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ABSTRACT

Aims. To study the interaction of the solar chromosphere with thesition region, in particular active-region jets in thanisition
region and their relation to chromospheric fibrils.

Methods. We carefully align image sequences taken simultaneousBrinwith the Transition Region and Coronal Explorer and in
Ha with the Swedish 1-meter Solar Telescope. We examine thpdrahevolution of “dynamic fibrils”, i.e., individual shiolived
active-region chromospheric jet-like features ia.H

Results. All dynamic fibrils appear as absorption features im that progress from the blue to the red wing through the linel, a
often show recurrent behavior. Some of them, but not alleapplso as bright features innCwhich develop at or just beyond the
apex of the b darkening. They tend to best resemble theftéril at +700 mA half a minute earlier.

Conclusions. Dynamic chromospheric fibrils observed imvifegularly correspond to transition-region jets observetié ultraviolet.
This correspondence suggests that some plasma assocititetymamic fibrils is heated to transition-region temperas.
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1. Introduction In the present analysis, we concentrate on short-livedecti
region fibrils observed in b. These have lifetimes of only a
few minutes. We call them “dynamic fibrils”. Longer and more
tatic fibrils are not the subject of this study. De Pontieal et
2003) reported spatial coincidence of emission features i
ﬁ:év lines and dynamic Hl fibrils observed in the red wing at

A = 700 mA from line center. The dynamic fibrils inaH

In this paper, we study active-region fibrils in the solarazhr
mosphere and transition region. The context is the dyndmi
structure of the transition region as the interface betwiben
chromosphere and the corona. It is highly complex due to t
fine structure of the chromosphere, which is dominated orils ; . . .
scales by jet-like features observed in B spicules at the limb, correspond well with dark inclusions observed in thenze
and as active-region fibrils and quiet-sun mottles on thi.diEUV passband around 171 A of the Transition Region and
They bring cold £10* K), dense plasma up to greater heightgoronal Explorer (TRACE/ Handy etlal. 19_99) in so-called
than expected from hydrostatic equilibrium (€.g., Suematsal. MOssy plage, where “moss” describes the finely textured and
1995). The understanding of the formation and behavioregeh dynamical appearance of such plage in 171-A image sequences
structures is limited, although they appear to be key agents(Berger et al. 1999; De Pontieu etlal. 1999, 2004). Here, we ex
the momentum and energy balances of the outer solar atrf@nd on De Pontieu etial. (2003) by examining the temporal evo
sphere [(Tsiropoula & Tziotzibl 2004). Even the relatiopshi lution of the dynamic Hfibrils and their Gv counterparts. The
between these flerent features remain in debate (see the stflta are described in Selct. 2, the analysis in Sect. 3, ané-the
valid observational reviews by Beckefs (1968, 1972), tlemth sults are discussed in Seldt. 4 and summarized in[Sect. 5.
retical review by Sterling (2000), and the more recent ssedy
by Tziotziou et al.[(2003, 2004) and references therein).
_ ) ) o 2. Observations and data reduction

Solar images taken in EUV lines also show jet-like struc-
tures in the chromosphere and transition region. Some Et$V j¥Ve analyze image sequences of NOAA active region 10380
extend much further out from the limb thamtpicules, and recorded simultaneously indand in Gvon June 16 2003
have much longer lifetimes. However, it has been estaldisheetween 8:02 and 9:07 UT at a viewing angle of 48 degrees
that many EUV and H features tend to have similar lengths anfuz = 0.66). AR10830 was a sizable active region that decayed
dynamics (e.g.. Withbroe 1988; Dere etlal. 1983, 1986, |]198&pidly during its transition over the disk, appearing aarge
Budnik et al[ 1998; Wilhelm 2000; Xia etlal. 2005). The simicomplex of sunspots and disappearing as mostly plagellit sti
larities between a class of EUV anchHeatures suggests thatcontained several small sunspots at the time of observation
they are diferent manifestations of the same phenomenon, pé&swedish 1-m Solar Telescope (SST, Scharmer et al. 2003) was
sibly with EUV jets being hot sheaths around coal Hteriors. used to take images at four wavelengths i khile co-pointed
However, a direct one-to-one correspondence has not yet b#eaging was performed by TRACE in its three ultraviolet (UV)
established. passbands at 1550, 1600, and 1700 A.
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puted displacements between these two. The first and lagena
of the other passbands were then aligned to4#@0-mA ones
using the wavelet technique lof De Pontieu etlal. (1999).Ikina
we used the computedisets to shift the de-rotated images us-
ing cubic-spline interpolation to create four accuratdigred
sequences of 78 images each.

Visual inspection of the sequences shows rapid changes in
the mean full-field intensity. We suspect that the SOUP filtas
not always precisely tuned to the wavelength specified .€Sive
study the morphology of structures here, this amplitud&tian
and the small tuning error do noffact our results.

The TRACE UV bandpasses labeled 1550, 1600, and 1700 A
together sample the low and upper chromosphere as well as
the transition region. In these observations TRACE was pro-
grammed to record images sequentially in these three wave-
lengths at a cadence of 201 s. The angular resolution is
0.5” per pixel, the image size 640512 square pixels. The im-
ages were corrected for dark current and were flat-fieldel wit
) ) the SolarSoft procedurerace_prep described in the TRACE
Fig. 1. A sample 1600-A image cutouX andY are the standard analysis Guidg. The images were subsequently aligned with
heliocentric coordinates with solar north up used by TRACE“-gh precision using Fourier cross-correlation in threepst
The SST field of view is indicated by the solid contour. It coOng, the first step, the 1600-A images were aligned in consecu-

Ejaégﬁe?jcgg?\tgi?I;)neglfqiég?hSeoc\gtlghutau;ng i?]?}?” Zunspots. Trh%e pairs, and each 1550 and 1700-A image was subsequently
P g2 aligned with the 1600-A image that is closest in time. The sec
ond step involves alignment of each of the resulting images
with respect to a running average over nine images. The lat-
At the SST, the SOUP tunable Lyot filter (Solar Opticaler were selected from the output of the first step for 1550,
Universal Polarimetet, Title et 5l. 1986) was used for nafro 1600, and 1700 A combined such as to be closest in time, and
band imaging anA = —700,-350,+350, and+700 mA from smoothed with a % 5-pixel spatial averaging. This procedure
the Hx line center with 130-mA FWHM bandwidth. These passavoids copying alignment errors from one sequence to anothe
bands sample the chromosphere, though there is a contrbutis would occur when aligning to a single “master” image se-
from the photosphere at least in th&00-mA passbands duequence|(De Wijn et al. 2005). Finally, each original imagewa
to the double-peaked contribution function of the khe wing re-sampled to the aligned grid. The single interpolatiep sn-
(Leenaarts et &l. 2006). The images consist of ¥3®82 square sures minimal degradation of the image quality.

pixels of Q0658” size. Bursts of images were recorded at each The 1550 and 1600-A passbands include the thes at
sampling wavelength during seven seconds before tuning 13 anq 1550 A that are formed at temperatures around 60—
SOUP filter to the next wavelength. The frame rate wisiis 50, 1% K and sample the transition region. There are also con-
at+700 mA with 115-ms exposure, an®¥ps at+350 mA with - sigerable contributions from the surrounding continuuicese
200-ms exposure. Thanks to the use of the SST's adaptivesopt¢ he proad passhands (20 and 275 A, respectively). The-1700
system, the data quality does noffsmtoo much from these long A passband has a width of 200 A, but does not include the C

exposure times. The three images of each burst with the i;nghl'ﬁ'les. In this analysis, which focuses on thev@ontribution, we

contrast were stored to disk. . , employ the technique 6f Handy et al. (1998) to construct an im
In the post-processing all stored images were first coe—
Y

rected for wavelength-dependent dark current and flat fie e sequence in therClines through linear combination of the
In order to reduce seeingfects caused by the Earth’'s atmo- ee bandpasses. Because TRACE takes images sequentially

sphere, each set of three images was subsequently proceg‘éee sed temporal mt_erpolatlon of the 1600 an_d 1700—A_|mages
with the multi-frame blind deconvolution technique deyesd (0 match the 1550-A images. We prefer to use interpolati@n ov
by[Lafdahl [2002) using the implementation of Van N8quf. the more usual nearest-neighbor selection, because teave

van Noort et al| 2005). The resulting images reach better thigherentto interpolation reduces the noise. Comparisomden
0.25" resolution. The four B sequences have a cadence dn€ two techniques shows only smalifdrences.

55+ 5 s, with an average time delay of 2 s between suc-  The final step of the reduction is cross-alignment of the se-
cessive wavelength positions, and48 s from the last red back quences of ki and Civ images. This was done using several
to the first blue position. They were rotated to the same taiensmall bright points visible in H =700 mA as well as the UV
tion as the TRACE images with solar north up. Image displacesntinua. The resulting @ image sequence was scaled and cut
ments were then measured in multiple steps described belowt to match the b images. Since the cadence of thevGe-
These displacements were subsequently used to re-sameplegiience is much faster than that of the bequences, and since
de-rotated images onto an aligned grid in a single step iarordhe four Hr sequences are staggered in time, we produced four
to avoid repeated spatial interpolation. We began by comgut C1v sequences for each of thedldequences by nearest-neighbor
the displacements between successive images per wavelergimpling. Visual inspection shows good alignmen0(5”) be-
Next, we corrected the-700-mA sequence for residual lineatween the Gv and Hr sequences.

drift by aligning the first and last images, and adjustingdbm-
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Fig. 2. Examples of k¥ image cutouts sampling theaHine from left to right at-700, -350, +350, and+700 mA. This part of

the SST field of view shows many small dynamic fibrils that append disappear during the sequence. The outer-wing images
sample deeper layers than the inner-wing ones, showingotl@oknospheric structures over a bright photospheric backgl. The
diamonds in the-700 mA image mark the positions where fibrils occur that shesoaiated Gy emission at some time.
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Fig. 3. Five sample K fibrils of 16 identified with cospatial-cotemporarCemission.Top row: Ha +700 mA cutoutsBottom row:
Cv cutouts. In each case, excessive Grightness coincides spatially with morphologically danidark features in ki+700 mA.
The white contours enclose the area over which the Pearsoelation codficients discussed in Seti. B.2 are computed.

3. Analysis and results “dynamic fibrils” because they come and go on timescales of a
few minutes only; they are the subject of this study. Filthist

Figure[d shows a cutout of an example 1600-A image to illugre more stable in appearance and tend to be longer are not the

trate the common field of view between TRACE and the SSSubject of this paper.

The solid rectangle outlines the SST field of view, the dashed

rectangle outlines the cutoutin Fig. 2. The latter contaits/e- o S

region plage which appears as mossy plage in a TRACE 171%&1 -+ Civ emission from dynamic fibrils

sequence taken an hour earlier. It harbors many small, dark /e searched for spatio-temporal coincidence of enhanaed C

features that are best visible in tag00-mA panels. They are emission and the occurrence of dynamie fibrils by detailed

also present at the inner-core wavelengths but with more canspection of the image sequences. Ofteny Grightness en-

fusion rising from feature crowding. Closer to the limb, Buchancements do not have obvious counterpartsdn it some

confusion would be much worse due to projectidfeets and of them clearly correspond closely to dark dynamical fesgur

also dfect the outer wing panels, butat= 0.66 single features in the red wing of K, not only by appearing at the same loca-

are well identifiable in these data. Most of these features dtion and close in time, but also by having morphological simi

play very dynamic behavior in thedHsequences. We call thesdarity. This has earlier been noticed by De Pontieu & 0
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Fig. 4. Temporal evolution of the fibril in the first column of Fid. 3f61v and Hx at the four wavelengths. For eaclrMravelength,

the gray scales of the three panels have been adjusted totheakirightness distributions equal. The top and bottowsrsample
the scene approximately one minute before and after thelenidd, as specified by the time of observation per panel. Thigew
frame outlines the fibril of interest. It is first most cleatlire blue wing of R (top row, second and third panels), then moves through
the line to the red wing and disappears partially (middle laottiom row, fourth and fifth panels). It is present in all inages, but
best visible in the blue wing at first, and later in the red wifilge Civ panels show diminishing brightness at its location.

We identified 16 cases in which the correspondence betweesqgaare feature is still visible in the blue wing and does ravieh
dynamic fibril in Hx and Giv emission is particularly evident. an appreciable signature in th§00-mA passband. The lower
Their locations are marked by the white diamonds in the lefsart of the Gv brightening shrinks slightly, but the upper part
most panel of Figl]2. Five examples are shown in Elg. 3. Th®incident with the left side of the elongated lfeature remains
morphological correspondence is obviously imperfectohtin  bright, while the other end around (669-234") brightens. The
part can be attributed to noise in the UV images (the TRAGEbttom row shows the scene about one minute later. The elon-
CCD has lost considerable sensitivity since its launchht®e gated Hr feature has mostly disappeared, the square feature is
relatively poor angular resolution of therCconstruct, to resid- now evident throughout & and the left Gv brightening has

ual seeing in K, and to intrinsic diference in shape. However,shrunk further.

the number of paired features, their morphological siritites, Figure[B similarly details the example in the second column
and the fact that they tend to track each other in their tempgr Fig.[3. In this case, a small fibril appears irvH#700 and

ral evolution give confidence that their identification a&p& _350 mA around (672,—207") (second and third panel, top
correct. The intrinsic shapeftgrences are discussed below. row). A brightening in Gv develops quickly at the same loca-

In Figs.[256, we present the samples of the first thr&i@n- The fibril is visible in all Hr passbands in the middle row.
columns of Fig[B in detail. Figuf@ 4 shows the temporal evg Minute later (bottom row) it is still clearly visible in thiar
lution of the leftmost case in Figl 3. The fibril appears asrk dal©d Wing (fifth panel), and appears somewhat more clearly in
structure especially in &i—700 and-350 mA (second and third Ha =700 mA (second panel), indicative of recurrent behavior. It
panel in the top row). It consists of a slender feature exterf§Mains clearly visible in the & image. Despite its small size
ing from (662, —236") to (668', —234"), and a smaller squarish in Hq, there is considerable brlg'htenmg.me
feature around (662-237"). There is already a brighteningin ~ Figurel® shows the example in the third column of Elg. 3. The
the Civ construct (top row, first panel) appearing just to the rigtilae +350 mA panels (third and fourth column)fer much from
of the square feature around (664237"). In the middle row of feature crowding that makes precise identification of fietu
Fig.[, the elongated feature has largely disappeared inltlee difficult. However, the similarity between, e.g., the absorpiio
wing, but has become more clearly visible in the red one. Thige Hx +700 mA in the top row and the € emission in the mid-



A.G. de Wijn and B. De Pontieu: Dynamic fibrils inaHand Civ 5

Ha - 700mA Ha + 350mA

Y [arcsec]
g

-210

=215

Y [arcsec]
8

210 14

215

670 675 680 665 670 675 675
X [arcsec] X [arcsec] X [arcsec]

Fig.5. Temporal evolution of the fibril in the second column of FifirBthe same format as Figl 4. The central brightening in the
C1iv panels corresponds to darkening ir that progresses from the blue wing (top row, second and gareel) to the red wing
(middle and bottom row, fourth and fifth panel). In the middbev, the dark structure around (67,6-212") expands in the blue
wing of Ha, and migrates toward the red wing while brightening mankédIC v (bottom row). Some other structures visible in
Ha are not identifiable in @, such as the dark feature around (878210") in the middle Hr +700 mA image.

dle row is striking. A small feature around (696-220") is first while C = 1 and-1 reflect perfect linear correlation and anticor-
clearly visible in the far blue wing (top row, second panahd relation, respectively. In each case, the fibril area wasrdened
later at the same location with similar morphology in theréad by first selecting those pixels ini€ that are more than two stan-
wing (bottom row, fifth panel). It appears at the same locesi® dard deviations above the average value around the fibdl, an
the absorption in H +700 mA in the top row (fifth panel), point- dilating the result with a 3& 30-pixel kernel. These regions are
ing to recurrent behavior. It also shows associateddnission indicated by white outlines in the five examples in Fiy. 3. For
in the middle row. Another fibril around (693-215") develops each Hr wavelength, we next correlated thex@rame in which
Cuv brightening more slowly and less obviously. In this casé#)e feature is best visible to the fivexHrames straddling it in
the Civ emission is ffset by about 1 from the rightmost edge time. As to the correlation cdéiécientsC of bright Civ versus
of the absorption in | +700 mA. dark Hr +700 mA derived for the 16 cases, we find that their
The remaining thirteen cases not detailed here all exhi¥tremes reach a minimum ef0.7 and a maximum o#-0.2,
similar evolution: a dark absorption feature first appearthe While their average is0.5. The delay between € and the best
blue wing of Hr and then migrates to the red wing, while corrematch in Hr +700 mA varies between 13 ard.09 s with an av-
sponding brightening appears imC We emphasize, however,erage value o£-33+ 30 s, where a negative delay indicates that
that there are many more fibrils in the SST field of view thada +700 mA precedes &. Despite the large error, the negative
show such smooth progression throughWithout obvious cor- delay appears significant because it is found in all but tveesa
responding Gv emission. Figure[T shows the correlations against time for the firgtethr
examples of Fid.13. For all fibrils the anticorrelation is rhok-
vious for the+700-mA passband, and varies for the other pass-
bands. The fibrils show a similar time delay of about one n&nut
We computed Pearson correlation fiiments (e.g., Press etlal.for the +700-mA passband, in the sense that Grightens later
[1992) for the 16 selected locations betwean#hd Civ inten- than the red wing darkens. Especially the fibril in the center
sity as a function of time delay. They describe the amount panel shows temporal progression from blue to red across the
linear correlation between the two intensities, i.e., aaation line. It also shows recurrent behavior: the correlatiorpdragain
codficientC = 0 indicates a complete lack of linear correlationat large time dierence, at first in the blue wing, and later in the

3.2. Correlations
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Fig. 6. Temporal evolution of the fibril in the third column of Figl. 8, the same format as Figl 4. The bright structure in the C
panels corresponds to darkening i Hest visible in the:350 mA passbands (third and fourth column). In the top rovy an
small feature is present in the far blue wing around (69@20") (second panel). There is already considerable absoriptitire
far red wing (fifth panel). The @ brightening develops quickly and is most prominent in thddteé row. It is morphologically most
similar to the absorption in &+700 mA a minute earlier (top row, fifth panel). In the bottorwrib has largely disappeared. The
fibril around (690, —220") in the Hx —700 mA panel has now progressed into the red wing@f Ahother fibril is present around
(693’,-215"). Its associated @ brightening is less clearly seen anfiiset by about 1 from the rightmost edge of the absorption
in Ha+700 mA.

red. The fibril in the rightmost panel displays similar bebav to have some correspondingCemission, though it is conspic-
Figurd8 displays histograms of the delays of best antitatiom uous in only a few cases.

between K and Cuwv intensity for each it wavelength. It shows
a clear peak at negative values for the best anticorrelmtien
tween Hr +700 mA and Gv brightness, indicating that the half-
minute negative delay is significant despite a large errat)@ss
so betweer-350 mA and Gv brightness. The histograms of de
lays for the best anticorrelation between Hlue wing and Gv
brightness appear featureless. Large positive delaysearidy-
preted as signs of recurrent behavior.

Another aspect of interest is the width of the tine in dy-
namic fibrils. Inspection of the &l sequence shows that most,
if not all, short-lived Hr fibrils show such progression from
the blue to the red wing, but most are not obviously assatiate
‘with C1v brightening. A case in point is the dark feature around
(678’,-210") in Fig.[8. It is present in the350 mA panels in
the top row, and shows progression to the red wing (second row
+350 and+700 mA panels) without clear € brightening.

We interpret the progression as to result from matter first
moving up in the direction of the observer, and then back to-
ward the surface. This interpretation agrees well with the d
The observations presented here add temporal evolutionsgsiption of active-region moss as jets moving upward inahe
the study byl De Pontieu etlal. (2003). In a one-hour multinosphere and periodically obscuring the hot footpoint®opb
wavelength sequence, we have identified 16 dynamicfis- (Berger et al. 1999; De Pontieu eflal. 1999; Martens let alCp00
rils with associated @ emission. In all cases, the correspondd/e do not have concurrent observations in TRACE 171 A or
ing dark Hx feature progresses in a smooth, continuous fashi@85 A, so we cannot establish that our dynamig fibrils cor-
from the blue wing to the red one in a few minutes, and onhespond to such obscuration in mossy plage. However, since
then shows the best correlation with thev®rightness feature. the relationship between moss and chromospheric jets is wel
It often also displays recurrent behavior. Many fibrils appear established (e.g., De Pontieu el al. 2003), it is likely thatdy-

4. Discussion
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Fig.7. Three samples of the correlation between &hd Civ intensity as a function of time delay, corresponding to thst three
cases in Figl]3, respectively. Curve coding: correlatiotwben Gv and Hr —700 mA (dashed-dotted, circles) aH-350 mA
(dashed, triangles), &+350 mA (dotted, squares), andrH700 mA (solid, diamonds).

T T . T T face to the surrounding corona, as proposed by Withbroe3()198
| Hz-350mA | Such a sheath could be formed through cross-field thermal con
duction (Athay 1990), and would be expected to produce C
- 1 emission that is cospatial with thentabsorption. Estimated ra-
i diative losses show that only a very thin layer of hot matésia
1 H ﬂ ﬂ ,J—|—|— required to explain the observed intensity in our TRACE ig®g
; et so that cross-field conduction cannot be ruled out on groahds
et 0 effectiveness or timescale. However, we get the impression fro
- our observations that many of the brightness enhancements i
Cv are systematically shifted toward the upper end point of the
corresponding H fibril. This is the case for all 16 fibrils stud-
i 1T 1 ied here; in some the € brightening extends as far out a8 1
L . L . [ LET L, : L L beyond the apex of the feature imH-700 mA. Co-spatial cor-
2 1 0 1 2 2 1 0 1 2 relations have been computed in Séct] 3.2. The temporay dela
tyg - ey [min] tig, - Ly [min] shown by the curves in Fi@l 7 is not invalidated by the obser-
vation that the k& and Civ features are not co-spatial. It even
Fig. 8. Histograms of the time delay of the best anticorrelatiogerves as confirmation: théfset Civ emission is more strongly
between ki and Civ intensity for each ki wavelength. correlated with the H fibril in its appearance of, say, half a
minute ago, when it had a larger extent. Dere et al. (1986) als
noted that in quiet-sun observations the most intenseetis-
o ) ) sion is produced just beyondaHmottles. This finding suggests
namic fibrils described here correspond to the jets thatecaygat there is a large temperature gradient along the steiatith
moss. . o a cold footpoint in the chromosphere and a hot top in the cron
_ The observation that thei€ emission occurs only after the The energy required to heat the tip of the fibril may then be pro
fibril has progressed to the red wing oéH.e., when the matter yiged by the corona, possibly through parallel heat coridogt
returns toward the solar surface, implies that the €mission or by hot coronal material filling the wake of the descending
line itself should be shifted to the red as well. Spectro8cop- fipril. Dere et al. [(1987) derived extremely small filling facs
servations indeed show that this is the case (Dere et al) 1986 from HRTS spectra, and concluded that UV fibrils are sparsely
The curves in Fig.]7 show that darkness im #700 mA cor- filled with numerous hot microscopic structures. Our observ
relates well with Gv brightness occurring half a minute latertjons cannot confirm or disprove this, other than that these m
The disappearance of theébsorption at that time may be duesroscopic structures should develop toward the end of thiégib
to the narrow width of the SOUP passband (130 mA), which refife, during or after the descent of the fibril back to the lowe
isters only a narrow range of velocities. If the fibril stil@eler- atmosphere, in order to reproduce the observed time delay be
ates downward while being heated, it may reach the temperativeen the appearance in the far red wing and tine é@nission.
needed for Gv emission while shifting out of the SOUP passit is unclear what mechanism may cause heating in such ayhighl
band. inhomogeneous spatial pattern, or why it would preferdgtia
As already noted, not all dynamicaHfibrils show corre- cause heating during the downward contraction of the fibril.
sponding Gv emission. Some may be missed when they evolve
faster than our temporal sampling, which is limited by the
~1 minute cadence of thedHsequences. Some others may be Another possibility is that a density enhancement occurs
missed due to lack of instrument sensitivity. when the jet descends, causing brightness enhancemengs in o
What precisely is the origin of this @ emission that ap- tically thin conditions, as is the case for thev@ines used here.
parently corresponds to coolatstructures? The emission maylastly, coronal and transition-region EUV radiation magiie
originate from a hot sheath around a cool fibril acting asrintea sheath, causingi€ emission through recombination.

e ks
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Classically, spicular line widths and profiles ofaHand Press, W. H., Flannery, B. P., Teukolsky, S. A., & Vetterjing. T. 1992,

CanH&K pose inconsistencies between thermal and non-Nume“CfEI;| RBECIg_eSIk((?ameH?(gthnlverSTltyKPrT_S_SZjb & Pet 5
H [ H armer, . b., bjelks]o, K., Kornonen, |. K., LIndberg, . Petterson, b.

tfll-]el’marl brliagerlgng_ (e'gf" Beckers 1.968|)' Our 1|6 _Spe”C]lm 003, in Presented at the Society of Photo-Optical Instniatien Engineers
show that ar .enlng often occurs simu taneou§y In a Our_ (SPIE) Conference, Vol. 4853, Innovative Telescopes amsttumentation
Ha passbands, with the most pronounced darkening progressingr solar Astrophysics. Edited by Stephen L. Keil, SergeyAvakyan.
from the blue to the red wing. This is also shown by the cosrela Proceedings of the SPIE, Volume 4853, pp. 341-350 (2008)SeL. Keil &
tion curves in Fig_l7. It requires large line broadening viahitay Stesrl-ir:/g- A/\x/aléyazndogoﬂs_oaﬁghys 196, 75
_be caused by unresol_ved structure, non-thermal motiothsdnc Suematsu, Y.. Wang, H.. & Zirin, H. 1995, ApJ, 450, 411
ing turbulence, or a high temperature. The latter would be cOritie, A. M., Tarbell, T. D., Acton, L., Duncan, D., & Simon, .GV. 1986,
sistent with associated i€ emission, though contradicting the Advances in Space Research, 6, 253
common belief of~10* K temperature with large non-thermalTsiropoula, G. & Tziotziou, K. 2004, A&A, 424, 279

; ; ; PNl ; Tziotziou, K., Tsiropoula, G., & Mein, P. 2003, A&A, 402, 361
broadening. It is of interest to map chromospheric line hsdit Tziotziou. K. Tsiropoula. G.. & Mein, P. 2004, AGA. 423, 133

hlgh resolution in this context. van Noort, M., Rouppe van der Voort, L., & Lofdahl, M. G. 2Q0Sol. Phys.,
228, 191
. Wilhelm, K. 2000, A&A, 360, 351
5. Conclusions Withbroe, G. L. 1983, ApJ, 267, 825

. o . o . . Xia, L. D., Popescu, M. D., Doyle, J. G., & Giannikakis, J. 30Q&A, 438,
We have identified 16 dynamicdfibrils in high-resolutionim- 1115

age sequences which show corresponding €nmission in the
UV. Without exception, these fibrils show a progression & th
absorption feature throughaHfrom the blue to the red wing, of-
ten with recurrent behavior. Many, if not all, dynamic fikrihat

do not display identifiable @ emission also show this progres-
sion. We interpret it as matter flowing first up and then down in
the solar atmosphere.

We conclude that some plasma associated with dynamic fib-
rils is heated to transition-region temperatures. The €mis-
sion appears at the apex of the ilbril, sometimes extending
beyond it. It best resembles the far red WWing of about half a
minute earlier. We attribute this apparent delay to tfset of
the Civ emission beyond the tip of thedHibril.

Whichever heating mechanism operates, our observed cor-
relation between kl and Civ fibrils clearly provides constraints
on theoretical models. Detailed comparisons with adva2zd
or 3D numerical simulations of the low solar atmosphere will
be necessary to determine whidfeet dominates the heating of
fibril plasma to 16 K.
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