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ABSTRACT


SUMER/SOHO measurements of the transition region
C II 1037.0 Å (3×104 K) and O VI 1031.9 Å (2.8×105 K)
emission lines in a distinctive network of the quiet so-
lar atmosphere are used to search for consequences of
the possible nanoflare heating of the corona. A statisti-
cal analysis of the central line intensity and the line shift
of these lines has revealed for the studied network: 1/
systematically larger values of the line shifts in the net-
work relatively to internetwork; 2/ distinct dependence
of the line shifts and on the line intensities (comparing
to internetwork reference) in the form of separated ’clus-
ters’ of data coming from in the network and internet-
work; 3/ no correlation between the line shifts and the
line intensities in the network. A case study of the par-
ticular O VI spectral profiles has shown that at least some
of the significantly broadened O VI line profiles consist
in fact of two Gaussian profiles: one referring to a cen-
tral less shifted component and the other to a weak more
redshifted component. These findings are compared to
results of other observational studies as well as to results
of MHD simulations of the magnetic loops in the outer
solar atmosphere in which the nanoflare heating mecha-
nism was incorporated. Our preliminary results show that
the derived observational facts are consistent with effects
of fast magneto-acoustic modes, predicted to be caused
by nanoflares, travelling downward along the loops in
network. Nevertheless an agreement can be found only
when spatial and temporal smearing of measurements are
taken into account.


1. INTRODUCTION


Parker (1988) proposed that coronal heating could be
achieved by the sum of the heat deposited by small
reconnection events caused by the low-frequency ran-
dom motion of the footpoints of coronal magnetic flux
tubes. Energy of an order of 1023


− 1025 ergs re-
leased in a small volume in one nanoflare should ex-
cite magneto-hydrodynamic waves in the coronal low
β plasma (Parker, 1994). A response of the nanoflare
heating mechanism in the transition region plasma was
modelled simulating effects of the downward propagating
modes of these waves in papers of Hansteen (1993) and
Hansteen et al. (1996) attempting to explain the perva-
sive redshift of the transition region spectral lines. Effects
of both the downward and also possible upward propa-
gating waves on properties of the transition region lines


were investigated by Wikstøl et al. (1998). It was found
that the proposed signatures of waves in the profiles of
the transition region lines are only very subtle when the
spatial/temporal/spectral resolution of the existing instru-
ments are considered. Therefore a new diagnostic tool
was developed and tested in order to confirm the direc-
tion of wave propagation using the ratios of spectral line
profiles (Wikstøl et al., 1997, Judge et al., 1998). Nev-
ertheless the first statistical evidence for the average red-
shift of transition region lines as an effect of downward
propagating waves generated by nanoflares in the corona
was presented by Hansteen et al. (2000). This contribu-
tion is aimed to search for new direct observational evi-
dence for downward propagating waves exhibited by the
profiles of transition region lines. Comparison to the sta-
tistical observational evidence will be also presented and
discussed.


2. DATA


The SUMER spectrometer is a high-resolution normal-
incidence spectrometer on SOHO mission allowing to in-
vestigate solar processes temperature range from 104 to
2 × 106 K with high spatial, spectral and temporal reso-
lution in the EUV spectral range (Wilhelm et al., 1995).
Summaries of its in-flight performance were presented in
papers of Wilhelm et al. (1997) and Lemaire et al. (1997).
The SUMER data set, analyzed in this contribution, has
been acquired on 5 May 1999 (8h25.5m


− 9h40.5m) as
a part of the joint observing program JOP 78.1 The set
consists of a time series of 300 spectral images 50 pix-
els wide covering the spectral range 1035.7 – 1038.7 Å.
with two emission lines of C II and one line of O VI. The
integration time was 15 s, limited by the telemetry rate.
Data were acquired on the KBr part of detector B us-
ing the 0.38”×120” entrance slit oriented in the NS direc-
tion. Compensation of the solar rotation has been applied
as the slit has moved for 0.38” after each 10 exposures.
Therefore the slit has rastered each 150 s a very narrow
area only 0.76” wide in the EW direction. A quiet sun
area ∼250” away from the disk center was selected as
target to avoid active regions visible on the disk. For this
contribution the slit length was truncated just to 65” cov-
ering the internetwork and one particular network area
(Fig.1).


1JOP 078 proposal: www.astro.sk/∼choc/jop078 prop/
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Figure 1. Space-time behaviour of the central line intensities (logarithmic scale, top row panels), the line shifts (bottom
row, positive values – redshift) of the C II (left column) and O VI (right column) lines. In particular, the internetwork
within the slit range 15” – 25” and the narrow network area in the range just 3” broad centred at 50” were selected for
analysis in this contribution.


3. DATA REDUCTION


The basic reduction of data was performed with help of
the standard SUMER reduction procedures.2 The relative
sensitivities of the pixels of the detector were taken into
account using the deep flat-field data obtained on 18th
March 1999. Temporal shifts of the flat-field pattern have
been determined and the advanced flat field correction
was applied with the odd-even pattern corrected first and
then the shifted flat-field pattern was taken into account.2


2Standard SUMER reduction procedures: www.linmpi.mpg.de/eng
lish/projekte/sumer/text/cookbook.html


Aberrations of the spectral images were corrected using
the available destretching algorithm and its auxiliary data.
The thermoelastic oscillations of the spectrometer me-
chanical structure (Curdt et al., 1997) were determined
using positions of the C II lines and the residual shift of
the spectral image of up to 0.8 pixel was found. Cor-
rection was applied with the line shift uncertainty less
than 1 km/s using the procedure described by Rybák et al.
(1999). Data were also converted to physical units using
the radiometry procedure.3


3SUMER radiometry procedure: www.linmpi.mpg.de/english/proje
kte/sumer/text/radcal.html
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Figure 2. Scatter plots presenting dependences between the line intensity and the line shift for the C II (left panel) and
O VI (right panel) lines for the whole time-space domain (65”×75 min) presented in Fig.1.


Our wavelength calibration is based on the assumption
that chromospheric lines of neutral atoms (or lines of
lower formation temperature) should statistically exhibit
no significant line shifts as compared to the large line
shifts of the transition region lines. Thus the calibra-
tion of the relative wavelength scale was performed using
spectra of two C II lines acquired in the internetwork re-
gion and the laboratory wavelengths data of Kelly (1987).


Finally each spectral profile containing two C II and one
O VI line was fitted using a triple Gauss fit with constant
background. The CFIT algorithm4 of S.V.H. Haugan was
used for this exercise using the relative weighting of the
data. The data weights were determined according to
Poisson noise statistics with noise estimated by the square
root of the counts (instrumental units). The CFIT algo-
rithm determines the best fit by minimizing the reduced
squared residuals χ2


r defined as


χ2


r =
1


N − M


N∑


i=1


(yi − y(xi; a1, ..., aM ))2


σ2


i


, (1)


where σi is the weight for each spectral point (xi, yi), y is
the fitted value for xi, N is number of spectral points, and
M is number of the parameters aj of the fitted function.
In this way the central line intensity, the line width and
the line shift (Doppler shift) were determined for each
line together with the underlying continuum intensity.


4. RESULTS AND DISCUSSION


For a statistical analysis of the central line intensity and
the line shifts of the C II and O VI lines scatter plots of


4CFIT description: solg2.bnsc.rl.ac.uk/swnotes/


inter-relations were prepared for two examples with dif-
ferent space-time domains.


The first example utilises the domain covering a large
spatial area of both network and internetwork including
locations of an intermediate activity (in the line intensity)
between the line internsities and the line shifts (whole do-
main shown in Fig.1). The scatter plots of inter-relations
between the spectral parameters (Fig.2) show that:


• systematically larger values of the line shifts in the
network relatively to internetwork seems to confirm
existence of a correlation of the line redshift with the
line intensity (for both C II and O VI lines). Our re-
sults are in agreement with the recent observational
results of Hansteen et al. (2000) but in contradiction
to the findings of Dere et al. (1984)


• the scatter plots seem to consist of two separated
’clusters’ of data: one ’cluster’ for internetwork and
another for network


The possible existence of two separated ’clusters’ of
data has motivated us to prepare the second example for
which the truncated space-time domain of 10”×75 min
and 3”×75 min was selected for the internetwork and net-
work, respectively. The internetwork domain covers just
the very quiet area where the lowest values of the line
intensities were acquired. The network domain was se-
lected as a very narrow region where strong emissions in
both investigated lines lasted during the whole selected
time and over the slit length 3” (Fig. 1). The scatter plots
of relations between the spectral parameters prepared for
the second example (Fig.3) reveal the following for the
selected distinctive network:
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Figure 3. Scatter plots showing a relation between the line intensity and the line shift for both the C II line (left panel)
and the O VI line (right panel) for the particular time-space domains of the internetwork (dots) and the narrow network
region (plus signs) in an identical layout as in Fig.2 for the whole time-space domain. Altogether 3000 internetwork and
900 network data points covering the domains of 10”×75 min and 3”×75 min were used, respectively.


• data indeed show clear separation of the internet-
work and network for all relations


• significant redshift in the network relatively to inter-
network is detected, the average of the redshift data
is ∼8km/s and ∼12km/s for the C II and O VI lines
respectively


• nevertheless no correlation of the line intensity with
the line redshift is seen for this distinctive network
although significant variations of the line intensity
were derived


These results seem to be in contradiction with the pre-
viously obtained observational results of Hansteen et al.
(2000) as well as with predictions of the MHD numerical
simulations of the magnetic loops in the outer solar atmo-
sphere in which the nanoflare heating mechanism was in-
corporated (Hansteen, 1993). Both studies show correla-
tion of the line redshift with the line intensity. Neverthe-
less, in our opinion, difference in the observational results
can be explained by the fact that when identifying the net-
work in similar studies usually an rectangular space–time
domain is selected which covers also areas of the interme-
diate intensity of the transition region lines (e.g., Wikstøl
et al., 2000, Hansteen et al., 2000, our Fig.1). In partic-
ular, these areas of the intermediate values of the line in-
tensity and redshift are filling the gap between the ’clus-
ters’ producing finally a continuous transition from low
values of line intensity and line shift to higher ones. This
conclusion is also supported by the results which were
obtained using our data when range of the slit length for
the network separation was prolonged from 3” to larger
fractions of the total slit length (not shown here).


On the other hand, the apparent contradiction between
our results and the results of numerical simulations con-
cerning the correlation can be solved. Predictions of the
numerical simulations (Hansteen, 1993, Hansteen et al.,
1996, Wikstøl et al., 1997) indeed display that the high-
est intensities of lines appear only for the significantly
redshifted profiles of the transition region line over a
broad range of temperatures. However, the duration of
the MHD wave passage is very short and these pulses of
the enhanced and redshifted emission should be shorter
than just 1 s (Wikstøl et al., 1997, Hansteen et al., 2000).
While the long exposure time of the used spectra (15 s)
and the accumulation of the emission from the optically
thin line along the line-of-sight as well as the limited spa-
tial resolution (theoretically∼1”×0.4”) are taken into ac-
count a filling factor of the order of 10−3 can be assumed.
Using the predicted values of the parameters of such
a pulse derived from numerical simulations (Hansteen,
1993, Hansteen et al., 1996, Wikstøl et al., 1997) it can
be estimated that the intensity of a typical transition re-
gion line of the redshifted line component could be of the
order of 10−1 and the redshift of this line component can
be up the order of 102 km/s.


We have performed a search for examples of line profiles
of the C II and O VI lines in order to find possible evi-
dence of these predictions in our data set. Here we doc-
ument only the best example as a ’Case I’ located in the
network (slit position = 48”, time = 20.8 min in the panels
of Fig.1). The line profiles of the C II and the O VI line
were fitted using one Gaussian profile per line as well
as using two Gaussian profiles for the O VI line as the
particular profile of this line has revealed a clear two-
component structure (Fig.4). The multiple nature of the







Case 1: C II and O VI line profiles


        
 


0.1


1.0


10.0


In
te


ns
ity


 [
 W


 s
r-1   m


-2   A
-1  ]


1 Gaussian for each line


1036.8 1037.0 1037.2 1037.4 1037.6 1037.8 1038.0 1038.2
Wavelength [A]


0.1


1.0


10.0


In
te


ns
ity


 [
 W


 s
r-1   m


-2   A
-1  ]


1 Gaussian for C II line


2 Gaussians for O VI line


Normalized residual differences


1036.8 1037.0 1037.2 1037.4 1037.6 1037.8 1038.0 1038.2
Wavelength [A]


-1.5


-1.0


-0.5


0.0


0.5


1.0


1.5


   
 


Figure 4. Fits of the spectral profiles of the C II and
O VI lines for case I. The top panel shows the fitting
results using one Gaussian for each line and the mid-
dle panel results when two Gaussians are used for the
O VI line (histogram – the measured spectrum, dotted
lines – individual Gaussian profiles of C II and O VI lines,
full solid line – result of the fitted spectrum as the sum of
the individual Gaussian profiles and the underlying con-
tinuum intensity). The bottom panel displays the normal-
ized residual differences between the measured and fitted
spectrum when one Gaussian for each line was used (thin
line) and when two Gaussians are used for the O VI line
(thick line).


O VI line is visualized also by the decrease of the nor-
malized residual differences between the observed and
fitted spectrum. Maximum intensity of the weak, more
redshifted, component of the O VI line is about ∼1/3 of
the central intensity of the strong core component and
it is redshifted by ∼45 km/s from its laboratory wave-
length while the strong core component is redshifted just
by ∼20 km/s. The total emission of the weak compo-


nent is 12 % of the total emission of the strong, less
redshifted, component. Although the weak component
seems to be very faint, once we speculate about pulses of
the enhanced and redshifted emission being shorter than
1 s (Wikstøl et al., 1997, Hansteen et al., 2000), we can
conclude that this more redshifted component could in
pulses be dominant in both the central intensity and to-
tal emission even the line width of this component is just
∼40 % of the strong one. The presented example of ’Case
I’ might help us to understand the pervasive redshift ob-
served in the transition region spectral lines. It shows
how the typical, presently used, exposure times of UV
spectral lines (∼10 s) can average in time several short-
lived emission spikes of different line intensity (and line
width) to a smeared, but redshifted, spectral profile. Of
course, also alternative mechanisms, which could cause
such effects in the transition region line profiles, have to
be investigated, e.g., condensation in cool loops (Müller
et al., 2003); footpoint dynamics of a coronal loop (McIn-
tosh and Poland, 2004); appearance of active events in the
network - blinkers and/or explosive events.


Concerning planned future missions it seems that besides
of the generally accepted increasing of the spatial reso-
lution of the proposed UV spectrometers additional im-
provement of the instrument throughput and/or detector
sensitivity should be essential for studies similar to this
one. It seems that exploiting the excellent data provided
by the SUMER spectrometer (Wilhelm et al., 1995) with
its high spatial resolution (Lemaire et al., 1997) we see
that for the future strong need to add higher temporal
sampling of ∼1 s together with an improvement of the
S/N ratio of the UV spectra will be essential for studies
similar to the present one.


5. CONCLUSION


The following preliminary conclusions result from the
performed statistical analysis of the central line intensity
and the line shift of the C II and O VI lines for the selected
distinctive network:


• there are systematically larger values of the line
shifts in the network relatively to internetwork while
in particular distinct dependence of the line shifts on
the line intensities were found in the form of the sep-
arated ’clusters’ of data coming from in the network
and internetwork;


• no correlation was found between the line shifts and
the line intensities in the network;


Our case study of the particular O VI spectral profiles has
shown that at least some of the significantly broadened
O VI line profiles are in fact consisting of two Gaussian
profiles: one referring to a central, less shifted, compo-
nent and the other to a weak, more redshifted, compo-
nent. This observational fact could help to understand
the pervasive redshift observed in transition region spec-
tral lines. It was shown that typical exposure times of







UV spectral lines of ∼10 s can average in time short-
lived emission excursions both in line intensity and line
shift producing a smeared but redshifted spectral profile.
Our preliminary observational findings do not contradict
the predictions of MHD numerical simulations of mag-
netic loops in the outer solar atmosphere in which the
nanoflare heating mechanism was incorporated. Never-
theless a qualitative agreement can be found only when
spatial and temporal smearing introduced by measure-
ments are taken into account.
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