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ABSTRACT

We consider the problem of the apparent redshifis of the UV lines in the transition region. We
give a review of the basic observations during the last decades, especially the observations of the last
few years from satellite observatories. Moreover, we revise the most popular theoretical explanations
for the motions in the transition region. This review is a contribution to the understanding of the
physical processes in this important layer of the solar atmosphere and it points out the open prob-

lems.

1. Introduction

One of the biggest enigmas in solar physics is the apparent redshifts of the
ultraviolet emission lines in the transition region. This phenomenon was first
observed in the early seventies with Skylab (1973) by Doschek et al. (1976) and
shortly after with the Orbiting Solar Observatory (OSO 8 satellite by Bruner ef
al. 1976, Roussel-Dupré et al. 1976, Lites et al. (1976). In the last decades the
phenomenon has been studied again with Sklylab data and data obtained from
the missions that followed it. From Skylab data, Doschek et al. (1976), Feldman
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et al. (1982) concluded that the measured redshifts, which were less than the
thermal width of the transition lines, do not necesserely imply that there is net
downward mass flow. They suggested that there is a possibility of faint upward
motions, unresolved because of low spatial resolution. Doschek e al. (1976), mea-
sured negligible Doppler shifts from limb observations and realized that the
plasma motion was mainly radial. The correlation between Doppler shifts and
intensities in the quiet sun network structures was investigated by Lites et al.
(1976) and later by Gebbie et al. 1981 with Solar Maximum Mission (SMM) data.
The previous studies concerned time averaged spectra and found steady flows
(see also Roussel-Dupré and Shine 1982 with OSO 8 data). However, Bruner e/
al. (1976) detected implusive downward motions in the transition region over a
sunspot. The SMM, the High Resolution Telescope and Spectrograph (HRTS)
and the Laboratory for Atmospheric and Space Physics (LASP) EUV Coronal
Spectrometer missions with their enhanced technical capabilities, higher angu-
lar, temporal and spectral resolution, improved our knowledge about the impul-
sive nature of plasma motion (Porter et al. 1984 with SMM, Cheng 1991 with
HRTS), as well as the spatial varation of the measured Dopper shifts, both red
and blue (Athay and Dere 1989, Brekke 1993, Kjeldseth-Moe et al. 1993
Brynildsen et al. 1996 with HRTS data). It is important to realise that the tran-
sition region redshift dominates after averaging over a statistically meaningfull
part of the solar surface. The relation of this average redshift with the formation
temperature of the corresponding emission lines has been studied by many
observers. The difficulty in finding a reliable method for measuring absolute
velocities is obvious in all these studies (Athay and Dere (1989), Brekke (1993),
Achour et al. (1995) with HRTS, and Hassler et al. (1991) with LASP EUV data).
The data from the Solar and Heliospheric Observatory (SOHO, Domingo et al.
1995) obtained with the Solar Ultraviolet Measurements of Emitted Radiation
(SUMER, Wilhelm et al. 1995) and the Coronal Diagnostic Spectrometer (CDS,
Harrison et al. 1995) have given us the possibility for new investigations on this
subject. Redshifts in the transition region, apart from being a Solar characteristic,
were also observed in the spectra of large age stars from the International
Ultraviolet Explorer (Ayres et al. 1983) and recently from the Hubble Space
Telescope (Wood et al. 1996, 1997). Therefore the problem is of general interest.

In section 2 we present the observations, including the more recent ones
from the SOHO mission as well as the techniques used to get calibrated Doppler
shifts. In section 3 we discuss the theoretical simulations proposed for the expla-
nation of the redshift phenomenon.
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2. Observations

The difficulty in studying the motion in the transition zone is the lack of
absolute calibration in the instrumentation. The most widespread method for
absolute calibration is the use of chromospheric lines as a reference. Chromo-
spheric lines have a redshift corresponding to an absolute velocity of 1 km s
(Samain, 1991). This value can be considered negligible compared to the veloc-
ities of 5-10 km s deduced from transition region lines (Doschek et al. 1976,
Athay and Dere 1989, Brekke 1993, Brynildsen et al. 1995 Achour et al. 1995 and
others). If there is a chromospheric reference line within the spectral range we
use, we attribute its wavelenght to the pixel of the spectrograph corresponding
to the peak intensity of the reference line. Thus, we get the relation between
wavelength and pixels in A /px and we determine the wavelenght of the peak
intensity of the transition region line. The Doppler shift can be found by com-
parison with the wavelength of the line emitted at rest. The reliability of this
method is based on the number of reference lines present in our spectral range
and on the accuracy of the laboratory measurements. For the neutral atoms,
which are the common emitters in the chromosphere, the measurements in the
laboratory are reliable. However, the accuracy of measurements of multi-ionised
atoms, as the ones in the transition region, is not reliable. Chromospheric lines
are present in the 900-1600 A spectral range, so the method cannot be applied
to transition region lines with wavelength lower than 900 A. As we will see this is
the cause for many contradicting results.

Another method of calibrating is to consider null motion at the limb, since
the flow is perpendicular to the solar surface and, statistically, the horizontal
motions towards and away from the observer are canceled (Doschek et al. 1976,
Hassler et al. 1991). Therefore, the redshift amplitude depends on the angle 6
between the line of sight and the normal to the solar surface. We insist on the
statistical nature of the cancelation of motions, since many observers occasional-
ly mention non zero redshift at the limb (e.g. Brekke 1993). The LASP instru-
ment, which flew on a sounding rocket mission (Hassler et al. 1991), used for cal-
ibration a platinum spectrum from an on-board hollow cathode, which was very
accurate. It was the only measurement of transition region Doppler shifts which
used on board absolute calibration.

There are two additional causes which make the task of absolute wavelenght

measurements even more difficult: The low signal to noise ratio in the emission
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of the hot, upper transition region of the quiet sun (e.g. Teriaca et al. 1999a
could not measure the Doppler shift of the FeXII 1242.0 A line in the quiet sun),
and the presence of line blends. A well known blend, mentioned by Brekke (1993),
is the wing of the Hydrogen Ly a 1216 A with the O V 1218 Aline, which results
to zero redshift in the O V line. This misled some observers (Dosckek et al. 1976)
to the conviction of zero redshift for emission temperatures larger than 100 000 K.

There has been an effort to correlate the redshifts to parameters like tem-
perature, magnetic field and line intensity, so that theoreticians could use some
constrains for their models. The redshifts seemed to increase with temperature in
the region between 2x10* and 10° K, with a maximum for the logarithm of the
temperature (log T) varying from 5.1 K (Achour et al. 1995) to 5.27 K (Peter &
Judge 1999), depending on the author.

However, for formation temperatures higher than log 7' = 5.2 this relation
has not been clarified yet. Doschek et al. (1976) claimed that the redshift in this
region is decreasing abruptly, due to the Ly a blend we mentionned earlier.
Later on, measurements of HRTS and, recently, with SUMER, which observes
lines of ions with formation temperatures up to 10° K in the quiet sun, showed
that, for the mentioned temperature range, there is still a measurable redshift,
but smaller than the one corresponding to 10° K (Achour et al. 1995, Brekke et
al. 1997, Chae et al. 1998). This year, the scenery has changed for the upper part
of the transition region. The spectrum emitted for log 7 > 5.7 was measured to
be blueshifted (Hassler et al. 1999, Peter & Judge 1999, Teriaca et al. 1999a, Te-
riaca et al. 1999b)! The new results are different becase they are based on the change
of the estimation of the rest wavelength of a Ne VIII line emitted at Log 7= 5.7.
The recent value is 770.428 A (Dammasch et al. 1999) while the previous one was
770.409 A (Bockasten et al. 1963, Kelly 1987). Let us note that Sandlin et al.
(1977) had observed blueshifts in the coronal line of Fe X11 1349 A, result which
is in agreement with the recent ones and which had fallen into oblivon until
recently. In section 3, we will discuss some theoretical models which find blue-
shifts in some line profiles.

In Table 1 we present the measurements of Chae et al. (1998) and the most
recent observation of Teriaca ef al. (1999a) and Peter & Judge (1999). log T is the
logarithmic temperature where the ion abundance is maximal (Arnaud &
Rothenflug 1985). We should remark here, that while the redshift measurements
of the low temperature region do not change significantly, for formation temper-
atures of the order of 10° K, we can see the change in the sign of the Doppler shift.
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Table 1. Temperature versus average Doppler shift (km s1) in a quiet solar region*

Ton log T (K) (km s (Km s

Chae et al. (1998) (1999) Results
G 3.90 1.5 0.0 + 1.5 TBD
o1  4.00 1.8 -0.1 (1.3) = 1.4 TBD
Fell 4.15 1.8 0.0 + 1.6 TBD
Si I1 4.20 2.6 1.8 + 1.5 TBD
CII 4.35 4.2 5.3 + 1.9 TBD
Silll  4.70 5.3
SiIV 485 7.8 7.4 (10.6) = 1.4 TBD
CIV  5.00 9.6 4.9 (10.7) = 1.2 TBD
O1V 5.20 11.0 8.0 + 1.2 TBD
NV 5.25 11.3 9.8 + 1.6 TBD
SV 5.25 12.8 # 1.2 TBD
S VI 5.28 11.6 8.8 * 1.5 P
(OY% 5.3b 10.6 7.0 % 1.5 TBD
OVI 542 8.7 8.7 (12.7) £ 1.9 TBD
Ne VIII 5.80 5.3 -1.9 + 2.0 TBD
Mg X  6.05 3.8 (5.9) -4.5 + 1.3 PJ

The magnetic field relation to the Doppler shifts was also studied by Bry-
nildsen et al. (1996). They compared magnetograms and cospatial transition
region images. They found a correlation between the C IV line redshifts and the
magnetic field, with timescale of 50-100h, at the supergranulation boundaries.
However, they did not find any correlation of line shifts with the weak intranet-
work field, which has shorter time scales. Klimchuck (1987) found that the red-
shifts in active regions occur in regions where the field is strong (B>100 G) and
that blueshifts are found in weak magnetic field regions.

A constraint probability analysis of th HRTS data, in the C IV line, showed
that the redshift is more probable for higher intensities and line widths, whereas
the blueshift is less probable (Brynilsden et al. 1995, 1996). A similar analysis has

* NOTE: TBD means measured from Teriaca et.al. 1999a and P] from Peter & Judge (1999). Chae
et al. 1998 estimate that their error bars are lower than 1 km s whereas for the other authors the
error bar is noted. The value in parenthesis for the Mg X line in the third collumn is the measure
obtained neglecting the blends. In the collumn, some ions have two Doppler shift values (the one in
parenthesis) measured from different spectral lines. We present them when they show discrepancies
larger than the error bars.
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been carried out with the CDS and SUMER data in higher temperature lines
(Brynildsen et al. 1997 and Brynilsdsen e al. 1998b) and has confirmed the rela-
tion between redshifts and intensity for other spectral lines (He I 584.33 Aov
629.76 &, O 1V 554.5 A and Mg IX 386.6 A from CDS and Si IV 1393.7 4, C IV
1548.2 A, NV 1238.8 A, O V 629.76, O VI 1031.9 A and Ne VIII 770 A from
SUMER). This study had been carried out for the quiet sun, as well as for active
regions. In the quiet sun this relation comes from the fact that the redshift is
stronger in the bright network. However, the variance of the distribution of red-
shift is large and the intensity-redshift correlation is evident only if we consider
a large amount of datapoints.

The calculated Doppler shifts vary with the kind of solar structure. Achour
et al. 1995 compared the redshifts above active regions with the ones of the
quiet sun. They found that there is a more important redshift above the active
regions which becomes maximal for lines with formation temperatures of 10°
K. However, Brynildsen et al. 1998a, measured the average value of the

Doppler shifts above a sunspot region and found it less important than the one

Fig. 1. Image of the quiet sun in the O V 630 Aline of the transition region, observed with
the CDS/NIS. We can clearly see the bright features which outline the network cells,
inside which are located the dark ones. The dark structure in the center of the images is
a filament.
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presented by Achour ef al. 1995 and Brekke et al. 1997 for the quiet sun. For
coronal lines, the redshifts were the same above the active and the quiet sun
regions. For the quiet sun structures, the analysis of observations with SUMER
had shown that the redshift in the network bright lanes is more pronounced
than in the dark features in the center of the supergranule (Judge et al. 1997).
Gontikakis e al. (1999), with a different method and data from CDS (Figure 1),
confirmed this result calculating, moreover, the values of velocities of the
bright network features relative to the dark ones in the low transition region
lines.

Measurements of Doppler shifts have also been carried out in coronal
holes. Rottman et al. (1982) studied an equatorial coronal hole, using spectro-
grams in the O V 629.73 Aand Mg X 624.94 A lines. They found that the mate-
rial was blueshifted relative to the quiet sun and concluded that the mass flux
was consistent with the proton flux at 1 AU. Hassler e al. (1999) studied the
network velocities in a coronal hole using SUMER observations in the Ne VIII
(770.428 &) line. They found that the observed outflow was stronger in the net-
work boundaries, especially at the intersection of the network cells. Their
result is in disagreement with previous work of Dupree et al. (1996) who found,
using the He I 10830 A line, that the outflow in the coronal holes was pre-
dominantly at the center of the supergranular cells. However, it should be
mentioned that the association of the wing asymmetries of the He 1 10830 A
line, whose formation is very complicated (Andretta and Jones 1997), with out-

flows is difficult.

3. Theoretical efforts

There has been a lot of effort for a theoretical explanation of the observed
redshifts in the transition region. If these redshifts corresponded to net down-
flows, they would empty the coronal structures in half an hour, which, of course,
is out of question. Therefore the different theoretical approaches admit that the
total mass flow across the transition region should be zero, neglecting the
upward flow corresponding to the solar wind. We present some of the most out-
standing models which show that, even with a zero total flow, the observation of

the redshift may dominate.
The common procedure followed is the solution of the hydrodynamic equa-
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tions, considering a frozen-in approximation for the plasma embedded in a
coronal loop. The deviation from the state of ionization equilibrium plays also
an important role in the study of plasma flows in a steep temperature gradient,
like the one of the transition region. The best way to compare the models with
the observations is to calculate the line profile of the resonance spectral lines. In
the tenuous transition region and coronal plasma, resonance lines are excited
with electron collisions and emit light by spontaneous radiative decay. This is
called the coronal approximation and, as the plasma is considered optically thin
for these lines, the line intensity as a function of frequency is described by the

equation:

hl/12

I, = —=
4

/ 60 () ne i Cua(T,) ds (1)

This equation calculates the average light emitted from a spectral line by
integrating the emissivity of the plasma along the line of sight ds. kv, is the ener-
gy of the transition from the level 1 to 2. In the integral, @v is the emission pro-
file described by a gaussian function of the frequency with thermal broadening,
n, is the electron density and n; is the density of the emitting atom i with a
degree of ionisation j. The function C,, (T,) of the electron temperature 7T, is the
collisional excitation coefficient from level 1 to 2.

One of the first proposed models was based on the idea of loops with uni-
directional (siphon) flows. The feet of these loops are anchored in the bright
edges of the supergranules. The estimated distance between their footpoints is
of the order of 11 arcsec (Mariska 1988). The embedded plasma, which is at
10%-10° K temperatures, has a low filling factor, due to the small width of the
transition region. Therefore the loops are unresolved in the transition region
lines, and one can observe only the average effect of a number of loops. A heat
source at the foot of the upward motion is responsible for the flow. Due to this
local heating the loop has high (coronal) temperatures at the foot with the
upflow and lower temperatures at the foot with the downflow (Mariska and
Boris 1983, Mariska 1988). Thus, the upflowing plasma in one of the feet is at
coronal and high transition region temperatures, while the downflowing plas-
ma is cool material at low transition region temperatures. The result is that a
redshift is observed at the low transition region temperatures and a blueshift
for temperatures 7> 10° K. The plasma flow is of the order of 10 km s! and
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crosses the ~100 km thickness transition region, as it moves up, in times short-
er than the ionization and recombination characteristic times of ions which give
the observed spectral lines. As the temperature increases by two orders of mag-
nitude in the transition region, the ionization equilibrium will be perturbed.
Spadaro et al. (1991) included this effect in their asymetric loop computations
and found significant departures from equilibrium for ions like C I1I, O III
and C IV. They mentioned that C IV shows overabundances in the upflowing
foot, leading to an average blueshift of the C IV lines. The fact that this model
gives blueshifts, for lines at C IV (1548 A), and O 1V (1218 A), disagrees with
the present observations. Another problem of this model is to explain the exis-
tence of a localized heat function that produces the steady flow along the loop.
Moreover, this conception concerns steady flows, whereas observations, with
good temporal resolution, show a dependence of the transition region phe-
nomena on time, with time scales less than one minute. This was the reason
why models including impulsive events were developed for the explanation of
the redshift phenomenon. However, the discussion of steady flow solutions has
not been settled yet. Chae et al. (1997) presented recently a simulation of the
low transition region with flows of ~7 km s'1. They computed the partial hydro-
gen ionisation concidering optically thick effects (Ly a). They found that the
transition region is brighter for models with upflows than for models with
downflows.

One of the models with an impulsive mechanism is based on spicules.
Spicules are chromospheric material accelerated up to the corona and only
one percent of this material is believed to contribute to the solar wind. The rest
should return to the chromosphere. Pneuman and Kopp (1978), as well as
Athay and Holzer (1982) suggested that redshifted lines originate in the spic-
ular material, heated to transition region temperatures, which falls back to the
chromosphere. Cheng (1992a, 1992b) proposed a numerical simulation for
the acceleration of the spicular material by a single quasi-impulsive acoustic
wave. The wave pulse evolves to a shock followed by an oscillating wake. The
interaction of the shock fronts with the material imposes a periodic vertical
motion upwards, simulating a spicule, which desappears gradually in time.
Cheng calculated the average gas velocity at the temperature of formation of
the C IV jon (10% K), which is one of the most observed lines. The oscillation
of the gas in Cheng’s model includes short time upflows, due to the plasma

acceleration caused by the acoustic pulses. Then, long duration downflows of
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high velocity follow, due to the falling, because of gravity and radiative cool-
ing, material. Therefore, the temporal average of the velocity is in the direc-
tion towards the solar surface (redshifted), even if there is no total mass flow
in this direction.

Hansteen and Wikstgl (1994) have reproduced, with their numerical simu-
lation, a spicule rebound shock model, similar to Cheng’s. They computed the
gas velocities and the Doppler shifts of the transition region spectral lines. The
mean profiles, averaged over time, presented by Hansteen and Wikstgl are
weighted by the density of material according to equation (1). They realized that
the upflows, due to the passage of the acoustic pulse, correspond to dense mate-
rial producing bright profiles. On the contrary, the downflows, even if they have
a longer duration, concern low density flows with faint emission. The mean pro-
file calculated over time is blueshifted. So, even if the mean gas shows a down-
flow, the line profiles are blueshifted. This conclusion is in desagreement with
the observations, therefore this spicule model cannot explain redshifts.

Another theoretical mechanism is based on nanoflares, a candidate also for
the solution of the coronal heating problem (Parker 1988, 1991). Nanoflares are
supposed to occur in coronal loops and are the cause of dissipation of small
amount of energy, of the order of 10%-10%° erg, due to magnetic reconnection
in subarcsecond angular scales, below the resolution limit of today’s instrumen-
tation. A considerable number of these events can explain the X-ray emission
observed in coronal loops. Hansteen and Maltby (1992) and Hansteen (1993),
modelled the triggering of acoustic waves by nanoflares at the crest of the coro-
nal loops. They studied the interaction of these pulses with the transition region
plasma and computed the line profiles of the C 1V 1548 A, O 1V 789 &, O VI
1037 A and Ne VIII 770 A spectral lines. As the acoustic pulse crosses the tran-
sition region, the compression of plasma produces velocities towards the solar
surface, while the relaxation corresponds to outward motions (Eriksen and
Maltby 1967, Hansteen 1991, Hansteen and Wikstgl 1994). This results in a red-
shift of the transition region spectral lines. The propagation of pulses through
the transition region, the reflection of part of them back to the corona, as well as
the change of the level of the transition region due to heating and cooling by the
nanoflares, are the factors that influence the line profiles. The mean Doppler
shift that Hansteen (1993) deduced, corresponds to velocities of ~1 km s
towards the solar surface. The same model, including magnetosonic waves trav-
elling with Alfvén velocities (Hansteen et al. 1996, Wikstgl et al. 1997) gives red-
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shifts closer to the observed ones, and blueshifts for the Mg IX 368 A line.

Roumeliotis (1991) modelled the low transition region as being formed by
cool loops with maximum temperature lower than 3x10° K, located in the net-
work features. This picture of the low transition region as consisted of small cool
loops rather than open magnetic field funnels, (which is the standard way to
describe the transition region, Gabriel 1976), is presented in Dowdy et al. (1986).
In those small loops, the thermal conduction must be negligible, due to the fact
that the magnetic field lines close before they reach the hot corona. The domi-
nating thermal mechanism presented in this work is the Joule dissipation of elec-
tric currents, produced by the shearing of the magnetic field wherever the loops
interact with each other. The author found that above a critical value of the cur-
rent, the radiative losses cannot balance the Joule heating. This leads the loop to
a hot state. He modelised the transition from the cool to the hot state, using one
dimensional hydrodynamic computations and deduced that the gas expands
due to the energy deposition by Joule heating at the top of the loop. This pro-
duces a symmetric mass flow from the top to the legs of the order of
~ 10 km s1. However, when there is a transition from the hot to the cool state
the upward flows are slower. According to this picture, an observer would see
the average effect of hot and cold loops and would detect redshifts, due to the
transition, from cool to hot loops, whereas he would not perceive the opposite
transition from hot to cool loops, due to the low line shifts it produces. Bry-
nildsen et al. 1996 critisized this model, wondering how it is possible that the
described electric currents do not evolve to tangential discontinuities implying
reconnection of the magnetic fields.

Reale et al. (1996, 1997) developed a mechanism where 2-D isobaric pertur-
bations in the low transition region cause redshifts in the computed spectral
lines. These perturbations, estimated to be of the order of sub-arcsecond, have
high density and low temperature and propagate downwards. Briefly, the top of
the perturbation is heated by the hot upper part of the transition region, while
the low transition region below, is cooled because of the blocking of the thermal
conduction from the cool perturbed material. The perturbation is displaced
downwards. The computation includes different model parameters correspon-
ding to active regions, as well as to the quiet sun. As these structures are unre-
solved we ignore their spatial distribution over the solar surface, as well as their
temporal spectrum. A question to be clarified is how these thermal instabilities

are produced by the low transition zone.
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4. Discussion

The redshifts in the low transition region spectral lines seem to be present in
all the observed solar structures, with the exception of the coronal holes.
However, the models proposed for its explanation are concerned only with some
particular solar features. Spicules are structures observed at the chromospheric
network boundaries and are absent in active regions. Nanoflares are expected to
be present in coronal bright loops which are mainly found in active regions, but
also in coronal bright ‘points” at the quiet solar network boundaries (Habbal
1991). The models with steady flow loops are also located in the network bright
patches of the quiet sun. The region which seems not to be considered in these
models in the dark internetwork (Rutten 1999) region. However, redshifts are
also observed there, even though they are less intense.

The proposed models have many difficulties. First, they cannot be directly
compared with observations. With the exception of spicules, which are a well
studied solar phenomenon, the nanoflares, the thermal instabilities and the
loops with steady siphon flows are supposed to be smaller than the limits of
today’s spatial resolution. This has as a consequence that observations may give
the mean effect of a large number of events, whose spatial and temporal distri-
bution we ignore. Despite this, we can examine how well the models explain
some essential observations. To start with, the variation of the average redshift
with the line formation temperature can be explained in different ways depend-
ing on the theoretical approach. This must be in conjunction with the new
(1999) observational results.

The models of siphon flows in assymetrically heated small loops, compute
that the upward motion in one footpoint takes place at coronal temperatures.
This shows that the coronal lines with formation temperatures greater than 10°
K as the one of O V 1218 A, should be blueshifted. Recent results measure
blueshifts for plasma hotter than 10°7 K, so this model is still in disagreement
with observations. However, one should be cautious with the observations since
they are derived from averages along the SUMER slit which scans all the region
and not just the bright network patches.

The fact that the redshift is decreasing when we observe lines with forma-
tion temperatures higher than 105 K, is explained by Hansteen (1993) as a
result of the circular geometry of the loops. The direction of propagation of the

acoustic pulses at the crest of the loop forms an important angle with the line
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of sight, while near the feet, in the transition region, this angle is nearly zero.
This means that the projection of the plasma motion along the line of sight, at
the crest of the loop, which has coronal temperatures, is weaker and therefore
the measured redshifts smaller. The passage from redshits to blueshifts can also
be predicted by a new version of this model (Hansteen et al. 1996) which
includes the effect of MHD waves. The computed Mg IX (368 A) line is found
blueshifted by 15 km s™! which is still too high in respect with the recent obser-
vations (see Table 1).

Chae et al. (1998) suppose that the downflow along a vertically oriented flux
tube is weakened in its coronal part, due to the increase of the cross section of
the flux tube with height. They calculated the steady flow along a flux tube with
variable cross section and their results are in agreement with the variation of
redshift with formation temperature (see Table 1) of the spectral lines observed.

The various mechanisms take place inside flux tubes, like loops or spicules,
which means that the magnetic field seems to be a necessary condition. The
only exception is the model of Reale et al. who use isotropic thermal conduc-
tion, which implies plasma motions without the influence of a magnetic field.
The fact that many observers find a correlation between high intensity magnetic
fields and strong Doppler shifts, in the quiet sun as well as in active regions,
reinforces the idea of including the magnetic field in the theoretical simula-
tions.

The relation between observed intensities and Doppler shift is an observa-
tional result that is commented in theoretical works (Hansteen 1993, Reale et al.
1996, 1997). However, the comparison with observations is not possible because
the modelled structures are too small to be detected individually, as mentioned
above.

As a final remark, let us note that the theoretical studies give a geometry of
the magnetic field in which the transition region plasma is embedded in a coro-
nal loop or in a funnel anchored in the network, and extends upwards to the low
corona. In this picture, considered as the ‘standart model’, the energy balance
includes two terms: The thermal conduction from the corona along the mag-
netic field lines, which heats the plasma, and the radiation losses which cool it.
However, this model fails to reproduce the radiated energy in the temperature
range of 10105 K. This energy is higher than the emitted by a thermal con-
duction heated plasma. This means that the low transition region is not in ther-
mal contact with the corona. To overcome this difficulty the low transition
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region could be described by low altitude, cool loops, where the thermal con-
duction is unefficient (e.g. Antiochos & Noci 1986). These authors propose other
mechanisms for the heating of the loops besides thermal conduction.
Roumeliotis” (1991) model is the only one which follows this alternative view for
the transition region structure.

A lot of work has been carried out since the pionner work of Doschek et al.
(1976) regarding observations and theoretical computations of the redshifts in
the transition region. However, the mechanism responsible for this phenome-
non is still unknown. As with the coronal heating mechanism, which is certainly
connected with the redshifts of the transition spectral lines, the answer must by
searched in the observation of small features still unresolved by the current gen-
eration of instruments. For both problems higher resolution observations will

significantly contribute to their solution.
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[TEPIAHYH

Meraronioei Doppler ot petabatixn {ovn o0 Hhlo

“H napoioa émoxémnem meayuatedetor 10 TObANU TG TEPATNPOVUEVNG (E-
ToTomiane Tede TO Spulpd TV gaopaTix@Y Yeumkoy The Metabatiene Lovng, 1
omota Exmépmer 16 Umepides. Ilapouaialovros of mapaTnenge TMY TeAeuTaiwy e
RAETLY, SaiTepa O TV TAPATNENTEWY THOU EY0UV YLver o TEAEUTALGL TT) GO Op-
Yava o8 Sopugbpoue. "Emimhéov, avantiosovro of émpartéatepes Bewpnrineg Epp-
Veleq yix Tie xwoeie mol mopatnpoivas o Metabatuan (ovn. H émandomnon ad-
T GUEAIher GTIY XaTAVbTGT @Y GUIK®Y SdiXaTtY TOU AauBavouY Y Wet TT0
TNUAVTIRG AT GTEMML THE HNaTE GTpboeapas, Ve TopEl N ETonuaive. To

9 \
ot axown Oépata.
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‘0 *Axadnpainoe x. T'. Kovtdmoudog, mapousialmv my dvaxoivwar, eine T
eEg:

“Bva 4o 1o dhuta mpobhuarta g puaxiic Tob “Hiou evou ) 0dmAn Beppo-
xpagio OV GVATTUGTETAL TTO GVWTEPD TUTUA TTG ATUOTPRIOAS TOU, TO GTEWUAA.
Bve 1) emgaverd tou, 010 Enimedo Tig wTocpatpas, Geloxetar ot Deppoxpastia
6.000 Kelvin, ot ypewuispapa 7 Oeppoxpastio avebaiver ata 20.000 Kelvin, eva
mepteeg exartovtades yhopetea mo Ynia graver o 1.000.000 Kelvin.
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Typa 1. Awypappa petaboric e Oeppoxpasiag (ouveyrs Yeauun) xal T7g TuXvOTHTOC
(Sroexoppevn Yoapun) ue o Uog alppwva pe Eva DewpnTind povtého yix Tov Tipepo Tk,

‘O pmyaviapwog mou elBivetar yi© adtny TN paydaia alinoy T Oeppoxpaciag
elvar &YvwaTos xol Tpémet va dvepyomoteitan o petaborminn Lovn, 1O AT @
TG MNAXTG ATUOTPopas MeTakD YPWIOTEUENS Kol CTERPIATOS, TO OTIOI EYEL VP0G
LOVO  UEQIXMV EXATOVTASWY YINOUETOWY. LTNV TapoUoa EpYadio YiVETow Ma
AVATHOTNGTN TTIG REYPL TOpa ReAETNG TG teTabartiene Lmvrg.

H petabortinn {ovn axtivobohel xuplwe oy Ueptndn meptoym 10U gaauartoc. L
T0 AOYO QOTO CUGTNUOTIXY TRpATNENGT| TNG EYEL YIVEL Ta TeAeutadd TN &m0
Sopuopous. Xapaxtnolatine TG TEpIoYTG AUTIG EVOL Of TRQOTNPOUUEVEG TUTTYUAATIXES
wetaTomioelg TPog To Epulpo, ol omoles avTiaTorouy g€ xabodieg TaylTnTes, SNA. TEoG
v émgpavein to0 “Hhou, mepimou Séxa ythopétpwy 0 Seutepdhento. ‘H qupmepipopa
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alTh elvas adivarto va EEnymBel e suvolin ximan ToU Uhixed Tpoe Tov ko, St fa
poxaholae THY Exxévwan 700 oTéppartos ot Sdorei piaTc (ous. '

H petabatinn Lovn, 0mwe xal 1 Yewrospotpe, XaNITTETOL A0 AUATEG SOUES
700 aympartiCouy dixtuo. “Omwg gauvetar gty eixova 1 g mapoustalopene Epya-
atag (aeh. 70), of hapmpol oynpamtopol 00 SkTUoU TEPIRAIOUY TIEPLOYES (MXPOTEPTS
&vtaong. Ipdopateg mapatnenoets, petabl TGV OTOIY KoL [MA € CUMAETOYY) TAV X.
Toveidnn xad xag Adpa, Smatwmvouy T Evtoveg petartonioet Teog To Epulpo TV
NYLTP@Y GE TYETT) € TOUG TXOTEVOUG GYNUAATITIOUG.

Ot Bewpnrineg épyagieq 6asilovrar gty Tapadoyy) 6Tt ¥ GUYONXT pOT GTT) UE-
rabortinn Covn eivan pndév. H yewperplor 100 payvntinot medlou mov etvou dmodex T
yia TV petabatiet) Love), AVTITTON(EL GE GUYXEVTRWAY] TGV AAYVNTIXGY YRRUMLDY
atic hapTpeg meptoyge Tob Sxtuou. Of Suvayuxes ypourres T00 rayvnTixo TEdiou
amoxhivouv ué TO Uoc. LTO GTEMUME OPIOUEVES PAYVITIXES YPAUUES GUVOEOVTXL
reTabl Toug, ayNUATilovVTag RaYVTIXOUS BROYOUS.

MayvnTikog Bpoxos

NavoékAapwn
(C Cx) )

- == - I addadind. ity

_____________________________________ -t
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KaBobikég kivijoeig (HeTaBean mpog 1o £pubpd)
Avobikég KIVAGEIG (PETGBEDT) TTPOG TO 1BES)

. , ; ) a4
Tynpa 2. “H yewperpla évog Sodidatatow bpoyov. «Metwma xupatog» SadidovTat amo

\ ’ -~ \ \ 2 / - g 4 ¢ /4
TNV %0pUQY|, 6TIOU SMLOUPYOUVTAL Of VavoeEXAILPEL, TTPOG TV ETILQAVELR TOU Hhiou. Ot Oeoerg

TG YpwmbTpatoas, petabatikie (wvng xal ToU CTELLATOS Sev ayedialovion UTO *Apaxa.
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Mia amo 7ig o Elmdogopes OewpenTinég Epumnveleg TOU QUVOPEVOU TGV WeTa-
TOTUGEWY TP0G TO Epulps AVapEpETAL GE KOYVNTONXOUTTIXG XUPATA Ta OTTOaL o=
pioupYoUvTar amo pxpes exhapers (vavoexddpeie) atic xopuges Ty Gpdywy, xo
Suadidovran mpog TN petabatiny Lovr. [lpoxertar yia xdpata supnicone (Grwe ta
mend) mov Sdidovion mapddAnAa TEoG TO payvnTixd Tedlo, e TV TayUTNTA
Alfven toU mhaspatos. Kabwe 0 mhdopa cupmeleto, xivettar mpog ta xdtw, eve
1) avoBuen) RIVNGY) GURTILTITEL PE TNV Gpatoot) Tou. To muxvotepo mAdopa evas Ao
TpOTEPO Xl EEL UEYAAITERY) GUVELTPOPX 0TO TYMNUATITUD TG PATUATINTG YOAMETC.
"Erat, xavta péso Gpo, N petotomion Doppler ehvon mpog o pulipd, av xai 1
quvohixT) pom elvou pndév.

Abtn 7 Oewpiar, xafmg xou dhheg Bewpruinee Epumveies, Bagiloviar ot Umo-
Betixeg Nhoxeg Sopeg mov v Exouv axdum mapatnenlel (6mwe of vavoexhduber).
‘Emopévig TpEmet v Yivouy cusTnartineg Tapatnenaels e T peytaty Suvarty S
%L kot T By otelfuver adTy) cupbahouy of TPOTPUTES GUITYUATIXES
TapaTNENTEG Ao S0puPopoUS, aTiG OToleq TUPETEXOUY 6 x. [oviixdxne xal ¥ xa

Adpo.



