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ABSTRACT

Context. Thenatureof loopsis still a matterof debatewith severalexplanationshaving beenput forward.Simultaneousspectralandimaging
datahave thecapacityto provide anew insightinto massmotions,dynamicsandenergeticsof loops.
Aims. We reporton spectraldatataken with the SolarUltraviolet Measurementsof EmittedRadiationspectrograph(SUMER) andimaging
datafrom theTransitionRegion andCoronalExplorer(TRACE)of a transienteventwhichoccurredin a cold loop, lastinga few minutes.
Methods. A sequenceof TRACEimagesin the1550Å and171Å �lters show adisturbancewhichoriginatedatonefoot-pointandpropagates
alongthe loop. The SUMER slit wasplacedat theotherfoot-point of the loop. In orderto interpretthe results,numericalsimulationswere
performedwith theresultsthenconvertedinto observablequantitiesandcomparedwith thedata.
Results. During theeventa radianceincreaseanda relative redshift of � 20 km s� 1 wasdetectedin theN v 1238.82Å line. 1D numerical
simulationsare performedand observable quantitiesderived from the resultsof the simulations.The observed dynamicbehaviour of the
N v 1238.82Å line pro�les wasrecovered.
Conclusions. Theresultssuggestthattheobservationscouldbeinterpretedin termsof ashort-livedsiphon�o w reachingaspeedof 120km s� 1

anddrivenby a nonlinearheatingpulse.Theenergiesrequiredto drive theobservedred-shiftsareestimatedto beabout1025 erg. Theabsence
of a signi�cant blue-shiftcausedby thereturn�o w is explained.

Key words. Sun:corona- Sun:transitionregion - Line: pro�les - Methods:observational- Methods:numerical- Hydrodynamics

1. Intr oduction

Highly dynamicloopshave beenobservedat transitionregion
andcoronaltemperaturessinceSkylab observations.Mariska
& Dowdy (1992), in their searchfor Doppler shifts in the
Neviii 465 Å emissionline, reportedon down-�o w veloc-
ities of up to 70km s� 1 in active regions while no sig-
ni�cant �o ws were found in a quiet sun region. The Solar
Heliospheric Observatory (SoHO) measurementswith the
Coronal Diagnostic Spectrometer(CDS) in Ov 629 Å by
Brekkeet al. (1997)showedthepresenceof blue-shiftsgreater
than50km s� 1 in anactiveregionloopwith theshift extending
over a largefractionof the loop.Winebargeret al. (2001)pre-
sentedananalysisof continuousintermittentout�ow in a bun-
dle of active region coronalloops seenin TRACE data.The
measured�o w speedswere between5 and 20 km s� 1. In a
follow-up study, Winebarger et al. (2002) found line-of-sight
�o ws alongactive region loopsof up to 40 km s� 1 by analyz-
ing co-aligneddatafrom TRACE andSUMER.More recently
Teriacaet al. (2004)detecteda supersonicsiphon-like �o w of
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130 km s� 1 in a small quiet sun loop in O vi 1032 Å using
SUMER.

Themaindi� culty in detecting�o wsin coronalloopswith
spectrometers(SUMER, CDS) is relatedto the fact that the
Dopplershift canonly bemeasuredalongtheline-of-sightand
maycancelout in datawith insu� cientspatialresolution.On
the other hand, if high resolutionimages(e.g. TRACE) are
used,thenonly inhomogeneous�o w structurescanbedetected,
whereasloopswith steady-state�o ws appearsimilar to static
loops (Aschwanden2004). This is why the natureof these
loopsis still amatterof debatewith severalexplanationshaving
beenput forward.Flows canbe driven by asymmetries(such
asheatingor pressureimbalances)betweenthetwo legsof the
loop (e.g.Boris & Mariska1982;Spadaroet al. 1991;Robb
& Cally 1992;Orlandoet al. 1995)or by radiatively-cooling
condensations(Realeetal. 1996;Müller et al. 2003).

Previous theoretical studiesof siphon �o ws in coronal
loopshavemainlydealtwith steady-state�o ws.Thesubjectof
thepresentpaperis thestudyof a transienteventin acold loop
which lastedfor a few minutes.The observationswhich were
carriedoutwith TRACEandSUMERarepresentedin the�rst
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part of the paper. In the secondpart, a theoreticalmodel for
thestudyof theobserveddynamicloop is presented.Theevo-
lution of thehydrodynamicquantitiesinsidetheloop is exam-
ined. Theoreticalline pro�les aresynthesizedand the results
arecomparedwith theobservations.Thestudyallowsusto in-
terprettheobservations,understandtheorigin of the transient
eventandto estimatetheenergiesinvolved.

Fig.1. An overview of theactive region asseenin TRACE 171Å at
10:22UT on June3 1999.The small region out-linedby the square
box is thesubjectof thepresentstudy.

2. Obser vational Data
2.1. SUMER

The SUMER spectrograph(Wilhelm et al. 1995,Lemaireet
al. 1997)onboardSoHOwasdesignedto provide line pro�le
measurementsataspatialresolutionof 1:005 with 0.045Å spec-
tral pixelsaswell asawidespectralcoveragerangingfrom less
than500to 1610Å.

The datasetusedherewastaken on 1999June3 starting
at 09:18UT andendingat 11:08UT. Slit 0.300 � 120 00was
used,exposingfor 25 s on the bottompart of detectorB for
C i 1249.00Å, Mg x 624.95Å (in secondorder)blendedwith
Si ii 1250.09Å, O v 629.73Å (in secondorder),Si ii 1250.41Å
+ C i 1250.41Å + S ii 1250.58Å blend,Si ii 1251.16Å +
C i 1251.17Å blend,N v 1238.82Å andN v 1242.80Å. The
temporalsequenceconsistsof spectralwindowsof 120spatial
� 50spectralpixels.Thesolarrotationcompensationmodewas
turnedon for theseobservations.

SUMERdatareductioninvolvesseveralsteps.We decom-
pressedandreversedtheraw data,applyinga �at �eld correc-
tion to correctthenon-uniformitiesin thesensitivity of thede-
tector. A geometricaldistortioncorrectionwasalsoappliedso
thattherestpositionof the line pro�les is on thecorrectspec-
tral pixel andthe slit imagesarestraightened.To further ana-

lyze thedataset,we have useda Gaussian-�ttingprocedurein
theSolarSoft(SSW)1 library to get theamplitude,centralpo-
sition, full width at half maximum(FWHM) and� 2 of theline
pro�les. Dueto instrumentalbroadening,theFWHM needsto
becorrectedby applyingthecon width funct 3.pro routine.A
small drift correctionto the Doppler shift over the 110 min
observations(dueto thermaldeformations)wasalsoapplied.
The derived Dopplershifts are thereforerelative to the mean
valuesummedover the full observational interval. As shown
by Teriacaet al. (1999),Doyle et al. (2002)andothers,the
absoluteDopplershift at thesetemperatures,couldbe at least
10km s� 1 higherthanthevaluesgivenhere.

2.2. TRACE

TRACE (Handyet al. 1999)is a NASA SmallExplorermis-
sion devoted to studying the evolution and propagationof
�ne-scale magnetic�elds and plasmastructuresthroughout
the solaratmosphere.The datausedherewasobtainedin the
171Å and1550Å �lters startingat 10:03UT and�nishing at
11:00 UT on 1999 June3, althoughdatawas recordedfrom
07:59UT. Theintegrationtimeof eachimagewas4.1s for the
171Å �lter and5.8s for 1550Å, eachwith a cadenceof 60 s
anda pixel sizeof 0:005. Theinstrumentwaspointedat coordi-
natesSolarX = 2700andSolarY = 24200. An overview of the
region is givenin Figure1.

2.3. CDS

TheCDS(Harrisonet al. 1995)alsoonboardSoHO,wasde-
signedto obtainspectroheliogramsin anumberof linessimul-
taneouslyin theextremeultraviolet (EUV) region of theelec-
tromagneticspectrum.CDS has two spectrometers,namely,
the Grazing IncidenceSpectrometer(GIS) and the Normal
IncidenceSpectrometer(NIS). Our dataset,observedon 1999
June3 wasobtainedwith NIS.

We usethe24400� 24000O v 629Å andMg ix 368Å con-
text rasters(takenbeforetheSUMER dataset)usingthe400�
24000slit. The standardCDSdatareductionroutineswereap-
plied to cleanthedataof cosmicrays,debias,�at-�eld andto
correcttheo� setbetweenNIS1andNIS2.

2.4. Alignment

The�rst stepto determiningthelocationof theSUMERslit in
theTRACE�eld of view wasto co-registertheTRACE171Å
imagetakenat08:25UT to theMg ix 368Å CDScontext raster
via cross-correlation.Sincethe CDS rasterlastsfor aboutan
hour(07:56–08:57UT), we chosea TRACE imagethat lies in
betweenthistimeinterval.Secondly, alsovia cross-correlation,
we found the matchof the SUMER O v 629 Å radiancepro-
�le along the slit (in both original and degradedto the CDS
spatialresolution)in oneof theSouth-Northcross-sectionsof
theO v 629Å CDScontext raster. Next, by puttingtheslit on
CDS Mg ix 368 Å context raster, we deducedits locationon
theTRACE image.

1 http://www.lmsal.com/solarsoft/
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Fig.2. A sequenceof TRACEimagesin the1550Å and171Å �lters. Thepositionof theSUMERslit is outlinedon the171Å image.

With this co-alignment of CDS-TRACE plus CDS-
SUMER, we get the pointing of SUMER over TRACE, al-
thoughnot 100%accurate.The uncertaintyis at least400 i.e.
thewidth of theCDSslit. Moving theSUMERslit aroundon
theTRACEimageby certaino� setsaswell asvisuallyinspect-
ing thefeaturesonTRACE,we manageto identify its location
onTRACEasshown in Figure2.

3. Results

The presentpaperis concernedwith a transientevent which
occurredin a particularloop.Thefoot-pointcoordinatesof the
loop areSolarX = 2000, SolarY = 28000andSolarX = 3600,
SolarY = 29200. The transientbrighteningof the loop which
took placebetween10:21 UT and 10:25 UT can be seenin
TRACE 1550 Å and TRACE 171 Å (Figure 2). Both �lters

show thatthebrighteninginitially appearsattheleft foot-point,
movestowardstheright foot-pointandeventuallyfadesaway.
At the sametime, the SUMER datashow a radianceincrease
in N v 1238Å anda red-shiftat theright foot-pointwherethe
slit is located.In Figure3 weshow N v SUMERimagesat two
times,10:20:16UT (i.e. beforetheeventstarted)and10:21:12
UT (i.e. aroundtime of maximumline shift andbrightness).
Thesecanbebestseenin thesecondandthird columnswhich
correspondto Y = 28700andY = 28900, althoughthe event is
presencestretchingfrom Y = 28500 to 29100. In Figure 4 we
show the time-line of the radianceincreaseand the Doppler
shift. The radianceincreaseat maximumis � 15–20timesthe
quiescentvalue taken a few minutesbeforethe event at the
samelocation. It thensubsequentlydecreasesas the loop re-
turnsto its initial quietstate.ThedatatakenatY = 28700shows
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Fig.3. The left two panelsshows SUMERspectrain N v 1238Å at two times10:20:16and10:21:12UT. Theevent occurredbetweenY =
28500andY = 29100. The wavelengthscaleis in pixels where1 pixel is 0.0436Å. The panelson the right shows the time sequenceof N v
spectrafrom Y = 28500to 29100duringtheriseandearlydecayphaseof theloop (solid line) anda quietSunpro�le (dashedline) takingat the
sametime but shifteda few pixelsfrom thebrightening.

a relative red-shiftof � 20 km s� 1 which lastsfor just over a
minute.In thecaseof thedataatY = 28900asimilar red-shiftis
followedby a smallerblue-shift.Thesubsequentevolution of
theloop asseenby SUMERis characterizedwith low intensi-
tiesandsmallDopplershifts.In TRACE,theevolutionis better
seenin the 1550Å �lter wherethe lengthof the loop is well
de�ned asshown at times10:21:37– 10:23:41UT in Figure2.
Theloopsubsequentlydisappearsbut theintensebrighteningat
the right foot-pointseenat time 10:25:41UT persistsfor 80 s
longer. The plasmais estimatedto move along the loop at a
velocityof at least100km s� 1.

The Mg x/Si ii blendalsoshows a responseto the bright-
ening,perhapsby a factorof threeasshown by Figure5. The
cold lines like C i do not show the event,with Si x in second

order respondinga bit. This thereforesuggeststhat the event
just reachedtemperaturesof � 1 MK. This is consistentwith
the eventbeingobservablein the EIT 195 Å image,which at
thesetemperaturesis mostlydueto Fexii, althoughfor temper-
atureslessthan1 MK, Feviii canbedominant.Thefeatureat
1251.70Å showsa largeresponseto theevent,suggestingthat
it is a hot line. Possibleidenti�cations includeSi v 1251.39Å
andSiv 1251.64Å, however, bothof theseareextremelyweak
lines (veri�ed usingCHIANTI). Thereforewe suggestthat it
is O iv 625.853Å in secondorder. This would thereforeimply
the presenceof anothersecondorderO iv line at 1250.25Å,
close to the Mg x secondorder line. Using CHIANTI with
a quiet sun DEM givesa radianceof 1.1 ergs cm� 2 s� 1 sr� 1

for O iv 625.853Å comparedto 14.5 ergs cm� 2 s� 1 sr� 1 for
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Fig.4. Thetotal radianceandDopplershift at pixel 28700.

Fig.5. The sectionof SUMER spectrumshowing the enhancements
in secondorderMg x 624.9426Å, andthe�rst orderlinesof C i, S ii
andSi ii. Notetheunknown featureat 1251.76Å whichwe believe is
dueto secondorderO iv 625.853Å (seetext).

Mg x 624.94Å. TakingtheN v enhancementfactorof 20, the
factorof 3 enhancementfor Mg x suggeststhatthelinesshould
bein theratio of 2:1 in favour of Mg x, which is in agreement
with Figure5.

In the next section,a 1D hydrodynamicloop modelis in-
troduced.Numericalsimulationsareperformedwith theresults
thenconvertedinto observablequantitiesandcomparedwith
thedatain orderto interprettheobservations.

Fig.6.Theevolutionof temperature,velocity, pressureandconductive
�ux insidethe loop from t = 0 s to t = 400s. Dark coloursindicate
high temperature,negative velocities,low pressureandnegative �ux,
whereasbright coloursindicatelow temperature,positive velocities,
high pressureandpositive �ux.

4. Numerical modelling and interpretation of the
obser ved loop dynamics

4.1. Initial setup

The length of the loop as inferred from the TRACE images
is about20 Mm. The exact temperaturepro�le of the loop is
not known. However, the fact that during the transient�o w
the loop is initially clearly visible in TRACE 1550Å means
that it hasa temperatureof around100,000K. We consider
a 20 Mm long gravitationally strati�ed 1D loop with foot-
pointsanchoredin thedeepchromosphere.Theloop is asemi-
circle with a vertical loop plane,i.e., the inclination angleis
zero.For simplicity, a uniform heatingwith a heatingrateof
H = 1:5� 10� 5 ergcm� 3 s� 1 isappliedalongthelooptobalance
the lossesdueto thermalconductionandoptically thin radia-
tion. The loop is initially in hydrostaticequilibriumandhasa
maximumtemperatureof T = 250; 000K attheapex. Thecon-
ventionalwayof calculatingoptically-thinradiativeenergy loss
is to usepower-law �ts to a radiative losscurve over a range
of temperatures.It would be unphysicalto extend this loss
curve below 20 000K becauseat thesetemperaturesthechro-
mosphereis optically-thick to many wavelengths.Therefore,
for the boundaryconditionswe choosea footpoint tempera-
tureof 20000K. Thisrepresentsaphysicallyreasonablelower
boundaryconditionin theabsenceof adetailedknowledgeand
thoroughtreatmentof thedeepchromosphereandphotosphere.
The equilibrium is derived by integrating the 1D hydrostatic
equationsof pressureandenergy. The only coordinateis the
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distancealongthe loop s. The left foot-point is placedat the
origin s = 0, i.e, 0 < s < L, whereL=20Mm.

Fig.7. Synthesizedemissionin theTRACE171Å �lter in 1D during
the�rst 400sof evolution.Darkregionsrepresentstrongemissionand
white regionscorrespondto noemission.

4.2. Hydrodynamic evolution of the loop

Thedisturbanceseenin theseriesof TRACEimages(Figure2)
originatesat the left foot-pointof the loop andtravelstowards
theright foot-point.This disturbanceis modelledasa heating
pulsewhichhasthefollowing form:

h =

8
>>><
>>>:

h0 sin
� � t

P

�
exp

 
�

s � s0

sh

!
; 0 � t � P;

0; t > P;
(1)

whereh0 = 0:03 erg cm� 3 s� 1 is the maximumheatinput, s0

and sh are the location of maximumheatingand the heating
scalelength.Themaximumheatinputis �x edin thelowertran-
sitionregionneartheleft foot-pointat s0 = 3� 108 cm(3 Mm).
Theheatingscalelengthis sh = 108 cm (1 Mm). Theduration
of the heatinput is P = 40 s. The heatingpulsein Eq. (1) is
addedto thebackgrounduniformheatingH . Theheatingterms
areincludedin the1D hydrodynamicequationof energy. The
heatingpulsemay leadto high �o w speedsandthe ion pop-
ulationsmaysigni�cantly departfrom equilibrium.Therefore,
the e� ectsof a non-equilibriumionisationbalanceare taken
into accountby couplingthehydrodynamicequationsgovern-
ing theconservationof mass,momentumandenergy with the
time-dependentionisationbalanceequations.We usethe nu-
mericalcodeHYDRAD (Bradshaw & Mason2003;Bradshaw
etal. 2004)to solvethissystemof di� erentialequationswhich
arecoupledvia the feedbackof the time-dependention pop-
ulations into the radiative loss term in the energy equation.
HYDRAD hasan adaptive computationalgrid which allows
usto accuratelytracethepositionof thetransitionregionasthe
loopevolves.

The time-distanceplots in Figure 6 display the hydrody-
namicevolutionof theloop.Theheatingpulseresultsin a tem-
peratureincreaseneartheleft foot-point.By t = 28 s thetem-
peraturereachesa maximumvalueof about1 MK. Somepart
of theheatingpulseis convertedinto kineticenergy. Theresult-
ing plasma�o w reachesamaximumspeedof about120km s� 1

by t = 50 s. The injectedenergy is carriedtowardsthe right
foot-pointbothin theform of kineticenergy andin theform of
heatingby thermalconduction.Figure6 showsthattheconduc-
tion peakmovesaheadof thevelocity peak.This is dueto the
largetemperaturegradientcausedby theinitial localizedheat-
ing pulse.The velocity pro�le graduallysteepensas its peak
movesfasterthanthetroughdueto thehighertemperature.As
aresult,thekineticenergycarriedby theplasma�o w isveryef-
�ciently convertedinto heatingby thermalconduction,therest
beingre�ected backfrom thedensechromosphericfoot-point
of the loop. In this way a propagatingwave is set up inside
the loop. The wave quickly decaysdue to the actionof ther-
mal conductionandradiationandtheloop returnsto theinitial
equilibrium. It is possibleto selecta di� erentset of heating
parameters.For example,whenthedurationof thepulseis in-
creasedthe loop reachestemperaturesin excessof 1 MK. On
theotherhand,if thedurationof theheatingpulseis increased
andthe maximumheatinput h0 is decreasedthe �o w speeds
neartheright foot-pointbecomesmall.

4.3. Comparison of synthesized line pro�les with the
observations

The next stepin our study is the comparisonof the simula-
tion resultswith the observations:theoreticalline pro�les are
synthesizedandcomparedwith the SUMERline pro�les. We
follow a well-known procedurefor the derivation of the line
pro�les (see,e.g.,Spadaroet al. 1990;Sarroet al. 1999).The
fractionalion populations(Nion=Nelem) asafunctionof timeare
calculatedby HYDRAD usingthe ionisationandrecombina-
tion ratesgiven by Mazzottaet al. (1998).We adoptthe set
of coronalelementabundancesgiven by Feldman(1992)and
usetheCHIANTI atomicdatabase(Younget al. 2003)to ob-
tain theemissivities for eachline of interest.Theemissivity of
a resonantline per unit interval of wavelengthis givenby the
expression

E� /
hc
�
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whereh is the Planckconstant,c is the speedof light, 
 is
thecollisionalstrength,! is thestatisticalweightof the lower
level,N1=Nion is theratioof ionsresponsiblefor theemissionin
thegroundstaterelativeto thetotalnumberof ionsperunit vol-
ume,Nion=Nelem is the relative abundanceof the ionic species,
Nelem=NH is theabundanceof theelementrelativeto hydrogen,
NH is the protondensity, Ne is the electrondensity, W is the
energy di� erencebetweentheupperandlower levels,kB is the
Boltzmanconstant,and

� (� ) =
1

� � 0
p

�
exp�

"
� � � 0 � � s

� � 0
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Fig.8. Theline pro�les (top) andthecorrespondingline shifts (bottom)for N v 1238Å andOvi 1032Å measuredin velocity units (km s� 1)
during the �rst 400 secondsafter the heatingpulse.The radianceI is normalizedwith respectto the radianceat t = 0 s. Positive velocities
representred-shiftsandnegative velocitiesrepresentblue-shifts.

is the line broadeningfunction. In the above de�nition � 0 is
therestwavelengthof theresonanceline, � s = (� 0=c)vp is the
Dopplershift correspondingto thebulk velocityof theplasma
projectedon the line of sight vp, � � 0 is theDopplerwidth of
theline:

� � 0 =
� 0

c

r
2kBT

mi
+ � 2; (4)

� is the characteristicnon-thermalvelocity (assumedto be
25 km s� 1) and mi the massof the ion producingthe spec-
tral line. In orderto calculatetheline of sightvelocitywehave
to take into accountthe heliographicposition of the loop as
well astheazimuthalangleof theloopfoot-pointbaselinewith
the north-southdirection.Theseparametersareevaluatedus-
ing the TRACE imagesin Figure2. Therefore,the following
resultsareonly valid for theobservedloop.Thetotal radiance
of aspectralline integratedalonga singlepixel is

I (�; t) =

srZ

sl

E(�; t; s)ds; (5)

wheresl and sr needto be speci�ed. Figure2 shows that the
SUMERslit is placedneartheright foot-pointof the loop.We

set sr = 18:6 Mm. Then sl is determinedby the requirement
thattheprojectionof theloopsegment[sl ; sr] on theplanenor-
mal to theline of sighthasapixel sizeof 100whichcorresponds
to sl = 16:7 Mm.

Theabovedescribedprocedurefor calculatingtheline pro-
�les is appliedto the resonantN v 1238 Å and Ovi 1032 Å
lines, plus the TRACE 171 Å �lter . In Figure 7 we plot the
synthesizedemissionin theTRACE 171Å �lter in 1D during
the �rst 400s of evolution. The dark regionsrepresentstrong
emissionandthebright regionscorrespondto weakemission.
Figure7 showsthatthebrighteningof theloop(darkerregions)
lastsfor aboutthreeminuteswhichis consistentwith theactual
imagesin theTRACE171Å �lter shown in Figure2.

The synthesizedline pro�les and the correspondingline
shiftsfor N v 1238Å andOvi 1032Å aredisplayedin Figure8.
Theradianceis normalizedwith respectto theradianceof the
sameline at t = 0 s.TheDopplershift is measuredin velocity
units(km s� 1). Theresultsof thenumericalsimulationsfor N v
1238 Å can be comparedwith the SUMER observationsfor
thesameline. Theradianceshowsnovariationsandthereis no
Dopplershift duringthe�rst 50 s after thepulse.As thepulse
reachestheslit theradianceincreasesby about10 timeswhen
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t = 68 s,which is slightly lessthantheSUMERobservations.
Figure 8 also shows an increasein the line width due to in-
creasingtemperature.Theradianceincreasein theOvi 1032Å
line is more pronouncedand the peakoccursat t = 160 s.
Thusthepeakfor N v 1238Å is followedby thepeakfor Ovi
1032Å which canbeexplainedby theheatingof theplasma.
Thered-shiftcorrespondingto N v 1238Å reachesamaximum
of 38 km s� 1, consistentwith the SUMER observations.The
peakoccursat t = 105 s. Note the presenceof smallerlocal
peaksat aboutt = 60 s (bottompanelsof Figure8). This is
consistentwith theresultsof thehydrodynamicsimulations:it
hasalreadybeenshown thattheconductionpeakmovesahead
of thevelocity peak.Thecadenceof thepresentdatasetis not
su� cient to resolve the double�o w structure.The �rst peak
correspondsto thearrival of theconductionfront, whereasthe
secondhigherpeaksignalsthearrival of thepeakof theplasma
�o w. Thelargered-shifts(> 30km s� 1) lastjustoveraminute.
Thesepositivered-shiftsarethenfollowedby smallblue-shifts
asthe�o w is re�ectedfrom thedensechromosphericfoot-point
of theloop.Thesmallnessof theblue-shiftcouldbeexplained
by thefact that thekinetic energy is very e� ciently converted
into heatingdueto thesteepeningof thevelocityandthecorre-
spondinglargeconductive �ux. Theinitial line pro�le is grad-
ually restored.

The similarity of the numericalresultswith the SUMER
(andTRACE) dataallows usto interprettheobservationsasa
transientsiphon�o w in acold loopdrivenby aheatingpulseat
onefoot-pointof theloop.Basedontheresultsof thenumerical
study and assuminga loop thicknessof 2 Mm, we estimate
that the amountof energy requiredto drive the �o w is about
1025 erg.

5. Conc lusions

We have presentedjoint TRACE andSUMERobservationsof
a transientevent in a cold loop. The dataset was taken on
1999June3 startingat 09:18UT andendingat 11:08UT. The
SUMERslit wasplacednearthe foot-pointof the loop. A se-
quenceof TRACEimagesin the1550Å and171Å �lters show
that the event startedat the oppositefoot-point of the loop. It
lastedfor a few minutesduringwhich a temporaryincreasein
the radianceof N v 1238Å and the correspondingred-shifts
reachingat � 30 km s� 1 (i.e. afteraddinga correctionvalueto
the derived relative velocity) were registered.A complemen-
tary numericalanalysisis carriedout in orderto interpretthe
observeddynamicbehaviour of theloopandto estimatetheen-
ergiesinvolvedin thetransientevent.Theresultsshow thatthe
observationscouldbeinterpretedin termsof a transientsiphon
�o w which may arisedueto a heatingpulseat the loop foot-
point.Thenumericalanalysisalsoshows thattheabsenceof a
signi�cant blue-shiftin theSUMERdatacouldbeexplainedby
thesteepeningof thepulseasit travelsalongtheloopfrom one
foot-point to theother. Furthermore,sincethemaximumtem-
peraturereaches� 1 MK, this is consistentwith theloop being
observablein TRACE 171Å andSUMERMg x data.Theen-
ergy requiredto drive the�o w is estimatedto be1025 erg.
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