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Sources of high-speed solar wind in the lower corona
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Abstract: Comparative analysis of solar wind speed variations measured by the ACE spacecraft at the L1 point and the
extreme ultraviolet emission in the Fe IX-X, Fe XII, and Fe XV spectral lines from coronal holes on the SOHO/EIT
observation permit us to identify areas of coronal hole that probably generate high-speed solar wind components in the
lower corona. At the lower corona the emission of these areas do not coincide with details of the chromospheric network,
coronal bright points, streamers which traditionally identified as sources of plasma outflow observed afterwards near the
Earth as solar wind. We suppose that small-scale photospheric and chromospheric magnetic field at the coronal levels
forms large structures with lines of emission/absorption, and high speed solar wind streams are generated in these large
structures. The characteristics of solar atmosphere plasma in these areas were found using solar images, taken with
Extreme ultraviolet Imaging Telescope (EIT) onboard SOHO.
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1 Introduction

Since the 60-70s of the 20th century it is known that fast
and slow components of the solar wind (SW) are associ-
ated with coronal holes (CH)s and quiet Sun regions re-
spectively. Is also known that detected in interplanetary
space solar wind is variable in velocity, proton concentra-
tion, pressure etc (see, e.g. figure 1). One of the main char-
acteristics of the solar wind - velocity, that changes for hun-
dreds of kilometers per second in high-speed SW streams
associated with CHs. It is still not clear whether these
changes related to the temporal variation of CH parameters
as a whole (e.g., increase or decrease in area), the config-
uration of the magnetic field at the projection point of the
Earth to the Sun [1, 2], or they reflect the structural features
of CH which depend on the distribution of SW sources on
the CH “surface”. Usually the sources of SW are associ-
ated with the boundaries of the chromospheric network, the
area between the faculaes in the polar regions. This fact is
well confirmed by the measurements of Doppler velocities
in CHs (see, e.g. [3]). Velocity of SW near Earth orbit is
probably connected with CH areas and intensities of radi-
ation in spectral lines [4, 5, 6]. However, such a relation-
ship does not explain the fine structure of high-speed SW
streams. Comparing the long time-series of SW velocity
profiles taken in L1 point (Lagrange point, 1.5 million km
from the Earth towards the Sun) and variations of extreme
ultraviolet (EUV) flux in the Fe XII λ = 195 Å spectral line
we have found identical changes in SW velocity for several
of the observed CHs. Further definition of positions of de-

pressions appeared in EUV flux from CHs allowed one to
localize the sources that appear to be responsible for in-
crease in the velocity of the SW streams.

Figure 1: The ion concentration, plasma speed, and flow
pressure measured by the ACE/SWEPAM [7, 8] at L1 point
in November 2006.
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2 Input data and processing method

In present work we made a comparative analysis of phys-
ical characteristics of high-speed solar wind streams at
∼1 AU and the associated characteristics of coronal holes
(CH). For this purpose we utilize in situ data of the Solar
Wind Electron, Proton, and Alpha Monitor (SWEPAM) [7]
onboard Advanced Composition Explorer (ACE) [8]. The
SWEPAM/ACE is situated at the L1 point, and measures
the solar wind plasma electron and ion fluxes, plasma
speed, flow pressure, as well as, interplanetary magnetic
field parameters, providing detailed knowledge of the solar
wind conditions. Solar coronal hole parameters (average
emission flux in specific spectral line, electronic concentra-
tion Ne, emission measure EM , and temperature T ) were
determined from EUV images in spectral lines Fe IX-X, Fe
XII, and Fe XV by Extreme ultraviolet Imaging Telescope
(EIT) onboard SOHO [9] satellite.
The ACE data was taken directly from [10]. The
SOHO/EIT (level-0 files) were taken from [11] and cali-
brated further with help of SolarSoft IDL procedures and
calibration database of the instrument.
We found integral characteristics of CHs with a method
similar to the technique that was used in [12]. This method
implies separation of a region bounded by meridians near
the solar centre. Then, the UV emission flux was calculated
in this region. We noticed, however, that the polar regions
did not contribute significantly to the SW stream registered
near the Earth. Thus the region (unlike that in [12]) was
bounded by an ellipseR2⊙ = X2+Y 2/1.9, whereR⊙ is
the solar radius. Relation between semiaxes of the ellipse
was determined when comparing positions of CH bound-
aries and the SW velocity at the point L1 (i.e., we were try-
ing to find out if the high-speed SW stream was registered
from CH that had the latitude and longitude corresponding
to the occurrence of a CH boundary on ellipse boundaries).
The ratio of the emission flux to the CH area (i.e., the av-
erage emission flux in the Fe XII λ=195Å line) was deter-
mined for CH within the limits of an elliptic central region.
The electronic concentration Ne in CH was deduced from
the relationship:

logNe = 8.34 + 0.509 · log(IEIT) (1)

obtained in [13], where IEIT is the Fe XII λ=195Å line
intensity on the calibrated image.
The pixels with value of electronic concentration below
1 · 109 cm−3 into the central elliptic area of the solar
disk were selected. Specific value of concentration is de-
termined by division of ionic concentration sum on number
of such points. The procedure have allowed to exclude the
points corresponded the bright features located in the ellip-
tic area. For example in figure 2, equatorial coronal hole
boundaries are shown by contour on March, 22nd 2007 in
the Fe XII λ=195Å line.
In our study we focus on a periods of solar minimum
during July−November 2006, March−May 2007, and
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Figure 2: SOHO/EIT image, taken in Fe XII= 195 Å spec-
tral line on March, 22nd 2007.

January−December 2009. We chose these intervals be-
cause of the fact that the main parameters of the fast SW
component during a solar minimum are mainly defined by
CH characteristics. Besides, there was a complete set of
experimental data for these periods.

3 Data analisys and comparison

The method was applied to the SOHO/EIT data and the
time periods mentioned above. The variation of coronal
hole EUV flux with time resolution about 12 minutes was
obtained as a result. It was selected 15 events in which we
found a similar structure as in high-speed SW streams of
ACE data. Below we take the period of March 12 − May
31, 2007, and consider one of the events in detail.
Figure 3 shows the variation of interplanetary magnetic
field (a), (|B| andBz - components), SW velocity (b), elec-
tronic concentration (c) at the L1 point and the flux of solar
EUV emission (d) for the period of March 12 − May 31,
2007, separated to 9 SW streams (numbers on top). Verti-
cal lines are drawn on the leading edges of SW velocity and
the depression of EUV flux, corresponding to CHs. The
time delay of arrival of high-speed SW stream to the point
L1 was determined by the beginning of the growth rate of
SW speed and depression in EUV radiation flux. Oval de-
pict the EUV flux No.4 which fine structure, consisting of
three peaks, found to be similar to the fine structure of SW
velocity (b).
Figure 4 shows separately the SW stream (top) with a fine
structure shaded in figure. 3 and plot of the solar disk
area with associated CH in spectral line 195 Å (bottom).
Ordinate of the EIT curve is inverted. The numbers on
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Figure 3: The variation of interplanetary magnetic field (a), (|B| andBz - components), SW velocity (b), ion concentration
(c) and the flux of EUV radiation (d) for the period of March 12 −May 31, 2007.

top indicate identified sources of SW flux characteristics,
that appeared within the bounding ellipse. Note that in
195 Å coronal line flux source 3 could not be identified. As
can be seen, temporal variations of SW velocity are very
similar in shape and have the same duration as EUV inten-
sity profile. The main features (peaks 1,2,3) located at the
same time intervals with respect to the SW stream.

Figure 4: The SW stream No.4, EUV intencity from CH
(converted to the electronic concentration) (top), and solar
disk area with associated CH in 195 Å (bottom) on April 7,
2007.

The x-coordinate has the same time scale. Dashed lines
depict features 1, 2, and 3 revealed both in fluxes of SW
and EUV radiation that, in our opinion, coincide. Changes
in the flow of UV radiation could indicate other compliance
increased rate of SW, for example, stream 1 would be to
allocate 2nd peak. Note that the high-speed SW stream
was quite long (∼6 days). Peaks 1 and 2 in SW velocity
profile can be distinguished clearly enough, especially 3,
that represents a slow reduction rate of SW for about two
or three days.
In order to get more information on the selected event we
take into account additional spectral lines 171, 284, and
304 Å provided by SOHO/EIT instrument. The plasma
temperature and emission measure of CH is derived from
the 171, 195, and 284 Å lines by applying two-temperature
model and algorithm developed by Zhang et al. [14]. Stan-
dard EIT software is used for the T and EM estimation
from the ratio of coronal line pairs.
Figure 5 presents CH area marked on figure 4 by a rectan-
gular box: CH image in the λ = 304 Å line (a); plasma
temperature, obtained from a pair of lines 171−195 Å (b);
emission measure

EM =

∫ R

R0

Nedl = N̄2ΔR (c);

the value of DEM−1 = (ΔEM/ΔT )−1 - the inverted
differential emission measure, estimated from two pairs of
coronal lines, 171−195 Å and 195−284 Å, assuming uni-
form plasma parameters in the quiet and CH areas (d). It
is evident that the sources that correspond to the fine struc-
ture of SW are not allocated in temperature, but one can
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Figure 5: Coronal hole image in Fe XII λ=304 Å spectral line (a), temperature T , K (b), emission measure EM , cm−5

(c), and quantity (ΔEM/ΔT )−1, cm5· K.

distinguish expected sources 1 and 2 in the EM distribution
(left bottom panel c) as dark areas. In the DEM−1 distri-
bution (right bottom panel d) all three features are clearly
seen. The scale of these features is ranging from ∼ 35 to
60 seconds of arc, and greatly exceeds the details of the
chromospheric network. Time of appearance of these ar-
eas in the ellipse (see figure 2) corresponds to the time of
appearance of features in the variations of the SW velocity,
taking into account the time delay.

4 Summary

It was found that the fine structure of the EUV flux from
coronal holes in the spectral line of Fe XII λ = 195 Å co-
incide with rapid velocity variations in the solar wind at L1
point. The peaks of the fine structure of the EUV flux are
caused by peculiarities in the distribution of DEM−1 in
the central part of the solar disk in the case of longitudi-
nal distribution of these features. The ratio of ΔT/ΔEM ,
where T - the temperature of the plasma, EM - emission
measure, that is DEM−1 is ranging in such features from
2.7 · 10−21 to 8.7 · 10−21 cm5· K. The scale of found
DEM−1 features greatly exceeds the scale of chromo-
spheric network details, while the spectral lines of Fe IX-X
λ = 171 Å and Fe XII λ = 195 Å are formed at coronal
temperatures, there is reason to assume that the fine struc-
ture of the high-speed SW streams occurs at the level of the
lower corona.
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