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ABSTRACT

In this paper the plasma properties of three streamers observed in 2003 by the Ultraviolet Coronagraph Spec-
trometer (UVCS) are presented for five heights from 1.75 to 5.0 R�. The kinetic temperatures for protons (Tk;p) and
the O5þ ions (Tk;O) are derived as a function of height with preferential heating of O5þ over protons recorded. By
examining how Tk;p varies with latitude at each height, an idea of the magnetic field morphology is found. At 1.75 R�
the elemental abundances (O, S, Ar, and Fe), electron temperature, and electron density are derived from the UV
spectral data. All three streamers were quiescent with typical abundance values; however, no depleted cores were
found. The first ionization potential (FIP) effect was detected for all three streamers with a bias of �4. This is con-
sistent with slow solar wind in situ measurements, thereby supporting the hypothetical connection between the two.
All three streamers had a higher than expected electron temperature. The electron densities above 1.75 R� are derived
from the Large Angle Spectroscopic Coronagraph (LASCO) C2 polarized brightness data. Estimates for the O5þ

outflow velocities are obtained using the O vi k1032 over k1037 intensity ratios and the estimated electron densities.
All three streamers showed evidence of significant outflows at 4.0 and 5.0 R�.

Subject headinggs: solar wind — Sun: abundances — Sun: corona

1. INTRODUCTION

TheUltravioletCoronagraph Spectrometer (UVCS) (Kohl et al.
1995) aboard the Solar and Heliospheric Observatory (SOHO)
has been conducting a streamer study that began in December of
2002. The goal is to analyze, as completely as possible, a variety
of plasma properties for an individual streamer. The results are
then cataloged with those from other streamers over the course of
the solar cycle. This paper is the second in a series reporting the
latest results from this study. The first paper (Uzzo et al. 2006,
hereafter Paper I) examined the first of the three streamers reported
here. It also provided a detailed overview of the techniques used
to derive the streamer plasma properties. Therefore, the explana-
tion of how the results were derived will be condensed, and in-
terested parties are directed to Paper I for the details.

The reason for this second paper is threefold. Paper I examined
a streamer observed in April of 2003, named Str030428 for this
study, and was analyzed using the UVCS Data Analysis Soft-
ware (DAS) version 3.4. In early 2006 DAS version 4.0 was re-
leased and the data for Str030428 were reanalyzed. The major
advance of version 4.0 is an update in the radiometric calibra-
tions, which had an impact on the numerical results for several
plasma parameters, although not on the overall conclusions. For
more information on UVCS calibrations the reader is directed to
Pernechele et al. (1995) andGardner et al. (1996). Data calibration
uncertainties are discussed by Gardner et al. (2000). The second
reason for this second paper is the inclusion of two additional
streamers observed in 2003 May (Str030509) and September
(Str030925). These two streamers had many of the same char-
acteristics as Str030428 and serve to reinforce the conclusions from
the first streamer. Whenever a reference is made to ‘‘the three
streamers’’ it should be understood that it indicates Str030428,
Str030509, and Str030925. The final reason for the second paper
is the inclusion of how the proton kinetic temperature of the
plasma varied with latitude and height. By examining this plasma

parameter new details about the streamer magnetic morphology
are potentially revealed.
As was the case in Paper I, a simple helmet streamer model is

adopted for this study. The streamer model, illustrated in Fig-
ure 1, has a closed magnetic field ‘‘core’’ surrounded by open
field lines. These flankingopenfield lines, referred to as the ‘‘legs,’’
come together at the apex of the core at the location called the
‘‘cusp.’’ From there the field lines extend nearly radially outward
as the ‘‘stalk.’’ It is the leg and stalk structures that have been
identified as a potential source of the slow solar wind. Exploring
any possible connection between streamers and the slow solar
wind is one of the chief objectives of this streamer study. As
explained in Paper I many authors have used a variety of tech-
niques, such as abundances and outflow velocities, to investigate
this hypothesis (e.g., Raymond et al. 1997; Habbal et al. 1997;
Sheeley et al. 1997; Woo & Martin 1997; Wang et al. 1998;
Strachan et al. 2002; Uzzo et al. 2003).
In x 2 the observations and the streamer morphologies are dis-

cussed. In x 3 the contributions to the total measured O vi doublet
and H i Lyman series intensities originating from electron col-
lisional excitation versus radiative excitation (resonant scatter-
ing of disk radiation) are covered. In x 4 the electron temperature
(Te) and the electron density results are reviewed. The photo-
spheric normalized absolute elemental abundances at 1.75 R�
are presented along with their implications for the presence of a
depleted core and the first ionization potential (FIP) effect in x 5.
Section 6 covers the perpendicular kinetic temperatures of the
protons (Tk;p) and the O5þ ions (Tk;O). All of the above param-
eters are used to constrain the O5þ radial outflow velocity, which
is described in x 7. The final section (x 8) is a comparison of the
results presented here, and those from previous publications are
also given along with our conclusions. It should be noted that all
results presented here are averaged between specific UVCS field
of view (FOV) spatial boundaries and time averaged over the
respective observation data sets.

2. OBSERVATIONS AND STREAMER MORPHOLOGY

To investigate the structures at the base of these streamers the
images from the Mauna Loa Solar Observatory (Mk4) coronal
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visible light and the Big Bear Solar Observatory H� data are
examined in addition to SOHO data. Electron densities above
2.2 R� were derived from the SOHO Large Angle Spectroscopic
Coronagraph (LASCO) C2 polarized brightness (pB) synoptic
observations. From these observations the electron scattered com-
ponent, or K corona, is isolated, which then provides the electron
density. Since the streamer morphology along the line of sight
(LOS) is unknown azimuthal symmetry was assumed, and the
electron densities reported here should be considered a lower
bounds. To reduce the impact due to this azimuthal symmetry
approximation the electron densities for the three streamers will
be derived from data obtained near the time when the streamer
reached the peak radial height. This should correspond to when
the streamer base was centered at the limb. Further information
concerning LASCO is provided in Brueckner et al. (1995). The
remaining plasma parameters presented here were derived from
theUVCSobservations using spectroscopic diagnostic techniques.

The UVCS streamer study uses two types of observations,
which are summarized in Table 1. The first type (I in Table 1) of
observation is designed to optimize the intensity measurements
of the weaker minor ions. The second type (P in Table 1) of ob-
servation uses an instrument configuration that is optimized for
obtaining Ly� and O vi k1032 spectral line profiles. The data for
Figures 5Y7 and Figures 12Y14 are resampled to a spatial dimen-
sion resolution of 4.70 to provide sufficient statistics. For the
results of Tables 3Y5 and Figure 11 the plasma parameters are
derived using a resampling of the data over the streamer domain
definedwithin the vertical dashed lines in Figures 5Y7 for the three
streamers, respectively. The coronal emission lines included in
this study are the following: the O vi doublet (kk1032 and 1037),
H i Ly� (k1215), H i Ly� (k1025), H i Ly� (k972), [Fe x]
(k1028), [Fe xii] (k1242), [Fe xiii] (k510), Ar xii (k1018), and S x
(k1196). The spectral binning was set to 2 pixels bin�1 except
for the O vi doublet panel of the profile studies, which had a
1 pixel bin�1 setting. Most of the lines listed above come from
the primary path of theO vi detector, which has a 0.09938 pixel�1

resolution. The Ly�, [Fe xii], and S x lines come from the O vi

detector redundant path, which has a 0.091 8 pixel�1 resolution.
The Ly� line is obtained from the profile study, while the O vi

doublet is obtained in both the intensity and profile studies. The
remaining lines listed above are obtained through the combina-
tion of the three grating positions listed in Table 1 at 1.75 R�. It
should be noted that the Si xii (k499) line reported in Paper I has

been dropped from this study due to significant uncertainty in
this second-order line intensity calibration and in the atomic rates
for this Li-like ion (Laming & Feldman 1999). From the data the
Te, electron densities, and photospheric normalized absolute ele-
mental abundances at 1.75 R� were derived. The profile obser-
vations include H i Ly� (k1215) and the O vi doublet (kk1032
and 1037) at 1.75, 2.5, 3.0, 4.0, and 5.0 R�. That data allow the
derivation of the O5þ outflow velocity as well as Tk;O for the
O5þ ions and Tk;p for the protons.

Composite images showing the three streamers and their sur-
rounding regions on and off the disk are provided as Figures 2Y4.
The three figures are given in the chronological order Str030428,
Str030509, and Str030925, respectively. Each figure has four
panels. For the first panel (a) working from the outside inward are
images from LASCO C2, Mk4, and the Extreme-ultraviolet Im-
aging Telescope (EIT; Delaboudinière et al. 1995) at 195 8. The
dark lines indicate the approximate locations of the UVCS FOVs
relative to each streamer. The second panel (b) shows the Mk4
and EIT images of the first panel in greater detail. The compo-
nent images of panels (a) and (b) are not to scale. Their purpose is
to examine the local environment and help identify which struc-
tures are located under the streamers. Panel (c) is an H� image,
and panel (d) is amagnetogram image from theMichelsonDoppler
Imager (MDI) on SOHO (Scherrer et al. 1995).3 The dates and
times for the images used to construct Figures 2Y4 are listed in
Table 2. Also provided in Table 2 are the start dates and times for
the UVCS observations that are used in the streamer designations.

The first two streamers were located at the northeast limb, both
centered at�55� counterclockwise from solar north. The images
that comprise Figures 2 and 3 were made after the start of the cor-
responding UVCS observations. For the two white-light images,
this provides the streamer’smorphology at a time closer to themid-
point of the UVCS observations. In the case of the EIT, H� , and
MDI images it allowed solar rotation to bring the structures located
at the base of the streamer into view on the disk. For Str030925,
which was observed at the northwest limb (centered at position
angle�320�), the EIT, H� , andMDI images selected were taken
before the UVCS observation. To minimize the effects of solar
rotation (Uzzo et al. 2003) on the results, the UVCS observations
were completed within a 2 day period. The total duration for the
three UVCS observations are provided in the notes to Table 2.

The three streamers presented here were chosen from the
catalog due to their well-defined helmet structure and their sta-
bility. These are two qualities that are difficult to obtain near solar
maximum. It should be noted that unlike Str030428, the streamers

Fig. 1.—Simple streamer model diagram with labeled structures.

TABLE 1

Observation Parameters

Height

(R�) Typea
Gratingb

(EU)

Slit

(�m)

Duration

(hr)

1.75...................... I 236900 100 3.73

1.75...................... I 225000 100 1.87

1.75...................... I 103000 100 1.87

1.75...................... P 175604 50 1.07

2.50...................... P 175604 50 2.93

3.00...................... P 175604 50 5.33

4.00...................... P 175604 150 5.33

5.00...................... P 175604 150 9.07

a I = intensity study, P = profile study; see text.
b O vi detector grating position in engineering units.

3 These last two images were obtained from the Active Region Monitor at
http://www.solarmonitor.org.
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Str030509 and Str030925 did not form above a clearly defined
extended prominence. In addition, minor contributions from
ARs 10356 and 10460, which were located south of Str030509
and Str030925, respectively, cannot be entirely ruled out from
the UVCS results. We use the three composite images in Fig-
ures 2Y4 to demonstrate that all three streamers were quiescent
and not active region streamers. The arguments for Str030428
(Fig. 2) are provided in Paper I. For Str030509 (Fig. 3) the
lowest latitude grid line in panels (c) and (d) represents the equa-
tor. The only active region near the streamerwasAR10356,which
was �20

�
latitude from the streamer and �30

�
in longitude from

the limb when the UVCS observation started. Since Str030509
was located near latitude 55� and interpreting the location in panels
(a) and (b) of Figure 3 relative to this active region, it can be con-
cluded that this streamer was most likely not associated with the
active region. It was therefore classified as a quiescent streamer.
For Str030925 (Fig. 4) AR10460was located�55

�
from the limb

in longitude and�40
�
in latitude from the streamer at the start of

the observation. Based on the separation between AR10460 and
the base of Str030925, as well as examining the structures shown
in panels (a) and (b) of Figure 4, it can be concluded that this
streamer was also a quiescent. For all three cases there were no

active regions located directly in front of or behind the base of
the streamers.
The O vi k1032 (solid lines) and the Ly� (dashed lines) in-

tensity distributions across the latitudinal dimension of Str030428,
Str030509, and Str030925 are provided in Figures 5Y7, respec-
tively. These intensity distributions are each normalized to a peak
intensity of 5. The vertical dashed lines represent streamer bound-
aries. The square and diamond data points indicate values for the
calculated oxygen abundances, which is discussed in x 5. The pres-
ence of an abundance depletion in the core structure of a streamer
can be investigated by comparing the O vi and Lyman series in-
tensity profiles. As shown in Figure 4 from Uzzo et al. (2004),
when the O vi intensity has a double peak and the location of the
central minimum corresponding to the single peak maximum of
the Lyman series profile, a depleted core may exist. The circles
and crosses represent the Tk;O and Tk;p, respectively.

3. COLLISIONAL AND RADIATIVE
INTENSITY COMPONENTS

In order to derive several of the streamer plasma parameters at
1.75 R� any radiative component must be separated from the
total line intensity. The spectral lines of the H i Lyman series and

Fig. 2.—Solar conditions at the location of the streamer observation designated Str030428. The four component images are (a) C2,Mk4, and EIT; (b) Mk4 and EIT; (c)
H� ; and (d ) MDI. The fiveUVCS observation heights (1.75, 2.5, 3.0, 4.0, and 5.0R�) are represented by the black bars in (a). The component images of (a) and (b) are not
to scale. See text for details.
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the O vi doublet each have radiative and collisional contribu-
tions. To separate the individual radiative and collisional com-
ponents the same procedures outlined in Paper I are followed. As
shown in Paper I, the radiative and collisional contributions to
each line of the O vi doublet can be determined from the known
ratios of the separate O vi intensity components. They are 4 : 1 for
the radiative components and 2 : 1 for the collisional components.
These relations are strictly true only if there is no radial outflow
velocity. Based on the radial outflowvelocity results for these three
streamers (see x 7) these expressions can be used in the analysis
at 1.75 R�.

Separating the collisional and radiative contributions from the
observed Ly� intensity can be made using the Ly� to Ly� or
Ly� to Ly� intensity ratio. However, complications arise be-
cause the disk intensities (the inputs for the resonant scattering)
in general are not emitted from a uniform Sun. The Lyman series
disk intensities vary depending on the percentage that originate
from active regions versus quiet Sun. On the disk the coronal hole
and quiet-Sun intensities are approximately equal when compared
to the active region intensity. From the disk intensities published
by Vernazza & Reeves (1978), the Ly� to Ly� intensity ratio is

independent of the source structure to within 2.6%. This is not
true for the intensity ratio of Ly� over Ly�. Although the Ly�
line ismuchweaker thanLy�, the radiative and collisional derived
oxygen abundances agree significantly better when Ly� is used.
Further discussion of this topic is located in x 5. Instead of using
the disk intensity values provided by Vernazza & Reeves (1978),
we will employ the values listed in Raymond et al. (1997) from
UVCS on disk observations. Those values are 4.13 and 0.867 in
units of 1013 photons cm�2 s�1 sr�1 for Ly� and Ly�, respectively.
This removes the issue of different instrument calibrations from
the equation. The result is a radiative component of Ly�/Ly� of
14.36, while the collisional component is 3.02 (see Paper I).

Using the Ly�/Ly� intensity ratio the collisional and radiative
components are separated independent of their disk source, and
then the abundances are derived. However, calculating the elec-
tron density below the C2 occulting disk requires an additional
step. The electron density at 1.75 R� is derived using UVCS data
and requires the O vi k1032 disk intensity. To derive this value the
amount of solar disk radiation coming from active regions versus
quiet Sun at 1.75 R� must be determined. This can be accom-
plished by using equation (1), where � is a free parameter between

Fig. 3.—Same as Fig. 2, but for Str030509.
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zero and 1 that represents the fraction of the integrated disk in-
tensity due to active regions:

Ii(disk) ¼ �Ii(active) þ (1� �)Ii(quiet): ð1Þ

Using the approach in Paper I, the radiative and collisional
components of Ly� are separated using Ly�. Next the compo-

nents for Ly� are rederived using Ly� instead of Ly� and equa-
tion (1) substituted in place of the constant disk intensities with �
equal to zero. The parameter � is then increased until the results
for Ly� radiative and collisional using the Ly� intensity agree
with those from Ly�. Using this optimal �, plus the active re-
gion and quiet-Sun intensities for O vi k1032 the effective O vi

disk intensity can be derived by equation (1). The � results for

Fig. 4.—Same as Fig. 2, but for Str030925.

TABLE 2

Streamer Observations

Str030428 Str030509 Str030925

Observation Date Time (UT) Date Time (UT) Date Time (UT)

UVCS......................... 2003 Apr 28 16:56a 2003 May 09 19:58b 2003 Sep 25 18:18b

LASCO C2 ................ 2003 Apr 29 21:26 2003 May 10 21:54 2003 Sep 25 20:30

Mk4............................ 2003 Apr 29 19:32 2003 May 10 19:01 2003 Sep 25 17:49

EIT 195 ...................... 2003 Apr 29 23:12 2003 May 10 22:24 2003 Sep 23 11:23

H� .............................. 2003 Apr 30 22:00 2003 May 11 21:00 2003 Sep 22 17:00

MDI............................ 2003 Apr 30 21:28 2003 May 11 21:28 2003 Sep 22 00:00

a Observation completed after 39.5 hr.
b Observation completed after 43.5 hr.
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Str030428, Str030509, and Str030925 are 0.62, 0.20, and 0.52,
respectively.

4. ELECTRON TEMPERATURE
AND ELECTRON DENSITY

One technique to derive the averaged Te along the LOS uses
the intensities from several ions of the same element, such as iron,
and the collisional intensity of the Ly� line. For the three stream-
ers the iron lines employed are [Fe x], [Fe xii], and [Fe xiii]. The
term Robs is defined as the ratio of the iron line intensity to the
Ly� collisional intensity. The Rth term is the theoretical ratio of
each iron ion emissivity over the Ly� emissivity. The emissivity
values come from the CHIANTI version 5 database (Dere et al.
1997; Landi & Phillips 2005). The ionization balances are from
Mazzotta et al. (1998), and Grevesse & Sauval (1998) provide

the photospheric abundances except for the oxygen abundances,
which come from Asplund et al. (2004). The Rth are functions
of Te, so the ratio R ¼ Rth/Robs are plotted as log10(R) versus
log10(Te). This is done for each iron ion by the solid curves, as
presented in Figure 8 (Str030428), Figure 9 (Str030509), and
Figure 10 (Str030925).

The value for Te is derived by averaging the x-axis values
where each pair of solid line curves intercept. The average of the
intercepts is denoted by the square in Figures 8Y10 at 1:82�
0:24, 1:65 � 0:20, and 1:75 � 0:23 MK for the three streamers,
respectively. These results are also listed in Table 3. The Te could
only be derived at 1.75R� due to the absence of any Fe line emis-
sions at the upper heights. For the case of an ideal isothermal
plasma, all three curves would intercept at the same location in
each of the three figures. Since this is not the case for any of the
streamers, there is the possibility that there are discrete regions of
different Te along the LOS. However, in the absence of additional
data, the plasma was taken as isothermal. We should mention

Fig. 5.—Str030428 spatial profiles along UVCS FOVof the O vi k1032 in-
tensity (solid line) and the intensity of Ly� k1215 (dashed line) at 1.75R� (1 bin ¼
70 0 0). The spectralwidths of these two lines produce the oxygen (circles) and proton
kinetic temperatures (crosses), respectively. The oxygen abundances are derived
from the collisional (squares) and radiative (diamonds) intensity data. Note: the
intensity curves are normalized to a peak of 5 for both the O vi (O vi /2:907 ; 109)
and Ly� (Ly� /7:679 ; 1010) profiles.

Fig. 6.—Same as Fig. 5 for Str030509, except the normalized intensity spatial
profiles are O vi /4:236 ; 109 and Ly� /7:383 ; 1010.

Fig. 7.—Same as Fig. 5 for Str030925, except the normalized intensity spatial
profiles are O vi /2:758 ; 109 and Ly� /5:433 ; 1010.

Fig. 8.—Plot of log10(R) (CHIANTI ver. 5) vs. log10(Te) for the three ions
[Fe x], [Fe xii], and [Fe xiii] (solid lines) used to derive an average Te for the
streamer plasma of approximately 1:82 � 0:24 MK (square) at 1.75 R�. The
dashed curve represents the [Fe xii] emissivity modified by a factor of 0.5, resulting
in an average Te ¼ 1:75 � 0:21 MK (diamond ). See text for the definition of R.
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that two additional iron lines were detected in the data for all
three streamers. These lines, Fe xv k481 and [Fe xviii] k974, did
not have a high count rate and therefore had extremely large un-
certainties in their intensities. Although the presence of these two
high Te formation lines suggests the presence of a multithermal
plasma along the LOS (Parenti et al. 2000), their lack of sufficient
counts prevents the application of amultithermal analysis, as done
by Ko et al. (2002). For this reason neither line was applied to the
isothermal analysis mentioned above.

Note that there is no consensus on the best values to use for the
[Fe xii] emissivities (Raymond et al. 1997;Ko et al. 2002; Paper I).
According toBinello et al. (2001) a large discrepancy exists among
the theoretical excitation rates for this ion as well as discrepancies
betweenmodels and observed spectra.As an experiment the [Fe xii]
emissivity was modified by a factor of 0.5, and the results are
shown as the dashed curve in each log10(R) versus log10(Te) plot.
Now the intercepts of [Fe x], [Fe xiii], and the modified [Fe xii]
have a near common intercept for each of the three streamers,
represented by the diamond in each figure. The impact of using
the modified [Fe xii] emissivity was a less than 4% decrease in the
resulting Te for all three streamers (1.75, 1.61, and 1.70 MK, re-
spectively). The convergence of the intercepts provides additional
support to the assumption of an isothermal plasma. However, it
is not clear if these results alone are sufficient justification for ac-
cepting the modification to the [Fe xii] emissivity. Therefore, the
results for the three streamers given in Tables 3Y5 are all derived
using the original CHIANTI version 5 emissivities.

The streamer electron densities were determined using two
methods: one using the usual white-light coronograph observations
and the other using the O vi doublet intensity ratios from UVCS
observations (Parenti et al. 2000). For heights above 2.25 R� the
LASCO C2 pB data can be used to estimate the electron density.
The results for 2.5, 3.0, 4.0, and 5.0 R� are provided in Table 5
for the three streamers examined here. The sources of uncertainty
for these electron densities are briefly outlined in Strachan et al.
(2002) and were found to be approximately 50%. To derive the
value of the electron density for heights below the C2 occulting
disk, the observed O vi doublet line properties, the derived Te, and
the O vi k1032 disk intensity can be applied to equation (3) of
Paper I. The parameter I1032(disk) is derived using equation (1)
and the estimates for �, as described in x 3. As previously stated,
the density estimate determined with this method is valid for

negligible radial outflow. The 1.75R� electron density results for
the three streamers are provided in Table 3 as well as Table 5.

5. ELEMENTAL ABUNDANCES AND THE FIP EFFECT

In this section we report on the absolute abundances of oxygen,
sulfur, argon, and iron normalized by their photospheric values.
The absolute abundance refers to the elemental abundance di-
vided by the hydrogen abundance. As described in Paper I, the
abundance for a given element can be calculated by using either
the radiative or collisional intensities. Only the O vi doublet has a
nonnegligible radiative intensity component, and so will be the
only minor ion with its abundance calculated both ways. Ideally
these two results should be equal. The oxygen abundance derived
from the radiative intensity was calculated using equation (4) of
Paper I, while the abundances for oxygen, sulfur, argon, and iron
used the collisional line intensities and equation (6) of Paper I.
The line intensities are averaged over the sampled spatial region,
denoted by the vertical dashed lines in Figures 5Y7. See Paper I
for a more complete description. It should be noted that none of
the emissivities for the observed spectral lines reported here vary
significantly as a function of the electron density at streamer values.
Therefore, a fixed electron density of 1 ; 107 cm�3 was used to
generate the theoretical emissivities with CHIANTI. The electron
densities derived at 1.75 R� for the three streamers in the pre-
vious section agree with this fixed value.
Table 3 shows the calculated oxygen abundance, normalized

to its photospheric value, for all three streamers studied. For
Str030428, Str030509, and Str030925 the abundances derived
from the collisional intensities are 0:47 � 0:13, 0:45 � 0:13,
and 0:43 � 0:12, respectively, while the abundances calculated
from the radiative intensities are 0:37 � 0:10, 0:67 � 0:19, and
0:53 � 0:15, respectively. The discrepancy between the oxygen
abundances using the two methods are 21%, 49%, and 23%, re-
spectively, using the collisional value as the accepted result. The
abundances for oxygen, sulfur, argon, and iron using the colli-
sional intensities are provided in Table 4. The iron results for each
streamer were derived by averaging the abundances calculated
from [Fe x], [Fe xii], and [Fe xiii]. As a reminder, all tabulated
results were calculated using unmodified emissivities provided by
the CHIANTI version 5 database.
In addition to calculating the absolute abundances averaged

across the streamerwidth for all of the elements, it is also interesting

Fig. 9.—Same asFig. 5, except for Str030509withTe equal to 1:65 � 0:20MK
(square) and 1:61 � 0:19 MK (diamond ) for the modified Fe emissivity.

Fig. 10.—SameasFig. 5, except for Str030925withTe equal to 1:75 � 0:23MK
(square) and 1:70 � 0:21 MK (diamond ) for the modified Fe emissivity.
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to look for abundance variations as a function of latitude or dis-
tance across the streamer. This was done in earlier studies (e.g.,
Raymond et al. 1997) to identify abundance depletion in the
streamer core. For the present study only the oxygen lines were
bright enough to make discrete intensity measurements for mul-
tiple latitude bins. The photospheric normalized absolute abun-
dances for oxygen are indicated by the square (collisional) and
diamond (radiative) data points in Figures 5, 6, and 7 for the three
streamers. Each data point in these three figures represents a
resampling of the data into bins of�4.70 to increase the statistical
accuracy. With one exception covered shortly, the abundances at
each bin derived from the radiative and collisional intensities are
in reasonable agreement. To detect the presence of any possible
depleted cores an average of the collisional and radiative abun-
dances are considered at each bin across each individual streamer,
respectively. Typically a streamer has an abundance-depleted core
if the abundance ratio of leg to core structures is typically 10 : 1 for
well-defined cores (Raymond et al. 1997; Uzzo et al. 2003). The
maximum leg to core ratios for the averaged oxygen abundances
are 1.6, 1.3, and 2.1 for Str030428, Str030509, and Str030925,
respectively. It can therefore be concluded that all three streamers
in the present study lack the strong abundance depletion seen in
other quiescent streamers.

The one case in which the radiative and collisional abundances
do not agree very well is bin 23 of Str030925 (Fig. 7). At bin 23
the collisional abundance has a much higher than expected value
(�1.0). This collisional abundance anomaly could be due to the
presence of a second structure located south of Str030925, as shown
in Figure 4. The presence of a second structure along the LOS is
supported by the significant increase in both line intensities shown
in Figure 7 along the southern edge of the streamer. If the Te of the
second structure is lower than the derived value for Str030925,
the result at bin 23 would be a weighted average Te of the two. If
the Te used to derive the oxygen collisional abundance (1.75MK)
was sufficiently higher than this weighted average, the outcome
would be an inaccurately high abundance result. TheTe has amax-
imum possible value equal to the Tk;p. As shown in Figure 7 the
Tk;p at bin 23 is 1.59MK,which is significantly lower compared
to the average Tk;p of the remaining streamer, at 2.16MK. There-
fore, it is reasonable that the weighted average Te at bin 23 is sig-
nificantly lower than the 1.75 MK used in the calculation.

Next we turn to the first ionization potential (FIP) effect,
which is a phenomenonwhere the photospheric normalized abun-
dances of low-FIP elements (i.e., FIP < 10 eV) are more abun-
dant compared to high-FIP elements (i.e., FIP > 10 eV; Geiss
1982). The10 eV boundary may be related to the energy available

TABLE 3

Oxygen Abundance, Electron Temperature, and Electron Density

[O/H]/[O/H]ph
b

Source

Height

(R�) Type
a Collisional Radiative

Te

(MK)

Ne

(106 cm�3)

Str030428..................................... 1.75 QS 0.47 � 0.13 0.37 � 0.10 1.82 � 0.24 32.21 � 9.40

Str030509..................................... 1.75 QS 0.45 � 0.13 0.67 � 0.19 1.65 � 0.20 10.76 � 3.15

Str030925..................................... 1.75 QS 0.43 � 0.12 0.53 � 0.15 1.75 � 0.23 18.27 � 5.38

Uzzo et al. (2004)........................ 1.75 AL 0.92c . . . 1.55 . . .

Uzzo et al. (2004)........................ 1.75 AC 0.28 . . . 1.66 . . .

Bemporad et al. (2003)................ 1.60 AL 0.68d . . . 1.20 27.00

Bemporad et al. (2003)................ 1.60 AC 0.54d . . . 1.41 53.00

Bemporad et al. (2003)................ 1.90 AL 1.02d . . . 1.17 11.60

Bemporad et al. (2003)................ 1.90 AC 0.58d . . . 1.32 18.90

Raymond et al. (2003)e ............... 1.64 AL 1.06 . . . 1.34 4.80

Raymond et al. (2003)e ............... 1.64 AC 0.60 . . . 1.37 5.30

Raymond et al. (2003)f................ 1.64 AL 0.81 . . . 1.40 5.40

Raymond et al. (2003)f................ 1.64 AC 0.78 . . . 1.42 3.90

Raymond et al. (2003)g ............... 1.64 ALh 0.70 . . . 1.41 4.50

Raymond et al. (2003)g ............... 1.64 AC 0.31 . . . 1.60 4.60

Marocchi et al. (2001)i ................ 1.70 QL 0.37 0.63 1.58j . . .

Marocchi et al. (2001)i ................ 1.70 QC 0.06 0.22 1.58j . . .

Parenti et al. (2000)k.................... 1.60 AR 0.12 0.34 1.23 3.30

Parenti et al. (2000)l .................... 1.60 AR 0.26 0.49 1.28 7.47

Li et al. (1998)............................. 1.50 QC 0.14 . . . 1.58 13.00

Raymond et al. (1997)................. 1.70 AR 0.44 1.07 1.58j . . .

Raymond et al. (1997)................. 1.50 QL 0.43 0.63 1.58j . . .
Raymond et al. (1997)................. 1.50 QC 0.11 0.15 1.58j . . .

a Streamer classification: AR = active region; AL = active region leg; AC = active region core; QS = quiescent; QL = quiescent leg;
QC = quiescent core.

b Normalized using photospheric abundance from Asplund et al. (2004).
c Average of two leg results.
d Average of collisional and radiative results.
e Streamer observed 2002 April 21.
f Streamer observed 2002 July 23.
g Streamer observed 2002 August 24.
h First leg results.
i Streamer observed 1996 April 11.
j Assumed value.
k Equatorial streamer observed 1998 March 8.
l Midlatitude streamer observed 1998 March 8.
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for ionization by Ly� photons (Raymond 1999). As expected
(see Table 4) the high-FIP elements oxygen, sulfur, and argon are
depleted relative to their photospheric values, while iron, a low-
FIP element, is enhanced for all three streamers. The FIP effect is
often examined in terms of the FIP bias, which is the ratio of a low-
FIP element over a high-FIP element, usually oxygen.As discussed
in Paper I and references therein, this leads to an ambiguity about
whether the FIP bias is due to an enhancement of the low-FIP
element or a depletion of the high-FIP element. The ambiguity
can be resolved by examining the absolute abundances. For the
present study it is found that both low-FIP enhancement and high-
FIP depletion are present. In many of the earlier coronal abun-
dance studies a hydrogen abundance was not available, so the
FIP bias was employed. A FIP bias of approximately 4 is typi-
cally found in both coronal streamers and the slow solar wind
(Raymond et al. 1997, 2001; Feldman et al. 1998; Raymond 1999;
Parenti et al. 2000; Uzzo et al. 2003). In the present study, a FIP
bias (iron over oxygen) of 3.77 for Str030428, 4.73 for Str030509,
and 4.28 for Str030925 are calculated. These results are consistent
with models of streamers as contributors to the slow solar wind.

6. PERPENDICULAR KINETIC TEMPERATURES

UVCS can measure spectrally resolved line profiles, which
permits the ‘‘kinetic temperatures’’ of coronal ions to be deter-
mined. As shown in Paper I (eq. [7]) the 1/e half-width of a
Gaussian fit to the coronal line profile can be converted to a LOS
averaged kinetic temperature (Tk). Care must be taken to remove
any instrument and background effects before making the profile
fit (Kohl et al. 1997; Zangrilli et al. 1999). In practice, Tk is the
sum of thermal (Tth;i) and nonthermal (�i) contributions. From
Tth;i the microscopic velocity distribution is found, while the term
�i contains the bulk outflow velocity of the plasma along the LOS
andmay contain other nonthermal contributions such as those due
to transverse wave motions.

Temperatures determined from theH iLyman series linewidths
can be used as proxies for the proton temperatures, since streamer

densities are large enough so that charge exchange will make the
protons and neutral hydrogen have the same Tk (Vásquez et al.
2003). The Tk;p and Tk;O are determined at the five heights 1.75,
2.5, 3.0, 4.0, and 5.0 R� in all three streamers. These values are
reported in Table 5. If most of the streamer emission comes from
near the plane of the sky, the LOS is essentially perpendicular to
the streamer axis (and to the magnetic field); thus, the tempera-
tures characterize the perpendicular motions of the ions. The elec-
trons and protons at 1.75 R� can be assumed to be at thermal
equilibriumdue to the high density and lowoutflowvelocity found
within streamers at low heights (Li et al. 1998; Vásquez et al.
2003). From Tth;p � Te the resulting nonthermal components of
Str030428, Str030509, and Str030925 are 0.31, 0.12, and 0.28MK
or converted to velocity 72, 44, and 68 km s�1, respectively.
In Figures 5Y7 the Tk;O (circles) and Tk;p (crosses) are plotted

across the streamer at 1.75R�. Due to the high intensity of the H i

Ly� spectral line the Tk;p can also be plotted across the streamer
at the upper four heights for each streamer. The Ly� intensities
and kinetic temperatures at the four highest heights in each
streamer are plotted separately in the quad plots shown in Fig-
ures 12Y14. The H i Ly� intensity across the slit for all 12 plots
are normalized to a peak value of 5 for consistency with Fig-
ures 5Y7. This allows the streamer and the surrounding environ-
ment to be analyzed as a function of the Tk , thus providing deeper
insight into the morphology of the system.

7. OUTFLOW VELOCITIES

By using the Doppler dimming of the O vi doublet lines at
1032 and 1037 8 the radial outflow velocity of O5þ ions can be
calculated (Withbroe et al. 1982; Noci et al. 1987; Strachan et al.
2000). As explained in Paper I and references therein, Doppler
dimming affects only the radiative component of the coronal
intensities. There are two approaches to modeling the system and
thus deriving the outflow velocity. The first is tomodel each of the
O vi lines separately. The secondmethod is tomodel the intensity
ratio ofk1032/k1037,which ismore convenient because it reduces

TABLE 4

Photospheric Normalized Absolute Elemental Abundances at 1.75 R�

Collisional

Source

Height

(R�) Type
a O S Ar Fe

Str030428..................................... 1.75 QS 0.47 � 0.13 0.20 � 0.06 0.60 � 0.17 1.77 � 0.42b

Str030509..................................... 1.75 QS 0.45 � 0.13 0.23 � 0.07 0.46 � 0.13 2.13 � 0.50b

Str030925..................................... 1.75 QS 0.43 � 0.12 0.16 � 0.05 0.76 � 0.22 1.84 � 0.44b

Uzzo et al. (2004)........................ 1.75 ALc 0.92 0.88 0.85 4.78d

Uzzo et al. (2004)........................ 1.75 AC 0.28 0.23 0.27 1.28d

Bemporad et al. (2003)................ 1.60 AR 0.61e 0.12 . . . 1.15

Bemporad et al. (2003)................ 1.90 AR 0.80e 0.15 . . . 1.20

Ko et al. (2002) ........................... 1.60 AR 0.43 0.22 0.46 1.59

Li et al. (1998)............................. 1.50 QC 0.14 0.06 0.07 0.48

Raymond et al. (1997)................. 1.70 AR 0.69 0.19 0.63 0.79

Raymond et al. (1997)................. 1.50 QL 0.55 0.19 0.50 1.00

Raymond et al. (1997)................. 1.50 QC 0.14 0.07 . . . 0.32

FIP state ....................................... . . . . . . High High High Low

Photospheric abundancesf ............ . . . . . . 8.66 7.33 6.40 7.50

Note.—Normalized using photospheric abundances provided in last row.
a Streamer classification: AR = active region; AL = active region leg; AC = active region core; QS = quiescent; QL = quiescent leg;

QC = quiescent core.
b Abundance derived from averaged Fe abundances.
c Averaged results of two leg structures.
d Abundance derived from Fe xii intensity.
e Average of collisional and radiative results.
f Absolute photospheric abundances of Grevesse & Sauval (1998) and Asplund et al. (2004) for oxygen in dex format used to normalize.
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the number of input parameters. For this case the input param-
eters are the O vi k1032/k1037 intensity ratio, Te, electron den-
sity, parallel kinetic temperature [Tk(k)], and Idisk(O vi), which in
turn gives the outflow velocity (e.g., Strachan et al. 2002).

Table 5 shows the range of possible O5þ outflow velocities,
Vout, that are consistent with the range of uncertainties in themodel
inputs. For example the electron density, derived from the LASCO
C2 pBdata, is modeledwith one-half and twice its nominal values.
The Te is varied from 0.7 to 1.3MK, since there are no constraints
provided by the ion intensities above 2 R�. Finally, there were a
range of values used for Tk(k) that characterize the kinetic tem-
peratures along the radial direction (not observed). The values
for Tk(k) range in value from a minimum equal to Te and a max-
imum of Tk;O. The upper and lower limits to Vout in Table 5 rep-
resent the minimum and maximum results produced from all
possible input parameter combinations.

8. DISCUSSION AND CONCLUSION

In x 2 it was determined that Str030428, Str030509, and
Str030925 are all quiescent streamers. This conclusion was based
on the lack of active regions located at the base of the streamers.
However, the contributions from nearby active regions cannot be
ruled out, such as the southern leg of Str030925 (see x 5). To
facilitate the comparisons of the new results for the streamer
plasma parameters with previously published results, we provide
Tables 3Y5. A brief description of the earlier published entries
can be found in Paper I. All abundances are renormalized using
the photospheric abundances of Grevesse & Sauval (1998) and
for oxygen (Asplund et al. 2004), where applicable.

Quiescent streamers are typically associated with low Te, since
they do not form above active regions. The electron temperatures
for Str030428 (1.82MK), Str030509 (1.65MK), and Str030925
(1.75 MK) at 1.75 R� do not fit this model, as these quiescent

streamers have the highest values of the streamers listed in Table 3.
These electron temperatures are similar to those for the active
region streamer fromUzzo et al. (2004). One explanation for these
high temperatures could be the result of a high degree of com-
plexity for the magnetic field within these streamers. A complex
magnetic structure is theoretically predisposed to having a large
number of reconnection events that could heat the streamer plasma.
It should be noted that the degree of magnetic field complexity
needed to account for this is unknown, and once again none of
the streamers formed over active regions. Another reason for the
high values of Te could be the presence of higher temperature
plasma outside the streamer along the LOS.

The electron density at 1.75 R� for the three new streamers is
consistent with the results listed in Table 3 from Bemporad et al.
(2003) for an active region streamer. The remaining entries for
the electron density in Table 3 differ from the new results by up
to an order of magnitude.Much of the difference between Parenti
et al. (2000) and the results for the new streamers can be traced to
the values used for I1032(disk). Parenti et al. (2000) used a static
value of 305 ergs cm�2 s�1 sr�1. However, for the present study,
we determined I1032(disk) for each streamer based on UVCS ob-
servations that are case specific. After the data from Str030428
were analyzed using the DAS version 4.0 calibrations, the value
of � increased from 0.3 to 0.62. Since the electron density de-
rived from UVCS data (eq. [3] in Paper I) is proportional to
I1032(disk), the change corresponds to an increase of the electron
density from 1:84 ; 107 to 3:22 ; 107 cm�3. At higher heights
the electron densities were derived from the LASCOC2 pBmea-
surements. Table 5 shows that the derived densities at 2.5, 3.0,
4.0, and 5.0 R� for the streamers in the present study are similar
to the values found by Strachan et al. (2002) for an equatorial
solar minimum streamer. All four streamers have a similar change
in density with radial height.

TABLE 5

Physical Parameters versus Height

Parameter 1.75 R� 2.5 R� 3.0 R� 4.0 R� 5.0 R�

Str030428

Tk O vi (MK)......................... 3.43 � 0.45 4.08 � 1.08 3.75 � 0.77 6.64 � 2.01 5.24 � 3.86

Tk H i (MK)........................... 2.13 � 0.01 2.32 � 0.19 1.96 � 0.20 1.53 � 0.14 1.32 � 0.15

Vout ( km s�1).......................... . . . . . . . . . <20Y63 102Y127

Ne (10
6 cm�3) ........................ 32.21 � 9.40 2.18 � 1.09 0.87 � 0.44 0.23 � 0.12 0.09 � 0.05

Str030509

Tk O vi (MK)......................... 2.95 � 0.48 3.16 � 1.10 3.78 � 1.00 7.83 � 0.13 3.90 � 2.73

Tk H i (MK)........................... 1.77 � 0.13 1.72 � 0.19 1.49 � 0.16 1.24 � 0.11 0.95 � 0.09

Vout ( km s�1).......................... . . . . . . . . . <20Y73 106Y137

Ne (10
6 cm�3) ........................ 10.76 � 3.15 1.35 � 0.68 0.63 � 0.32 0.20 � 0.10 0.05 � 0.03

Str030925

Tk O vi (MK)......................... 3.42 � 0.62 3.88 � 1.34 4.35 � 1.28 6.83 � 3.40 7.47 � 2.12

Tk H i (MK)........................... 2.03 � 0.15 1.89 � 0.29 1.61 � 0.30 1.32 � 0.19 1.36 � 0.17

Vout ( km s�1).......................... . . . . . . . . . 29Y82 112Y176

Ne (10
6 cm�3) ........................ 18.27 � 5.38 1.06 � 0.53 0.51 � 0.26 0.13 � 0.07 0.04 � 0.02

Strachan et al. (2002)

Tk O vi (MK)......................... 2.02 � 0.02 9.10 � 4.56 14.28 � 3.57 15.79 � 4.57 23.56 � 6.65

Tk H i (MK)........................... 1.96 � 0.07 1.92 � 0.06 1.58 � 0.05 1.34 � 0.08 1.24 � 0.07

Vout ( km s�1).......................... . . . <20 <20 52 89

Ne (10
6 cm�3) ........................ . . . 1.50 � 0.75 0.73 � 0.37 0.20 � 0.10 0.11 � 0.06
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A significant improvement in the agreement between oxygen
abundances derived from the collisional intensities and those de-
rived from the radiative intensitieswere foundusing the techniques
outlined in xx 3 and 5. Table 3 provides oxygen abundances de-
rived from both intensity components as published by Raymond
et al. (1997), Parenti et al. (2000), and Marocchi et al. (2001).
From these earlier studies, the ratio of the abundances using the
two methods (i.e., radiative over the collisional) varied from 1.4
to 3.7. By comparison the abundance ratios for the 2003 streamers
vary from 0.8 to 1.5. As mentioned earlier the value of � for
Str030428 nearly doubled from the Paper I results. Despite the
increase in the derived oxygen and hydrogen disk intensities, there
are essentially no changes to the oxygen abundances.
Another interesting feature of the three streamers presented

here is that they do not have the expected abundance-depleted
cores. Normally, quiescent streamers have depleted cores and ac-
tive region streamers do not (Raymond et al. 1997). There are a
number of plausible reasons for the lack of an abundance-depleted
core. For example, it is possible that a large number of recon-
nection events, as implied by the higher Te, could allow trapped
material from lower heights in the streamer base to escape and
replenish the streamer core. A counter example, however, is found
by Uzzo et al. (2004), who reported on an active region streamer
with both a high Te and an abundance-depleted core. Another fac-
tor to consider is the orientation of the closed magnetic field lines

Fig. 11.—Kinetic temperature (MK) vs. height (R�) for Str030428 (solid
lines), Str030509 (dashed lines), Str030925 (dotted lines), and Strachan et al.
(2002, dash-dotted lines) for O5þ ions (circles) and protons (crosses).

Fig. 12.—Composite of four plots for the upper four heights of Str030428, with each height identified in the upper left corner. For each graph the H i Ly� intensity
(dashed lines) and proton kinetic temperature (crosses) in MK vs. spatial profiles along UVCS FOV (1 bin ¼ 35 0 0) are plotted. The Ly� intensity curves are each
normalized to a peak intensity of 5 using 8:593 ; 109, 3:595 ; 109, 1:035 ; 109, and 4:327 ; 108 for 2.5Y5.0 R�, respectively.
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that make up the core. If multiple loops overlap along the LOS,
projection effects could explain the lack of a depleted core. Strachan
et al. (2002) showed an order-of-magnitude increase in Tk;O at the
legs compared to core. Since the intensity profile from theStrachan
et al. (2002) streamer indicated the presence of a depleted core, it
is possible that this reduced Tk;O at the same structure are con-
nected. The Tk;O values for all three streamers at 1.75 R�, shown
in Figures 5Y7, lack this order-of-magnitude decrease. The pro-
posed abundanceYkinetic temperature correlation is therefore con-
sistent with the current results, since no abundance depletion and
no suppressed values for Tk;O at the cores are detected. The kinetic
temperature spatial profile is further explored below.

InTable 4 the photospheric normalized absolute elemental abun-
dances of oxygen, sulfur, argon, and iron from previous studies
are provided for comparison with the three streamers from 2003.
When these three sets of four abundances are compared to the
previous results, we find they have significantly higher values
compared to the quiescent cores (QCs). The abundances derived
for O, S, Ar, and Fe from the three streamers reported here match
reasonably well with active region (AR) and quiescent leg (QL)
values reported in past publications. In several cases the AR abun-
dances are similar to those found in QLs. It should also be noted
that the abundances for the AR streamers fromTable 4 fall within
the range of values between the active region leg (AL) and core
(AC) reported in Uzzo et al. (2004). This implies the possibility
that when sampling over the entire streamer for the AR cases the

results reflect the presence of a leg and core blend along the LOS.
Therefore, the same phenomenon may be present for the three
streamers in the current study. These three streamers may in fact
be a composite of blend of QL and QC structures sampled along
the LOS based on the these abundance results.

The FIP effect, where the high-FIP elements are depleted while
the low-FIP elements are enhanced relative to their photospheric
values, is present in all three streamers.A FIP bias of�4was found
using the iron-to-oxygen abundance ratio. This matches the values
typically found for the slow solar wind from in situ measurements.
According to a streamer model presented by Bemporad et al.
(2003), the FIP effect occurs at the chromospheric height. At
higher heights gravitational settling, or some other phenomenon,
reduces the abundances of all elements within the streamer. As a
result the FIP effect manifestation is preserved. The present results
are consistent with this model.

The perpendicular kinetic temperatures for the protons (crosses)
and the O5þ ions (circles) from Table 5 are plotted in Figure 11
for Str030428 (solid lines), Str030509 (dashed lines), Str030925
(dotted lines), and Strachan et al. (2002, dash-dotted lines) as a
function of height. The error bars for the Tk;p from this study are
too small to discern in Figure 11. The Tk;p for all four of the
streamers shows a small decrease with height between 1.75 and
5.0 R�. This decrease averages 0.82 MK for the 2003 streamers
and 0.72 MK for the Strachan et al. (2002) streamer. Contrary to
the Tk;p, the Tk;O increases with height and there is an obvious

Fig. 13.—Same as Fig. 12 for Str030509, except using 9:937 ; 109, 4:311 ; 109, 1:073 ; 109, and 5:239 ; 108 for the normalized intensity profiles of 2.5Y5.0 R�,
respectively.
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preferential heating of the O5þ ions at all heights in the streamers.
However, the magnitude of the Tk;O for the three 2003 streamers
reported here are much lower in contrast to the Strachan et al.
(2002) streamer. The perpendicular kinetic temperatures can be
thought of as having a thermal and a nonthermal component. By
assuming that the thermal component of the proton perpendicular
kinetic temperature Tth;p is the same as the Te at 1.75R�, the non-
thermal components for Str030428, Str030509, and Str030925
are 0.31, 0.12, and 0.28 MK, respectively.

Next we discuss the latitudinal variation in the streamer
plasma parameters for different heights. As previously mentioned
at 1.75R� the Tk;O and Tk;p are presented as a function of latitude
for the three streamers in Figures 5Y7, respectively. Quad plots of
the latitudinal profiles for Tk;p at four different heights (2.5Y
5.0 R�) are shown in Figures 12Y14, respectively, for each of the
three streamers. TheTk;O for Str030428 and particularly Str030509
indicates a possible decrease in value toward the center of the
streamer. However, the degree of change in these two cases,which
are less than a factor of 2, is small compared to the order-of-
magnitude change found in Strachan et al. (2002). For the
Str030925 case the values appear to lack a coherent pattern, al-
though the maximum change is still under a factor of 2. One pos-
sible reason for this random result is the presence of the second
structure, as discussed earlier. Another reason is that the statistical
errors are larger for this streamer due to its lower O vi doublet
count rates. The spectral profile measurements for this streamer

occurred at the end of the observation. By that time, the streamer
had started to rotate behind the limb. As a result, the observation
alignment was hampered and the time dedicated to this com-
ponent was less compared to the first two streamers.
The Tk;p at 1.75 R� indicates a trend where the values within

the streamer are slightly elevated compared to outside. This
tendency decreases with height. For Str030428 (Fig. 12) and
Str030925 (Fig. 14) the elevated values toward the streamer core
are present at 2.5 and 3.0 R�. By 4.0 R� the temperatures have
essentially leveled out across the FOV. For Str030509 (Fig. 13)
the higher core temperatures are present at 1.75 R� and possibly
at 2.5 R�. The values outside the streamers at the lower heights
are approximately the same as those found across the FOVat the
upper heights. This could map out the streamer morphology and
indicate the height of the cusp. The model depicted in Figure 1
shows the open magnetic fields of the legs flanking the streamer
core, which then come together above the cusp and travel radi-
ally outward as the stalk. In this scenario the kinetic temperature
along the open field lines could be isothermal within the short
distance considered.Under this hypothesis the cusps for Str030428
would be between 3.0 and 4.0 R�, below 3.0 R� for Str030509,
and just above 3.0 R� for Str030925. These are of course rough
approximations, and the maximum change in values across the
FOV for any case are under a factor of 2. It should also be noted
that the plasma located at the edge of theUVCSFOVis at a greater
heliocentric height compared to the plasma located toward the

Fig. 14.—Same as Fig. 12 for Str030925, except using 8:060 ; 109, 3:646 ; 109, 9:601 ; 108, and 3:322 ; 108 for the normalized intensity profiles of 2.5Y5.0 R�,
respectively.
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center. This could lead to a decrease in the derived Tk;p with in-
creased distance from the streamer axis. However, the confidence
in the proton results is significantly higher than the oxygen re-
sults. An ideal target for investigating this phenomenon would
be a streamer with a well-defined abundance-depleted core. In
theory this would provide a greater change in kinetic temperatures
across the streamer. It is interesting to note that at 5.0 R� for
Str030509 there is a slight decrease in the Tk;p within the streamer.
Since the analysis suggests that the cusp for this streamer is lower
compared to the other two, there may be a connection. Further in-
vestigation on the possible connection of magnetic field mor-
phology and kinetic temperatures is certainly warranted.

Outflow velocities for O5þ were calculated for the three new
streamers using the latest version of the DAS and taking into ac-
count the range of uncertainties in all of the model parameters.
The outflow velocities were similar to the values derived at the
same heights for an equatorial streamer at solarminimum (Strachan
et al. 2002). Significant outflow occurs at 4 R� or above. At 5 R�
the outflow velocities for the three streamers reported here vary
from 102 to 176 km s�1; this is slightly higher than the mean
value reported at this height by Strachan et al. (2002).

The similarity in the values for the FIP effect and elemental
abundances detected in the slow solar wind to those observed in
coronal streamers suggests that streamers are a source for slow-
speed wind streams. The low outflow speeds in streamers, com-
pared to the speeds measured in coronal holes at the same
heights, also supports this idea. The potential connection between
the Tk;p results and the streamer morphology reported here agree
with this hypothesis. However, the amount that streamers con-
tribute to the slow solar wind cannot be determined from these
results alone. Additional investigations of streamers as well as
other potential sources (examples include the boundaries of high-
latitude coronal hole and equatorial coronal holes) are required in
combination with advancements in heliospheric transport mod-
els. Equatorial studies at solar minimum of remote streamer ob-
servations and corresponding in situ measurements of the slow
solar wind will certainly advance this research.

SOHO is a project of international collaboration between ESA
and NASA. This work was performed under NASA grant NNG
06GI88G to the Smithsonian Astrophysical Observatory.
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