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ABSTRACT

We analyze the ultraviolet emission during two explosive events (EEI and EEII) recorded by SUMER aboard SOHO in the wavelength
range from 749 Å to 789 Å. The events occurred near the centre of the solar disk on 17 November 1996. An attempt is made to separate
the emission of the primary energy release from that of the accelerated plasma. We want to establish the characteristics of the sources,
in particular, how large they are and how they are spatially distributed with respect to each other. Gaussian fits were calculated to
estimate the radiances of the brightest emissions in our wavelength range for the core of the lines and their blue and red wings. The
maximum of each Gaussian approximation was used to define the spatial distributions of the components. The electron densities were
obtained with the help of the Ov line ratio. The relationship between the densities and the spatial distribution of the radiances is then
analyzed. The distributions of EEI are more extended than those of EEII, probably due to the different geometries of the observations.
In both events, there is an offset in the locations of red and blue components but the offset is greater at EEI than at EEII. The Doppler
velocities of the components of EEI were smaller than those of EEII. Also, in both events the density of the red component attained
the highest values (≥4 × 1010 cm−3). In EEI the electron density distributions of the three components were considerably narrower
than the radiance distributions. The peak densities were observed centred with respect to the radiance distributions, suggesting that
the sources of the first energy release of this event were near these locations. Both the electron density and the radiance distributions
of EEI suggest a jet direction close to the line of sight.
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1. Introduction

An outstanding problem of modern astrophysics is the heating
of the solar corona. The solar transition region, where the tem-
perature increases from chromospheric to coronal levels, seems
to play a fundamental role in hypotheses of heating processes.
A mechanical energy transport is believed to be an indispensible
ingredient (see, e.g. Axford 1985; Esser et al. 1987; Axford &
McKenzie 1992). In view of the thin transition region, detailed
studies of small-scale events are required to further our under-
standing of such processes. Explosive events (EE) could be par-
ticularly important, because of their high occurrence rate over
the whole Sun, although it has been established that their parti-
cle energy alone is not sufficient, and the magnetic wave energy
has to be considered as well.

The physical conditions at the site of the energy release in
an EE are not well known. Theoretical and observational results
seem to indicate that EEs are caused by magnetic reconnection
in a scenario where a current sheet and bipolar jets are formed.
Observations of strong, Doppler-shifted emission in the wings
of ultraviolet spectral lines during EE support this idea (Innes
et al. 1997; Chae et al. 1998; Landi et al. 2000; Mendoza-Torres
et al. 2005). It is thus necessary to evaluate the parameters of
both plasmas, i.e. at the source and the accelerated plasma. This
knowledge is essential to test EE models and to decide whether
the total energy released is a significant contribution to the coro-
nal heating process or not. It is also required to distinguish the
emission that stems from the primary release of energy of an EE

from that produced around it (by secondary processes). In spite
of the fact that many EEs have been observed by now, there are
still many open questions concerning the different plasmas pro-
duced during an EE.

Profiles of spectral lines emitted by highly-ionized ions pro-
vide a tool to study these plasmas. They contain information
on line-of-sight (LOS) turbulent velocities and bulk motions.
Turbulent velocities lead to line broadening, indicative of the
effective ion temperature, Ti,eff, and bulk motions result in line
shift. However, the line profiles may lead to some ambiguity if
there is no information about the geometry. For example, jets di-
rected perpendicular to the LOS cannot be identified based only
on line profiles. On the other hand, jets directed along the LOS
may be spectroscopically, but not spatially, distinguished. One
approach to study the different sources of an EE is to divide the
line profile into its spectral components. High-resolution spec-
tral and spatial observations, together with certain assumptions
on the geometry of the events, would then allow us to distin-
guish the regions of moving plasma from those with plasma at
rest, even if their projections are superimposed.

Estimates of the electron density as one of the most impor-
tant plasma parameters have previously been made for the source
regions of EEs, yielding values of ne ≈ 1010 cm−3 (Brueckner &
Bartoe 1983; Dere et al. 1991; Wilhelm et al. 1998; Pérez &
Doyle 2000). In this work, we attempt to determine the electron
densities not only in the source regions of two EEs, but also in
their environment.
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2. Observations and data analysis

The extreme-ultraviolet spectral range from 749 Å to 789 Å can
simultaneously be observed with the solar ultraviolet measure-
ments of emitted Radiation (SUMER) instrument on the Solar
and Heliospheric Observatory (SOHO) using detector B in the
first order of diffraction (Wilhelm et al. 1995). With the temporal
resolution of SUMER, it is possible to devise observing schemes
compatible with the time scales of short-lived phenomena, such
as EEs. Many transition-region lines can be studied in this spec-
tral range, including pairs of lines that allow an estimate of the
electron density to be made (e.g., the Ov 759 Å/761 Å ratio).

Even though a slit spectrograph has many advantages for
such studies, it lacks a high-resolution imaging capability. As
such images are, in general, also not available from other instru-
ments, certain EEs out of the many observed events have to be
selected, for which geometrical assumptions can be made with
some confidence.

The selected events were associated with the small active
region NOAA7995 which crossed the centre of the disk on
17 November 1996. The radius of the Sun as seen from SOHO
was R� = 980′′, so that 1′′ corresponded to 710 km at that time.
A 0.3′′ × 120′′ slit was used with 1′′ resolution elements defined
by the detector pixel size along the slit in the direction of the ys
axis, which is positive towards the north. The east-west resolu-
tion element was determined by the slit width and the telescope
point-spread function of 0.6′′ (Lemaire et al. 1997). The integra-
tion time was 115 s, which is rather long for EE observations, but
allows us to telemeter the full spectral range for an analysis of all
relevant emission lines to the ground. For each slit position and
exposure, spectra are obtained for the 120 exposed spatial pix-
els of the detector. No raster scan of the slit was employed, but
the solar rotation introduced an east-west drift of stationary solar
features of 0.3′′/115 s, which is effectively a slow scan motion
of the slit image from west to east.

The first event, EE I, was observed around 03:20 UTC and
the second one, EE II, around 10:00 UTC. Both took place near
the centre of the solar disk (xs = 0; and ys = 0). As a reference
we present, in the left upper panel of Fig. 1, an image of the ac-
tive region as seen by the 195 Å filter of the extreme-ultraviolet
imaging telescope (EIT) on SOHO (Delaboudinière et al. 1995)
observed at 03:00 UTC, and a magnetogram (right upper panel)
observed at 03:15 UTC by the Michelson Doppler Imager (MDI,
Scherrer et al. 1995) on SOHO. In the lower panels, we show the
corresponding maps for EE II. The dashed lines represent the slit
projections corrected for the time differences as far as the solar
rotation is concerned, and the arrows show the positions of the
events. The first event occurred near the active region whereas
EE II was observed inside the active region.

The events were selected because the distributions of the line
shifts along the slit and also their temporal evolution allowed us
to devise reasonable geometrical configurations. We denote the
line shifts, in the usual way, as blue and red components, and
interpret them as Doppler-shifted emission from ions moving to-
wards and away from SOHO with respect to the reference. The
reference (zero value in the Doppler-shift scale), was defined by
the average of the wavelengths of the line over four exposures
before and after the event. The components were separated from
the core profiles by Gaussian fits. During EE I, the line profiles
at many locations along the slit simultaneously increased in the
blue and red wings. This can only happen if the activity occurrs
either in a large area intersected by the slit or along a linear
structure nearly aligned with the slit. For simplicity, we assume
the latter possibility in the discussion below. On the other hand,
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Fig. 1. Map of the active region NOAA7995 obtained in the 195 Å
wavelength band of EIT (Courtesy of the EIT consortium) on
17 November 1996 at 03:00 UTC (left upper panel), and the mag-
netogram observed on 17 November 1996 at 03:15 UTC (Courtesy
of the MDI consortium). Over-plotted in contours, the strength of
the radio emission is superimposed as observed by the Nobeyama
Radioheliograph at 03:10 UTC (right upper panel). The second EIT
map is taken at 09:41 UTC (left lower panel) and the MDI magnetogram
at 09:39 UTC. In all the panels, the slit projection is shown by a ver-
tical dashed line and the arrows point to the positions of EE I and II,
respectively.

during EE II, the line profiles simultaneously increased at both
wings only in a few locations. As the detector sees a distinct se-
quence as a function of the position of the slit with respect to
the Sun, we will argue in favour of a small scale stationary event
scanned by the spectrometer slit. The wavelength of the maxi-
mum of each fitted Gaussian was measured and the Doppler shift
computed under the assumption that the undisturbed line was at
the rest wavelength. Since we are observing Doppler velocities
of more than 100 km s−1, such an assumption is accurate enough
in this context.

Using the maximum of each Gaussian fit, we produced plots
of the spatial distributions of the highest spectral radiances in the
three spectral ranges. The distributions for EE I were made along
the slit during the largest extent of the sources, whereas for EE II
the profiles were measured at different slit positions during the
sequence. In order to have an idea of the extent of the emissions,
the spatial distributions of the radiances were measured as full
width at half maximum (FWHM).

3. Event I (EE I; 17 November, 03:20 UTC)

This event occurred at xs = 0′′, ys = −35′′. Its spectra are shown
in Fig. 2. The time of each spectrum relative to the first frame at
03:16:07 UTC is given on the right-hand side of the figure.

http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361:20066547&pdf_id=1
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Fig. 2. Spectroscopic observations of EE I. Eight exposures of 115 s each, starting at 03:16:07 UTC, with a spatial coverage of 43 Mm (60 px)
are shown. The solar rotation introduced a motion of the slit image from frame to frame of 210 km (0.3′′) with respect to the Sun. Red shifts are
towards the right (the velocity scale is shown in the lower right-hand corner). North is down. A spectrum obtained prior to the event is shown as an
amplitude plot at the top of the diagram with an identification of prominent lines. The Ov lines at 759.44 Å and 761.24 Å formed at 2.4 × 105 K
are a density-sensitive pair (Curdt et al. 1997). The event in the black rectangle around the Neviii line at 230 s is shown enlarged in Fig. 3.

3.1. The EEI behaviour in different emission lines

Blue and red spectral wings developed in the O iv, Ov, Sv,
N iv, and Neviii lines near Y = 30 Mm on the spatial scale
of Fig. 2. The hot lines (Mgviii and Mg ix) are barely visible
and do not show any high-velocity signatures. These signatures
are also weak for the cold N iii lines. The onset of the event can
be seen in the frame labelled 115 s as red and blue shifts slightly
offset in north-south direction. In the next frame, the red and
blue spectral distortions of the lines spatially widened to more
than 15 Mm in the north-south direction and looked similar in
all prominent lines. In subsequent intervals the event subsided.
Thereafter small EEs took place in the north. A conceptual ge-
ometry of the magnetic field configuration before and during the
event is sketched in Fig. 4. The initial explosive event in Fig. 4a
changes the magnetic field topology and is followed by a rear-
rangement of the field lines resulting in large scale blue shifts
(sling effect) and a localized red shift (Fig. 4). See Shibata et al.
(2007) for a detailed magnetic reconexion sketch.

The profiles of the Neviii 770 Å line obtained for different
locations of frame 230 s are shown in Fig. 3 in detail. The Neviii
line is blue-shifted in the north, whereas it is red-shifted in the
south.

In Figs. 5a and c, the radiance distributions of the bright lines
N iv, and Neviii are shown for two exposures in Fig. 2. These
curves were smoothed by averaging over three consecutive val-
ues obtained by the fits described in Sect. 2. The shapes of the
Sv and O iv lines are similar. The corresponding Doppler shifts
are shown in Figs. 5b and d. We note that for the analyzed lines,
there is a spatial shift between the red and blue distributions.

Results pertaining to the strongest lines are listed in Table 1.
TF is the formation temperature of the lines, sb is the FWHM of
the distribution of the blue component along the spatial dimen-
sion, and sr that of the red component. The event can be seen in
N iii and S iv (TF = 8× 104 K) to Neviii. The extent of the blue
component was about twice as long as that of the red one for all
lines. The distributions were broader in the Neviii line than in
the other lines. The red component attained its highest velocity
of about 100 km s−1 around the location of the maximum of the
red radiance distribution.

3.2. The electron density during EE I

The wings of the Ov 759 Å and 761 Å lines (TF = 2.4 × 105 K)
also increased during EE I. We separated the profiles into three
spectral components to obtain estimates of the electron density

http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361:20066547&pdf_id=2
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Fig. 3. The spectral profiles of the Neviii line at 770 Å observed during EE I at 230 s on our time scale (cf. Fig. 2). For clarity, we present two
different views. In the left panel, profiles are seen from north to south, and from south to north in the right panel. On top of the panels the line
radiance is shown in gray-scale representation.

at the locations of the core and the blue and red wings with the
help of this density-sensitive line ratio (Curdt et al. 1997). The
horizontal bars in Fig. 6 indicate the extent (FWHM) of the dis-
tributions of the blue and red components. The density of the
red region, ne = (4.7 ± 0.7 × 1010) cm−3, was of the order of the
density of the core (4.3 × 1010 cm−3) but they were larger than
that of the blue one (9×109 cm−3). The maxima of blue and core
densities were located between the red and blue regions whereas
the maximum of the electron density in the red component was
offset to the south by a few megametres.

4. Event II (EE II; 17 November, 10:00 UTC)

This event was observed at xs = 0′′, ys = −5′′. Its extent was
only ≈2 100 km (about 3′′ along the slit direction). The spec-
tra over the whole range recorded are shown in Fig. 7, and in
Fig. 8. The Neviii 770 Å line profiles are given at three consec-
utive time intervals. During the exposure prior to that shown in
Fig. 8a, (in the second frame of Fig. 7), a spectral component
appears on the red side of the Neviii line. It can be fitted by a
single Gaussian, thus allowing us to express the observed curve
as a sum of two Gaussians centred at different wavelengths and
with different widths and amplitudes. In panel (a), the red com-
ponent has grown, while a weak blue component appeared. In
panel (b) the blue component is stronger than the red one. In
the last frame (c), the red component is so weak that it does not
appear in the image any longer, whereas the blue component re-
mains very bright.

These observations may be interpreted either (1) as the re-
sult of scanning a stationary bipolar jet where the first portion
seen was the red one. After that, both directions were detected,
and in the last slit position only the blue jet was in the field of
view, or; (2) as a temporal variation of the jet within the field of
view (FOV).

Assuming similar dimensions in the direction along and per-
pendicular to the slit, a stable jet could indeed have crossed our
FOV due to the solar rotation. This scenario would be similar to
the one described by Innes et al. (1997). If, on the other hand,

Fig. 4. Conceptual magnetic field configurations during EEI, a) at 115 s
and b) at 230 s. The direction of B is arbitrarily assumed as the mag-
netogram in Fig. 1 does not provide enough detail. r and b indicate red
and blue shifts observed in a detector pixel along the slit.

we make the assumption of a temporal development, we have to
explain the reversal of a 180 km s−1 jet from red to blue within
6 min inside an area of a few square arcseconds without chang-
ing the overall spectral characteristics in the immediate neigh-
bourhood. Since the second assumption does not seem to be very
likely, we will interpret this event as a spatial sequence in line
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Fig. 5. Distributions of the spectral radiance components of the lines a)
N iv 765 Å at 115 s and c) Neviii 770 Å at 230 s for EE I (north is to
the left). The solid line represents the radiance (based on the maxima of
the fitted Gaussians) of the core component, the dotted line shows the
red and the dashed the blue components along the spatial dimension of
the slit. The Doppler shifts of the three components of N iv and Neviii
are shown relative to the position of the undisturbed lines in panels b)
and d).

with the statement in Sect. 2, but we can, of course, not rule out
slow temporal variations. The geometry of this event and its ob-
servation is sketched in Fig. 9. It can then be concluded that the
angular separation between the red and the blue jets is only about
0.6′′ in the scan direction.

This is in agreement with the Shibata et al. (2007) finding
of a structure of a size less than 1′′observed in white light. With
both dimensions of the jet being very small, the angle between
the jets and the LOS must consequently be small as well. We
therefore expect that the radial velocities are not significantly
different from the actual speeds, and a correction for LOS effects
is not necessary.

4.1. The EE II behaviour in different emission lines

If, as we now have assumed, the jet is stable for at least a few
minutes and nearly parallel to the LOS, the effects on the spec-
tral characteristics of the neighbourhood should be symmetric
with regard to the scan position, and indeed we see, upon close
inspection of Fig. 7, very similar velocity shear features in Sv,
O iv and Ov on either side of the bipolar jet. As these fade out
with increasing separation from the jet, they are very likely re-
lated to it, and thus lend support to our assumptions. The velocity
shears as such are extremely interesting.

All lines from N iii to Neviii were affected by this event, al-
though the cool lines do not have a pronounced red component.
Since the LOS is more or less perpendicular to the solar sur-
face, it appears as if the event manifests itself at all height levels

Fig. 6. Distributions of the electron density computed from the Ov
759 Å and 761 Å line ratio during EE I. The solid line denotes the
core, the dotted the red and the dashed the blue density distributions.
The horizontal dotted lines show the extent (FWHM) of the red and the
dashed lines that of the blue components (cf. Table 1). It can be seen
that the highest densities were attained between the two spatial radi-
ance enhancements.

covered by the formation temperatures. It is bounded by the
dense atmosphere at low altitudes.

As one would expect, all Ov lines behave in a very similar
fashion. There is, however, a marked difference in comparison
to the Neviii lines: the Ov red jet starts one time integration
later with velocities of +140 km s−1 to +160 km s−1. This can
be interpreted as an indication that the event started in the upper
transition region near the formation temperature of the Neviii
line (6.2 × 105).

The blue jet with velocities of –70 km s−1 to –90 km s−1 is
very pronounced in the frame labelled 345 s, when it actually
dominates the line shape with a peak value three times higher
than that of the undisturbed line.

The undisturbed O iv line at 788 Å has a Doppler width of
35 km s−1. The peak radiance increases by a factor of two in the
course of the event. At 230 s the red and blue wings of the line
are clearly seen. The blue contribution at 345 s can be described
as a significant bump with velocities of –260 km s−1. The red
contribution, although reaching up to +280 km s−1 in velocity,
is not very pronounced. It decreased and returned to relatively
undisturbed conditions in the next frame, but with some small-
scale Doppler shifts still present. The Sv and N iv lines both
behave very similarly, which is not surprising in view of their
identical formation temperatures. They are also not very differ-
ent from the hotter O iv line. S iv and N iii show only a blue
component from 230 s to 460 s. The other lines, Mgviii and Sx
in particular, are too weak for a determination of any details of
their spectral shapes, but they all show weak radiance increases
during this time interval.

We measured the radiance maxima and the Doppler shifts of
the Gaussian profiles fitted to each line and performed the same
analysis as for EE I, but as mentioned, in the direction of the

http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361:20066547&pdf_id=5
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Table 1. Dimensions of the blue (sb) and red (sr) components during the events EE I and II.

Line Wavelength, Formation temperature, Dimension (FWHM)
λ/Å TF/K EE I EE II

sb/Mm sr/Mm sb/Mm sr/Mm
N iv 765.1 1.4 × 105 9.6 4.7 0.6 0.4
Sv 786.4 1.5 × 105 7.7 4.4 0.6 0.7
O iv 787.7 1.5 × 105 10.2 4.6 0.5 0.4
Neviii 770.4 6.2 × 105 10.2 7.4 0.4 0.5

Fig. 7. Summary of the spectroscopic observations of EE II on 17 November 1996 at 10:00 UTC. The format is similar to that of Fig. 2. Seven
frames are shown with spectra taken along a section of 36 spatial pixels. This corresponds to 25 Mm on the Sun. The frames represent a temporal
series with an exposure time of 115 s each, starting at 09:52:52 UTC and a total duration of 15 min 20 s. The spatial variation of the discontinuities
in the continuum result from uncorrected detector distortions.

slit image motion from west to east. The values obtained were
averaged over three consecutive profiles of a given spectral com-
ponent. The results for the Neviii line in Fig. 10 show that the
radiance distribution of the red component was larger than that
of the blue one. As seen from Table 1, the extent of blue and
red jets, as a function of the formation temperature, was almost
constant. This result could indicate that the width of the jets was
constrained, probably in a magnetic flux tube. As for EEI, in
EEII also there is a spatial shift between the red and blue radi-
ance distributions.

4.2. The electron density during EE II

When the highest radiance values were attained during EE II,
the blue wing was very strong (Fig. 7). Therefore, the Ov lines
at 759 Å and 761 Å became blended on the blue side, and it
was not possible to determine the Ov ratio. However, we could

estimate the densities of the core and red components, the red
being higher than 4 × 1010 cm−3 and the core being higher than
1 × 1010 cm−3 over a north-south extent of 2′′.

5. Discussion and conclusions

As already mentioned, the emission sites of EE I were rather
large compared to those of EE II. The blue source of EE I was
more extended than the red one. In contrast to this, the spatial
extent of the red emission was larger than the blue one for EE II.
Another difference was that the Doppler velocities of EE II were
higher than those of EE I. We suggest that most of the differ-
ences result from a different perspective: the jet of EE II was
directed more or less parallel to our LOS (cf. Fig. 9), whereas
that of EE I formed a larger angle and initiated a magnetic field
reconfiguration in the field of view of our slit (cf. Fig. 4).

http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361:20066547&pdf_id=7
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Fig. 8. a) Spectra of the Neviii 770 Å line taken on 17 November 1996 during EE II. The images show in gray scale the spectral radiance for a slit
segment of six spatial pixels. North is up. The line profiles below are recorded for the seven different spatial locations of this segment. The first
frame (on the left-hand side) was taken at 9:56:42 UTC and corresponds to the third frame (from top to bottom) of Fig. 7. The plots in b) and c)
correspond to the two successive frames whose initial times are 9:58:37 and 10:00:32 UTC.

Fig. 9. Conceptual geometry of EEII. A stationary jet (more or less par-
allel to the LOS) is scanned in steps of 0.3′′ (210 km) from West to
East. Since the point-spread function is twice as large, the slit can cover
red (r) and blue (b) shifts as indicated. The slit direction is perpendicular
to the plane of the diagram.

The electron density enhancements of EE I are consider-
ably narrower than the spatial radiance distributions. The density
peaks between the red and the blue radiance maxima. This indi-
cates that the radiance emission includes (at least in our projec-
tion) the region with the density enhancement, and is the result
of processes related to the primary energy release. During EE II,

Fig. 10. a) Radiance and b) Doppler-shift distributions of the Neviii
770 Å line for EE II. Dotted lines represent the values of the red com-
ponent, while the dashed ones show those of the blue, and the solid line
the core component.

the offset of the blue and red radiance distributions was consid-
erably less than for EEI, which supports our assumption on the
direction of the jet.

As seen in Fig. 5, the velocity distribution of EE I is com-
pletely different from the radiance distribution. However, when
comparing these distributions, it may be seen that the radiance

http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361:20066547&pdf_id=8
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maxima of the red component are attained in the region where
the plasma reaches the highest positive velocity.

The difference in the extents of the radiance enhancements
and their variation with the formation temperature of the emis-
sion lines is clearly related to the orientation of the event with
respect to the solar atmospheric density gradient. The maximum
radiance did not occur at the primary source, as could be shown
by the separation of the line profiles into the core and wing com-
ponents.

From the analysis of the spatial distributions of the radiance
and the electron density of the two EEs we conclude: (1) the
shapes of the radiance distributions of EE I are similar from line
to line, but are different for the three spectral components. The
dimensions of EE II are much smaller than those of EE I (cf.
Table 1), due to the different perspective; (2) the highest electron
densities for the blue, core and red components of EE I occurred
between the two radiance distributions. The sizes of the regions
of increased density were considerably smaller than those of the
radiance enhancements. The highest densities were observed for
the red component.
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Appendix A: Example of Gaussian fittings

The Gaussians are fitted to the observed line profile using a rou-
tine that applies the least-squares method. It gives the amplitude,
the central velocity and the width for the fitted Gaussians. Then,
the chi-square goodness-of-fit test is used as follows. It is defined
the test statistic (Wall & Jenkins 2003) as

χ0
2 =

n∑

i=1

(Oi − Ei)2

Ei

where Oi is the i-value of the observed n data points and Ei is
the i-value of the data set to be tested. If adjacent data points
are combined into a bin, then n is the number of bins. The value
of χ0

2 is compared with the values of the chi-square distribution
(χ2) for ν degrees of freedom (to be determined below). The aim
is to identify the probability where χ0

2 equals χ2. This is the
probability that the hypothesis is not rejected by the test.

The ratio χ0
2/ν is commonly used in tables and this value

itself gives an idea ot the goodness of the fit. An hypothesis that
leads to a χ0

2/ν considerably larger than unity or considerably
smaller than unity has to be rejected (Bevington & Robinson
2003).

In our case, an observed profile is a number of data points.
The hypothesis is that the sum of N Gaussians fits the observed
data. For the analysis, low adjacent values are combined into
bins. Therefore, in our test statistic Oi is the i-bin of the line
profile and Ei is the result of the sum of N Gaussians for that
bin.

In the case of the chi-square goodness-of-fit test, ν is deter-
mined as ν = n − x − 1, where n is the number of bins and
x is the number of variables. For a Gaussian curve we have

Fig. A.1. A Neviii line profile observed at 230 s. The dots linked by a
continous line denote the observed values and the three continous lines
denote the Gaussians fitted by the least-square method. The dotted line
is the sum of the Gaussians and the dashed line is the difference between
this last curve and the observed profile.

three variables (amplitude, central velocity and width), then for
N Gaussians we would have 3×N variables and ν = n−3∗N−1.

In Fig. A.1 an observed profile is shown with three Gaussians
fitted by the least-square method. Then, the hypothesis is that the
three Gaussians fit the profile. The value of χ0

2 is 5.8 and ν is 9.
Therefore, χ0

2/ν is 0.64 which, according to the chi-square dis-
tribution for nine degrees of freedom, corresponds to a probabil-
ity of 0.76. On the other hand, the hypothesis that two Gaussians
fit the profile leads to χ0

2 = 20 which, for twelve degrees of free-
dom, corresponds to a probability smaller than 0.07. Due to this
low probability this last hypothesis is rejected and the hypothe-
sis that three Gaussians fit the profile is adopted. If an hypothesis
leads to a small probability then it is rejected.
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