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Abstract. The UV spectral lines formed at transition regioril km s~! but it is also present at higher temperatures with
temperatures in the solar atmosphere, show a prevailing radvalue around kms~* for Nevii 770.409A in the quiet
shifted emission. Using the Solar Ultraviolet Measurements $tin. Similar results were also obtained by Brekke et al. (1997).
Emitted Radiation spectrometer flown on tBelar and He- Peter & Judge (1999) have foulstlieshiftsat disk center for
liospheric Observatorgpacecraft, we measure the amount dhree coronal lines in the dataset Ner at 770A and 7804
line shift as a function of the temperature for several specteaid Mgx at 6254, in contradiction to the two previous papers
lines formed in the range betweef* and10° K. We analyze but in agreement with an Bar 1349.375A measurement by
spectrograms relative to the quiet Sun and to the active regeandlin et al. (1977) based &fkvLAB data. This difference
NOAA 7946. The velocities derived are increasing from a redn the value of Doppler shift for the Neirr 770 line is due to
shift of ~ 0 km s~ at~ 20000 K to 10 km s~ ' at1.9 10° K the assumption of a new rest wavelength of 770 42Blore
for the quiet Sun, and te 15 km s~ ! at10° K for the active re- recently, this value for the Ne111 rest wavelength has been
gion. At higher temperature an opposite behaviour is observednfirmed by Dammasch et al., (1999). Peter (1999) and Peter
In the quiet Sun dlueshiftof ~ —2 km s~ ! is observed at the & Judge (1999) found also, at spatial scales up to 50 arc sec,
Nev1ir formation temperatures(3 10° K), while in the active clear evidence of a center-to-limb redshift behaviour consistent
region, ablue-shiftedvalue around-8 km s~ ' is observed for with acos # behaviour in all transition region lines andas 6
the same spectral line. The finding of blueshiftinWe is due blueshiftbehaviour for the three upper transition region/coronal
to the adoption of a new rest wavelength of 770.2’\28y 105K lines listed above. This suggests an explanation in term of preva-
theblueshifis ~ —10 km s~ ! in the active region as measuredent vertical mass or wave motion for the observed line shift.
by Fexir 1242, Transition region and coronal emission lines show a full
width half maximum that can not be explained only with
Key words: Sun: atmosphere — Sun: transition region — SubBoppler thermal broadening (Mariska, 1992). Motion associ-
UV radiation 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
1. Introduction the majority of TR and coronal emission lines, such as/Si

) , , o Civ, Nv, Svi, Ovi, Mgx, are optically thin and opacity ef-
One of the most interesting problems in solar physics is the Qg5 can be ruled out at least for the quiet Sun (Chae et al.,

served redshifted emission of lines formed at transition regiQ@ggp). In this case, after correcting for instrumental broad-
(TR) temperatures. During the last two decades, observationggfg “the measured full width half maximum can be written
this phenomenon were obtained by many authors using sevefal

UV instruments with different spatial resolution (see Brekke '
et al. 1997 and references therein). In earlier investigations the 2 1/2
[41 2 <A> (2k3n 52”
n

magnitude of the redshift has been found to increase with temW HM = i (1)
perature, reaching a maximum (arouhiétm s~ ! in the quiet
Sun) atT” = 10° K, and then to decrease towards higher tem-

peratures. Doschek et al. (1976) found no significant shift \J/\r/]hereM Is the ion mas; is the non-thermal speed aiffis the

the Ov line at 1218A at disk center and the commonly quote jpntemperature. Attransm_on region densities a_md temperatures,
i L . he electrons and ions rapidly equilibrate (Mariska, 1992) and a
average velocity variation with temperature abage K de-

pended to a large extent on this particular observation of tﬁggle temperature plasma can be assumed at least for on-disk

1216A ne.Chas . (19962, ave shoun tht, o e quE2201°T e 9 a1 Pt of e amourt of tulerce
Sun, the redshift is peaked arouihg 10° K with a value of P P P

can be useful to discriminate between different theoretical mod-
Send offprint requests th. Teriaca els. Chae et al. (1998b) using SUMER observations, shows a de-
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Fig. 2. Power spectrum of the average along the slit of an image relative
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subtraction, showing the reduction in the electronic modulation.
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).

very few active regions present on the disk (see Fig. 1). The two
pendence of with temperature, from- 5km s~ ' at1.5 10* K, datasets (for the active region and for the QS) consist of a series
reaching a maximum of 30 km s~ at3 10° K and return- of spectra characterized by the same reference pixel-wavelength
ing down to~ 18 km s~! at 10% K. Similar trends were also (with the exclusion of 4 spectra in the QS that do not have a cor-

detected previously by other authors and a review can be fof§Pondence in the AR). Every single spectrum was exposed
in Mariska (1992). In this paper we present measurements®f 100 seconds using the x 120 slit in the quiet Sun and in
Doppler shift and non-thermal velocity of TR and coronal lin¢&ctive Region NOAA 7946 for a total of 41 and 37 spectra re-
for Active Region NOAA 7946 and for the quiet Sun at dis;gpecuvely. The datgs of observauqns, locations, pointing, slit
center. The extremely good quality of the active region data§é€ and exposure times are given in Table 1.

and the particular location of the slit, which is placed between

fthe_ twol regions of opposite polarity, gllows.us_ to give a NeW pata reduction

insight into the problem of observed line shift in the solar TR

and corona. 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 framunt px ! s~!

toerg cm™2 s~ Sr! A_l) and a correction for geometrical
SUMER is a normal incidence spectrograph operating over tigtortion. All these stages were applied to our data.
wavelength range 458to 1610A. It is a powerful UV instru-
ment capable of making reliable measurements of bulk motiogi Dead time and local aain corrections
in the chromosphere, transition region and low corona with™a™ g
spectral resolution of 45 Adpix at 800A (first order) and a For a total counting rate up 10* events s~ !, a correction for
spatial resolution of 1 arcsec across and 2 arcsec along thethlitdead-time effect needs to be applied (Wilhelm et al. 1995;
(Wilhelm et al. 1995; Lemaire et al. 1997). Four slits are avaiHollandt et al. 1996). Another, more serious, effect arises when
able;4 x 300, 1 x 300, 1 x 120 and0.3 x 120 arcsec®. The for certain bright lines (i.e. @1 977A or Ov1 1032A) levels
detectors (see Siegmund et al., 1994) have 1024 spectral pig-to 10 counts pix—! s~! are reached. In these cases a local
els and 360 spatial pixels, each. The central area is coated w@tuction in the micro channel plate (MCP) gain and, therefore,
KBr which increases the quantum efficiency by up to an orderloss of dynamic range will be present for such strong lines
of magnitude in the range 9@0to 1500A. (Wilhelm et al., 1997). In these cases also a correction for the
The observations discussed were obtained in Feb. '96 dadal gain depression needs to be applied. These two corrections
consist of a series of spectral images covering the wavelengibst be applied at the initial stage.
range between 800 and 1580Every spectrum s partially over-
lapping the previous and the following, in order to ensure thatt ' .
spectral lines are recorded on both the bare and the KBr pagr%' Flatfield subtraction
of the detector. This allows us to recognize the second orddat field subtraction is necessary in order to correct for non
lines from the first order ones using the different wavelengtbniformity in the sensitivity of the detector on scales of about
dependent sensitivity of KBr compared to the bare part. Duri2 pixels or less. Flat field images are taken approximatively
Feb. 96 the Sun was at the minimum of the sunspot cycle, wighrery month with a- 3 hour exposure in the Lyman continuum

2. Observations
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Table 1. SUMER observations of Active Region NOAA 7946 and Quiet Sun (QS)4Sti1x120 arcsec

Date Region Detector Slit  Solar X-Y  Observing period No. of spectra Wavelength rémge (
23 Feb'96 NOAA 7946 A 4 3644219 19:11-19:44 18 1252-1592
23 Feb'96 NOAA 7946 A 4 —359+4219 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

SUMER spectrum of Active Region NOAA 7946
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between 860 and 900 while the spectrometer grating is de-this “artificial” flat and the 21th February flat field gives us
focused (Wilhelm et al., 1997). In some cases the flat field wdsft values that are substantially identical to the ones obtained
subtracted on-board using the last acquired image. In our datasstuming a linear drift between the two consecutive flat fields.
this is the case for the data related to the active region NOAR®is also interesting to note that if a new flat is obtained from
7946. The flat field correction also eliminates or, at least greathe 21th February data in the position of the 28th February one
reduces, a modulation of approximatively 20% every two pixe{se. correcting for the spectral and spatial drift of 0.1 and 0.03
in the spatial dimension caused by an analogue-to-digital ca@lculated above) and a new cross correlation is performed, a
verter differential non-linearity (Wilhelm et al., 1997; Lemairedrift of 0.024 pixel in the spectral direction and 0.025 in the
private communication). This gives us the possibility to chedpatial ones is still present. This can be considered as a lower
if an image was corrected or not, simply by comparing a powkmit to the determination of the drift between the two images.
spectrum of the averaged image along the slit before and aff&ese values are very close to the ones that we have calculated
the flat field correction. The disappearance of the peak at perfodthe drift between our data and the flat field of 21th February.
2 is a clear signature of a proper flat field correction. In Fig.Qrifts of 0.037 and 0.011 pixels correspond~00.4 km s~ *
we show the power spectrum for one of the images relatedatod~ 0.1 km s~* at 1250A. These errors are however, much
the quiet Sun before and after the subtraction with the flat fieddhaller then the residual errors in the geometrical distortion
taken on 21 February 1996. The disappearance of the peakatection (see below) and can be ignored.
period 2 is evident.

Judgeetal., (1998) find that there is a driftin the fixed patte : ; ;
of the detector with time. They quantify this drift as0.5 pixel §13. Geometrical distortion
month! in the spectral direction and 1 pixel monthin the The electronic design of the instrument induces a geometrical
spatial direction. Two flat fields, taken on 21 and 28 Februatfstortion in the images produced by SUMER (Wilhelm et al.,
are available for our dataset. A cross-correlation between th&é@97). This effect was corrected using the routine written by
reveals a drift of 0.1 pixel in the spectral direction and 0.03 ih Moran. Peter (1999), Peter & Judge (1999) and Judge et al.
the spatial. The two flat fields are 7.5 days apart and the @B98) stress that the geometrical correction routine leaves a
February one is- 2.8 days from our dataset. Assuming a lineaesidual wavelength error that has a maximum value @f.2
drift, we obtain a drift of 0.037 pixels in the spectral dimensiopixel. We adopt an error of 0.15 pixel taking into account these
and 0.011 pixels in the spatial. We checked this result usingesidual effects. This corresponds to an errorof.5 km s~
spectrum of the QS obtained around @6t this wavelength around 125@\.
the continuum is particularly high and there are, practically, no
spectral lines present. Instead of dividing by the average alofgpata analysis
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 remo\F@rticular attention needs to be pald to the prOblem of the wave-
only the large scale intensity variations. The resultant imatfngth calibration. For SUMER there is no on-board calibration

clearly shows the flat field pattern. A cross correlation betwe&furce, 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 aro@bb K (e.g. Sitand S, they normalize the line profile by the integrated intensity be-
Chaeetal., 1998a) and are supposed to be atrest (Samain, 19868 an average is taken. Brynildsen et al. (1998), calculated the
These should therefore allow the determination of an absolgtaft in every position along the slit and, afterward they perform
wavelength scale. It is important to remember that all the abgbe average along the slit. The last authors showed that the val-
lute velocity measurements made with SUMER will be relativges obtained in this way are systematically lower that the ones
tothese chromospheric referencelines. LinessuchgZ8Gand obtained with a simple average, especially in active regions. It
Ferr are formed at temperatures higher thare8d Si, (Chae is also interesting to underline that they found practically no
etal., 1998a) and can present a certain amount of Doppler shiffferential velocity between active and quiet regions, but this
Chae et al. (1998a) found redshiftsio§, 1.8 and1.8 kms™! difference is present when they perform a simple average (with
for C1, O1and Fat respectively. Hassler et al. (1991), using tha maximum value aroundlém s~! in Ov). We have adopted
LASP EUV Coronal spectrometer on a sounding rocket flightie idea of Chae et al., (1998a) but we have, also, performed an
found a redshift o2.7 km s~ for Ferr 1563.790. Thus, this average on the values calculated for every single spatial pixel
amount of Doppler shift should be taken in account before Usee Sect. 5.9.2) for some spectra with very high signal-to-noise
ing these lines as zero-point reference lines. Chromospheartios. We find no relevant difference between the two methods,
lines disappear below 90x reducing the wavelength range inso a weighted average along the slit was performed in order to
which it is possible to make an absolute measure of velocity,dbtain the final spectral profile to be analysed.
900—-1600A (first order); but, when observations are carried out The measurement of the central line position, together with
in first order, some strong second order lines are recordedamplitude and full width half maximum, was performed using
Fig. 3 we have an example of the first order spectra of NOAe Genetic Algorithm (GA) of Charbonneau (1995). A com-
7946. Itis possible to see some second order lines superimpgaete examination of the reliability of GA with respect to other
to the first order ones as well as chromospheric lines used &gorithms was performed by Mcintosh et al. (1998). An es-
wavelength calibration. timation of the errors in the derived parameters was obtained
For every image we find a preliminary wavelength scalesing the GA-derived parameters as input for a “classical” IDL-
using the information contained in the header (dispersion a@BWRVEFIT procedure (Peter, 1999; Peter and Judge, 1999). For
wavelength of reference pixel). This is used as a starting po@#ch spectral region of interest, we have calculated the local
for the identification of the spectral lines present in the spectepectral dispersion using chromospheric lines. The formation
The identification of ionic lines was carried out by over-plottingemperatures are obtained using the data tables of the Arcetri
the SUMER spectrum with a synthetic one, generated (for bdpectral Code (Landi & Landini, 1999; Landini & Monsignori
orders) by the CHIANTI database (Dere et al., 1996, 199Ho0ssi (1990) and are listed in Table 3.
Lists of lines observed on the Sun (on disk and off disk) are Foreach region of interest the dispersion relation was calcu-
available in the literature (Kink et al., 1997; Curdt et al., 199Tated performing a first order polynomial fit to the pairs central
Feldman et al., 1997; Sandlin et al., 1986; Noyes et al., 198bxel - laboratory wavelength of the reference lines. The derived
Cohen et al., 1978; Vernazza & Reeves, 1978). For laborataligpersion values are reported in Table 2. Generally the labora-
wavelengths of UV spectral lines, a large dataset can be foundy wavelengths of chromospheric lines are well known, with
in the literature (Kelly, 1982, 1985, 1987) and on the Internetrors much less thankm s—'. Unfortunately this is not the
(Harvard-Smithsonian Center for Astrophysics Datatthdéss case for some ionic lines (especially coronal ones) in which the
tional Institute of Standard and Technology on-line energy levalrors can raise up te-10 km s~'. Errors in the determination
database). of the velocity along the line of sight were hence determined
Brynildsen et al. (1998) have examined some SUMER ardnsidering a quadratic sum of the errors due to the Gaussian fit
CDS images producing velocity maps (absolute for SUME&nd to the residual errors in the geometric calibration. These re-
data and relative to the average velocity for CDS) in which theylts, together with the measured value are reported in Table 3.
show an evident correlation between the observed redshift &t each spectral line analysed, we measure the FWHM and,
the intensity of the line. Compared to the average wavelengtsing Eqg. 1, the non-thermal velocity. However, opacity effects,
position there is a tendency for the wavelength of the lines égpecially in the active region, can be important.
change from blueshift to redshift as the peak intensity increases.Chae et al. (1998b) evaluated the opacity of many spec-
This means that the redshift phenomenon is of a statistical i@l lines finding that the €1315.918, Q 1355.5977 and N
ture, with strong local variations in the observed Doppler shif819.6770 are optically thin; while €1036 & 1037 are opti-
in all the TR lines. This last point is particularly important ifcally thick. Also lines due to Fe and Siit are believed to be
we want to measure the average redshift. In fact, if a simpetically thick (Chae et al., 1998b). We are interested in the
average (along the slit or over a whole image) is made, the logeneral trend of the non-thermal velocity with the formation
tions with most redshift will also be the most “intense” and thiemperature in correspondence with the trend of the Doppler
averaged value will be shifted towards more red shifted valushift. For this reason, we will not include non-thermal velocity
To avoid this, it is necessary to take some precautions. Chadues obtained for lines affected by opacity in the figures (see
et al. (1998a), performed a weighted average along the slit, Fégs. 9, 10, 11 lower panels later). It is also important to under-
line that spectral profiles are obtained doing an average along

! http://cfa-www.harvard.edu/amp/data/amdata.htm| the slit, that means summing up many profiles that may have
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different central positions. This can lead to an extra broadenifaple 2. Dispersion values for different spectral regions as measured
of the final line, particularly for narrow lines (such as &xd in the Quiet Sun and in an Active Region. Wavelengths for Iron are
O1). For the narrow @ 1315.918 and ©®1355.5977 lines we from Kelly (1985), all the others from Kelly (1982)

evaluate the FWHM by performing an average over groups of3

pixels along the slit for the active region dataset (over 5 for tif@ectral Rangd Ref. line Disp. &/pix)
quiet Sun). The final FWHM is an average of all the dataset. \WW860-1590 (AR)  Fer 1563.790 0.04166
note that FWHMSs obtained by such a method are only slightly Fe1r 1569.674
narrower (& 0.05 pixels) than the one obtained by performing Sv Ferr 1570.244
a Gaussian fit of a profile averaged over the entire slit. For hotO 1V Feir 1571.137
ter (broader) lines there is no practical difference between the Fei 1581.270
two methods (see Sect.5.9.2) and the weighted average over Fen 1584.952
the entire slit can be used. When we compare our quiet Sun Ferr 1588.290
non-thermal velocity measurements (see Fig. 10, lower pang##0-1570 (AR)  Fer 1550.274 0.04176
with Chae et al. (1998b), it shows that our values are larger for Fe1r 1559.085
low temperature lines (belowog T' = 4.8), but are consistent C1V Fe1 1563.790
at higher temperatures. This is in large part due to the differ- Fe1 1569.674
ent choice of the FWHM of the instrumental profile. In fact, Ferr 1570.244
Chae et al. (1998b) assumed that the instrumental broaderifg0-1550 (QS)  Si 1526.7076 0.04180
can be considered as a Gaussian with a FWHM of 2.3 pixels. Sir 1533.4320
We used the correction package provided in the SUMER softNe viII C11542.1766
ware tree, which is equivalent to a correction with a Gaussiaigo_1405 (AR) ~ Fer 1387.219 0.04257
having a FWHM of 1.92 pixels (for the”lslit on detector A). Ferr 1392.149
This different assumption yields larger values of non-thermab rv S11392.5878
velocities especially for the narrower and cooler lines, with aSi1v Fe1r 1392.817
difference of~ 3.4 km s~! and~ 2.3 km s~! for the Ct  Ar v S11401.5136
1315.918 and ©1355.5977 lines respectively. The differencgzsg_q1365 (AR) Q 1354.288 0.04266
reduce to~ 0.6 km s~ for the Crv 1548 line. It is also im- C11355.844
portant to stress that, due to the non-linear dependence of theyx C11357.134
non-thermal velocity with the measured FWHM (see Eq. 1) theD1 C11357.659
difference increases with the reduction of the observed FWHM, C11358.188
so that a small difference in the latter quantity can lead (for nar- C11359.275
row lines) to mach larger values of non-thermal velocity when C11359.438
a narrower instrumental profile is adopted. C11364.164
1295-1320 (AR) $1295.6526 0.04286
S11300.907
5. Results Sin C11310.637
We have analyzed a series of spectrain several wavelength bandd!! Cr1311.363
to measure the Doppler shifts and non-thermal velocities for Cri13i1.924
. . . . C11312.247
quiet Sun and active regions separately. We now describe mea-
surements of these quantities in a series of selected waveled@$P-1270 (AR) G 1254.513 0.04296
bands in detail. The results are depicted (in a summarized form Si11258.795
in Figs. 9 & 10. The readers are encouraged to refer to these two v S11262.8596
figures while reading each subsection. S11270.7821
1240-1255 (AR) G 1244.535 0.04307
o C11245.943
5.1. 1560-1598, N v C11249.004
Seven Far lines were identified in this spectral region. Five FeXil C11249.405
were already reported by Brekke et al. (1997). The other two C11252.208
lines (Ferr 1571.137 and Fe 1581.270) were observed by San- C11254.513
dlin et al. (1986). All laboratory wavelengths for iron are fron1025-1045 (QS)  ®1027.4307 0.04391

Kelly (1985). In this same region there are also threelies
at 1569.3185, 1571.4058 and 1571.29@andlin et al. 1986; C
wavelengths from Kelly, 1982). In this spectral range it is pos-O VI
sible to observe the $786.470 and the ©/ 790.199 lines. For

011028.1571
011039.2304
011040.9425
011041.6876

the Sv line we have in the literature two values for the labora-
tory wavelength, 786.480 (Kelly, 1982) and 786.470 (Kaufman
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& Martin, 1993). Curdt et al. (1997) using observations takeResolution Telescope and Spectrograph; Bartoe & Brueckner,
near the North Polar limb measured a wavelength of 786.472@.75).

This is consistent with Peter & Judge (1999), who has shown

that the observed Doppler shift along the line of sight decre 85 Quiet Sun

to zero towards the solar limb. Thus the value of 786.470 will™ "
be used as the rest wavelength for.S he value of 790.198 Inthe quiet Sun, values df9 + 1.2and10.7 = 1.2 kms™!
(Kelly, 1982) will be used as the rest wavelength af\O for the Doppler shift an@8.4 + 0.7 and29.5 + 0.7 km s—!

for the non-thermal velocities were obtained forvC1548.195

and 1550.770. Peter & Judge (1999) finds a valud.bf +

1.2 km s~! for the 1548 line, using the assumption of zero off-
Using the Fat lines the dispersion relation was found performimb shift. Achour et al. (1995) found a value 6f2 km s—!

ing a first order polynomial fit, with residuals ef 0.005 A.ln using a rest wavelength of 1548.2,&2{Kelly, 1982); that will
Table 2, the lines used to find the dispersion relation are listgdve us a value of.6 km s~! if the laboratory wavelength
together with the dispersion values. With this relation the wavef 1548.195A is used. Chae et al. (1998a) report an average
lengths for the Silines were calculated finding a total value of/alue 0f9.6 km s~! for C1v using rest wavelengths from Kelly
—0.44 1.1 km s~ . Assuming the Silines at rest, this infers (1982). Finally, Rottman et al. (1990) measured the Doppler
a redshift 0f0.4 + 1.1 km s™* for Feu in the Active Region. shift for the two Qv lines along the solar equator finding a
This allows us to use the Felines as reference lines togetheradial downflow of7.7 4+ 1.0 and7.3 + 1.5km s~ ! for C1v

with the cooler S and Sii ones. Values 0f3.1+ 1.2kms™~ ' 1548 & 1550 respectively.

and11.2 + 1.2km s ' were found for S/ 786.470 and Qv

790.199 respegtlvely. We also calculate the non—thermal veloc,é%_ 1520—1556.

component (using Eqg. 1) for ke Sv and Orv, finding values

of14.1 £ 0.2,26.4 4+ 0.7and31.7 + 0.6 km s~ ! respectively. In this spectral region the strong, second orderyNeline at
770Ais 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
The same analysis was performed for the quiet Sun, obtainB83.93 in the quiet Sun and 563.0 in the active region, while
values 0f0.0 + 1.6, 12.8 + 1.2 and8.0 + 1.2km s~ ! for the values of 595.59 (quiet Sun) and 595.45 (active region) were
Doppler shift of Fa1, Sv and Orv, while values 0f13.9 + found for the Q 1542.1766 line (see Table 2). This lead to
0.6, 26.6 £ 0.7 and30.8 & 0.6 km s~! were obtained for the a “distance” of 31.7 (quiet Sun) and 32.5 (active region) pix-
non-thermal velocities. These values for the Doppler shift agés between the Nerir and the Q lines. With a dispersion of
consistent with the ones of Brekke et al. (1997) who, usirQ;]04185\/pix this will give us a difference ofv 6.5 km s~*

the same laboratory wavelengths, obtainetl0 + 2.0 and between the active region (more blue) and the quiet Sun. This
7.0 £ 2.0kms~ ! forSvand Orv. Avalue of9.1 = 1.4kms~! is independent of any laboratory wavelength. For thevNe

for O1v 790 was found by Peter & Judge (1999). laboratory wavelength the value of 770.470930ckasten etal.,
1963) has been widely used in the literature (Brekke etal., 1997;
Chae et al., 1998a). Recently Peter & Judge (1999) observe a
cosf trend in the center-to-limb Doppler shift of TR and coronal
Inthis spectral range the two resonance linesnf @ 1548.195 lines, that they explain in terms of prevalent mass/waves vertical
and 1550.770 (Rottman et al., 1990) are present. The dispersiwtions. They also observe that the We shows an excess of
relation was found using the lines listed in Table 2. In botbhlueshiftat disk center and, assuming that a zero shift must be
datasets the 1548 line shows a value for the Doppler shiftobserved off-limb, the authors claims a value of 770.A26r

5 km s~ lower than the 1550 one. In our datasets the referente rest wavelength. This value has been recently comfirmed by
lines are available only up to 1580 This can lead to errors in Dammasch et al. (1999).

the measured shift of the 1548 line. Brekke et al. (1997) finds a

difference of~ 2 km s~! between the two lines in their quiet5_3_1_ Quiet Sun

Sun dataset.

5.1.1. Active region

5.1.2. Quiet Sun

5.2. 1540-156@\

For the quiet Sun a redshift af8 km s~ is found (see below)
for Sit. Correcting for this value the rest wavelengths of the
two Sitt lines and using the Cline 1542.1766, the dispersion
A Doppler shift of10.2 + 1.2 and14.6 + 1.2 km s~! were relation was derived. If a laboratory wavelength of 770.A28
measured for @ 1548.195 and 1550.770 respectively, whilassumed for Net11, we find ablueshiftof —1.9 + 2.0 kms~!.
non-thermal velocities df9.5 4+ 0.7 and30.2 & 0.7 km s~ This value is consistent with the one found by Peter & Judge
were established for these two lines. Achour et al. (1995) fou(t®99) of —2.5 + 1.1 km s~! using the off-limb zero shift
a redshift of13.0 km s~ for the 1548 line using HRTS (High assumption. If the laboratory value of 770.409 AA is used in-
stead, a redshift df.5 4+ 2.0 km s~ is obtained in very good

5.2.1. Active region
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Active Region NOAA 7946

agreement with the value 6f + 1.5 km s—! (Brekke et al.,
1997) and5.3 km s~—! (Chae et al., 1998a) obtained using the

1000

same laboratory wavelength. A value2if.9 + 0.6 km s~! I &
was found for the non-thermal velocity. 800 - 8 n
I &
. . . z
5.3.2. Active region 600 , _

In the active region the $ilines shows a redshift 6£3 kms—!.
Making the correction as outlined above, we obtabiweshift
of —7.8 + 2.0 km s~ for Nevi if a laboratory wavelength of
770.428A is assumed, while Blueshiftof —0.5 + 2.0 km s~! . 8
is obtained if the ‘older’ laboratory wavelength of 770.409 S e
is adopted. A value 031.1 + 0.6 km s~! was found for the 1362.6 1362.8 1363.0 1363.2 1363.4 1363.6 1363.8
non-thermal velocity. Wavelength 4

Fig. 4. Line fitting for the second order Na line at 681.72@.

(Erg em™ S™ SrA™)

400

—_

5.4. 1380-140%

This spectral region allows us to measure the Doppler shift 9f; .o second order 81 lines at 700.15 and 700.29 We find
two important TR ions, two Si lines at 1393.755 & 1402.770 5 the |ine is well fitted with only one Gaussian obtaining a

(Kelly, 1982) and two Qv lines at 1399.774 & 1401198 a6 0f4.3 + 1.6 km s~'. The line shows a non-thermal
(Kelly, 1982). In this wavelerzgth range there is a second Or(if‘élocity 0f26.0 + 1.4kms—1.

line due to Arvim at 700.24%A (Kelly, 1982). This line is too
weak to be detected in the quiet Sun, but it is strong enough in

o

the Active region (see Fig. 3). 5.5. 13501365
Eight C1lines are available (see Table 2) giving us a good wave-
5.4.1. Quiet Sun length calibration. This region allows us to measure the Doppler

shift of two O1 lines at 1355.5977 & 1358.5123(Kelly, 1982).

A measurement of the non-thermal velocity ofi @as per-
formed using the optically thin line at 1355.59%7In this re-
gion there is also a second order line at 681fXZB{eIIy 1982)
due to Nax. This feature is too weak to be analyzed in the quiet
8un, but it is strong enough in the Active region to allow us a
measurement of the line parameters.

In the quiet Sun redshifted values 1.6 + 1.4 km s~! and
7.4 + 1.4km s~ ! were found for Siv 1393.755 and 1402.770
together with non-thermal velocities ®7.3 + 0.8 km s~! and
27.4 + 0.8 km s~ respectively. The Doppler shift value for
the 1402 line is consistent with that of Brekke et al., (1997), i.
7.0 £ 2.0kms~!. Chae etal. (1998a) found an average value
7.8 km s~ for Si1v. Peter & Judge find values 6f5 + 1.1 and
4.8 + 1.1 km s~ for Sitv 1393.755 and 1402.770 respectively.

For the Orv 1399.774 & 1401.156 lines we find redshifted-5-1. Quiet Sun

—1 .
values 0fl0.4 4+ 1.6 and8.6 £ 1.4 km s~ ! with non-thermal We obtain shifts of-0.1 + 1.4and1.3 + 1.4 km s—! for O1

velocities 0f23.1 & 1.3 and25.8 + 0.8 km s™". Inthe 1355 5977 ¢ 13585128 respectively. Achour et al. (1995)
literature, the following values are available for the 1401'15f8und a redshift of).5 km s—! for the Or 1302.1685A line
line:12.0 + 1.6 km s~ (Peter&‘]udge, 1999)2 + 2kms™"  yhile Chae et al. (1998a) report a valueldf km s~ for the
(Brekke et al., 1997) antl0.5 km s~ (Achour et al., 1995), same jine. Finally Brekke et al. (1997) assumed no relevant shift
while Chae etal. (1998a) gives an averaged valud dfm s~ ¢or the Or. A non-thermal velocity o13.1 + 0.3 km s~ ! was

for O1v. found for the O 1355 line.

5.4.2. Active region 5.5.2. Active region

H —1
Doppler shifts 0fl5.6 + 1.4 and15.9 + 1.4 kms™ were |, the Active region we measure Doppler shifts b =+
found for Sirv 1393.755 & 1402.770 together with non-thermaf 4 1.1, s-1 and1.1 + 1.4 km s—! for the Or 1355.5977
velocities 0f27.8 + 0.8 and27.5 & 0.7 km s™! respectively, anq 013585123 lines respectively, while a non-thermal ve-

while redshifts ofl6.5 + 1.4 and16.0 + 1.4 km s~! were locity of 12.4 + 0.2 km s~! is measured for the optically thin
measured for the ©7 1399.774 & 1401.156 lines. We measurey 1355 |ine. These values of Doppler shift are in agreement

non-thermal velocities df6.2 + 0.8 km s~ for the former and with the value ofl.2 km s~ by Achour et al. (1995) for @
25.4 + 0.7 km s~! for the latter Qv line. Achour et al. (1995) 1302.1685A.

report a value of7.6 km s~* for the Orv line at 1401.15@. Curdt et al. (1997) report a1fi line at 681.5 that could

In this spectral region there is a second order spectral linegh the measurements of the second order line due & Na
700.24%\ due to Arviir. Curdtetal. (1997), reportthe presencg; g1 72GR. However, we are able to fit the line with only one
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Active Region NOAA 7946 Active Region NOAA 7946
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Fig. 5. Line fitting for the Fextt line at 1242.03. 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

Gaussian (see Fig. 4). We fintaeshiftof —3.6 + 1.4kms~? the position along the slit of the spectral profile fitted in Fig. 7.
and a non-thermal velocity @f7.7 &+ 0.7 km s~ 1.

5.6. 1295-1326 Adding 0.6 km s—! to the value found by taking in account

Inside this spectral range numerous chromospheric lines H}% megsured average redshift showed byrQthe quiet Sun,
obtain a redshift of.8 + 1.5 km s~—!. Chae et al. (1998a)

. . W,
present. Besides the ones showed in Table 2, there are three 5 1 . o
lines at 1302.1685, 1304.8576 and 1306.0886gether with 'cPO't @ value oR.6 km s~ for the Sii 1260.412A line,

X 2 . o ~ while Achour et al. (1995) find a value @f8 km s~! for the
Iaé%tggirztmli?"fllgsg?dFailn';h”;nae g]t I?nSeli\te Ig&(\é\%’g Sit 1533.432 line. Non-thermal velocities for optically thin

and a Sitt line at 1301146 (Kelly 1982) are present. Unfor- lines due to G 1315.918\ was measured, obtaining a value of

R -1
tunately the latter one is blended with the £300.907 line -0 * 0-7kms™.
and only in the Active Region were we able to safely resolve .
the two lines. 5.7. 1250-1276\

In this spectral region the second order 29.7303 (Kelly
5.6.1. Active region 1982) lineis present. This line is blended with a relatively strong

In the Active Region we used the lines listed in Table 2 in ord%II 1259.530 line (Brekke etal. 1997, Chae etal., 1998a). The

to obtain the wavelength calibration. We have also checked t ét authors observed the line in the KBr part of the detector,

absence of shift between tha 8nd the Q lines. Using these which Sque.Sted O to b_e appromma;ely sx “”_‘es stronger
- . . 1 than the SI line. Measuring the total intensity (in count/sec)
six lines we obtain a redshift @3 + 1.5 km s~ and a non-

thermal velocity oR3.1 + 0.8 km s—1 for Sitr 1304.372Gk of the unresolved line in the bare and KBr parts of the detector
For Sitt 1301 {46& é redsHift ofl0.1 + 1.5 km S,'l and .a and knowing (from the calibration curves) the ratio between the

non-thermal velocity 0B0.8 & 0.9 km s—! were obtained peak intensities of each line in the two different parts of the

Achour et al. (1995) obtained a value 88 km s—! for the detector, it is possible to estimate (from the knowledge of the

) o . i FWHM of each line) the ratio between the intensities in the bare
;: I,[IhtSti?ef? l:lnnee Ssglgt' a\i/x(ienglf/(;lrt?: sa ‘;lfjge ti]elr(;dlfgle/fduegnd in the KBr part of the detector. An estimation of the FWHM

17+ 1.5kms ' andL2 + 1.5 kms- for the 1302, 1304 and can be obtained using Eq. 1. Assuming a non-thermal velocity

—1 —1
1306 line respectively. This result is fully consistent with th:% 2;5 é{?sisble];?)ressl'girir;\??thkitie \(f:g O;,EICI_:“ h;e;:g#, i??r?;r)l
obtained in the previous spectral region. Non-thermal velocitiﬁ]s P - 9

for the optically thin line due to €1315.9184 was measured, € SI.I in the KBr part of_the detector. In the bare parft _th|s
o 1 ratio rises to~ 22, essentially due to the reduced sensitivity
obtaining a value 0f0.2 + 0.6 kms™-.

of the bare part at wavelengths around 185Qith respect to

the KBr. We have therefore performed our measurements in the

5.6.2. Quiet Sun bare part of the detector. Performing a constrained two Gaussian

it we found that there is no substantial difference in the central
position with respect to a single Gaussian fit, that we have finally
used.

In the quiet Sun some of the chromospheric lines listed in
ble 3 are too weak, so we used the threeli@es. A Doppler
shift of 1.2 &+ 1.5 km s~ was found for Sir 1304.372R
together with a non-thermal velocity @f).7 + 0.8 km s~!.
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Active Region NOAA 7946 ; of 8.3 km s~* while Brekke et al. (1997) obtained a value of

4000¢ 11.0 + 1.5kms . A Doppler shift 0f9.9 + 1.0 km s~ was

i found by Peter & Judge (1999).
3000;—
: 5.8.2. Active region

2000 |- 7 Inthe active region the N 1242.778 line is shifted toward the

g ] red by10.6 + 1.6 km s~—! and shows a non-thermal velocity of

29.4 4+ 0.8 km s~ '. We fitted the Fe11 line with only one Gaus-

sian (see Fig. 5), measuringhieshiftof —9.8 + 1.6 kms~!

together with a non-thermal velocity 6.7 & 0.7 km s, al-

R I S S ] though Brekke et al. (1997) report blending with1241.905A.

405 410 415 420 425 430 Itis interesting to note here tt3x YLAB observation by Sandlin
Pixels et al. (1977) from Feur 1349 of a blueshift of-6 km s—!.

Fig. 7. Line fitting to the Ov1 line profile in the position showed in

Fig. 6. The vertical dotted line represents the average central positj o

of the rest component. tg)@ 1025-1043

I (Erg cm™ S Sr'A™)

1000 F

In this region we find two Q1 1031.9261 & 1037.616&

(Kaufman & Martin, 1989) and two @ 1036.3367 1037.0182
5.7.1. Quiet Sun (Kaufman & Eden, 1974) lines. The wavelength calibration
A redshift of 7.0 + 1.5 km s~! was found together with g Was obtained using the five1dines listed in Table 2. A value
non-thermal velocity 0B8.5 + 0.8 km s~ 1. Peter & Judge of 0.6 km s~! was added to the shift values found in the quiet

(1999) find a Doppler shift 09.8 + 1.0 km s~. Brekke et Sun by taking in account the bserved redshift.
al. (1997) find a value of6.0 = 3 km s—!. However we find

that the St line is, in the KBr part, quite strong and, probably5.9.1. Active region

having a larger rest wavelength than the Gine, leads to the

high redshift observed by the last authors. Chae et al. (199
find a value ofl0.6 km s~!. Achour et al. (1995), found a value
of 9.0 km s~! for the Ov 1371.292 line.

51fortunate|y, the active region spectrum is somewhat incom-
plete (probably due to telemetry problems) starting from pixel
548, missing part of the @1 1037.6167A and the three @
lines at 1039, 1040 and 1044°\1(see Table 2.). Moreover, the
_ _ two remaining Q lines (1027.4307 1028.15A) appear in this
5.7.2. Active region active region spectrum, heavily blended with others lines (ac-

In the Active Region a Doppler shift 49 + 1.5 km s~! and cordingly to the CHIANTI database, ke1027.65 and F&
a non-thermal velocity 029.1 + 0.8 km s~ were found for 1028.3%A; Curdt et al. 1997 and Hassler et al. 1997, report a
the Ov 629.73Q4 line. Achour et al. (1995), found a value offexat 1028.040). For these reasons, we are unable to do a reli-
0.0 km s~ for the Ov 1371.292 line. able fit of these two @lines, making impossible the wavelength
calibration of the active region spectrum. Nevertheless, itis still
. possible to obtain information from the\d 1031.9264 line.
5.8. 1240-1255 Looking at the spectral line obtained with the weighted average

In this spectral range we observe therN242.778A (Edlen along the slit, a non-Gaussian profile is immediately evident.
1934) and the Feil 1242 .03A (Kelly, 1985) lines. The latter D.ue to .th_e very high intensity of this Iilje in actiye rc_egions (see
line is too weak to be reliably measured in the quiet Sun. Holvl9- 7) it is possible to perform a multi-Gaussian fit for every
ever it is strong enough to be measured in the Active regigif'9!e spatial pixel. In many positions a two Gaussian fit was
(see Fig. 5). For the N 1242 line, Kelly (1982) reported a restCl€arly necessary (see f'gs- 6 & 7), showing clear evidence for
wavelength of 1242.804. However, when this rest wavelengtSNifts up 1o+ 50 km s~ of the secondary component (open

is used, Achour et al. (1995) and Brekke et al. (1997) found tG8¢!€s In Fig. 6) with respect to the rest component (filled cir-
small values of redshifts with respect to the other lines form&tfS)- Doppler shifts are measured with respect to the average

at similar temperature. In contrast with this, Chae et al. (199g¥Sition of the rest component (pixel position 417.77). Explo-
found an average redshift of.3 km s~ in the quiet Sun using SIV€ €vents are observed in midi{C& Si 1v) and in the upper

the laboratory wavelengths from Kelly (1982). (Ov1) transition region (Innes et a., 15_)97er|éz 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-
5.8.1. Quiet Sun erage spatial dimension of 6-7 pixel8(0-5000 km). We do
A redshift of9.8 + 1.6 km s~! and a non-thermal velocity of NOt observe such clear signature of explosive events in any other
24.9 + 0.8 km s—! were found for the N’ 1242.778A line. UV line in the Active Region dataset. This further suggests that

Using this rest wavelength, Achour et al. (1995) found a redshift
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Table 3. Doppler shifts and non-thermal velocities in the Active Region NOAA 7946 and in the Quiet Sun.

lon Nap A Aobs A Log T (K) Velocity (km/s) ¢ (km/s) Ref.
AR Qs AR 0s

Ci1 (8 lines) — 411 0.0t 1.5 0.0+ 1.5 —_ — —_ — K
Ci1 1315.918 — 4.11 —_ — —_ — 10.2 0.6 9.6£ 0.7 K
Ferr® (7 lines) — 4.23 0.4 1.1 0.0+ 1.6 141+ 0.2 139+ 06 K
Sii® 1304.3720 1304.3771 (QS) 4.26 631.5 1.8+ 15 23.1+ 0.8 19.7+ 0.8 K
O1 1355.5977 1355.5971 (QS) 4.31 1014 -0.1+ 14 124+ 0.2 13.1+£ 0.3 K
or 1358.5123 13585180 (QS)  4.31 #114 1.3+ 14 — — — K
cir? 1036.3367 1036.3460 (QS) 471 — — 331.9 —_ — 24.3+ 0.9 KE
cn® 1037.0182 1037.0343 (QS) 471 —_ — 5:31.9 —_ — 27.6+ 1.0 KE
Si1n 1301.146 1301.190 (AR) 4.78 o415 — — 30.8+09 — — K
Si1v 1393.755 1393.804 (QS) 4.84 154614 10.6+ 1.4 278+ 0.8 27.3+ 0.8 K
Si1v 1402.770 1402.805 (QS) 4.84 151914 744+ 1.4 275+ 0.7 274+ 0.8 K
Civ 1548.195 1548.220 (QS) 5.01 16:21.2 49+ 1.2 295+ 0.7 284+ 0.7 R
Civ 1550.770 1550.825 (QS) 5.01 1461.2 10.74 1.2 30.2+ 0.7 295+ 0.7 R
O1v 1399.774 1399.823 (QS) 5.23 168514 104+ 1.6 26.2+ 0.8 23.1+ 1.3 K
O1v 1401.156 1401.197 (QS) 5.23 166014 8.7+ 1.4 254+ 0.7 258+ 0.8 K
Nv 1242.778 1242.819 (QS) 5.25 166616 9.8+ 1.6 294+ 0.8 249+ 08 E
Sv 786.470 786.504 (QS) 5.26 131 1.2 128+ 1.2 26.4+ 0.7 26.6+ 0.7 KM2
O1v 790.199 790.220 (QS) 5.26 14212 8.0+ 1.2 31.7£ 06 308+ 0.6 K
Ov 629.730 629.745 (QS) 5.39 79 1.5 7.0+ 15 29.1+ 0.8 285+ 0.8 K
OvI 1031.9261 1031.9677 (QS) 5.47 —_ — 12719 — — 329+ 09 KM1
Ovi 1037.6167 1037.6446 (QS) 5.47 —_ — &71.9 —_ — 31.7£ 0.9 KM1
Ar vIII 700.245 700.255 (AR) 5.61 48 1.6 —_ — 260+ 14 — — K
Neviin  770.428 770.423 (QS) 5.80 -74882.0 -194+ 20 31.1+£ 0.6 269t 06 PJ
Naix 681.720 681.712 (AR) 5.90 -36 1.4 —_ — 277 0.7 — — K
Fexit 1242.030 1241.990 (AR) 6.12 -98 1.6 —_ — 26.7t 0.7 — — K

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

frequent occurrence (and/or energy) of these events takes plafcthe weighted average along the slit in the extraction of the
at the Ovi1 formation temperature. spectral profiles studied. The average values obtained in every
single position along the slit ar:5 km s~ and5.5 km s~!

for C11 1036.3367 & 1037.018R lines and8.1 km s~ for

the Ov1 1037.926 1 line; well inside the errors for the values

In the quiet Sun a Doppler shift af2.7 + 1.9 km s~! is found doing the weighted average along the slit. Also the val-
found for Ovi 1031.9262A and8.7 + 1.9 km s~! for Ovi ues obtained for the non-thermal velocity are consistent with
1037.6167, while non-thermal velocities3®.9 4+ 0.9 kms™! the ones obtained doing the weighted average along the slit.
and 31.7 4+ 0.9 km s—! were obtained. Doppler shift of Warren et al. (1997) find a value 6f+ 3 km s~! for the Ov1

3.3 + 1.9kms ! and5.3 + 1.9 km s—! were found for the 1037.6167 line together with an average non-thermal velocity
C111036.3367 & 1037.018& lines, together with non-thermal of 34 + 3 kms~!.

velocities 0f24.3 £ 0.9 km s~! and27.6 £ 1.0 kms~! re- Brekke et al. (1997) found a redshift 6f + 1.5 km s~!
spectively. Due to the high signal-to-noise ratio it is possible tmd6 + 1.5 km s~ for the Ovi 1031.9261 & 1037.616%K
obtain the Doppler shift and the non-thermal velocity in eveltines. An average value &.7 km s~! was found by Chae
single pixel along the slit. In Fig. 8 we show the Doppler shift fogt al. (1998a), while Peter & Judge (1999) finds a redshift of
the Ci1 1036.3367 & 1037.018R and the Ov1 1037.9261A 5.6 + 1.1 km s~ for the Ovi 1038 line.

lines. In the lower panel the total intensity along the slitin these

three lines (solid line) and the contribution of thevQ(dashed

line) and of the two QI lines (dotted lines) is shown. It is pos-6. Discussion

sible to see that the network structure is dominated by thie O
emission and that there is a dependence between intensity
redshift in Cir and, especially, in @1. Warren et al. (1997) re-
port only a small dependence between intensity and redshif{
these three lines. This analysis allows us to check the valid&

5.9.2. Quiet Sun

I He present study we have measured the Doppler shifts of lines
rom various ions formed at different temperatures and different
ions (quietand active) inthe solar atmosphere. They are listed
able 3 and plotted in Figs. 9 & 10. Our results are different

m those of previous studies done with SUMER (Brekke et al.
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Fig. 9. SUMER measurement of Radial \elocities (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
Fig. 8. Doppler shifts along the slit for @ 1036.3367 & 1037.0182 \ gjghted polynomial fit (lower panel). Lines which are effected by
and Ovr 1037.9261 as labeled. In the lower panel the total 'ntens'tyéﬂ)acity are not included in the lower panel (see Sect. 4).

these three lines (solid line) in @ (dashed line) and in the two 1€

lines (dotted line) are plotted.

20 40 60 80 100
Pixel Position

applied to the data due to the uncertainty in the laboratory wave-
lengths. The behaviour at high temperature is well represented
1997; Chae et al. 1998a; Peter & Judge 1999) mainly becafreen the measurement of 4 different spectral lines (i.ev#r,
we have concentrated on an active region, comparing it with tNe viir, Narx and Fexii).
quiet Sun in order to study the possible role of magnetic fields In the quiet Sun (see top panel of Fig. 10) we observe a
or activity on these measurements. Most of the previous studsightly different trend especially at temperatures higher than
on this problem has been done for quite regions. Our result¥ K. In fact a maximum velocity of 10 km s~ ' is reached at
also includes many more UV lines and more accurate and ufite- 1.9 10° K (O 1v, N v) and then drops down to@dueshiftof
date reference lines as compared to previous studies and finally9 km s~! at the Nevii formation temperatures(3 10° K).
we have extensively compared our results with other publish&tbo in this case a simple forth order polynomial fit was applied
work. to the data. Due to the presence of only one high temperature
For active Region NOAA 7946 (top panel, Fig. 9), we findine, it is more difficult to establish the temperature where the
that the radial velocity is increasing from 0 kms~' at change from redshift to blueshift occur. In any case we can sug-
T ~210*Kto~ 15kms ' atT ~ 10° K (C1v). At higher gest a value betweelvg T' = 5.7 andLog T = 5.75 (5.0 10°
temperature the velocity is decreasing, reachimguashiftof - 5.6 10°> K), in agreement with Peter & Judge (1999) who
around—10 km s~ ! atT ~ 10° K. A simple forth order poly- find the turnover point aLogT” = 5.7. From the analysis of
nomial fit was applied to the data (see Fig. 9, top panel) in ordbe non-thermal velocities versus temperature distributions (see
to show the trend in the Active Region. From the fit it is possibleigs. 9 & 10, lower panels) we note that both curves peak around
to infer that the Doppler shift reversal from redshift to blueshiftog T' = 5.4 (quiet Sun) and.og T' = 5.5 (Active Region), i.e.
takes place arountog T = 5.7 K (5 10° K). No weights were around the Qr1 formation temperature. These values were ob-
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Fig. 10. SUMER measurement of Radial Velocitieeg pane) and Fig.11. SUMER measurement of the Differential Radial Velocities
non-thermal velocities in Quiet Sun. Solid lines represents a simiitep pane) and differential non-thermal velocities in Active Region
forth order polynomial fit{op pane) and a third order weighted poly- NOAA 7946 minus Quiet Sun. Solid lines represents a simple forth
nomial fit Jower pane). Lines which are effected by opacity are nobrder polynomial fit {op pane) and a simple third order polynomial
included in the lower panel (see Sect. 4). fit (lower pane).

tained applying a third order weighted polynomial fit to the dataistent with the one observed by Achour et al. (1995). The be-
The mostinteresting pointto note here is that the@rmation haviour at higher temperatures shows an opposite trend, i.e a
temperature is also characterized by high occurrence of exgmallerblueshiftin the quiet Sun than in the Active Region
sive events (see Sect. 5.9.Br€z et al. 1999) that are generallf~ —6 km s~1).
not observed in higher temperature lines (Peter & Judge, 1999). Our results of the temperature variations of the Doppler
Achour et al., (1995), introduced the idea of a ‘differentiahifts and non-thermal velocities in the quiet Sun and active
redshift measurement’, i.e. to compare quiet Sun and active region have important implications for the validity of the physi-
gion Doppler shift measurement. This method has the advantagemodels present for the red shift problem. There are different
of being independent of laboratory wavelengths. They foumdodels present in the literature, namely return of spicular ma-
that the differential velocity increases with increasing tempderial, siphon flows through loops, nano-flares and explosive
ature, reaching a maximum Gfkm s~! at a temperature of events (see Brekke et al. 1997; Peter & Judge 1999 and ref-
1.0-1.35 105 K where the Nv 1486A and the Qv 1401A erence therein). Out of the all these we feel the most relevant
lines are formed. Above this temperature the velocity diffeand consistent with our observation is by Hansteen (1993). He
ence decreases abruptly with increasing temperature. It shauddsiders nano-flares occurring atthe top of coronalloops, gene-
be noted that they did not use measurement of lines formeding MHD waves that propagate downward along the magnetic
above2.4 10° K, so they inferred the disappearance of the difields towards and through the transition region. This model has
ferential redshift in the high transition region by extrapolatingeen extended by Hansteen et al. (1996) including the reflec-
the result from the @ line. In Fig. 11 we plot our differential tion that the chromosphere exerts on the downward travelling
measurements. Our results show (see upper panel of Fig. 1&axes. Also this model predicts redshifts in the quiet Sun of
differential velocity of5—7 km s~! around6.9 x 10* K, con- ~ 15 km s~! at the Qi1 formation temperatures(10* K) and
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blueshifts of~ —15km s~! atthe Mgix formation temperature Curdt W., Feldman U., Laming J.M., et al., 1997, A&AS 126, 281
(106 K). These are too large with respect to our quiet Sun rBammasch |.E., Wilhelm K., CurdtW., Hassler D.M., 1999, A&A 346,
sults. However, it is able (as also pointed out by Peter & Judge, 285

1999) to explain the presence of blueshift together with reBere K.P., Monsignori Fossi B.G., Landi E., Mason H.E., Young P.R.,
shift within one model. Following the suggestion of Peter & 1996, AAS Meeting, 188.8501 _

Judge (1999) we support the idea of prevalent occurrenceD(S“lri;;?’Al\‘;Rg' fé’SMfZgn H.E., Monsignori Fossi B.G., Young P.R.,
nano-flares around the @ formation temperature3(10° K) as ' '

. . . Doschek G.A., Feldman U., Bohlin J.D., 1976, ApJ 205, L177
a source for the redshift observed in the low and middle traP3ieh B. 1934, Nova Acta R. Soc. Sci. Uppsala (IV) 9, 6

sition region and for the blueshift seen in the upper transitigig|gman u., Behring W.E., Curdt W, et al., 1997, ApJS 113, 195
region and coronal lines. This can also explain the peak of thgnsteen V.H., 1993, ApJ 402, 741

non-thermal velocity curves at thev@formation temperature. Hansteen V.H., Maltby P., Malagoli A., 1996, In: Bentley R.D., Mariska
From this point of view the larger range of values detected for J.T. (eds.) Magnetic Reconnection in the Solar Atmosphere. ASP
the active region could be explained interms of higher frequency Conference Series 111, p. 116

of occurrence and/or energy of nano-flares events in the Actiyassler D.M., Rottman G.J., Orrall F.Q., 1991, ApJ 372, 710

region with respect to the quiet Sun. The behaviour of the dffassler D-M., Wilhelm K., Lemaire P., Sale U., 1997, Solar Phys.
ference between the non-thermal velocity in the Active region 172 375

. . : llandt J., Schile U., Paustian W., et al., 1996, Appl. Opt. 35, 5125
with respect to the quiet Sun (see Fig. 11, lower panel) Sho&%es D.E., Inhester B., Axford W.I., Wilhelm K., 1997, Nat 386, 811

that there is an increase with increasing temperature_t_hat,. agglljla,ge P.G., Hansteen V., Wikstal @., et al., 1998, ApJ 502, 981
cquld be_explame@_ in terms of larger energy deposition in t_'k%ufman V., Edén B., 1974, J. Phys. Chem. Ref. Data 3, 825
middle-high transition region. We hope that our results, partigzfman v., Martin V.C., 1989, J. Opt. Soc. Am. 6, 1769
ularly the ones for active region will shed further light into th&aufman V., Martin V.C., 1993, J. Phys. Chem. Ref. Data 22, No. 2,
transition region modelling. Furthermore our differential mea- 279
surements provides clues for the possible role of magnetic fiekisly R.L., 1982, Atomic and lonic Spectrum Lines Below 2000
in the transition region. Angstroms. Oak Ridge National Laboratory, Tennessee (U.S.)
Kelly R.L., 1985, In: Wiese W.L. (ed.) Spectroscopic Data for Iron.
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