1.9 km s−1 is
found for Ovi 1031.9261̊A and 8.7 ± 1.9 km s−1 for Ovi
1037.6167, while non-thermal velocities of32.9 ± 0.9 km s−1

and 31.7 ± 0.9 km s−1 were obtained. Doppler shift of
3.3 ± 1.9 km s−1 and5.3 ± 1.9 km s−1 were found for the
C ii 1036.3367 & 1037.0182̊A lines, together with non-thermal
velocities of24.3 ± 0.9 km s−1 and27.6 ± 1.0 km s−1 re-
spectively. Due to the high signal-to-noise ratio it is possible to
obtain the Doppler shift and the non-thermal velocity in every
single pixel along the slit. In Fig. 8 we show the Doppler shift for
the Cii 1036.3367 & 1037.0182̊A and the Ovi 1037.9261̊A
lines. In the lower panel the total intensity along the slit in these
three lines (solid line) and the contribution of the Ovi (dashed
line) and of the two Cii lines (dotted lines) is shown. It is pos-
sible to see that the network structure is dominated by the Ovi
emission and that there is a dependence between intensity and
redshift in Cii and, especially, in Ovi. Warren et al. (1997) re-
port only a small dependence between intensity and redshift in
these three lines. This analysis allows us to check the validity

of the weighted average along the slit in the extraction of the
spectral profiles studied. The average values obtained in every
single position along the slit are:3.5 km s−1 and5.5 km s−1

for C ii 1036.3367 & 1037.0182̊A lines and8.1 km s−1 for
the Ovi 1037.9261̊A line; well inside the errors for the values
found doing the weighted average along the slit. Also the val-
ues obtained for the non-thermal velocity are consistent with
the ones obtained doing the weighted average along the slit.
Warren et al. (1997) find a value of5 ± 3 km s−1 for the Ovi
1037.6167̊A line together with an average non-thermal velocity
of 34 ± 3 km s−1.

Brekke et al. (1997) found a redshift of5 ± 1.5 km s−1

and6 ± 1.5 km s−1 for the Ovi 1031.9261 & 1037.6167̊A
lines. An average value of8.7 km s−1 was found by Chae
et al. (1998a), while Peter & Judge (1999) finds a redshift of
5.6 ± 1.1 km s−1 for the Ovi 1038 line.

6. Discussion

In the present study we have measured the Doppler shifts of lines
from various ions formed at different temperatures and different
regions (quiet and active) in the solar atmosphere. They are listed
in Table 3 and plotted in Figs. 9 & 10. Our results are different
from those of previous studies done with SUMER (Brekke et al.
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Fig. 8. Doppler shifts along the slit for Cii 1036.3367 & 1037.0182
and Ovi 1037.9261 as labeled. In the lower panel the total intensity in
these three lines (solid line) in Ovi (dashed line) and in the two Cii
lines (dotted line) are plotted.

1997; Chae et al. 1998a; Peter & Judge 1999) mainly because
we have concentrated on an active region, comparing it with the
quiet Sun in order to study the possible role of magnetic fields
or activity on these measurements. Most of the previous studies
on this problem has been done for quite regions. Our results
also includes many more UV lines and more accurate and upto
date reference lines as compared to previous studies and finally
we have extensively compared our results with other published
work.

For active Region NOAA 7946 (top panel, Fig. 9), we find
that the radial velocity is increasing from∼ 0 km s−1 at
T ∼ 2 104 K to ∼ 15 km s−1 at T ∼ 105 K (C iv). At higher
temperature the velocity is decreasing, reaching ablueshiftof
around−10 km s−1 atT ∼ 106 K. A simple forth order poly-
nomial fit was applied to the data (see Fig. 9, top panel) in order
to show the trend in the Active Region. From the fit it is possible
to infer that the Doppler shift reversal from redshift to blueshift
takes place aroundLog T = 5.7 K (5 105 K). No weights were

Fig. 9.SUMER measurement of Radial Velocities (top panel) and non-
thermal velocities in Active Region NOAA 7946. Solid lines repre-
sents a simple forth order polynomial fit (top panel) and a third order
weighted polynomial fit (lower panel). Lines which are effected by
opacity are not included in the lower panel (see Sect. 4).

applied to the data due to the uncertainty in the laboratory wave-
lengths. The behaviour at high temperature is well represented
from the measurement of 4 different spectral lines (i.e. Arviii,
Neviii, Naix and Fexii).

In the quiet Sun (see top panel of Fig. 10) we observe a
slightly different trend especially at temperatures higher than
105 K. In fact a maximum velocity of∼ 10 km s−1 is reached at
T ∼ 1.9 105 K (O iv, Nv) and then drops down to ablueshiftof
−1.9 km s−1 at the Neviii formation temperature (6.3 105 K).
Also in this case a simple forth order polynomial fit was applied
to the data. Due to the presence of only one high temperature
line, it is more difficult to establish the temperature where the
change from redshift to blueshift occur. In any case we can sug-
gest a value betweenLog T = 5.7 andLog T = 5.75 (5.0 105

- 5.6 105 K), in agreement with Peter & Judge (1999) who
find the turnover point atLogT = 5.7. From the analysis of
the non-thermal velocities versus temperature distributions (see
Figs. 9 & 10, lower panels) we note that both curves peak around
Log T = 5.4 (quiet Sun) andLog T = 5.5 (Active Region), i.e.
around the Ovi formation temperature. These values were ob-
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Fig. 10. SUMER measurement of Radial Velocities (top panel) and
non-thermal velocities in Quiet Sun. Solid lines represents a simple
forth order polynomial fit (top panel) and a third order weighted poly-
nomial fit (lower panel). Lines which are effected by opacity are not
included in the lower panel (see Sect. 4).

tained applying a third order weighted polynomial fit to the data.
The most interesting point to note here is that the Ovi formation
temperature is also characterized by high occurrence of explo-
sive events (see Sect. 5.9.1, Pérez et al. 1999) that are generally
not observed in higher temperature lines (Peter & Judge, 1999).

Achour et al., (1995), introduced the idea of a ‘differential
redshift measurement’, i.e. to compare quiet Sun and active re-
gion Doppler shift measurement. This method has the advantage
of being independent of laboratory wavelengths. They found
that the differential velocity increases with increasing temper-
ature, reaching a maximum of7 km s−1 at a temperature of
1.0–1.35 105 K where the Niv 1486Å and the Oiv 1401Å
lines are formed. Above this temperature the velocity differ-
ence decreases abruptly with increasing temperature. It should
be noted that they did not use measurement of lines formed
above2.4 105 K, so they inferred the disappearance of the dif-
ferential redshift in the high transition region by extrapolating
the result from the Ov line. In Fig. 11 we plot our differential
measurements. Our results show (see upper panel of Fig. 11) a
differential velocity of5–7 km s−1 around6.9 × 104 K, con-

Fig. 11. SUMER measurement of the Differential Radial Velocities
(top panel) and differential non-thermal velocities in Active Region
NOAA 7946 minus Quiet Sun. Solid lines represents a simple forth
order polynomial fit (top panel) and a simple third order polynomial
fit (lower panel).

sistent with the one observed by Achour et al. (1995). The be-
haviour at higher temperatures shows an opposite trend, i.e a
smallerblueshift in the quiet Sun than in the Active Region
(∼ −6 km s−1).

Our results of the temperature variations of the Doppler
shifts and non-thermal velocities in the quiet Sun and active
region have important implications for the validity of the physi-
cal models present for the red shift problem. There are different
models present in the literature, namely return of spicular ma-
terial, siphon flows through loops, nano-flares and explosive
events (see Brekke et al. 1997; Peter & Judge 1999 and ref-
erence therein). Out of the all these we feel the most relevant
and consistent with our observation is by Hansteen (1993). He
considers nano-flares occurring at the top of coronal loops, gene-
rating MHD waves that propagate downward along the magnetic
fields towards and through the transition region. This model has
been extended by Hansteen et al. (1996) including the reflec-
tion that the chromosphere exerts on the downward travelling
waves. Also this model predicts redshifts in the quiet Sun of
∼ 15 km s−1 at the Ciii formation temperature (8 104 K) and
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blueshifts of∼ −15 km s−1 at the Mgix formation temperature
(106 K). These are too large with respect to our quiet Sun re-
sults. However, it is able (as also pointed out by Peter & Judge,
1999) to explain the presence of blueshift together with red-
shift within one model. Following the suggestion of Peter &
Judge (1999) we support the idea of prevalent occurrence of
nano-flares around the Ovi formation temperature (3 105 K) as
a source for the redshift observed in the low and middle tran-
sition region and for the blueshift seen in the upper transition
region and coronal lines. This can also explain the peak of the
non-thermal velocity curves at the Ovi formation temperature.
From this point of view the larger range of values detected for
the active region could be explained in terms of higher frequency
of occurrence and/or energy of nano-flares events in the Active
region with respect to the quiet Sun. The behaviour of the dif-
ference between the non-thermal velocity in the Active region
with respect to the quiet Sun (see Fig. 11, lower panel) shows
that there is an increase with increasing temperature that, again,
could be explained in terms of larger energy deposition in the
middle-high transition region. We hope that our results, partic-
ularly the ones for active region will shed further light into the
transition region modelling. Furthermore our differential mea-
surements provides clues for the possible role of magnetic fields
in the transition region.
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