Astron. Astrophys. 363, 800-814 (2000) ASTRONOMY
AND
ASTROPHYSICS

Characteristics of solar coronal streamers

Element abundance, temperature and density
from coordinated CDS and UVCS SOHO observations

S. Parentit, B.J.l. Bromage', G. Polettd?, G. Noc#, J.C. Raymond*, and G.E. Bromagé

1 Centre for Astrophysics, University of Central Lancashire, Preston PR1 2HE, UK
2 Osservatorio Astrofisico di Arcetri, 50125 Firenze, Italy

3 Universita’ di Firenze, 50125 Firenze, ltaly

4 Harvard-Smithsonian Center for Astrophysics, Cambridge, MA 02138, USA
Received 23 August 2000 / Accepted 19 September 2000

Abstract. This paper presents the results from coordinated obhile during minimum they are located around the solar equator,
servations of streamers acquired by the SOHO Coronal Diaghere most of the activity is concentrated.
nostic Spectrometer (CDS) and UltraViolet Coronograph Spec- Up to a few years ago, most of the information on stream-
trometer (UVCS) experiments. Data from different altitudesrs came from visible continuum eclipse observations from
within the solar corona were taken, with the purpose of detich profiles of density v. height in streamers, imaged at dif-
termining their physical parameters — densities, electron tefarent times during the solar activity cycle, have been evalu-
peratures and element abundances — and their changes oveatin Following the launch of SOHO in 1995, new information
altitude range between 1.02 and R§. Further UVCS streamer on streamer properties has become available. A “Whole Sun
data, taken about two months later are used for comparison vbnth” campaign was specifically designed to study the struc-
the behaviour seen in two different streamers. Whenever pasge of the solar atmosphere at solar minimum, and, as a conse-
sible, alternative methods have been adopted to determinedbence, descriptions of the 3-D structure of streamers, of their
same physical parameter, as a cross check. In particular, tegnetic field, and further density and temperature profiles in
DEM technique has been applied to UVCS data, in order $treamers have been obtained (Gibson &t al. 1999a. 1999b).
compare abundance values derived in this way, with those ob- However, we would like to draw attention to an unexpected
tained using the method of Raymond et[al. (1997). We concludssult (Noci et al. 1997), revealed by UVCS, which showed that
that abundances in the low corona covered by CDS data do tiat hydrogen Ly (1215,&) streamer morphology can be quite
show evidence for abundance variation, with respect to phifferent from the streamer morphology in O VI lines (at 1032
tospheric values, while, at UVCS altitudes, a depletion of ahd 1037,&): the maximurrLy « intensity in the streamer’s core
element abundances is clearly evident. No clear evidence ahay correspond torminimumin O VI line intensities. Raymond
FIP effect in streamers was found; we get contrasting resudtsal. (1997) found that the oxygen abundance in the streamer
from the only two high FIP elements present in our spectra. core is typically depleted by a facter 3, with respect to its
coronal value. Further work showed that element abundances
Key words: Sun: abundances — Sun: atmosphere — Sun: coraaa vary from streamer to streamer (Raymond et al. 1998; Li
— Sun: UV radiation et al..1998) and even within a streamer (Raymond et al.|1997):
along the streamers’ edges they resemble the slow wind abun-
dances, thus confirming a scenario where the latter originates in
or around streamers. Moreover, Wimmer Schweingruiber (1994)
1. Introduction has shown that the interface between what was originally slow

Coronal streamers are one of the most evident manifestatig#\assma from the streamer belt and what was fast plasma from
of solar activity. Visible in white and UV liaht. thev appear acoronal holes, is fairly well identified, even at the large heliocen-
. Y- . gnt, they app Yric distances sampled by Ulysses, by variations in composition.
bright, large and long-lived structures that fill the solar corona . .
The purpose of the present work is to contribute to a bet-

for several solar radii. White light images show streamers to Peer knowledge of streamer characteristics by evaluating their

shaped like pointed helmets, sometimes arch-like at the b}s‘r?ysical parameters — density, temperature and abundance —

that taper off and elongate in the interplanetary medium. Dyr-

ing solar maximum they can be found at almost every latitude. observations taken by two SOHO instruments, CDS (Har-
9 y y rison et all 1995) and UVCS (Kohl et al. 1995). These observe

at different altitudes within the streamer, with CDS data ob-
tained closer to the limb. This kind of analysis has been at-
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tempted, so far, only a couple of times: Li et al. (1998) d&.1. UVCS observations

rived the physical parameters of a helmet streamer observed | .
1996 from Yohkoh/SXT and SOHO/UVCS data, while Gibso Vs observed the streamers both in the Lyman-aipha and O
| channels with, respectively, a 5m and 15Q:m wide slits,

etal.[1999a) compared parameters derived from white light data

_centred in the South-West quadrant at a heliocentric latitude of:
taken by SOHO/LASCO and HAO/Mark 3 coronographs Wltﬁo.l", for the equatorial observation:40° for the March mid-

densities derived from SOHO/CDS spectra, using the line ra}i(%. .
. e . itude data; and-45° for the May observation. In each case
. al. (1 . ! . . . !
technique. Our analysis is similar to that of Li et &l.{1998), b %e slit was tangential to the solar limb, at a central distance of

refers to a slightly different altitude range: Li et al. give values ) . . .
at 1.15 and 1.8, while here we present results from1.02 ;nél.gR\?l, Itzr('t:?)?ttﬁ z?rréf:qgcg:%wg; gl?l E[EZ g?/?fkfir&%el
to~ 1.19 Ry from CDS, and atz 1.6R, from UVCS data. b o '

. L : a wide wavelength range was obtained by using three different
The capability of deriving physical parameters over a more ex- . o . o L

. . rating positions, each coverirg100A. Individual exposures
tended altitude span, at low heights, allows us to make a beo(f%r

estimat of e aiude proies nere. Gison(aL 13958 o220 e 2T i 17 e ok et e
a more extended density/temperature v. altitude profile (1'16f4the dgta Tﬁepoverall,inte ration time hoursgData
Rp) than we do here, but do not determine composition. . 9 WasS i

. . ; . .have been taken into the O VI channel with a spatial binning of
This work also makes a first attempt at using the leferentril pixels, giving a spatial resolution of 7q7" forpeach pixel).g

Emission Measure (DEM) technique to derive element abup:- o
dances from UVCS data. The DEM technique has been Uirbe;t)igizzgﬁilocnog?gza ;’\sti:er;g;hgggfﬁr?rf]i?]boﬁgﬂit;els
in the analysis of spectra acquired by a number of spacec?lﬁaor each pixel) 9 yasp 9 P
(see, e.g., Brosius et al. 1996; Del Zanna & Bromage 1999a; P '

Del Zanna & Bromagg 1999b), but UVCS data have never been The UVCS data have been calibrated using standard calibra-

: : . tion procedures and corrections for flat field effects have been
analyzed with the DEM method, although, as we will see in t1e plied (Gardner et al. 1996). Stray light corrections have also

following, results from this kind of analysis need to be treat P . : .
with some caution. A comparison of the DEM results with esﬁﬁeen ﬁsgt“eegé)rtilymuljsé?gagc\)/rgirfgﬁ?/sll?lmeﬂ]r?'[ae?\usri(tai(rense;gsrrs(\;/&elf-
mates obtained by alternative techniques, shows the validity c?frz’zg & Reeve$ (1978). The correction have been made usin
the present evaluation (see SEcT] 4.3). The advantage gaineq ny & AT 9
; . e’C Il (977A) line visible in the oxygen channel, that can
using UVCS data enabled us to reach one of the main conglu- . . L
. . L . - e considered completely stray light. This ion, in fact, forms
sions of this paper: including the collisional components of t%e[\ about loal” = 4.9 and it is completelv absent in the million
hydrogen Lyy and Lyg lines in the DEM curve, thabsolute ut logr’ = 4. I P Y ! i

: [vin coronal . The streamer ra we analyzed wer -
values for the element abundances have been determmed,ra*t Ier coronal gas. The streamer spectra we analyzed were ob

than values determined relative to oxygen or iron abundanc%gfllsneOI by further averaging over the b_rlghtestymeels. For
as is usually the case thé oxygen channel, the pixels covering the same area were
It should be ment.ioned however. that the streamers ari1d<§ntified and then averaged. Note that the peak of the streamer

lyzed in this work do not show the same configuration as tho'sr%enSIty in O VI corresponded to the peak in the:liynage. .
We note, however, that the March streamer observations

analyzed by Raymond et al. (1997), where aweak O VI core cor-

responds to intense byemission. It has not been ascertaineff©'¢ not compensated for cross-talk effects between the tele-

yet, whether there may be two classes of streamers one qPe ”.“”‘” mechanism, which determines the pointing,_and
: . . . : e grating mechanisms. As a consequence, spectra acquired at
and the other without this characteristic. Possibly the stable ierent grating positions refer to slightly different heliocen-

lar minimum streamers behave differently from active region

: : - ric distances (the difference amounting to no more than 2%).
streamers or the difference may simply be a projection eﬁeCEI‘ableEl lists the spectral lines observed by UVCS which were

. used in this work.
2. The observations

The work presented here is from two data sets obtained o» 8 cDS observations

March 1998 and 7 May 1998. The goal of the March observa- . .

tions was to study the physical characteristics of the stream&@S data were acquired over a0 x 150 arcsec raster, in the

at different heliocentric altitudes. To this end, the UVCS angouth-West quadrant, at a heliocentic latitude-6f1° for the

CDS instruments were used to make coordinated observati§fgatorial streamer, aneB5.35° for the mid-latitude streamer,

of two streamers, at different positions along the same radpgth centred at a heliocentric distancd dfR,. The raster was

direction (see Figl1). The first streamer was located closeliglt up by scanning the slit from west to east over 30 steps. The

the equator (the “equatorial” streamer) and the second was §XRosure time at each position was 160 s, and the full wave-

more southerly latitude (the “mid-latitude” streamer). length range of the Normal Irgcidence Spectrometoer (NIS) of

A similarly located mid-latitude streamer was observegDS was used (from 308 to 3gland from 513 to 633\). The

with UVCS in May, for comparison with the March data. spatial resolution was about' 4n both the N-S and the W-E
directions. Standard procedures to remove the effects of cosmic
rays, together with flat-field, debiasing and geometric correc-
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Fig. 1.Composite image of the solar corona from SOHO/EIT
and LASCO (top). The CDS rasters and the UVCS slit posi-
tions are superimposed on the image. The lowerimage shows
a closer view of the CDS observations, superimposed on the
EIT (171A) image. A small loop-system can be clearly seen
1000 1300 in the top left corner of the mid-latitude raster.

tions were applied using the official CDS software; the spect@B. Correspondence between CDS and UVCS March data

lines were fitted using multiple gaussian line-fitting (Haugalg. o
. . X . i9.[0 shows an EIT and LASCO composite image of the so-
[I997) and the intensity calibration from Del Zanfia (1999) W?z??corona on the 8 March, 1998, with 51e CDS ra?sters and the

applied. ) . T . )
Table[2 shows the lines from the CDS spectra which wePeV.CS sht_s superimposed, indicating the location of t_he obser
used in this study. vations with respect to the streamers. On the west limb of the
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10 MARCH EQUATORIAL STREAMER 3. Spectroscopic diagnostics
8x10 T L I L
i In the hot plasma of the corona, the dominant processes which
10 form the UV and EUV spectral lines (exceptdyis collisional
6x10 i

excitation from the ground level, with radiative decay being
the main process of de-excitation (Mason & Monsignori Fossi

? 1994). Assuming optically thin radiation, the intensity of a line,
g 41077 i can then be expressed as
xio10L ] I:/AX C(T)n, N2 dh 1)
where the integral is over the line of sigh){ Ax is the absolute
ol A element abundance of the emitting elem&randC'(T")n, isthe

—~2000-1500-1000 =500 O 500 1000 1500 contribution function of the emitting line at the electron density

Acrsec from slit centre N.. The CHIANTI database (Dere et al. 1997) has been used to
obtain the contribution functions, and the Mazzotta ef al. {1998)
ioization equilibrium has been adopted.

MARCH MIDLAT STREAMER

[ From Eq.[1) the DEM, as a function of the temperatiire
10 can be defined by:
8x10 '~ F |
i ] dh
[ 1 DEM(T)=N?— 2
> 6x10 OF ] (1) = Neqr 2
% I ] assuming finitelT’, so that the intensity can be rewritten as:
€ 4x10'0F y
C Lo I= / Ax C(T)x, DEM(T) dT (3)
10 |
210 oI (1032) where the DEM(T) is defined for finite values &k /dT". Here,
o: this technique has been applied to the off-limb observations

where, more so than on the disc, the variation of temperature
along the line of sight is not monotonic.

The DEM(T) is determined in practice by finding the best fit
Fig. 2. Profiles of the peak intensities along the UVCS slit foily of 5 discretised spline function to the data. In this way the inde-
and O VI (1032) lines, for the equatorial streamer (top) and the Migs, inate points of the function are avoided. What s obtained in
E‘Pi‘;ﬂgfzﬁfg mLer ﬂ:r’] c:tom)' The intensity scaiadt cn = s~ str the end, for each intervdll’, is a value that best fits the average

yriine. DEM over the whole line of sight. It should be pointed out that
the DEM(T) is a unique function df’ but not ofh and infor-
mation of its variation along the line of sight is not obtained.
sun three streamers can be seen, one in the northen hemispimegach element involved there may be a number of lines from
and two, close together in the southern hemisphere. differentions. These will give a DEM curve over a limited range

Consideration of the images in Hig. 1 along with the pr@f temperature. If another element with lines which overlap the
files in Fig[2 suggests that the CDS equatorial observation cfirst in temperature is used, the DEM curve for that should align
responds to the upper edge of the streamers seen by LAS@Iih the first curve. Any shift between the two can be attributed
immediately to the south of the the equator, while the plasrnt@an error in the adopted abundance of one or the other element.
in the mid-latitude CDS observation corresponds to the centhalthis way, the abundance of one element relative to the other
part of the lower streamer at that side of the sun. It is wortan be determined and all lines fitted to the one curve. So the de-
noting that the range of latitude sampled by CDS is containggtmination of the DEM using lines from a number of different
within that used for the UVCS analysis and it is much smallexzlements necessarily results in a determination of the relative
During the time of the observation, the extended corona saabundances of those elements, the only exception being if the
pled by UVCS was largely filled by quiet streamers. Close times from a particular element are the only ones in a particular
the sun, the EIT images showed the CDS raster to be filled tange of temperature. In this case, the best that can be achieved
quiet corona at the equator, while a small loop system is sdsio ensure that the curve at this point is smoothly connected to
near the limb in the mid-latitude observation. For the purposetbk rest of the DEM.
the abundance determination, a small area external to the loop
system was selected and each pixel of this area was summeéi io
obtain an integrated spectrum, representative of the background
emission of the streamer. A more detailed study of the hot lo&pr the less dense plasma of the extended corona, another contri-
will be discussed in a separate paper. bution to the total intensity of the line may become important,

—2000—-1500—-1000 —500 0 500 1000 1500
Acrsec from slit centre

Collisional and radiative components of the line intensity
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Table 1.Line intensities from UVCS10~* erg/cn?/s/str).,&m indicates the theoretical wavelength taken from the CHIANTI database.

Line (AID) Transition Equator Mar Midlat Mar Midlat May
1.58Rs  1.6Rsy 1.58Rs  1.6Rg 1.6Re
Fe XV 481.450 3pP; - 3p° 'D2 - - 215 - 24.7
Fe XIII] 487.048 323p? 2P, - 3s3p °S, 5.40 - 16.4 - -
S XII1 491.463 2315, -2s.2pP; - - 8.9 - 46.3
Si XI1 499.406 18 25°S, /5 - 18 2p2Ps 5 194.6 - 753.3 - 1962.5
Fe XIII] 510.055 34 3p° 3P, - 3s3p' °S; 18.3 14.2 - 22.0 10.7
Si XI1 520.665 18 253S, /5 - 1S°2p°Py /2 131.9 122.8 505.8 418.3 1148.5
S XI1 538.680 28 2p°Py ) - 2520 P30 - - - - 17.9
Al X1 550.031 25°S; /5 - 2p°Ps» - 61.5 - 82.1 180.0
Mg X 624.941 25'S; /5 - 2p°2Py 2 - 392.9 - 592.5 1156.4
[CaXIV]943.701  232p° 'S;, - 28°2p% *Dy - - - - 9.8
[Fe XVIII] 974.858  282p° *Py ), - 25°2p° °Py 5 - - - - 14.2
[ArXI]1021.219  282p® 'S5, - 292p% ?D5 0 4.1 5.7 16.1 10.9 15.0
H11025.720 77.2 74.7 71.8 85.9 166.4
[Fe X] 1028.394 3d D75 - 3d*Fy )2 7.8 6.4 6.5 5.7 6.8
O VI1031.912 2SS, /5 - 2p°P3 2 827.0 577.6  1441.0  1061.1 2014.7
O VI1037.614 28S, /5 - 2p°Py 2 293.8 194.6 570.6 410.3 748.0
[S X]1196.244 2P 'Sy - 2p° °Ds 2 - - - - 34.7
H11215.740 26058.2 23452.4 23126.7 20683.7 27198.2
[Fe XII] 1242.005 3P *S;/0 - 3p° %Py 0 54.3 31.2 21.7 15.9 16.1

that is the radiative excitation due to the resonantly scatter@@. Temperature diagnostics

light coming from the lower solar atmosphere (Gabriel et

1977; Withbroe et al. 1982). In these data, only H-Lyman and
Vllines from UVCS can be considered affected by radiative e
citation, and for the purpose of this study the two contribution

have been separated.

The radiative Rad and collisional Col) component of the
Lyg line together with those of Ly, were derived by using
the observed intensities of the &yand the Ly lines and the
predicted ratios between their radiativeddy.y. / Rady.y3) and
collisional components({olr,yo/Coliyz). Mazzotta et al. do
not give the ionization balance for H. We computed the hydr
gen neutral fraction using the ionization rate of Scholz & Wa
ters [1991) and recombination rates from Humrner (1994). T
contribution of recombination to excited levels from Hummer
& Storey (1987) was added to the Lyman line excitation rates
of Callaway (1994). The ratio betweendyand Lyg radiative
components is independent of electron temperature, while
ratio of their collisional components is nearly independent

temperature at coronal temperatures.

The two components of the O VI at 1032 and 1@8lines
have been derived from the simple relationships between
intensities of the collisionally excited and radiatively exciteﬁ
components of the doublet (Noci etlal. 1987):

e simplest method used to determine temperature was the
line ratio technique. From E@.(1), assuming isothermal plasma,
f%can be seen that the ratio of lines from the same element, in
c?ose stages of ionization, is a function of temperature only —if a
constant density is assumed along the line of sight and if ioniza-
tion equilibrium holds. This technique was applied to data from
both CDS and UVCS, on the grounds that the streamer plasma
should be static (at least at the low altitudes we are dealing with
in this work) and that for UVCS most of the emission should
gome from the high density plasma close to the streamer’s axis
Yyith negligible contribution from the surrounding low density
ﬁ%mosphere.

The best elementto be used in the line ratio technique turned
out to be Fe because it is present in both the UVCS and CDS
spectra, in bright and well-defined lines from different stages of
{ nization. For CDSD data diagnostics,othe ratios Fe XlI (364.467
5‘? Fe Xl (352.662A), Fe Xl (352.662A)/Fe X (345.723) and

e Xl (348.,&)/ Fe X (345.7,&) have been used. The last ratio
allows a direct comparison with UVCS because the Fe Xll1 (510
é)eand Fe X (1028)) lines are the brightest Fe linesin the UVCS
pectra. Moreover, the chosen lines, at a given temperature
ave a constant ratio over the range of density encountered here
(10 < N, < 10° cm3). Electron temperatures have been

I.01(1032) calculated using Mazzotta et &l. (1998) ionization equilibria.
m =2 A slightly different way to estimate the electron tempera-
ture from UVCS data, deriving at the same time the element
rad (1032) apundanqe, has been developed py Raympnq get al.1(1998). In
Toaa(1037) =4 this technique, the rati® of the predicted emissivity to the ob-

and the total intensity of the doublet linéss given byl =

Itot = lrad + Icol-

served intensity of an ion (calculated with photospheric abun-
dance (Feldman 1992)), relative to the same ratio for the hydro-
gen Lys collisional component (see equation below) is plotted



Table 2.Line intensities from CDS (erg/c?fs/str).f\m indicates the theoretical wavelenght taken from the CHIANTI database.
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Line (A) Transition Equatoi.1 R, Midlat 1.1 Rg

Mg VIII 313.754 2p°P, /2 - 25 20 2Py o 4.4 35
Mg VIII 315.039 2p*Py 5 - 25.2P %P3 0 9.4 10.5
Si VIl 316.205 282p*'S; 5 - 2520 “Ps 5 11.6 19.3
Mg VIII 317.039 2p°Ps 2 - 25.20 2Py o 3.6 -
Si VIl 319.826 232p* 1Sy, - 252 *Ps5 2 19.5 -
Fe Xl 321.400 383p? °P, - 35 3p °Py 3.1 32.2
Fe XV 327.011 3s3pP, - 3p? 1Dy - 24.3
Al X 332.789 28 1Sy - 2s2p' Py 15.6 59.9
Fe XIV 334.172 383p°Py /2 - 35 3P °Dy)» 13.6 358.7
Mg VIII 339.006 2p°Ps3 s - 2520 %S o 2.6 2.9
Fe X1341.113 383p* 3P, - 3s3p °P; 7.9 16.9
Fe X 345.723 38p° ?Py 5 - 3530 S, o 9.8 9.7
Fe XII 346.852 383p® 'Sz, - 353 P10 11.6 415
Si X 347.403 2p°Py /5 - 252 *Dy)» 44.6 -
Fe XIIl 348.183 383p® °Py - 3s 3¢ Dy 16.6 110.8
Fe Xl 352.106 383p® 'Sz, - 353 Py )0 - 68.2
Fe XI 352.662 383p* 3P, - 3s3P *P, 23.5 44.5
Fe XVI360.8 38°S, /5 - 3p°Pi 2 2.0 434.3
Fe Xll 364.467 383p® 'Sz, - 35.3¢ P52 31.5 113.2
Mg 1X 368.070 23's) - 2s.2p'Py 88.7 137.1
Fe X1 369.153 383p* 3P, - 3530 P, 6.0 10.4
Si XI1 520.665 182s°S, 5 - 15°2p 2P, /2 4.6 107.4
Al X1 550.031 18(15)25°S, /2 - 15°(15)2p°Ps - 3.1 24.7
OV 554.513 282p°>Py 5 - 2520 *P3 2 0.2 0.4
Ca X 557.765 38S, /5 - 3p°Ps2 2.9 104
Ne VIl 561.728 252PP; - 207 2Py 0.1 -
Ne VII 561.4 2s2p°P; - 2p° 3Py

Ne VI 562.803 282p°P; 5 - 25 20 D5 0.1 0.5
Al X1568.120 18(1s).28°S, /2 - 18°(15).2p°P; /2 1.5 -
CaX574.010 38S, /5 - 3p°Py 2 - 5.7
O 111 599.597 2s3p? 1D, - 252 D> - 0.3
Mg X 609.793 18(1s).25°S, /> - 15°(1s).2p°Ps 2 43.9 160.7
Si X 621.079 2Py 5 - 25.25%Py s - 1.6
Mg X 624.941 18(15)25°S, /5 - 15°(15)2p°P; /2 19.5 75.9
0OV 629.730 28's, -2s.2p'Py 0.4 0.6

as a function of temperature. By using ions of the same elsn ion to the observed intensity must be used to look at the
ment and determining the temperature at which thelaglog plasma temperature distribution.

T curves of the individual ions intersect, the plasma electron The third method of determining the temperature was from
temperature can be identified. A common intersection is foutite DEM. This shows the temperature at which the peak(s) in
whenever the plasmais strictly isothermal (within the uncertaiamission occur(s) (see e.g. Hig. 8).

ties in atomic rates and instrumental radiometric calibration).

[AX'C(T)]iOH . . Lion .

TA . /. 0 Ro s — )
[Ax - C(T)]Lyp.c ’ LURERS The average density along the line of sight, in the CDS data,
R = Ren/Rops @) has been estimated by applying the line ratio technique. This
consists of calculating the density-dependent ratio of two lines
wherel,,,, is the observed ion intensity arig, 5. is the colli- 0f the same ion in order to obtain a quantity dependent only
sional component of the H-Lyman beta line. As a reference i@ the density of the emitting plasma. A line can be density-
we adopted iron, because it is present in a number of |on|zatﬁﬁﬂ$|tlve inacertain den5|ty range, when one transition involves
stages in the spectra and the results from this technique car®bgetastable level whose collisional depopulation strength is
compared with those from the line ratio technique. comparable to the spontaneous emission (Mason & Monsignori
An ana|ogous set of curves can be produced for the C|'EQSSI 1994). Good dlagnostlc ratios in CDS spectra are provided
data. However, because of the absence of the H lines in CBgthe Si X 356/347.4 line ratio and by the Si IX 349.9/341.9
spectra, the ratio C(F)/Ir. of the contribution function of the A line ratio. These ratios are density-dependentér< N, <

3.3. Density diagnostic

Rth = (6)
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10° cm~3. The coronal densities are expected to fall within thiRaymond et al[ (1997) for the values used for these parameters.
range. The results from this analysis are presented in §edt. 4.3.

No density-sensitive lines are present in UVCS spectra; The DEM technique has been used to derive the element
hence we made an estimate of densities from the ratio of tsundances for both UVCS and CDS data. Moreover, it allows
radiative and collisional components of the O VI 108%ne. alsoto compare oxygen abundance values derived from UVCS
For a nearly static plasma, as we expectin a streaniet &, data using two differenttechniques (Withbroe 1978). The DEM
Doppler dimming is negligible and the technique suggested tachnique requires lines to be collisionally excited, hence, in the
Noci et al. [1987) can be applied. They show that the ratio fafllowing, we use the collisional components of the O VI and

radiative to collisional intensities of O VI is given by: neutral hydrogen lines in the UVCS data, and assume all other
) lines, listed in Tabl&l1, to have no radiative component. This is
Lrad — 5.75 x 102)‘ eXp[E/kT]ﬁf]disk(A)dA (8) certainly the case for lines which form at such high temperatures
Leor GNe(ANZ,, + ANZ)1/2 that their disk emission may be considered negligible. For the
9 CDS data, as already mentioned, the lines can be considered to
% (RT@) Q(r) be formed collisionally.

where) = 1031.912 A; E is the energy difference between th . .
levels involved in the transitiorl (9251 x 10~ erg); T is the 9. Results and discussion
electron temperaturdy;s is the line intensity integrated over4.1. Temperatures

the disk (305 ergs cn? s~! sr !, Vernazza & Reeves 1978);
g is the effective Gaunt factor (1.138 )\ is thee™! half-
width of the exciting line from the lower atmosphere (Oﬁlﬁ
Adcor is thee™! half-width of the coronal absorption profile
(0.11A); Q(r) = 2[1 — (1 — R /r*)°5]r2/R? is the solid

From CDS datawe have been able to derive the profile of temper-
ature v. heliocentric distance, over the range 1.02—-RJd%oth

for the March equatorial and the March mid-latitude streamers,
from spectra obtained by dividing the rasters into concentric

H /! H 1 " H id-
angesubended b h solar il a a ianaaa Y, s he SIEES 11 0% 0 i s e or e e
electron density. Values @f..q / I..; have been derived from our ) P d 9 9-

data; forl’ we adopted values from the line ratio technique (séteOp panel) and the profile for the ml_d—Iatltude streamer appears
in }he bottom panel of the same figure. The temperature in-

%?c;tﬁ]lt) gtr;]de\r’vgur::;:itehs reader to the Noci et al. (1987) pagFeases with distance, frqm thelimb up tothe maximum distance

covered by our spectra, in both profiles. Although CDS spec-
tra have been taken low in the corona, where coronal activity
3.4. Determining element abundances may well affect the data and show up as a multithermal plasma,

Jemperatures from different ion ratios are very similar, suggest-

the logR v. log T' curve described above in Sdcfl3.2, from th&'9: at gach altitude, a quasi-isothermgl plasma. Moreover, the
vertical offset from zero, where the curves cross. UVCS dat guatorlal dtata seems to converge to isothermal atg fitn
also allow us to derive thabsoluteabundance of oxygen using € sun centre.

O VI 1032 A. Once the collisional and radiative contributions However, we cannot rule out the possibility that the tem-

of the O VI 1032 and Ly lines are known, we may write (Seeperatures of the mid-latitude streamer, higher than those of the
Raymond et al, 1997): ’ equatorial streamer, are due to a “contamination” of the area

we chose as representative of the streamer emission, by the hot

For the UVCS data, absolute abundance can be obtained f

No loop present in the CDS field of view.
Nu ) 1oa The data points at.58 R and1.6 Rz on the same figures
12a(1032) Cui Bis fus Iasc(LB) Svov represent the temperatures derived from UVCS spectra taken

= (9) at different grating positions that, for the March observations
Liaa(LB) Covi B 32 Taisk(1032) 6 : . '
a(LB) Covi Bovt frosz Lawi(1032) Svim correspond to different solar distances 188 R, temperatures

and: obtained from the Fe XIlll/ Fe X line ratio are28 =+ 0.02 x
No Ieo1(1032) Crr Brs aus 10% K for the mid-latitude andl.24 4 0.01 x 10¢ K for the

<> = (10) equatorial streamer; at6 R, temperatures are28 + 0.02 x
Nu /.o lea(LB) Covi Bovi qio32

10% K at mid-latitude andlL.23 + 0.01 x 10° at the equator.
where(No /Nu )co1 and(No /Nu )raa indicate the oxygen abun- These values are consistent with CDS temperatures, provided
dance value derived from the collisional and radiative conme assume streamer coronal temperatures to first increase with
ponents of the line intensityl., andl,.q are the collisional altitude and, after reaching a maximum beyend.25 R, to

and radiative components of the intensity in phofltsistr; slowly decrease. This behaviour is to be expected, if the streamer
Covi/Chu is the ratio of ion concentration (which, in the I8y plasma is approximately in thermal equilibrium and the scale-
interval 6.1-6.3 changes by 16%); f is the oscillator strength; heighttemperature does not differ significantly fromthe electron
B is the branching ratialy;s is the disk intensity in O VI/Ly temperature. Gibson et al. (1999a) scale-height temperatures,
lines; év is the line width and; the excitation rate. We refer tofor instance, peak at 1.3 — 1.4 R and, atl.6 R, are in the
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Fig. 3. Temperature. distance from the Sun centre for the March equ
torial (top panel) and midlatitude (bottom panel) streamers. The tria
gles are the temperatures from CDS Fe XII1 348.183/ Fe X 345.723;
terisks are the temperature from CDS Fe X1 352.662/ Fe X 345.723; di-

amonds are the temperatures from CDS Fe XI1 364.467/ Fe X1 352.662; We mention here that lines from Fe XII have not been used

E;c;zsrees ?re thttatztantwp;aratluresfrom UVCS Fe XIll 510/ Fe X 1028. ErfﬂrFlg.[Zl, because they seem to be inconsistent with other Fe
present statisticat errors lines. This also affect the DEM analysis (see Sect. 4.3).
The DEM analysis gives temperatures in agreement with
those found by the other two methods. For the March stream-
rangel.3 — 1.55 x 10° K, in good agreement with the preseners, the data points on the DEM plots (ffiy. 7) are localized in
results. a narrow range of temperatures betweendog 6 and logT’

Fig[4 gives (top panel) the lag v. log T curves (see EJ.{7)) = 6.15, with no lines originating at higher/lower temperatures.
for the mid-latitude streamer, from Fe X, Fe Xlll and Fe XVThis indicates a nearly isothermal streamer plasma at a temper-
lines, at1.58 R, (spectra taken at 1.8, contain too few iron ature between 1 and 1410° K, while in the May streamer,
ions to be used for this estimate). The temperature, given thye data points spread over a wider range of temperatures (6
the average value at the intersection of these curves, is foungttog 7' < 6.65) and an assumption of an isothermal streamer
bel.4 4+ 0.2 x 10% K. The equatorial spectra did not contairis clearly not justified. This agrees very well with the results
enough iron lines for this technique to be applied. obtained from the lod", log R curves described above.

March mid-latitude temperature values agree fairly well Fig[8 gives the log(C(Tp./Iw.) v. log T curves for the CDS
with values derived from line ratios, beirg10% higher. How- data. The observed lines of the iron ions are taken from Table 2.
ever, inthe May spectra, hotions like Fe X VIl (974.8§8ne), For the midlatitude data (top panel) the intersection points of
appear to coexist with the cooler ions (Fe X), indicating a multihe different curves lie in the temperature interval &16g T’
thermal plasma. This is confirmed by the bottom panel ofFig. 4, 6.35, that corresponds to the region of maximum emission
where the logR v. log T curves for different ions intersect overderived from the DEM analysis (see Hig). 8). The same was true
a wide range of temperature. for the equatorial data (bottom panel), and the interval of tem-

%lg 4.log R v. log T for the March mid-latitude data at 1.58,Rtop
anel) and May mid-latitude data at 1.6,Roottom panel).
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peratures given by the iron lines is limited to 6109 7" < 6.2.  Fig. 6. Density profilev. distance from the Sun centre. The diamonds
This is a clear indication of cooler and more isothermal plasmgpresent the density from CDS Si IX 349.9/341.9, the asterisks the
than that shown at midlatitude. density from CDS Si X 356/347 and the triangles the density from
UVCS. The dashed lines represent the least-square fits (see text), to
the density from CDS Si IX and UVCS (O VI resonance doublet) data.
Top panel: March equatorial data; Bottom: March midlatitude data.

Profiles of density v. heliocentric distance have been derived

from the March CDS data, using spectra averaged over the céable 3.Density and temperatures from UVCS data. The temperatures
centric slices obtained from the raster (see $edt. 4.1). Densifiegin10° K units and densities in civ

derived from both Si IX and Si X line ratios have been plot

4.2. Densities

tedwv. solar distance for the equatorial and mid-latitude data frpgion hos2radllo32,ct T Ne
Fig.[6. Densities from the two ratios are in good agreement:Equator Mar 1.58% 1.33 1.24 4.8610°
both streamers the density decreases with distance, but at B@yator Mar 1.67¢ 181 123 3.3&10°
distance it is higher for the mid-latitude structure. In this, a sigfidlat Mar 1.58 R, 0.69 128 9.4210°
nature of the loop present in the CDS field of view appears 'giiat Mar 1.6 i, 0.80 1.28 7.4%10°
idlat May 1.6 R, 1.00 1.26  6.0810

about 1.09 R, with the density remaining almost constant ovél!
a distance of about 30The fall in density then resumes.

Inthe same figure, densities derived from March UVCS data
using Eq.[(B) have been plotted. The complete sets of densitiesl UVCS data), give indices for the power law variation of
derived from UVCS data are summarized in Table 3. UVCS10.1 for the equatorial data and9.42 for the mid-latitude
results give higher densities at mid-latitude than at the equatoata. These fits have been superimposed on the plots inl Fig. 6,
this is consistent with CDS results. A linear least squares fitatlowing for the now linear distance scale. If the initial den-
the log-log variation of density with distance (using CDS Si Dsity from this ion, and the temperature (e.g. Fe XlII/X) from
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Table 4. Absolute O abundance for the UVCS data, in “dex”. The
values presented here in column 3 are the average of those obtained
separately from the radiative (column 2) and collisional (column 1)
components of O VI (1032) and [3/ines. Note that the photospheric
abundance of O is 8.93.

Region O/H (Col) O/H (Rad) O/H (Aver.)
Equator Mar 1.582 8.15 8.42 8.29
Equator Mar 1.6Ro 7.91 8.36 8.14
Midlat Mar 1.58R, 8.32 8.57 8.44
Midlat Mar 1.6 R 8.24 8.52 8.38
Midlat May 1.6 R, 8.12 8.74 8.43

CDS are taken, and hydrostatic equilibrium is assumed, values
of density of 1.6x107 and 6.7x10% cm™3 are predicted at 1.6

R for, respectively, the mid-latitude and equatorial streamers.
These values, close to the UVCS results, confirm that the de-
creasing density with heliocentric distance, over the CDS and
UVCS altitude range can be reproduced by assuming hydro-
static equilibrium (e.g. Gibson et al. 1999a, see discussion in
Sect(5).

4.3. Element abundance

Iron abundances were derived from the average value of the
offset from 0 of logR at the intersection of the lo& v. log

T curves of Fig ¥ (see EqJ(7)). This technique gives the offset
as a function of the ratio of the abundance of Fe to that of
H. The abundance determined by this method is therefore an
absolutevalue. The Fe abundance was found to be slightly less
than photospheric in the March mid-latitude streamer, but it
was 50% lower than the photospheric abundance in the May
streamer (see Taté 5).

Values of the oxygen abundance for the March and May
streamers are presented in Tdllle 4. They are calculated from the
average of the “collisional” and “radiative” estimates obtained
from Eq.[9) and Eq[{J0). As Raymond et al. (1997) found,
abundances from the collisional component appear to be sys-
tematically lower than abundances from the radiative compo-
nent. They suggested that this was either because of a physical
difference in the abundances of higher density regions (heavily
weighted by the collisional contribution, which depends on the
square of the density), or because of a small error in the separa-
tion of the collisional and radiative components of thélliyne.

We notice also that abundances derived from [Eq. (8) strongly
depend on the values assumed for thgf land O VI (1032)

disk intensities. Noci and Maccari (private communication), for
instance, derive a different value (about 30% higher) for the
ratio of the radiative components of the Hdyand Lys lines

than Raymond et al. {1997) found, mostly because of a differ-
ent choice for the values of disk intensities. In absence of disk
measurements simultaneous to our coronal data, we adopted

Fig.7. log DEM v. log T for UVCS data. Top panel: equatorialR@ymond at al. values, but it may well be that the discrepancy
streamer; middle panel: mid-latitude streamer for March data; bottdfhour calculations of abundances from radiative and collisional

panel: mid-latitude streamer for May data. The DEMs are relative @mponents has to be ascribed to an inaccurate knowledge of

hydrogen, which abundance is taken from Table 5.

disk intensities at the time of our streamer data.
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dances are assumed photospheric.

The results clearly show a depletion of oxygen compareéscribed in Sedt] 3, was used. This yiatelative abundances
with its photospheric value of 8.93 (Feldman 1992) both ahd here were applied to both the UVCS and the CDS data.
the equator and mid-latitudes. This will be discussed further in In Fig[4, plots of logDEM v. log T are presented for the
Sect(’h. Sofar, absolute abundance for Fe and O have been d&t®S data. The observed data points are superimposed, plotted
mined at approximately 1.643 from the UVCS data. In order with the values
to obtain the abundances of other elements the DEM methad,

=% DEM (Tek) (11)
I
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Table 5. Absolute abundances obtained from UVCS data, in “dex”. The Fe abundance not labelled with the asterisk was deriveddrom Eq. (7).
The values labeled with the asterisc indicate the assumed photospheric value. The other elements abundances were found relative to Fe, from
DEM.

Region o Mg Al Si S Ar Ca Fe
Photosphere 893 758 647 755 721 665 636 7.51
Equator Mar 1.58, 8.15 - - 7.25 - 6.30 - 7.51
Equator Mar 1.6k 8.00 7.10 6.00 7.25 - 6.30 - 751
Midlat Mar 1.58R, 8.30 - - 7.20 - 6.60 - 7.34
Midlat Mar 1.6 R, 820 7.00 590 7.20 - 6.50 - 7.34

Midlat May 1.6 R 840 7.20 6.25 730 7.21 6.58 6.36 7.20

at the effective temperature of the lifE.{). The effective tem- Table 6. A x (obs) /A x (phot) for UVCS data
perature is defined as:

" f T C(T)x, DEM(T) dT 12) Region (0] Mg Al Si Ar Fe
eff = Equator Mar 1.58, 0.17 - - 0.50 045 1.00
f C(T)n. DEM(T) dT Equator Mar 1.6Ro 0.12 033 034 050 0.712 1.00
where C(T), as said previously, is the contribution function fonidlat Mar 1.58 R;,  0.23 - - 045 0.89 0.68
that line. This is a temperature average with respect to the DEitlat Mar 1.6 R 0.17 026 027 045 071 0.68
distribution and the contribution function. MidlatMay 1.6k, 029 042 060 0.56 0.85 048

To derive these curves the observed collisional components
of hydrogen Lyy, Lys and O VI intensities have been used tofable 7. Element abundances from UVCS data, obtained relative to
gether with the other intensities. The Fe absolute abundatioe Fe photospheric abundance (specified in “dex”). This analysis is
was already derived from log v. log T plots (Sec{ 4]1) for the provide for comparison with the CDS results given in Table 8
March mid-latitude and May data. Using this value for the iron

abundance inthe DEM analysis resulted in good agreement wiggion O Mg Al Si  Ar Ca Fe
the H data points, confirming the validity of the Iégv. log T Midlat Mar 1.58 R, 8.40 - - 730 665 - 751
method for the iron absolute abundance determination. So, khelat Mar 1.6 R, 8.30 7.10 6.00 7.20 6.50 - 7.51

iron, together with the hydrogen, has been used as the reference
element in the DEM analysis, for the rest of the elements. In
this way there were more fixed data points and more constraiimshe abundance evaluation, we calculated the largest change
on the DEM evaluation were given. In the case of the Maréh abundances which is still compatible with the observed line
equatorial streamer, the Idgv. log 7" method could not be ap- intensities, assumed to be subject to a 20% error. This results in
plied. As already mentioned, iron was still used as the referereceogarithmic error for the abundance of the ordef-03.05.
element together with the hydrogen in the DEM analysis, but In concluding this part we point out that the DEM analysis,
assuming a photospheric abundance. However, comparing dsean independent method from that given in Eg. (9) (10),
iron and hydrogen points on the DEM plot, it seems that thi®nfirms the oxygen depletion, with respect to its photospheric
assumption was a good approximation (see[Big. 7). Similarhhundance, also found from the collisional and radiative oxygen
the iron lines atl.6 R, in the mid-latitude March data werecomponents (see Talile 4). We now move on to the analysis of
not strong enough to determine the absolute abundances fiadmndances from CDS data: this will allow us to see if there
the log R v. log T plots. For this reason the DEMs &6R. is a variation in abundance with altitude. However, to facilitate
have been calculated assuming the iron abundance to be thistcomparison, we give, in Tallé f&lative abundances, still
derived forl.58 R,. It should also be noted that in the follow-derived from the DEM technique, but assuming Fe to have its
ing analysis the Fe XII line has not been used to constrain thleotospheric abundance. This is because no hydrogen line being
fit because, compared to the other iron lines in the spectrapiiesentin CDS spectra, oniglativeabundances can be derived.
appeared to be inconsistent. While for all the other iron ionghe table lists only values for the mid-latitude streamers as the
the ratio between the theoretical intensity and the observed @éguatorial streamer abundance relative to photospheric iron is
tensity remains within a factor 2, for Fe Xl it can reach 3.6 (foalready listed in Tablg]5. Changes in the values given in Table 7
one of the equatorial regions). may be considered an indication of the uncertainties arising
This problem is well known, and it can be partly attributed tivom errors in the determination of the absolute abundance of
the atomic physics (Landi & Landini 1988). Another possibilityhe iron.
is an uncertainty in the sensitivities of the detector here, becauseAs previously mentioned, CDS spectra include lines from
of considerable ‘burn-in’ at the location of this line. ions which form over a wide range of temperatures. Iron, in
The derived abundances, in logarithmic form, are listed particular, is present in a large number of ions, and this moti-
Table[B, while Tablél6 shows the ratios of the derived abuwates our choice of iron as a reference element for the DEM
dances to photospheric values. To give an estimate of the ertechnique. However, most of the lines in both the equatorial and



812 S. Parenti et al.: Characteristics of solar coronal streamers

the mid-latitude spectra, originate from high temperature ior&ible 8. Element abundances obtained from the CDS data, specified
no Fe lines, for logl" < 5.95, appear in the CDS data. Thén “dex”, relative to the abundance of Fe, assumed photospheric.
“coolest” lines are emitted by O Ill, O IV, O V, Ne VI and, at
times, Ne VIl ions (temperature of formation, 4= 5, 5.2, Region ] Ne Mg Al Si S Ca Fe
5.22, 5.61, 5.71, respectively). With no overlap with the elgquator Mar 8.93 8.11 74 647 755 - 63 751
ments that have high temperature lines, the DEM curves are Midlat Mar 893 8.11 7.5 6.47 7.5 7.1 6.36 751
well constrained at the low temperature. For this reason, the O

and Ne abundances are not obtained. We tried to overcome this

problem, by assuming photospheric abundances for oxygen gnd.19 R, from CDS data and at.58 — 1.6 R, from UVCS
neon (8.93 and 8.11, respectively), if we rely on UVCS stream@ita. CDS results show an electron temperature increasing with
results, the oxygen abundance should be either lower or equalittance, up to the highest altitude reached by the data. This
the photospheric one. Moreover, coronal abundances founthéhaviour is consistent with results found for streamers’ tem-
the literature (Meyer 1985) are lower than photospheric abquratures, during the Whole Sun Month Campaign' by Gibson
dances, both for O (8.39) and Ne (7.54). With this assumptias, al. {19994), from radial power law fits to densities, and for
we found lower limits to the log DEM v. log" curve at low equatorial regions, during the same campaign, by Fludra et al.
temperatures. If the abundance is given, in the theoretical li(#999), from the line ratio technique. These authors used ratios
calculation only the DEM is unknown. It is found by minimiz-of lines from different elements, hence introducing possible un-
ing the discrepancy between the theoretical intensity value afttainties related to uncertainties in element abundances. Here
the observed intensity. In this case, the minimum value for tm avoided this prob|em by using ratios of lines from different
DEM at the temperature of the data point, is derived via the fignization stages of Fe. Gibson et al. temperatures are obviously
lation between element abundance and DEM (se€ Eq. (2)), Wik electron temperatures, although apparently streamer condi-
the assumption of photospheric abundances. tions are such that electron scale-height and proton temperatures
Fig[8 (top and bottom panels) shows the log DEM v.10g (Raymond et al. 1998) are about equal. UVCS temperatures
curvesfor, respectively, the equatorial and the mid-latitude, daiﬁfn out to be consistent with previous determinations Q]'GQ
As discussed aboveglative abundances have been estimated,13-6.2 K) at approximately the same altitude (Raymond et al.
with Fe as a reference element. 1998[199F). When UVCS electron temperature results are con-
Abundances for both streamers are given in Téble 8 argered, in conjunction with simultaneous values obtained from
apart from Mg and perhaps S, do not significantly differ frongDS data, we extend our knowledge of the electron temperature
photospheric abundances (shown in Table 5). Scarcely any FlReight profile, inferring that the electron temperature reaches
effect shows up in CDS data, with respect to photospheric elepeak at altitudes in between 1.19 and R§. Differences
ment abundances. Sulphur is the only case where a depleti@shween electron temperatures in the three streamers we ana-
with respect to the photospheric value, is found. This elemagted are minor, with the mid-latitude streamers showing higher
has a FIP of 10.36 eV, thus its behavior is not clearly recognigalues, particularly at the lower levels. These results together
able as belonging either to high or low FIP elements. Raymoith the presence of the loop-system at the base of the March
et al. (1998) found it to behave like a high FIP element, whilgid-latitude streamer, can give an indication of the presence of
Feldman et al. described its behaviour as an intermediate cage“active” streamer, for the mid-latitude case, and a “quiet”
A comparison of UVCS abundances with CDS abundancegeamer, for the equatorial case. Hence, streamer temperatures
shows a decrease with helght for all elements (Ca is an an range between 1.1 and ]1_(55K, in the altitude range we
ception, but this line appears only in one UVCS spectrum) ghalyzed. These temperatures are somewhat higher than coro-
the altitude interval between the regions observed by the twal hole temperatures (see, e.g. Fludra étal. 1999; David et al.
Instruments. 1998) and point to different mechanisms of heating deposition.
The temperature profiles of F[d. 3 may be used to put constraints
on thead hocheating functions often used when modelling dif-
ferent coronal structures (see, e.g. Wang et al. 1998, Suess et al.
In this section we discuss the results we obtained from differél#99). A high priority for future observations will be to fill the
techniques and compare the present results with those fogag between 1.19 and 1.5-1.6 solar radii and locate where the
by other authors. Issues which, in our opinion, deserve furtredectron temperature reaches a maximum, thus providing further
work, are also pointed out. We organize this session by physitalications on the heating mechanism v. altitude behavior.
parameters, dealing sequentially with temperatures, densitiesAtdistances of the order of 1.5-11&, streamers are usually
and abundances. said to be isothermal (see e.g. Raymond étal.1997; Feldman et
al.[T998). It is interesting to note that both the convergence of
the profiles from different ratios in Figl 3 (upper) and the DEM
curves from CDS spectra show the plasma to be isothermal also
Using coordinated CDS and UVCS observations, profiles af lower altitudes (the second peak in the March mid-latitude
electron temperatures v. solar distance were derived for an eqieta is likely to be due to the hot loop system presentin the CDS
torial and a mid-latitude streamer, over the range filod2 R, field of view). Although our March structures are more or less

5. Conclusions

5.1. Electron temperatures
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1 09 S — — — g than it would be extrapolated from white light measurements
] only. Our results from both streamers confirm this trend.

Density measurements from UVCS data by Strachan et al.

| 8 v 1 (2000) and Ciaravella et al. (1999) are also shown in the figure,

107 ¢ N = together with another CDS study (Fludra efal. 7999). However,
r 1 we point out that our streamers do not show evidence of the weak

i 1 O VI emission core sometimes appearing in UVCS streamers,
7 hence present densities have been compared with values given

10 3 E for the streamers “legs” by previous authors. Densities from
X ] UVCS measurements may vary both because of a real density
variation from streamer to streamer as well as because of the

lack of simultaneous measurements of disk intensities, which
10 19 1.4 16 18 o are needed for a correct usage of the relationship (sed_Séct. 4.2,

T ’ ’ ’ ’ ’ Eq. [8)) from which densities have been derived. The influence

Distance from sun centre (Rg) of this factor is hardly quantifiable, as we do not really know how

Fig. 9.Streamer density v. solar distance for the present work compa‘@fge a varlatlon_ we can expectin the O VI 1032 dlsk.lnten.smes.
to previous studies. Square are mid-latitude, and triangle are equatorial Ve a@lso point out that the March and May mid-latitude
UVCS data; the long dashed and dotted curves are from CDS Si${{€amers appear to have higher densities than the equatorial
ratios from, respectively, the mid-latitude and the equator. Solid liddarch streamer. Although in the low corona the March struc-
is density from Gibson et al. (1999a); dashed line is from Fludra et tlire may be affected by the presence of the hot loop, the UVCS
(1999); diamond from Strachan et al. (2000); asterisk from Ciaravetigtermination, yielding a higher density as well, supports CDS
etal. {1999). results. It will be up to future observations to find out whether
this is an occasional episode or whether mid-latitude or active
streamers do have higher densities than quiet structures. Also,

consistent with this claim, the May streamer shows evidence fB€ density variation across streamers still needs to be investi-
a multi-temperature plasma, both from the DEM analysis afated.

from the Fe logR v. log T curves. Extended observations would

be needed to understand whether this is a property of activg\3. composition

stable structures, or whether it is linked to a special time in the

streamer’s life. On the other hand, the presence of lines from I§ithis work, the absolute oxygen abundance.a8 — 1.6 Rg
temperature plasma may possibly originate from cooler materf@s been derived by using two different methods: both agree
in the fore/background — EIT images show the streamer to Berevealing an oxygen depletion, with respect to the O pho-
close to a coronal hole structure — which, however, could ni@gpheric abundance (lago= 8.93), that can be as much as
affect the high temperature section of the DEM curve. ~ 80% at the equator (see Taljle 5). Even if in our streamers it
is not possible to identify the core and the legs as in Raymond
et al. (1997 19¢8), our results match the oxygen abundances
found by these authors a5 R, and1.75 R. There are a few

Streamers’ densities have been known for some time, beca@gémates of the oxygen streamer abundance in the literature: in
they can be derived from polarized brightnes) measure- the Raymond et al. work, the oxygen abundance was found to
ments. HoweverpB values usua”y refer to |eve|§ 1.1 solar vary, in the streamer core, from 7.5 to 7.8 and in the streamer’s
radii. The line ratio technique can provide values at lower helitfgs — or, when core/legs cannot be identified, in the overall
centric distances. Doschek et &I, (1997) derived off-limb densfi{fucture — 8.3 to 8.66, while in Ciaravella et AL (1999) a value
for coronal hole and quiet sun, using Si VIllégus X line ra- of ~ 8.8 is given for the O streamer abundance, and a value

tios for distance very close to the solar limb. Their results Bf only 8.1 in a related transient event. These values point to
the quiet region give densities of about 6<207 cm™3 fora @ large variation in O abundance, both within streamers and in
distance of 1.15 B, somewhat lower than the present result§lifferent structures.

In a later study, Doschek et al. (1998a) used Si VIII line ratio At lower altitudes, the oxygen abundance is hardly known
to derive a density profile, for an equatorial streamer. This pra2d it is unfortunate that no value can be derived from our
file shows a trend similar to ours, but still with lower value§&DS data. From SUMER observations, Feldman et al. found
compared to our ones. In Fid. 9 we show some recent deterfait heights< 1.03 R¢) an oxygen abundance of 8.8, in equa-
nations of streamer densities, along with the results preseni@dgl regions. We do not know, from this single measurement,
here. The streamer densities from Gibson efal. {1999a) refeiMaether the O abundance decreases with altitude, or whether the
a streamer observed only a few months after we made our ob§&tdman measurement refers to a streamer not showing oxygen
vations. Gibson et al. Fig] 9 shows how {18 derived densities depletion.

are consistent with the densities derived from line ratios at low [N the solar wind, there are a few abundance determination
distances, yielding a less steep profile)af v. solar distance for oxygen. Wimmer Schweingruber (1994) gives 8.72 in slow

Density (cm
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5.2. Densities
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wind and 8.8 in high speed wind: hence the depletion of oxyg&eferences

in the solar wind is too marginal to be convincing. On the Oth%ellig M.R.. Hefti S.. Grunwaldt H.. et al. 1999 JGR 104. 24769
hand, recent work by Aellig et l. (1999) finds an Fe/O ratig s  w., Davila .M., Thomas R.J., et al., 1996, ApJS 106, 143
which changes as a function of the solar wind speed. Their ﬂé’éllaway J., 1994, Atomic Data Nucl. Data Tables 57, 9

weighted average for the Fe/O ratio is 0.410.03 and it is cijaravella A., Raymond J.C., Strachan L., et al., 1999, ApJ 510, 1053
consistent with the average Fe/O ratio we derive from UVGSavid C., Gabriel A.H., Bely-Dubau F., et al., 1998, A&A 336, L90
abundances of 0.13. In deriving this value, an average of thel zanna G., 1999, Ph.D. Thesis, Univ. of Central Lancashire
oxygen values from Tabld 4 were used. A slightly higher valuzel Zanna G., Bromage B.J.l., 1999a, Space Sci. Rev. 87, 169

is obtained if values from Tablgl 5 are used, but it should B! Zanna G., Bromage B.J.1., 1999b, JGR 104, 9753

remembered that in this case only the collisional componentlére K.P., Landi E., Mason H.E,, etal., 1997, A&AS 125, 149

the oxygen lines was used. These values are also consistent Ritfcheck G.A., Warren H.P., Laming J.M., etal., 1997, ApJ 482, L109
the in-ecliptic solar wind value given by Ipavich et al. (1091 Joscheck G.A., Banerjiee D., Perez M.E., 19983, Solar Phys. 181, 91
it might be interesting to check on Fe/O variation along/acro QSCheCk G.A., Laming J.M., Feldman U., etal., 1998b, ApJ 504, 573

¢ . der t t insiaht about the sl -Feldman U., 1992, Phys. Scripta 46, 202
streamers, in order (o get more insight about the SIow WIR4an U, Schuhle U., Widing K.G., et al., 1998, ApJ 505, 999

origin. Fludra A., Del Zanna G., Alexander D., et al., 1999, JGR 104, 9709
For the other elements, at58 — 1.6 R, all abundances Gapriel A.H., Garton W.R.S., Goldberg L., et al., 1977, ApJ 169, 595

show a depletion, with respect to their photospheric values,dardner L.D., Kohl J.L., Noci G., et al., 1996, BAAS 188, 37.05

agreement with Raymond at al. (1997) results. Although specB8#son S.E., Fludra A., Bagenal F., et al., 1999a, JGR 104, 9691

at different altitudes are slightly different, not always allowingibson S.E., Biesecker D., Guhathakurtha M., et al., 1999b, ApJ 520,

multiple determinations of the abundance of the same element, 871

the results we got are fa|r|y consistent with each other. Harrison R.A., SaWyer E.C., Carter M.K., et al., 1995, Solar Phys 162,
The scarcity of high FIP elements in our UVCS and CDS 233

spectra does not allow us to analyze the FIP effect (e.g. YourgH9an S-V:H., 1997, CDS software note No. 47

& Mason[1997; Doschek et al. 1998b; Laming et al. 1999) %—ummg: B'g" é?gfe‘ MNRAS 268, 109

. L. .G., y P.J., 1987, MNRAS 224, 801
ther at low heliocentric distances or at about 1.6 Rowever, Ipavich F.M., Galvin A.B., Geiss J., etal., 1991, In: Solar Wind Seven.
streamers are known to behave anomalously, as far as the IF—2

' ¢ . I|DProceedings of the 3rd COSPAR Colloquium, Goslar, Germany,
effectis concerned: Schmelz(1999) pointed out that contrasting p 239

results, in this field, have been obtained by Feldman étal. (19%@hi J.L., Esser R., Gardner L.D., et al., 1995, Solar Phys. 162, 313
and Raymond et al. {1997). Present UVCS results support Ragming J.M., Feldman U., Drake J.J., et al., 1999, ApJ 518, 926
mond’s findings that low FIP elements are depleted, with respéendi E., Landini M., 1998, A&A 340, 265

to their photospheric abundances, but we have puzzling resbits., Raymond J.C., Acton L.W,, et al., 1998, ApJ 506, 431

for the (only) two high FIP elements in our spectra. Raymond ¥gson H.E., Monsignori Fossi B.C., 1994, A&AR 6, 123

al. (1997) find high FIP element depletion to be about a facty@zzotta P., Mazzinelli G., Colafrancesco S., etal., 1998, A&AS 133,
2 larger, e.g. for O, Ar, S, than for low FIP elements, like Sj,

Fe, Al. Here we fipd oxygen to be more depleted than low F oci G., Kohl J.L.. Withbroe G.L., 1987, ApJ 315, 706

elements, but Ar is can|§tgntIy found tp be .Iess depletedt ki G., Kohl J.L., Antonucci E., et al., 1997, In: Pra¢™® SOHO

low FIP elements. It is difficult to explain this behaviour, but Workshop, ESA-SP 404, p. 75

we notice thatit is not unusual to find some inconsistency in th&ymond J.C., Kohl J.L., Noci G., et al., 1997, Solar Phys. 175
“behaviour” of high FIP elements. For instance, in the Aug 22aymond J.C., Suleiman R., Kohl J., et al., 1998, Space Sci. Rev. 85,
streamer analyzed by Raymond etial. (1998), an O enhancement283

with respect to coronal abundances, by about a factor 2, coiBehmelz J.T., 1999, In: Proc. 8th SOHO Workshop, ESA-SP 446, p. 585
spondsa a S depletion of about a factor 3.5 (still with respect tdcholz T.T., Walters H.R.J. 1991, ApJ 380, 302

coronal abundances). The dependence of the FIP effect on$fi@chan L., Panasyuk A.V,, DobrzyckaD., etal., 2000, JGR 105, 2345
streamer type (whether it is a stable, quiescent structure, or§ss S-T., Wang A.H., Wu S.T., Poletto G., McComas D.J., 1999, JGR
active phenomenon, to which fresh photospheric material c\e}nml:;;;\??g Reeves E.M.. 1978. ApJS 37. 485

occasionally contribute) and, possibly, on the streamer lifeti B o » AP ’

. . . . ang A.H., Wu S.T., Suess S.T., Poletto G., 1998, JGR 103, 1913
is still a poorly known issue, which deserves further study. ;0o Schweingruber R.F., 1994, Ph.D. Thesis, Univ. Bern

. Withbroe G.L., 1978, ApJ 225, 641
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