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Abstract
The observedmagnetic̄ eld directionin solar ¯laments/prominencesshowsa hemisphericdependence.The aim of this studyis to investigatehow sucha patterncouldbe causedby a
combinationof emergingmagnetic°ux and°ux transport mechanismsin the photosphere.

The photosphericandcoronalmagnetic̄ elds on a globalscaleare simulatedusing°ux transport andmagneto-frictionalrelaxationmodels,overa number of Carringtonrotations.The
coronal¯eld is thereby evolvedthrougha sequenceof (nonlinear) force-freeequilibria, basedon the changingphotospheric̄eld. Initial work hasconcentratedon the accuratereproduction
of surface°ux evolution,usingKitt Peakmagnetogramsto determinethe propertiesof emergingbipolar °ux regions,in additionto simulatingthe observedsurfacemotions.Accurate
reproductionof the photospheric̄eld overa timescaleof severalmonthswill allow better modellingof the longtime evolutionof coronalstructures,maintaininga memory of previous
interactions.

Solar Filaments
Solar ¯lamentsare cool densestructuresextendingabovethe chromosphereinto the
solar corona. Theyare visiblein Hydrogen-® asa thin dark line whenseenagainst
thedisc,but asa bright structurewhenviewedabovethe limb, in whichcasetheyare
termed"prominences".The¯lament temperature(c. 10,000K) is around500times
lower than the surroundingcorona,whileits plasmadensity is 100timesgreater.

Filamentson the discandprominenceat the limb in H® (JackNewton).

This work concentrateson quiescent̄ laments,whichtypicallyoccur in regionsof
weaker background̄elds, amongthe decaying remnantsof manyactiveregionsat
higherlatitudes. Thesestructuresare often very large (length up to 600,000km,
heightup to 100,000km,and width up to 15,000km)and are unexpectedlystable,
with lifetimesof up to 300days. In fact, the Sun'smagnetic̄ eld plays a key role
in supporting the ¯lament massagainstgravity, as well as insulatingit from the
surroundinghot corona,eventhoughit is onlypartially ionised.

Filament Magnetic Fields

Sincethe1950sit hasbeenknownthat ¯lamentsform abovepolarity inversionlinesin
the photosphere.Theseare locationswhereBz = 0, markingthe boundary between
oppositepolarity magnetic̄ elds on a surfacemagnetogram.Thesemay be the two
polaritiesof a singleactiveregion- a Type A ¯lament(Mackay 2005),or the ¯lament
may form betweentwo activeregions(Type B). Observationsby Tang(1987)reveal
that 70%of ¯lamentsare of Type B. Furthermore,mostType A ¯lamentsare in fact
active-region̄laments,ratherthanquiescent.

Exampleof a Type B quiescent̄lament visiblein H® fromBig Bear Solar
Observatory (left). Locationon Kitt Peaknormalcomponentmagnetogramalso

shown (right).

The Hemispheric Pattern
A ¯lament may be assigneda chirality according to the directionof the magnetic
¯eld alongits axis,asobservedfromthe positivepolarity side.Thusall ¯lamentsare
eithersinistralor dextral. Moreover,the chirality of a givenquiescent̄lament hasa
strongdependenceon the hemisphereof its location.Martin et al. (1994)foundthat
dextral¯lamentsdominatein the Northernhemisphereandsinistralin the Southern
hemisphere,althoughexceptionscanoccur. Thisglobalpatternis the samefor each
solar cycle.

Thefact that active-region̄lamentsdonot show a patternin their chirality suggests
that the patternfor quiescent̄lamentsis causedby somemechanismactingon the
magnetic̄ eld after it hasemergedandwhenthe activeregionhasstarted to break
up. The coronalmagnetic̄ eld is e®ectivelyanchored to that in the photosphere,
so a naturalmechanismto explainthe formationof patternsin quiescent̄ lament
magnetic̄ elds is magnetic\°ux transport" on the solar surface.

Simulationshavebeenusedto studythee®ectof °ux transport on¯lamentstructures.
Mackay andvanBallegooijen(2005)considera pairof magneticbipolesand¯nd the
dominanthemisphericpatternto berelatedto thedominantrangeof bipoletilt angles
andhelicitiesin eachhemisphere.The resultingcoronalstructuresare investigated
in detail in Mackay andvanBallegooijen(2006). The currentstudyaimsto extend
theseresultsby applyingthe modelto observedmagneticsurfacedistributionsovera
5 monthperiod (followingon fromMackay et al. 2000)andon a globalscale.

Surface Flux Transport

Thestandard °ux transport model(Wanget al. 1989)hasbeendevelopedover
a numberof years. Thenormalmagnetic̄eld B r onthesolar surfaceis trans-
ported by two large-scaleadvectivemotions- di®erentialrotation(dominant)
andmeridional°ow:

In addition,a di®usiveterm approximatesthe macroscopice®ectof smaller-
scalemotions,principallythe convectionpushingmagnetic°ux to the bound-
aries of supergranular cells. Leighton(1964) proposedthat the continual
turnoverof suchcellsleadsto a randomwalk for surface°ux, modelledas
a di®usionprocess.

Onthephotospherer = Rs in sphericalpolar coordinates,B r evolvesaccording
to the r -componentof the MHD inductionequation;
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Here­( µ) is the angular velocity of di®erentialrotation,uµ is the meridional
°ow velocity, D is the di®usionconstantand S(µ; Á;t) is a sourceterm to
representnew°ux emergences.

Simulations
Themagnetic̄ eld evolutionon the solar surfaceis
simulatedusingthe °ux transport model. This will
provideaccuratephotosphericboundary conditions
for 3D simulationsof the globalcoronal ¯eld, us-
ingthemagneto-frictionalmodelof vanBallegooijen
et al. (2000).

Writing the magnetic̄ eld in termsof a vector po-
tential B = r £ A , the two relevantcomponents
of the inductionequationfor B r in sphericalcoordi-
nates(r; µ; Á) are
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The numerical method uses new coordinates
(x; y; z) for computations:
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On the surfacez = 0 thereis a uniform square grid
in (x; y). The equationsare integratednumerically
usinga ¯nite-di®erencescheme.Testsimulationre-
sultsare shown on the right.

Evolution of a single bipole

In the Northernhemisphere,with \tilt angle"20±.
(white: positive°ux, black:negative°ux)

The physicale®ectof advectionanddi®usionon the bipoleis
clearly visible.Dueto Joy'sLaw, polar °ux of thesamesignas
the trailingpolarity is built up. Thecumulativee®ectof many
bipolesobeyingHale'sandJoy's Laws is to developopposite
polar ¯elds in eachhemisphere,reversingpolaritieswith each
11 year cycle.

Simulated photospheric evolution

1) Observedmagnetogramfor CR1954:

2) Resultof evolvingthe above¯eld to CR1955(27.27days):

3) Actualobservedmagnetogramfor CR1955:

Surface°ux transport reproducesaccuratelythe large-scalēeld
wherebipoleshavealreadyemerged,but it cannottake into ac-
countnew°ux emergence(seebox).

Emerging Flux
The projectrequiresaccuratesimulationof the photospheric̄eld overa
5 monthperiod, without resettingthe coronal¯eld to potentialat each
rotation (becausethen coronalstructureswould be destroyed). Thus it
is essentialto includenew °ux emergenceduring the evolution. The
followingprocedurehasbeenautomated:

1) Determine new bipole emergences

² Assumeall new°ux emergesasbipolar magneticregions.

² Compare two Kitt Peaksynopticmagnetogramsfor successiverota-
tions.

² Apply27.27daysof di®erentialrotationto ¯rst imagefor bettercom-
parison.

2) Measure bipole properties

² Measurepropertiesof newlyemergedbipolar regions,includinglatitude
andlongitude,separationdistancebetweenpeaks,tilt angleof bipoleaxis
(Joy's Law) andtotal magnetic°ux (above50 Gauss).

3) Run simulation

² Take into accountdi®erentialrotation,meridional°ow andsupergranular
di®usion.

² Insertnewbipoles(see(4) below) correspondingto observedregions.

4) Insert new bipoles

² Bipolesare givenby a 3D description,whichallowsthe ¯eld linesto have
a twist (helicity), asin Mackay andvanBallegooijen(2006).

² TheBz component,relevantfor surface°ux transport simulations,isgiven
by
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Primed coordinatesrepresentrotation through
tilt angle® for bipolecentredat (x0; y0):

x0 = (x ¡ x0) cos®¡ (y ¡ y0) sin®;
y0 = (x ¡ x0) sin®+ (y ¡ y0) cos®:

² Bipolesare insertedin termsof vector potentialA .

² Insertiondateis determinedfrom locationon synopticmagnetogram.

Conclusions
² Magnetic°ux transport simulationsmay be usedto describe the globallarge-scale

surfacēeld.

² By studyingobserveddata the evolutionof the large-scalesurfacē eld may be
reproducedin simulations.

² In future, the reproducedsurfacē eld will be usedasa lower boundary condition
for nonlinear force-freēeld modellingof the large-scalecoronal¯eld.
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