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ABSTRACT

A new global network for high—resolutiorH full-disk
obsenationsof the sunhasbeenestablishedat the Big
Bear Solar Obsenatory (U.S.A.), the Kanzeltbhe So-
lar Obsenatory (Austria),andthe YunnanAstronomical
Obsenatory (China). Eachof the threestationshave a

pixel CCD detectoravailable to monitor the
sunwith a spatialresolutionof 1 arcsecper pixel anda
cadenceof at leastl imageper minute. We will imple-
mentautomaticdetectionroutinesfor are and lament
eruptions.Theseroutinescanautomaticallytriggereven
highercadenceobsenations. Having high—cadenceata
from threeobservingstationswill enableusto accurately
track solarrotationratesasdeterminedy local correla-
tion andfeaturetrackingtechniquesThis includes,e.qg.,
trackingover severaldaysthe propermotionof active re-
gions. High—-cadenced datawith high spatialresolu-
tion allow usto studyin detail the correlationshetween
coronalmassejectionsandthesolarsurfaceactwvity. The
new network alsorepresentanimportanttool for correl-
ative studiesbetweenground—basednd spaceobsena-
tions, aswell asfor improving the reliability of current
spaceweatherpredictions.

Key words: solaractiity; spaceweather;full-disk ob-
senations; are monitoring.

1. INTRODUCTION

While full-disk obsenationsin the spectralline of H

( nm) obtainedat a singleobservingsite cancon-
tribute to importantsolarresearchfor severalreasonst
is necessaryo monitor the sun round—the—clock. The
mostsevereproblemfor singlestationobsenationsis the
inevitable night-timegap. Many interestingandimpor-
tantchromospheriphenomenasuchas ares or lament
eruptions,occurduringthe night sothatthey aremissed
andlost at a single observingstation. Round-the—clock

full-disk obsenationswith high spatial resolutionand
high cadenceperformedby a dedicatednetwork of H
telescopeslistributedaroundthe globecancontinuously
follow the evolution of active regionsandmonitor every
are and lament eruptionoccuringon the visible solar
hemisphere. Observingthe sun continuouslyin H is
not only importantfor solar physics,but alsofor space
weatheresearchAs triggersof spacaveathewariations,
chromospheri¢eaturessuchas ares and lament erup-
tions and the associateadtoronalmassejections,have a
directimpacton the solarterrestrialervironment. Unin-
terruptechighcadencéd obsenationsarethereforem-
portantfor monitoringandforecastingoothsolaractivity
andspaceweather

To overcomethelimitationsof singleobservingsitesand
to enablethe continuousmonitoring of the solar chro-
mospherewith fastandlarge format CCD camerasthe
new globalhigh—resolutiorH network hasbeenestab-
lished betweenBig Bear Solar Obsenatory (BBSO) in

theU.S.A. ,KanzeltoheSolarObsenatory(KSO)in Aus-

tria, and YunnanAstronomicalObsenatory (YNAO) in

China.

2. NETWORK SITESAND INSTRUMENTS

BBSO hasa long tradition in obtaining synoptic full-
disk obsenationsof thesunin H (Denkeretal., 1999).
The sameappliesto KSO, wherehigh-cadencéull-disk
H dataareobtainedsincemorethan25 years(Otruba,
1999). The characteristicof the H imaging systems
operatedat eachof the network's sitesare summarized
in Tablel. At eachobsenatorya pixel CCD
camerais in operation,allowing to obtainfull-disk H
imageswith aresolutionof 1 arcseer pixel anda ca-
denceof at leastl imageper minute. In caseof arapid
solar activity change,this cadencecan be increasedo
arateof severalimagesperminute. All camerasusethe
sameKodakKAF-4200sensorwhichis essentiafor ob-
taininga homogeneouandconsistentlataset.



Table 1. Characteristicsof thefull-diskH imaging sys-
temsat Big BearSolarObservatoryBBSO) Kanzeltbhe
SolarObservatoryKSO),and YunnanAstionomicalOb-
servatory(YNAO). Both BBSOand KSOusean Apagee
KX4 CCD camerne, wheeas YNAO operatesa Kodak
MegaplusCCD camer. All cameasusea KodakKAF-
4200sensar The meaningsof the symbolsand abbrevi-
ationsare thefollowing: geagraphicallongitude( ) and
latitude ( ), elevation( ), telescopeaperture ( ), lter

bandpas¢ ),tunablelter range( ), numberof pix-
els( ), pixelsize( ), anddynamicrange( ).
BBSO KSO YNAO
2067m 1526m 1940m
15cm 10cm 18cm
0.05nm 0.07nm 0.05nm
nm nm nm
2K 2K 2K 2K 2K 2K
14 bit 14 bit 8 bit

The largesttime differencebetweenthe network sitesis
about9.4 hoursbetweenBBSO and YNAO. The differ-
encebetweerBBSOandKSOis about8.7 hoursandthat
betweenYNAO and KSO about5.9 hours. During the
summeyeachstationcanobsere 12 hourson cleardays.
Thereforeduringthe summemonthsandgoodweathey
thereis no night-timegap. In winter, wheneachstation
is expectedo operate8 hours,theBBSO/YNAO gapwill
be about 1.4 hoursand the BBSO/KSO gap about0.7
hours. However, theseshortgapsare no real limitation
becausealthoughoccacionallya are canbe missedin
wintertime, we arestill ableto recordthe pre—andpost—
are evolutionwith hightemporalresolution.Moreover,
we do not intendto usethe network datafor FFT analy-
sis,asit is thecasewith the GONGnetwork andtherefore
suchshortdatagapsarenegligible. Basedon long—term
weatherecordof thethreestationswe anticipatea 70%
duty cycle in summersaand60%in winters.

3. DATA PRODUCTS

All dataobtainedby thenetwork areprocesseth exactly
the sameway in orderto producea homogeneouslata
set. After correctingfor dark currentand at-— eld, the
averagequiet sunlimb darkeningfunctionis subtracted
to obtaincontrast-enhancdd images.A detailedde-
scriptionof this datacalibrationcanbe foundin Denler
etal. (1999). Figure 1 shawvs one suchhigh-resolution
full-disk H imageobtainedby the network. This par
ticular imagewas obsered at BBSO on June6, 2000,
at 15:42 UT with the 15 cm Singerfull-disk telescope.

Pleasenote the uniform contrastthroughoutthe whole
disk, which facilitatesthe detectionof chromospheric
featuredik e plages,laments,andprominencesThe rst
network obsenationshave beenobtainedin March2000
at BBSO, KSO, and YNAO. Sincethenwe have been
ableto constantlyimprove thequality of thedata.In Fig-
ure2 we presentrecentsetof network dataobsenedon
August23,2000.

The central data archve of the network resides
at BBSO, where the most recent network obsenra-
tions can be accessedhrough the World Wide Web
(http://www.bbso.njit.edu/Research/Halphafince the
amountof high—cadencelata(about5 GB per day and
per site on an averageobservingday) doesnot allow an
instantaneougransferby internet, the datafrom KSO

and YNAO are senton a regular basisto BBSO on ex-

abyteand DLT tapes. At BBSO all network dataare
included into the recently upgradedarchiing system
(ftp://ftp.bbso.njit.edu/Archie/).

Besideshigh—cadenceontrast—enhancdd imagesof
unique quality and resolution,we are going to provide
listswith thepositionsandcharacteristicsf all ares and
lament disappearanceaswell aslists with all nev ux

emegence®bsenedonthesun.

4. SCIENTIFICOBJECTIVES

In combinationwith spaceand ground-base@bsena-
tions, H full-disk obsenations of high temporaland
spatialresolutionhave beenprovento be a key diagnos-
tic for determiningthe magnetic eld topologybetween
the photospherechromospheretransition region, and
corona. We believe that large format CCD camerasand
adwancedimageprocessingechniquesprovide a unique
opportunityfor studieswith full-disk H data. Among
the scienti ¢ objectvesof the new network arethe fol-

lowing:

Feature Identi cation and Featue Tradking: Local cor-
relationandfeaturetrackingis usedto determineglobal
(differentialrotation)andlocal ow elds (o wsin ac-
tive regionsand laments) from full-disk data.Disconti-
nuitiesin currentlyavailabletime sequenceseverelyin-
hibits theaccurataneasurementf theseo w elds.

Flare Monitoring: High-resolutionH imageswith 24
hourshigh—cadenceoverageareessentiato identify all
the ares onthevisible hemispheref the sunandto de-
rive a detailedpictureof are evolution andthe underly-
ing physicalprocesses.

Filament Eruptions and Coronal Mass Ejections:
Round-the—clockigh—resolutiorfull-disk H dataare
extremelyimportantfor studyingthe correlationbetween
lament disappearancesmdCMEsandfor understanding
their possibledriving mechanismsFigurel is anexcel-
lentexampleof haw groundbasedbsenationsandspace
obsenationscansupplemeneachotherfor studyingcor-
relationsbetweerthevariousactivity phenomena.
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Figure 1. Contrast—enhancefull-diskH image (2K 2K pixel) obtainedafter correctingfor dark currentand at—

eld, andafter subtiactingthe aveiage centerto—limbvariation of the quietsun. Thisimage wasrecodedwith Big Bear
SolarObservatorys 15 cm Singer full-disktelescopeon June 6, 2000,at 15:42 UT during the eruptionof an X2.3 are
in NOAA 9026. This ar e, whosepositionis marked by the white box (400 400 pixel), startedat 14:48 UT and was
associatedvith a halo CME and a severe magneticstorm. Theinsetin the lower right corner showsthis magni cent
CME ona SOHO/LASCQC3 image recordedat the sametime, althoughthe contrastof the halois quiteweak.



Figure 2. Thisseriesof contrast—enhancetl imageswasobtainedon August23,2000,at YunnanAstionomicalObser
vatory (03:11UT, left), Kanzeltbhe Solar Observatory(06:37 UT, center),and Big Bear Solar Observatory(15:46 UT,
right). Notethe evolutionof the lament in the southerrhemispheg within only a few hours.

Figure 3. Tempoal evolution of the M1.9 ar e which eruptedon July 10, 2000, at 20:05UT (time of maximumX-ray
ux measuedby GOES)in theactiveregion NOAA 9070.Theframesare pixel subfamesof high—
resolutionfull-diskH images.The ar eis locatedin thelower right cornerof the activeregion. Only everysixthimage
of theactualobserved. minutecadencelatais shown.
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Figure4. Average ow eld aroundtheM1.9 ar e shown
in Figure 3 derivedby local correlationtracking (LCT)
from110H imagesobtainedbefore the ar e startedto
erupt(18:00— 19:50UT). Solarnorthis onthetop and
eastontheleft of theimage.

Mini—Filaments: The enegy releaseand massejections
of eruptingmini— laments are of particularimportance,
since both can contribute to coronal heating and so-
lar wind accelerationWang et al., 2000). With high—
cadenceandhigh—contrasH data,the spatialdistribu-
tion of mini— laments is easyto measureandtheir de-
tailedevolution canbe studied.

Support of Space—Basedbservations: The SOHO

(Domingo et al., 1995) and TRACE (Schrijver et al.,

1996)spacamissionsaresupportedy supplyingH data
from BBSOandKSO. By having availablehigh cadence
round-the—cloclobsenationsfrom threedifferentsites,
we are ableto offer even more completeand homoge-
neousdatasetsfor correlative studieswith dataobtained
in space.Of specialinterestin this respecis theupcom-
ing HESSI(Holmanet al., 1997) missionwhich will be

devotedto solar are researchHigh qualityH dataob-

tainedsimultaneouslywith the X— and —ray datafrom

HESSI will be an essentialtool to reveal the physics
behindsolar are eruptions. SinceHESSIwill provide

full-disk obsenations, continuoussolar full-disk data
obtainedfrom thegroundarevitally important.

Supportof Ground-Basedbservations: The dataand
aimsof thenew H network aresimilar to thoseof the
ISOON project (Neidig et al., 1997), which however is
still not fully operational. Datafrom our network will

be availableto ISOONfor closingdatagapsandsupple-
mentingtheir obsenations.Additionally, our dataanaly-
sisandforecastingools canbe adoptedby ISOON. The
Max Millennium Program(Can eld, 1999) and its co-
ordinatedobservingcampaignawill alsoprot from the
availability of high—cadencandhigh—resolutiometwork

Figure 5. Flow eld obtainedby LCT from 75 frames
observeduringthe aring phase(19:50—21:15UT).

obsenrations.

SolarActivity and Space\eatherForecasting:Basedon
thedetailedstructureof theactive regionsmonitoredwith
high—cadencewe will predictthe probability of aring
and lament eruptions. The automaticdetectionof la-
mentand are eruptionswill extendtheforecastimesfor
spacewneatherpredictions.

5. PRELIMINARY RESULTS: FLOW FIELDS
AROUND A FLARE

Although the network is in operationfor only a few

monthsand consideringthe factthat the rst weeksaf-

terits installationhave beenmainly devotedto extensie
testingand improving of the imaging and dataarchi-

ing systemswe have alreadycompileda largeamountof

highquality contrast—enhancéddll-disk data.Oneof the
rst questionswvhich we try to answerwith this material
is, how the dynamicsof the chromospherés changing
beforeandduringa are event. It is a well known fact
thatthe propermotion of bipolar sunspotgroupsleadto

shearingof the associatednagneticeld lines, whichin

turn cantrigger ares (see,e.g.,Li etal., 1999; Raman
etal., 1998; Wanget al., 1991). Additionally, the vari-

ouscomponent®f a are exhibit a pronouncedalynamic
behaiour during the aring phase(for an overvien see
Martin, 1989).If thereis atypical patternin the motions
aroundan active region obseredin H , it canbe used
asa precursoifor aring actvity. Therehave beenonly
a few attemptsto addresghis problem,but with dataof

lower quality andresolution(e.g.,Gutermuth,1999).

For a rst preliminaryanalysiswe selecteca are which
eruptedin active region NOAA 90700n July 10, 2000.
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Figure 6. Flow eld obtainedby LCT from 80 frames
observedafterthe aring phase(21:15—22:35UT).

In Figure 3 the temporalevolution of this M1.9 are is
shawvn, which reachedhe maximumof its X—ray emis-
sionat 20:05UT asmeasuredy the GOESsatellite. A
subframearoundNOAA 9070is usedto de-
rive the average ow eld by local correlationtracking
from a 4.5 hour time seriesof calibratedhigh—cadence
full-disk data. In eachsubframethe displacemenbe-
tween subsequenexposuresis calculatedfor a grid of
evenly spacedpoints. The resultingdisplace-
mentmapsare corvertedinto velocitiesandthe average
ow elds for thepre— are, aring, andpost— arephases
arecomputed.

The rst qualitative resultsof this analysisare shaovn in
Figures4 to 6. Thedisplayedow elds (
aroundtheactive region) arerepresentetly white arrows
superimposedntheimagesandthelengthsof thearrows
denotethe magnitudeof themotionsin arbitraryunits. A
comparisorof these gures yields the following results:
(@) The ow eld is clearlychangingbetweerthe differ-
ent are phases.(b) Beforethe are erupts(Figure4),
thereexistsa strongsouthwest—ard o w atthesouthern
edgeof NOAA 9070. From the westernedgeof the ac-
tive region, o ws aremoving outwards. No motionsof
the nearby lament canbe detected.(c) In Figure5 the
dynamicsof the are eruptionleadsto anincreasedadial
motion away from the westernedge,whereasthe ow
aroundthe southermparthaswealened.Additionally, the
lower partof the lament startsmoving to the west. (d)
During the post— are phase(Figure6), the o ws around
NOAA 9070have sloved down noticeably whereaghe
motion of the lower portion of the lament hasclearly
increased.

Thesepreliminary ndings area promisinghint for using
the changesn the ow elds aroundactive regionsasa
precursoffor aring actiity, in additionto otherparam-

eterslike, e.g.,areajntensity andcomplexity. In contin-
uationof this work we will performa detailedstatistical
analysisof a representatie sampleof ares of different
structure size,andevolution.

6. CONCLUSIONS

The new globalH network enablesus to monitor the
chromospheref the suncontinuouslywith high spatial
resolution(1 arcseqer pixel) andhigh cadencg1 expo-
sureper minute). The calibratedfull-disk imagesavail-
ablefrom the network are uniquein quality andresolu-
tion. The availability of thesedatais essentiafor a vari-
ety of importantscienti ¢ researctprojects,relevantfor
bothsolarphysicsandspacewneather
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