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A brief review on plasma outflows from coronal streamers is presented. The results of the
observations in white-light with coronographs LASCO C2 and C3, in UV-lines with UVCS and
EUV-lines with EIT aboard the SOHO during different phases of the solar activity cycle are used.
Such events as plasma “blobs” that are elongated plasma flows from streamers and streamer ejection
are considered. The velocities of plasma outflowing from streamers increase from 50 km s−1 at
3.5 R� to 300–350 km s−1 at 20–25 R�. The behaviour of the temperature T , electron density
Ne and intensity I in coronal streamers and surrounding corona in the range of the heliocentric
distances from 1.3 R� to 5 R� are discussed. Some physical parameters seem to depend on the
phase of the solar cycle. The data from published scientific papers and Internet have been used.
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I. INTRODUCTION

Streamers are impressive features of the solar corona,
distinctly visible at the time of total solar eclipses. Dur-
ing the last decades of the former century they attracted
the scientists’ attention because of their possible connec-
tion with the slow solar wind. Streamers legs and features
just above the cusp have been identified with potential
sources of the solar wind. Observations from the space
made it possible to study physical characteristics and
processes in streamers. A variability of coronal plasma
properties in an individual streamer and from a stream-
er to another streamer has been analyzed in [1–7]. There
was no clear evidence of a retraction of magnetic field
lines in the outer corona until the faint downflows were
revealed with the coronograph LASCO C2 SOHO [8,9].

Streamers are coronal features being large-scale closed
magnetic structures in the center covered by a blade
of open magnetic narrow features. In simple streamers
one closed loop system is visible. Complex streamers can
form above the complex magnetic structures. In such cas-
es two or more closed systems of the magnetic fields can
exist under the shell of the open field. The central stream-
er part is named streamer core and its flanking open lines
are called legs. The flanking magnetic lines meet above
the apex of the streamer core forming a cusp and then
stretch to far distances from the Sun in the space as
narrow coronal features that are known as the so-called
coronal rays.

The coronal streamers are well visible on the im-
age of March 29, 2006 total solar eclipse taken by
M. Druckmüller and P. Aniol from the Earth and giv-
en in [10, Fig. 3]. The streamer rays stretching to ∼ 6R�

and large helmet streamer at N–E quadrant are seen at
the eclipse picture cropped at 2.2 R� and joined to a
LASCO C2 image [10, Fig. 4].

The streamers are located above inversion lines of pho-
tospheric magnetic lines in active regions or in quiet
corona or above quiet prominences and can be divided

on active region streamers and quiet streamers. Coronal
streamers are believed to be the sources of the slow solar
wind (SW). Solar plasma can escape into the space along
the open magnetic field lines.

The large-scale structures of the solar corona vary with
the eleven-year cycle of the solar activity. During the
solar minimum streamers lie close to the solar equator
forming the so-called streamer wrinkled belt while they
can be seen almost at every latitude during the solar
maximum around the whole solar disc as we can see at
the time of total solar eclipses. It is seen on Figure 1 [9]
where the polarized brightness images of the corona on
May 2, 1997 near the minimum of the solar activity and
on September 12, 1999 approximately at the solar maxi-
mum recorded with the coronograph C2 LASCO SOHO
are shown.

The results of observations over streamers with the
help of Large Angle Spectrometric Coronograph (LAS-
CO), Ultraviolet Coronograph Spectrometer (UVCS)
and Extreme Ultraviolet Imaging Telescope (EIT)
aboard the Solar and Heliospheric Observatory (SOHO)
are presented. Velocities of the coronal plasma motions at
the heliocentric distances r from 2 to 30 R� can be eval-
uated. The investigations of physical properties in the
streamers (temperatures T , electron densities Ne, and
velocities Vout) are important for the understanding of
the role that streamers play in the generation of a slow
solar wind.

II. OBSERVATION AND RESULTS

A. Plasma outflows from streamers and method

Investigations of streamers in white-light and ultra-
violet spectral lines with the instruments aboard the
space observatory SOHO have revealed many new char-
acteristics that were not suspected ealier. LASCO in-
cludes two coronographs with separate fields of view: C2
with the space resolution of 24

′′ and field of view from
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2 to 6 R� and C3 with the space resolution of 112
′′ and

field of view from 4 to 30 R�, giving white-light images
of the outer corona. The white-light coronal emission,
recorded by the LASCO C2 and C3, is the photospheric
light in the optical region scatterred on a free electron in
the solar corona.

The ultra-violet coronograph spectrometer UVCS
records profiles of the lines (OVI 1032 Å, 1037 Å, H
I Lyα 1216 Å) and images. EIT (Extreme Ultraviolet
Imaging Telescope) obtains spectrally resolved images of
the solar disc and limb corona to the radial distances of
1.3–1.7 R� in the lines of the Fe ions: Fe IX-X λ 171 Å,
Fe XII λ 195 Å, Fe XV λ 284 Å. The UV emission lines
give a rich information about the dynamics and physi-
cal properties in the solar corona. The line profile is a
function of the electron temperature T, electron density
Ne, plasma density, outflow (directed) velocity Vout and
turbulent component of the plasma velocity.

White-light observations with the LASCO SOHO C2
and C3 have revealed plasma outflows from coronal
streamers and their velocities in a projection on the sky
plane. Also faint coronal features, moving toward the Sun
at the heliocentric distances of 2–6 R�, were observed.
Resulting from magnetic reconnection they occur along
the bend coronal streamer belt when non-polar coronal
holes are subjected to photospheric motions and emer-
gence of new magnetic fluxes have occurred. Such plasma
inflows were observed sometimes as frequently as 10–20
per day [8,9].

One typical kind of outflows is the so-called “blobs”.
Blobs are plasma clouds ejected from the Sun along the
streamer axis. As they are denser than the surrounding
corona they can be considered as tracers of the slow solar

wind. The ejected blobs are connected with the ambient
coronal plasma. The solar gravity, magnetic tension and
surrounding matter velocities act on them. They become
visible at the heliocentric distances of 3–4 R� and are
about of 1 R� in the length and 0.1 R� in the width.
While blobs flow away their dimensions increase achiev-
ing 4 R� at the heliocentric distances of 12 R�. Obser-
vations have shown that the streamers and their cusps
are not destroyed by the plasma outflows.

The intensity of the white-light corona decreases quick-
ly with the heliocentric distance. A special method of
difference images is used to increase the image contrast.
The resulting images are called running difference im-
ages. The moving event looks like a “bipolar” feature with
a white patch leading the black one in the direction of
the blob motion.

The intensity increases in the place where the densi-
ty increases at a given moment of time and decreases at
the site where the density becomes smaller. The plasma
blobs ejected from the streamer on February 25, 1997 are
seen in Figure 1 (according to Fig. 5 from [11]). The ra-
dius of the occulting disc is about 2 R�, and the field of
view is up to 6 R�. For the first time the blob appeared
at the heliocentric distance of 3.5 R�.

The width of the image of the streamer blobs depends
on the inclination of the streamer belt to the line of sight.
If the streamer belt is seen from the edge then its image
looks as a narrow sheet (like those shown in [11, Fig.
1] for April 23 and February 2, 1997) whereas when a
streamer is inclined to the line of sight then its projec-
tion on the sky plane seems to be wider (as we can see
in the streamer image for January 1, 1997 [11, Fig. 1]).

Fig. 1. The plasma blob ejected from the streamer observed in white-light on February 25, 1997 (according to Fig. 5 in [11]).

Maps are constructed on the basis of the running dif-
ference images. Radial strips with the width of 10◦ cen-
tered along the streamer axis are extracted from the C2
and C3 images and then are oriented vertically one af-
ter another in a height-time plot, the time being along
the X-axis and heliocentric distances along the Y-axis.
The method was proposed by J. H. Walters [12]. Height-
time trajectories of blobs, emitted continuously from the
streamer from 19 to 26 April, 1997 show a systematic

character of the blob ejections. About 3–5 events per day
occur during several days [11]. By analyzing such tracks
the dependences of the blobs velocities and accelerations
from the heliocentric distances are determined.

We must remember that we have to deal with a pro-
jection on the sky plane and so we can derive only a
part of the real velocity in the space. Only velocities
along a selected radial direction (in a definite position
angle) can be determined by this method. We can not
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reconstruct the three-dimensional picture of the stream-
er blob movement, especially if the plasma cloud has a
curved trajectory that really can occur.

Having images simultaneously obtained from two sep-
arated in the space cosmic stations we can hope to ob-
tain more realistic knowledge of plasma speeds. Besides,
we are to understand that two or more different coronal
structures with various velocities and trajectories can ex-
ist along the line of sight and so we have a contaminated
image. But in fact only coronal structures in limited po-
sition angles around the sky plane can be seen because
of faint intensities of the events.

In December of 2002 a collaborating study of the
streamers at different heights above the solar limb was
begun on the basis of the observations of UV spectra
of the solar corona. Using the spectral observations with
the UVCS the velocities of the outflowing plasma are cal-
culated on the basis of the Doppler dimming effect [1,2].

B. STREAMER CHARACTERISTICS

A detailed investigation of the variety of plasma prop-
erties for a separate streamer in its core and legs were ful-
filled on the basis of the observations with UVCS aboard
the SOHO. The electron temperature Te , kinetic tem-
perature Tk, electron density Ne, radial outflow velocities
V and abundances of the elements with the low and high
first ionization potentials were obtained in [1,2,13].

The spectral lines of the neutral hydrogen of the Ly-
man series and OVI λ 1032 Å and λ 1037 Å contain
both radiative and collisional contributions. It is possi-
ble to separate the contributions knowing the ratios of
the intensities of Lyα to Lyβ and OVI doublet lines. The
method is described in [2].

The averaged T e along the line of sight (LOS) is de-
rived by using the intensities of several ions belonging to
the same element (similarly to FeX, Fe XXII, Fe XXIII)
and the collisional intensity of the Lyβ line. The the-
oretical ratio of the intensities of the Fei/Lyβ lines is
a function of the T e. Knowing observed Robs and theo-
retical Rth ratios for three Fe ions as a function of T e

the averaged value for T e is derived where line curves
lgR=lg(Robs/Rth) from lgTe intercept for three Fe ions.
In [1] the average along LOS T e for the streamer plasma
was equal to 1.75±0.21 MK, 1.61±0.19 MK, 1.70±0.21

MK correspondingly for three different streamers. A sup-
position of an ideal isothermal plasma was proposed. In-
deed some discrete volumes in the solar corona with dif-
ferent T e, Ne, Vout and I exist in the streamer belt and
give their own contributions to the observations.

The appearance of the lines of FeXV λ 481 Å and
FeXVIII λ 974 Å in UVCS spectra suggest the multither-
mal streamer plasma presence. Other authors [3,4] have
determined the values of T e in the range from 1.17 MK
to 1.66 MK for the heights of 1.5–1.9 R�, including data
about the active region and quiet streamers, streamers
cores and legs.

No definite regularity has been revealed for the val-
ues of the electron temperature Te for different kinds

of streamers and their separate parts. The values of elec-
tron densities Ne vary in the range from 10

7 to 10
5 cm−3

when the heliocentric distance increases from 1.75 R� to
5.0 R� [1,2,13]. In streamers the ratio of the abundance
of the low-FIP (first ionization potential) elements to the
high-FIP elements has been defined equal approximately
to 4, the value typically found in the slow solar wind [1,3].

As a whole the picture seems complex and not quiet
stable. A noticeable variation of the characteristics from
a streamer to another streamer and inside the volume of
the individual streamer has been revealed. In some quiet
streamers cores Te and Ne are higher in comparison with
the usual quiet streamers. At the same time the stream-
ers observed above ARs have some properties, of typical
quiet streamers possessing the core with a low density.

The problem of fine structure of the streamer belt
and its variability has remained open. On the one hand,
the streamer belt seems to be quasistationary with time.
On the other hand it is dynamic. The structure of the
streamer belt at far distances from the Sun to the Earth,
its modeling and problems of the formation of the solar
wind near the solar surface are discussed in [14–18].

C. STREAMER EJECTION

Streamer ejection is a special class of the coronal
events when as a result of the magnetic reconnection
close to the Sun the streamer is suddenly torn and its
detachment and subsequent ejection into the interplane-
tary space occurs [19,20]. The low magnetic lines retract
to the Sun.

2-6 Rsun 4-22.5 Rsun

Fig. 2. The streamer ejection observed on July 1–2, 2000 in
white-light with the LASCO/SOHO (according to Fig. 1
in [20]).
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In Figure 2 the streamer ejection on July 1–2, 2006
occurring in the N-W solar limb is shown. On the left
in the C2 coronograph field of view at 23:06 UT an ex-
panding loops system can be seen. The streamer contour
is visible as outlined by light lines forming a stretched
conus. At 07:31 UT a brightening spot in the center and a
dark patch after it appeared. At 11:30 UT streamer legs
pinched together. On the right in the C3 coronograph
field of view an arched sheath in front of the streamer
ejection was forming at 14:42 UT–17:18 UT. It seems
to be a bow wave of material swept up when the ejec-
tion core was moving through the slower coronal plasma
ahead.

Combining the difference images, obtained simultane-
ously on EIT (λ 195 Å, T 1.3 MK) and LASCO C2 and
C3 (white light) it was revealed that the ejection of the
streamer occurred as a result of a reconnection of mag-
netic field lines close to the Sun at the distances of about
of 1.2–1.4 R�. The height-time maps for different posi-
tion angles allow calculating the velocities and accelera-
tions of different ejected streamer volumes. The averaged
velocity increased from 20 km s−1 at 3 R� to 500 km s−1

at the distances of 25–30 R�, maximal acceleration was
equal to 12 km s−2 at the heliocentric distances 8–10 R�.

D. RESULTS

Data of the observations of the flow velocities are pre-
sented in Table 1. Date is given in the first column,

heights of the beginning and end of the events (as he-
liocentric distances in the solar radii R �) are presented
correspondingly in the second and third columns, upward
velocities Vub at the beginning and Vue at the end of the
observed event are in the fourth and fifth columns, da-
ta on the events and instruments are given in the sixth
and seventh columns and References are in the last one.
The results of the white-light observations with the LAS-
CO С2 and С3, and UV-spectral observations with the
UVCS at the solar minimum (1996–1997), near the maxi-
mum (October and November 2000) and on the declining
branch of the solar activity (2003, 2004) are given.

According to the LASCO observations in the white-
light the velocities increase from 50 km s−1 at 3.5 R�

to 300–350 km s−1 at 20–25 R� and more. The UV-
observations in the OVI λ 1032 Å, λ l037 Å and HI Lyα

λ 1216 Å lines give the velocities of the streamer plasma
outflows from 20–40 km s−1 to 90–140 km s−1 in the
range of the heliocentric distances from 2.5 R� to 5 R�.
No noticeable differences of the streamer plasma outflows
have been revealed at various solar cycle phases.

Data on the velocities in dependence from the helio-
centric distances r/R� for 80 blobs observed during 1996
agree well enough with the corona expanding by Parker
(T ≈ 10

6 K) as is shown in [9]. The velocities increase
from 50 km s−1 at 3–4 R� to 300 km s−1 at 20 R�.
The velocities determined on the base of the UV spectra
in the range from 1.7 R� to 5 R� agree with the values
obtained in white-light with the LASCO C2.

Velocity

Date Height, km s−1 Event Instrument Ref.

R� Vub Vue

24 V 1996 5.0 26 120 350 a blob LASCO [21]

30 X 1996 3.7 20 160 310 a blob LASCO [21]

30 IV 1996 5.0 24 150 360 a blob LASCO [21]

1996 2.5 30 50 350 65 blobs LASCO [21]

1996 2.5 29 40 360 80 blobs LASCO [9]

23–27 IV 1997 2.5 5.0 20 89 outflow UVCS [13]

1–2 VII 2006 1.3 30 20 500 str. eje. LASCO [20]

X–XI 2000 1.39 3.1 ≤ 50 outflow UVCS [22]

28 IV 2003 4.0 5.0 42 114 outflow UVCS [1]

09 V 2003 4.0 5.0 46 122 outflow UVCS [1]

25 IX 2003 4.0 5.0 56 144 outflow UVCS [1]

17–22 V 2004 3.5 5.0 10 120 OVI line UVCS [23]

outflow

17-22 V 2004 4.0 5.0 10 60 HI line UVCS [23]

outflow

Table 1: Outflow velocities in coronal streamers
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III. STREAMERS AND DIFFERENT PHASES OF
THE SOLAR ACTIVITY

Investigations of streamers during the solar maximum
might be difficult because of the magnetic structure of
the corona is more complex and line-of-sight contami-
nation might be strong. Plasma properties in streamers
and adjacent regions are generally investigated in the so-
lar minimum [22–26].

In [22] the intensity in streamers (Str) and adjacent re-
gions (Ad Cor) depending on the heliocentric distance is
analyzed during different phases of solar activity. UVCS-
observations have been used. During the solar minimum
the intensity in AdCor decreases with the height more
quickly than in the streamer Str. During the solar max-
imum intensity both in AdCor and in Str decreases in
a similar way. The intensity ratio (2000/1997) in Adcor
and Str differs. Near the Sun streamers are four times
brighter during the solar maximum than during the so-
lar minimum and adjacent corona is an order brighter (at
the distance of 2.5 R�) in the time of the solar maximum
in comparison with the minimum.

The kinetic temperature Tk is determined from 1/e
half-width of coronal line profiles and contains both ther-
mal and non-thermal contributions. The values of the Tk

are higher in AdCor than in Str and the difference in-
creases with the heliocentric distance in 1997. In 2000 the
values of Tk in Adcor are higher than in Str by about two
times within 2 R�. At greater heights differences vanish.
The ratio Tk(2000)/Tk(1997) is 0.6–0.8 in Str and 0.8 in
AdCor near the Sun (1.8 R�) and decreases in it to 0.3–
0.4 at 2.5–3.5 R�. During the solar maximum the elec-
tron density Ne in Str is higher than during solar mini-
mum by a factor of 4 at 1.7 R� decreasing to 1 at 3.5 R�.

The results agree with the values of Ne determined in
[2,13] where it has been shown that the values of the elec-
tron density Ne varies in the range from 10

7 to 10
5 cm−3

within the heliocentric distances from 1.75 R� to 5.0 R�.

In [23] observations of the OVI and HI UV-lines with the
spectrometer UVCS combined with almost simultaneous
white-light polarized intensity measurements, made with
the LASCO C2 coronograph during a week in May 2004,
were analyzed. The outflow velocities in a mid-latitude
streamer were determined in the range of the heights
from 1.6 R� to 5 R�. According to the OVI lines the
values of the Vout happened to be significantly higher
(120 km s−1 at 5 R�) in comparison with the values
derived from the HI Lyα line (60 km s−1 at 5 R�). In
the authors opinion such a difference is likely due to the
mechanism of the absorption of Alfven waves inside the
streamer.

IV. SUMMARY

On the basis of the white-light and EUV spectral ob-
servations with the instruments on the SOHO at different
phases of the solar activity the velocities of the plasma
outflows in streamers have been analyzed near the Sun
and to the far heliocentric distances. The velocities in-
crease from several dozen km s−1 at 2.5–3.5 R� to 300–
400 km s−1 at 25–30 R�. A dependence on the phase of
the solar activity has not been revealed. For a definite
conclusion statistics is not great enough.

Some difference in plasma properties (Tk, Ne) in the
streamers and adjacent regions during different phases
of the solar cycle is likely to be explained by changes
both in global magnetic configuration of the corona and
in small-scale magnetic structures that causes variations
in streamers morphology. The widths of their bases and
heights of their cusps change.
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КОРОНАЛЬНI ВИКИДИ НА СОНЦI ТА ЇХНI ФIЗИЧНI ВЛАСТИВОСТI

Г. А. Порфiр’єва, Г. В. Якунiна, А. Б. Делоне, А. В. Орєшина, I. В. Орєшина
Державний астрономiчний iнститут iменi П. К. Штернберґа,

Московський унiверситет, Москва, 119899, Росiя

Зроблено короткий огляд про витiкання плазми з корональних стримерiв. Використано спостереження

у бiлому свiтлi на коронографах LASCO C2 i C3, в УФ-лiнiях на спектрометрi UVCS i далеких УФ-лiнiях

на телескопi EIT з борту SOHO пiд час рiзних фаз сонячної активностi. Швидкостi плазми, що витiкає

зi стримерiв, зрозтає вiд 50 км с−1 при 3.5 R� до 300–350 км с−1 при 20–25 R�. Обговорено поведiнку

температури T , електронної густини Ne та iнтенсивностi I в корональних стримерах i навколишнiй коронi в

дiапазонi гелiоцентричних вiдстаней вiд 1.3 R� до 5 R�. Видається, що деякi фiзичнi параметри залежать

вiд фази сонячної активностi. Використано данi з опублiкованих наукових статей та Iнтернету.
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