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Abstract. High resolution observations of a sunspot regiosunspots penumbrae and superpenumbrae. The arrangement of
were obtained on October 3, 1994 with the Multichannel Sutke fibrils around sunspots is governed by the configuration of
tractive Double Pass (MSDP) spectrograph. This instrument the magnetic field and individual fibrils may trace out the actual
stalled at the focus of the Vacuum Tower Telescope (VTT) feld lines themselves.

Tenerife (Canary Islands) operated in the Hne. Intensity Although there is today a good qualitative description of the
fluctuations and Doppler shift velocities at several wavelengtimorphology and evolution of chromospheric fibrils less work
were derived over a two dimensional field of view. The observéis been done towards the determination of their physical con-
intensity profiles were matched with theoretical ones usingdéions. To our knowledge only Foukal (1971) gives values for
technique proposed by Tsiropoula et al. 1999, which enabkmme physical parameters (e.g. hydrogen density in the range 5
the variation of the source function inside the structures and th@*® to 2 10'' cm~3, temperature greater than 2.5'E#hd mag-
derivation of some physical parameters like the source functiowtic field greater than 100 G). This is because their derivation
the Doppler width, the optical depth and the line-of-sight veloencounters a number of intrinsic difficulties because it needs, in
ity. This technigque was applied to the dark fibrils surroundintpe general case, the solution of the 3-D time-dependent non-
the sunspot umbra. Once these parameters are estimated sel€Eatransfer equations. Nevertheless, as the observation of the
other parameters can be determined like population densitiestapes and intensities of spectral lines and their interpretation
levels 1, 2, 3 V1, No, N3), total particle density of hydrogen,can provide a lot of information about the physical behavior
Ny, electron density)V,, electron temperaturd,., gas pres- of the different structures and the dynamical processes on the
sure,p, total column massy, mass densityp, sound speed, Sun several diagnostic techniques have been attempted that have
¢ etc. Furthermore, using a simple geometrical model we dxmen proved useful for the derivation of several physical param-
timated from the line-of-sight velocity the flow velocity alongeters. A lot of work is based on the analysis of the ptofile.

the dark fibrils assuming different sets of inclination angles &fsually the structures are considered as clouds illuminated by
the velocity vector with respect to the vertical. We found th#he underlying chromosphere. Furthermore, the source func-
there is a flow from the outer edge of the fibrils (in the side a@ion is assumed to be constant inside them and thus we have
the penumbra), to their inner edge (umbra side), which is cdn-deal with optically thin structures (see e.g. Tsiropoula et al.
sistent to the siphon flow. Moreover, we found a subsonic flol®93 and references therein). In a recent work (Tsiropoula et al.
for the entire extent of two of the fibrils considered and for all999) we propose a five-parameter cloud-like fitting “recipe”
inclination angle sets, while for one fibril we found a subsontbat assumes a parabolic variation of the source function and
flow in the outer edge and supersonic velocity in the inner edgermits the modelling of structures no matter if they are opti-

for some of the inclination angle sets. cally thin or optically thick including ad-hoc scattering effects.
Once this method is applied several physical parameters (like
Key words: Sun: chromosphere — Sun: sunspots e.g. population densities at levels 1, 2,18;( No, N3), total

particle density of hydrogety g, electron densityV,, electron
temperature7,, gas pressures, total column massy:, mass
density and degree of hydrogen ionization can be determined
by a method described by Tsiropoula & Schmieder (1997).

Fibrils constitute the basic elements of the fine structure of active Among other physical conditions study of the flow along
regions. Their relation to other disk features has been discus8ak fibrils is also essential because it can add to the understand-
by Foukal (1971), who suggested that fibrils are simply the d8g of the sunspot penumbrae and the chromospheric Evershed
tive region analogues of mottles (or spicules) and their diffeffow. Alissandrakis et al. (1988) found that the flow speed in
ences are mainly due to differences in the geometry and streriggividual fibrils can be 20km's' or more and suggest that it

of the magnetic field. Moreover, their filamentary appearant&econsistent with the siphon flow model of Meyer & Schmidt

is a characteristic aspect of the inhomogeneous charactef1§68)- Siphon flows are produced when a pressure difference is

1. Introduction
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imposed between the footpoints of an arched magnetic flux tupast for the deduction of different physical parameters of chro-
Different pressure differences produce different flows. Thumospheric structures using this line. A common procedure is
sufficiently small pressure differences produce subsonic flowiseir derivation from the comparison between line profiles (e.g.
in larger pressure differences the flow passes from a subsdfie profiles) emitted by the body of the structures and those
to a supersonic flow close to the apex of the arch and then tramitted below the structures. This is done from the well-known
sits to a subsonic flow through a shock (Maltby 1975; Thomé&srmula that gives the observed line intensity profile:
1988). Maltby (1997) reviews other mechanisms for this flow, -
like the wave pressure driven flow and points out that its temiy = Ijhe™ ™ + / Sre” N dty (1)
poral dependence must be considered. 0
Another long standing controversy exists on the relation b&here I, is the reference profile emitted by the background
tween the Evershed flow and the dark penumbral fibrils. Maltlymospheric layer. Usually, an iterative procedure is used and
(1975) e.g. found that the flow is concentrated in channels, whitee background profiles are assumed to be the same as those ob-
Tsiropoula et al. (1996) found that the axes alongH0.3A  served in the surrounding chromosphere. Another assumption
intensity features are weakly spatially related to the Eversheshcerns the variation of the source function inside the struc-
flow. tures. The detailed variation of the source function is an un-
Fromthe above itis evidentthat determination of some physslved problem. In the case of the classical cloud model (Beck-
ical parameters in individual fibrils, among which flow speedsrs 1964) it is assumed to be constant and frequency indepen-
is crucial. These values can serve, as, at least, initial valuesglént. This assumption is valid for optically thin structures. But,
non-LTE models and also can add to our understanding of thegeneral, it is not realistic to assume that the source function
Evershed effect at the chromospheric level. is constant throughout the structure. In this case the variation of
the source function with the optical depth must be considered.
In a recent work we assume (Tsiropoula et al. 1999) a parabolic
variation of the source function with optical depth inside the
The Multichannel Subtractive Double Pass (MSDP) Spectrstructure given by:
graph (Mein 1991) provides sufficient spectral information for o
relatively broad lines, such asHand has been used efficientlyS: = So(1 + 8(t — 5)2) )
for studies of chromospheric structures. This instrument records i ) )
a 2D field of view of a solar region at several wavelengths alogg‘eres(’ IS the source function at the m'dd'? of the structure
the line profile. One of the main advantages of the MSDP sp 1d3 the variation factor of the source function. When> 1

trograph is that by displacing the entrance slit a large region d&y$ variation conforms to the picture given by Gouttebroze et
be covered quickly in several wavelengths. al. (1993), where the source function has its maximum value at

The present observations were obtained on October 3, 1888 Middle of the structure and decreases at both edges. Then
with the MSDP mounted on the VTT in Tenerife (Canary ISt_he specific intensity in the case of a parabolic variation of the
lands). Simultaneous observationsin 9 Wavelengthséanhrt source function is given by:

2. Observations

in the Ho profile of a sunspot region located near the centre of - 2, 2 B

the solar disk (NOAA/AR 7783 at SO7 W12) were performeds = loxe™ ™ + So(1 + 1200 + m)(l —e ™)
Twenty consecutive elementary images with small overlapping 3S

were recorded every 4 min and were combined by two dimen-  —— 0 (I+e™™) 3)
sional cross-correlation techniques to form a single large image #*(A)

of the spot region. The whole region contained 573pixels Inthe above formulatiom;,, = T9¢(\), wherep()\) isan ap-

693pixels covering a field of view of 172 208’ (pixel size proximation to the Voigt profile consisting of the sum of Doppler

0.3") with a spatial resolution of about’1Line profiles can core and Lorentzian damping wings given by:

be reconstructed using the standard reduction technique for this ) a

type of data and Doppler velocities as well as monochromati€)) = e~ + T (4)

intensity images at different wavelengths were computed. From T

the entire observational sequence which lasted for 1 hour omeere

frame of very good quality obtained at 9:10:14 UT was selected A\ — A ), c

for the present study. Yy Ao 5)
Ao

“= dmcAXp ©

Ha is a very broad absorption line. The wings are formed in the last relatioru is the damping width an@ the damping

the upper photosphere, while the core is formed in the chmmnstant.

mosphere. Thus, if one has the possibility to observe the entire As it has been shown by Tsiropoula et al. (1999) the above

line profile then a substantial range of heights of the solar atmmoethod is very relevant to the modelling of chromospheric struc-

sphere can be explored. Various methods have been used indihes as it assures a good fit between the calculatedirié

3. Computational method
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Fig. 1. Intensity (left) and Doppler velocity
(right) images of the sunspot region atH
0.3A observed with the MSDP on the VTT
in Tenerife on October 3, 1994. The rectan-
gle contains an area of dark fibrils pointing
towards the disk centre side

profiles and the observed ones either at line center or in the lipe= k(N, + 1.0851 Ny )T, (12)
wings no matter whether the line is optically thin or optically, — (N,;m +0.0851Ny x 3.97my) d (12)
thick. Furthermore, it provides a relation between the source

function and the optical depth which is also derived from 20 = 7 (13)

non-LTE models (Mein et al. 1996), i.e. a systematic increagﬁd
of the source function from the top of the structures to their
bottom. cs =/ RT. (14)
Using the above formulgtlon and applylng an |terat|\_/e Ieaswt'herecl is the path length along the line-of-sight aRdhe gas
square procedure for non-linear functions we can derive 5 pa-
s e ) constant.
rameters of the chromospheric fibrils. These are: the source
function at the middle of the structure$, the variation factor

of the source functiony, the optical depth at line centrs,, the 4. Results

Doppler width,A\, and the Doppler shiftAA;, which yields e synspot observed was isolated, nearly axisymmetric with a

the line-of-sight component of the mass velocity. This procgze|| geveloped penumbra showing clearly the Evershed effect.

dure can be applied to the whole region. However, as the resgli§m, the whole image constructed from the MSDP profiles a

of the fitting are not_good for the b_rlght profiles (Tsiropoula &ty 511er region was selected. It had a size df 659’ (Fig. 1)

al. 1999) these profiles must be rejected. o and consisted of an apparently well-ordered pattern of fine elon-
Once these parameters are determined the estimation of $eya j gark fibrils. Their alignmentis roughly radial and suggests

eral other parameters can be made. From the calculated Doppigpnetic ordering. Their intensity profiles usually have a broad

width values and if we assume a value for the microturbulepighape. They are asymmetrical indicating the presence of sub-
velocity,&;, we can deduce the temperatufg,From the optical

; ; i stantial mass motions and show a large broadening usually on
depth at line center, which may be written as:

one wing.
me N, (7)
mee ¢ Alp 4.1. Physical parameters of dark fibrils

andAAp, Ny, e.g. the number density in the second hydroggfyom the processed MSDP profiles and the application of the
level, can be obtained. Then the electron density, the total jierative procedure the 5 parameters have been derived for the
particle density of hydrogen (i.e., neutral plus ionized); and  engire field of view. The background intensity,, was taken

the hydrogen ground-level populatial,;, can be determined a5 the average of the intensities of bright pixels to take into ac-

T0 —

from the relations: count the underlying “facular” background. For all parameters
N, = 32108 /Ny em™3 (8) 2D maps can bg co_nstructed. Iq Fig.2 (!eft) the contour map of
Ny — 5108 1005108 N2 ) the source function is shown (bright profiles have been rejected)
7= in a small area of the entire region containing dark fibrils point-
N, = [N — 2+ &) Ne] (10) ing towards the Sun centre. The source function follows the
l+a behavior of the line-centre intensity: it is smaller in the central

(for details about the derivation of these parameters deedy of the structures and larger at their edges. In Fig. 2 (right)
Tsiropoula & Schmieder (1997)). Once the above values are tlee contour map of the negative velocities is given, in which
termined the derivation of several other parameters is straigiiocity channels are clearly apparent. It seems that much of
forward. Thus the gas pressuge,the total column massp, the flowis concentrated in these velocity channels, which occur
the mass density; and the isothermal sound speeg, can be mostly in parts of the sunspot region occupied by dark fibrils.
determined from the following relations: Usually, these channels are found at the inner legs of the fibrils,
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Fig. 2. Left: Contour map of the source function. The lines mark the axes of 3 dark fibrils (A, B and C) selected for our analysis. The arrow
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them. These fibrils are located at the diskward side of the spot
and have prominent velocities. In order to follow the variations
of the parameters along the central axes of the fibrils, their val-
ues were averaged over a strip extending @#d either side of

the axes while the step along the axis wag OTheir variations
provide a quantitative picture of the observed inhomogeneities.
These variations are shown in Figs. 3, 4, 5 and 6 (positidh “0
corresponds to the inner part of the structures in the umbra side).
Fig. 3a shows the variations of the source function along fibrils
A, B and C of Fig. 2 (left). Everywhere along the central axes
the source function is smaller than the background intensity at
line centre (which is equal to 250), whereas at the two edges
it attains the local background (intensities and source functions
are given in units of the continuum). In agreement with expec-
tation there are indications of substantial mass motions directed
along the fibrils towards the umbra. This can be seen in Fig. 3b
where the line-of-sight velocity is shown. It is negative at the

@
>

024 inner edges of the fibrils and positive at their outer edge which

means that there is a continuous inflow towards the spot consis-
tent with the chromospheric Evershed effect. According to the
velocity variations we consider the (chromospheric) edges of
Fig. 3a—d.Variations of the source functian the LOS velocity (posi- the structures to be at the points where the minimum and max-
tive is towards the observel) the optical depth atline centeand the  imum values of the velocities are attained. Then the projected
Doppler widthd along the axes of the 3 dark fibrils A, B and C showlengths of the structures can be found. Thus structure A is about
in Fig. 2 (left). I_Dosition “0” corresponds to the edge of the structure§ggo km long, structure B 5900 km and structure C 8510 km.
at the umbra side The extreme negative and positive velocity values are -.2 and

6.3 km s! for fibril A, -.6 and 6.03 km s for fibril B and -8.3

and 4.2 km s for fibril C, where negative (positive) values de-
at the umbra side and their axes do not coincide with the axeste flows away from (towards) the observer. The optical depth
of the dark fibrils in the intensity (or source function) imagess smaller than~ 1 (Fig. 3c) almost everywhere for all struc-
More work on this subject is currently in progress (see alsgres. The optical depth of structure A is smaller along its main
Tsiropoula et al. 1996). body and larger at the two edges, while the inverse is true for

Three distinct fibrils A, B and C (Fig. 2 (left)) were selectedibril B. The optical depth of fibril C is almost constant along it.
in order to study the variation of the different parameters along

0 5 10 15 0 5 10 15
position (arcsec) position (arcsec)
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Fig. 4a—c.Variations of N5 a, Nz b andp ¢ along the axes of the 3 dark fibrils shown in Fig. 2 (left)
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Fig. 5a—c.Variations of the temperatuee pressuré and sound spearhlong the axes of the 3 dark fibrils shown in Fig. 2 (left)§or 5 km s~*

The Doppler width has values in the range 0.2540(big. 3d), (e.g.&; = 10km s!, lead to smaller values of these parameters
which implies rather low temperatures and/or low microturbat ~ 0.82 times (Fig. 6)). The mean values and standard devia-
lent velocities. It is larger along the main body of the structuréisns of the different physical parameters of the dark fibrils for
and decreases towards their two edges. the whole sunspot region are given in Table 1.

As physical conditions of fibrils are not given in the literature
it is of interest to give estimations of them. Their derivation s EFlows
be done through the relations (7) to (14) given above. In orderto
estimateV, the path length along the line-of-sight is taken equdlhe general pattern of the observed line-of-sight (LOS) veloci-
t0 2000 km. The populations,; andN g and the mass densify, ties is consistent with the chromospheric Evershed pattern e.g.
shownin Fig. 4, increase from the outer to the inner edge of fibrddshifts at the diskward side of the spot and blueshifts at the
A, are larger in the main body and decrease in both edges offiiribward side. This effect can easily be explained in terms of
B and remain almost constant along fibril C. The variations tife perspective, i.e. the relation between the flow velocity and
the temperature, pressure and sound speed are shown in Figs.l30S component (Tsiropoula et al. 1996). From the LOS ve-
and 6. In order to determine the temperature from the Dopplecities along the 3 fibrils shown in Fig. 3b, which are negative
width we have used two values for the microturbulent velocitgdownflows) at their chromospheric edge towards the umbra and
(i.e.&,=5kmstand¢, =10kms!). For§, =5kms ! temper- positive (upflows) atthe other edge away from the umbra, we can
atures of the order of 24000 K—25000 K are obtained at the tbpve an idea about the flow along the axes of the fibrils. Thus,
of the structures, while their pressures are of the order of 0.3—@phrt from the horizontal component, there is in their outer part,
dyn cnm2 and sound speeds of the order of 15-16 krh. Al an upward component parallel to the LOS, which subsequently
three parameters have greater values at the body of the stdesreases, becomes equal to zero at a point along the axis of
tures, and lower values at their two edges. The pressures ateheh fibril and then becomes negative at their inner part towards
corresponding points where the extreme minimum and masitie umbra. This picture suggests that there is a flow from the
mum velocity values are met are: 0.1-0.22 dymérfor fibril  outer to the inner part of the fibrils. Of course, the interesting
A, 0.08-0.22 dyn cm? for fibril B and 0.17-0.13 dyncm? for  question, if i.e. it is the pressure difference at the footpoints
fibril C. Thus atthe chromospheric level, the inner parts of fibritf the structures the driving mechanism of the motion cannot
A and B have lower pressures than their outer parts, while the answered, directly, from the pressure values found by the
inverse is true for fibril C. Larger microturbulent velocity valuepresent computations. This is because theoHservations rep-
lead to smaller values of temperature, pressure and sound sgeednt only the upper (chromospheric) part of the fibrils. What
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Table 1. Physical parameters of fibrils

Parameter Average Standard
value deviation
S 171.1 30.5
To 0.69 0.18
AAp, A 0.36 0.07
Ni,cm™3 1.410° 4010
Na, cm3 1110 3.71¢
Ny cm3 4.7 10° 8.810
N.cm™3 3.110° 5.6 10
M,gecm? 17105 4910°¢
p,gem3 8410 2510
T, K (for &, =5kms™!) 1.6 1¢ 7110
T, K (for & = 10km s1) 1.110¢ 6.9 1CG
p, dyncnm? (for &, =5kms™) 0.2 0.1
p, dyn cn? (for ¢, =10km 1) 0.14 0.1
cs, kms! (for & =5kms™) 12.7 2.9 Eig: 7. Coordinate system for the representation of the flow along the
cs, kms?t (for &, =10kms™) 10.4 3.7 fibrils

spot centre and rotated with respect to the surface normal OZ

happens at their footpoints anchored in the photosphere cyian angle), equal to the heliocentric angle (Fig. 7). For sim-
not be derived by the present data. Indirectly, however, we dalicity, we let the LOS velocity vector lie in the plane OX, OZ,
suggest that because of the lateral pressure balance, the omkégh is normal to the solar surface, while the axis OX passes
footpoints have lower magnetic pressures, as they are embedieah the spot and Sun centres. The flow speed along the axes of
in the weaker magnetic field of the penumbra and thus they hake fibrils has an inclination with respect to the surface normal
higher gas pressures; the inverse is true for the inner footpoirgad the flow speed’s projection on the solar surface forms an
The flow, therefore, we found from one leg of a structure to tingles with the axis OX which is measured clockwise+ 0°

other, driven by a pressure difference, is consistent to the siptgints to the Sun centre). It is easy to show that the calculated
flow. LOS velocity is related to the flow velocity through the relation:

Knowing only the LOS velocities along the dark fibrils we — vpy (sin6 cos ¢ siny + cosy cos 0) (15)
cannot arrive directly to the values of the flow velocities. This 1549 fi 4 K
because the variations of the flow velocities are due, in genetal,our case, the heliocentric angle is equal t§,1@hile the
not only to the variations of the LOS velocities along the fibrilgzimuth angles can be measured from the filtregrams and are
but also to the variations of the inclination angles of the veloegual to 49 for fibril A, 19° for fibril B and 10 for fibril C.
ity vector with respect to the surface normal and to azimuthas the inclination angles of the velocity flow vector are not
variations. However, by using a simple geometrical model (elgnown we adopted different sets of inclinations with respect
Title et al. 1993) and assuming different sets of the inclinatida the vertical. We started with a value gfat the outer edge
angles of the flow velocity vector between the two edges of thé the fibril and increasing it radially along its axis we get a
structures we can give a picture of the flow velocity variationpredefined value ofy for the inner edge. The following sets
The LOS and flow velocity vectors can be described in termgere used: 30-60°, 30°-8C°, 30°—10C, 40°—60C°, 40°-80C°,
of a rectangular coordinate system OX, OY, OZ centered on 6@ —80°and the results for the fibrils A, B and C are shown in



G. Tsiropoula: Physical parameters and flows along chromospheric penumbral fibrils 741

-30F

__ 30-60 _ 30-60 —40¢ ,’ __ 30-60

- 30-80 ] | ... 30-80 | _50F ! ... 30-80
—-—30-100 | | --30-100 | ~-30-100
L ' L -4 I L L —60 I L L
0 5 10 15 0 5 10 15 0 5 10 15
position (arcsec) position (arcsec) position (arcsec)

Flow velocity {(km/sec)
Flow velocity (km/sec)
Flow velocity (km/sec)

|

N

o

(o) - (o) ! ©)

[}
N\

|
o
T

\
N
(@]
I\

=

.

I
w
NN, N
N
|
>
7
®
<]

—.—40-60

Flow velocity (km/sec)
NG
\

Flow velocity (km/sec)
N
!
N

Flow velocity (km/sec)
A

oL —.—40-60
—...40-80 - —...40-80

4l _ _60-80 ] ~ _ 60-80
, . —4 . . .

0 5 10 15 0 5 10 15 5 10 15
position (arcsec) position (arcsec) position (arcsec)

|
N
[}

o

Fig. 8a—c.Variation of the flow velocity for different sets of inclination angkegbril A, b fibril B and c fibril C

Fig. 8. The flow is from the outer to the inner edge; positiveethods based mainly on the cloud model (Alissandrakis et al.
flow velocities correspond to upflows, while negative velocitiek990) constitute a significant step towards spectral diagnostics.
correspond to downflows. The behavior of the flow for fibril¥he method we used in this work enables the variation of the
A and B is similar. In these two fibrils (Fig. 8a, b) the flow issource function with the optical depth, assures a good fit between
decelerated from one edge to the other, which can be explaitieel calculated H line profile and the observed one (Tsiropoula
geometrically if the structures are almost horizontal. In fibril €t al. 1999) and seems very appropriate, since it provides reliable
the flow is characterized by a deceleration of the upward moviegtimates of several physical parameters of the chromospheric
material, due to the retarding effect of gravity; thereafter tletructures. By using this method we are able to derive, for the

material accelerates as it returns to the surface. first time, values of several physical parameters of the chro-
Since the nature of the flow depends critically on the Machospheric fibrils. These values can be used as, at least, first
number it is of interest to estimate the latter defined as: estimates of the physical conditions inside these structures, but
ol also can be used as initial values in non-LTE models (Heinzel
M =1 (16) 1995). The valuesderived are, in general, comparable with those
Cs derived for the dark mottles (Tsiropoula & Schmieder 1997)

Thus the flow is always subsonic for the different sets #fith small differences in the mean values leading to the conclu-
inclination angles and for the sound velocities calculated eitten that the differences between these structures lie mainly in
for& = 5kmstorg = 10km s ! for fibril A and B. For the strength and direction of the magnetic field. Several points
fibril C, on the other hand, the flow is subsonic for the mo&bout the uncertainties concerning the derivation of the param-
part of the structure, but it becomes supersonic in the inner edjers and the reliability of the method used in this work have

for the following sets of inclination angles: 3880°, 30°—10?, already been discussed by Tsiropoula & Schmieder 1997 and
40°-8C, 60°—8C°. Tsiropoula et al. 1999. A point of uncertainty related to the sub-

sonic or supersonic character of the flow will be discussed in
. ) the next paragraph.
5. Discussion Among other parameters determination of the flow veloc-

An important clue to the understanding of the dynamics of tiéeS along chromospheric fibrils is of high importance for the
solar atmosphere appears to lie in the knowledge of the physi¢aflerstanding of the sunspot penumbrae. A fundamental diffi-
parameters of the individual structures constituting it. In ord€H!ty in this determination lies, however, in the fact that the only
to have exact values of these parameters a progress is ne@@gmeter we have available is the LOS velocity. Nevertheless,
towards 3-D radiative transfer non-LTE modelling. Until thei'€ can estimate the flow velocities by using a simple geomet-
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rical configuration and assuming different inclination angles &fme dependent, showing a quasi-periodic behavior with periods
the velocity vector with respect to the surface normal. Our ref 10—15 min (Tsiropoula et al. 1997). This behavior has to be
sults picture a unidirectional flow from the edge of the fibrils &xplained by a dynamical, and not stationary, siphon flow model
the penumbra side towards the edge at the umbra side. In twooprobably by other mechanisms based on waves or convective
the fibrils (A and B) the flow velocity is upwards and it is decelmotions, which are not so far sufficiently analyzed.
erated from the outer to the inner edge being always subsonic Finally, we would like to notice, that after a first inspec-
for all sets of the inclination angles considered. In fibril C thigon of the whole time series the downflows at the inner edges
ascending material at the outer edge has subsonic velocities afthe fibrils end at larger patches of downflows which can be
itis decelerated, while the descending material is accelerated@ntified as the well-known velocity flow channels and which
taining supersonic velocities atits inner edge for almost all of tlseem to carry the Evershed flow. We provide a contour map of
inclination angle sets considered. As the subsonic or supersarggative velocities showing clearly the existence of flow chan-
character of the flow depends on the ratio of the flow velocihels the axes of which do not coincide with the axes of the dark
to the sound speed it is of interest to examine the uncertaintigsils in the intensity images. It is also evident that systematic
introduced in their calculations. It has been proven, already, tllatwvnflows are persistent in the footpoints of the fibrils at the
of allthe parameters calculated by the classical cloud model, tirabra side during the whole time series. Then when and how
differential cloud or the cloud model with non-constant sourde the material supplied? What is the real evolution of the flow
function, the velocity is the most model-independent parametey time proceeds? And which is the relation between the flows
(Alissandrakis et al. 1990, Tsiropoula et al. 1999). On the oth&long dark fibrils and the Evershed flow? In order to answer
hand, the value of the microturbulent velociyis crucial inthe these questions observations of the present quality but with bet-
determination of the sound speed. As the range of the valuesesftemporal resolution are needed.
& is nota priori known it can be obtained indirectly by consid-
ering if the obtained values @fandp are reasonable. Due to the\cknowledgementsie thank Dr P. Mein for providing the MSDP
relatively small Doppler widths large values@fwould lead to observatlo_ns and thg referee for construc_tlve com_ments that r_lave
too low values of’ andp. We consider that a reasonable randéglped.to improve this paper. The ob.servatlonal project has received
. 1 1 . - observing time under International Time Programme offered by the
for &, is between 5kms'-15km s *. By using this range for

. . . ) Cl of the Canarian Observatories and supported by the European

§ the S“t_’SO”'C or SuDequn'C CharaCter of the f_IOW IS reta'r.]e ommission through the Access to Large-Scale Facility “Activity of

The kind of flow found is consistent to the siphon flow, i.&ne Human Capital and Mobility Programme”.
upflow in the higher gas pressure (lower magnetic pressure)
footpoint, and downflow in the lower gas pressure (higher mag-
netic pressure) Furthermore, according to Maltby (1975), sub-
sonic flows are produced by small pressure differences betw
the footpoints of the flux tubes, while large pressure differencalissandrakis C.E., Dialetis D., Mein P., et al., 1988, A&A 201, 339
produce subsonic flows in the outer, larger pressure footpoiflissandrakis C. E., Tsiropoula G., Mein P., 1990, A&A 230, 200
which are accelerated and transit to supersonic at the topBetkers J.M., 1964, Ph.D. Thesis, Utrecht
the structures passing again to subsonic near the inner footpbiitkal P., 1971, Solar Phys. 20, 298
through a compression shock. footpoint. We can, therefore, s?}j’—_”“emoze P., Heinzel P., Vial J.-C., 1993, A&A 99, 513
gest that in two of the fibrils (A and B) there must exist smajfeinzel P., 1995, A&A 299, 563

. N . Itby P., 1975, Solar Phys. 43, 91
ﬁ:ﬁ:ﬁg;ies(tjlﬁerences’ while in fibril C a large pressure dlfferen%%“by P., 1997, In: Schmieder B., del Toro Iniesta J.C., Vazquez M.

. . . (eds.) Advances in the Physics of Sunspots. ASP Conf. Ser. vol.
A main discrepancy between our results and the siphon 1,5 g1

flow models of Maltby (1975) or Thomas (1988) lies in tha{ein N., Mein P., Heinzel P., et al., 1996, A&A 309, 275

for two of the fibrils having subsonic flows (i.e. A and B)ein P., 1991, A&A 248, 669

we found a flow which is decelerated from the outer to théeyer F., Schmidt H.U., 1968, Z. Angew. Math. Mech. 48, 218
inner edge (the models predict an acceleration), while fohomas J.H., 1988, ApJ 333, 407

fioril C the flow is characterized by a deceleration of thé&tle A.M. Frank Z.A., Shine R.A., etal., 1993, ApJ 403, 780
upward moving materiaL and an acceleration as it retur}ﬁgiropoulaG.,AIissandrakisC.E.,Schmieder B., 1993, A&A 271,574
to the surface (the models predict an acceleration andT%'rcl)g(;u%G.,AIissandrakisC.E.,Dialetis D., etal.,, 1996, Solar Phys.
deceleration respectively). We can state some reasons for—>" .

these discrepanc?es. It syr)lould be emphasized that the SipTgF‘opoulaG., Schmieder B., 1997, AGA 324, 1183

siropoula G., Dialetis D., Alissandrakis C.E., etal., 1997, Solar Phys.
flow models assume a steady flow along the flux tubes. On 152 139 4

the other hand, our results provide a picture of the ﬂo‘f“siropoulaG.,Madi C., Schmieder B., 1999, Solar Phys. 187, 11
only at one particular time. The flow along fibrils, however, is
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