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Abstract

The observednagnetic eld directionin sola Taments/gpominenceshavs a hemispheridegndence.The aim of this studyis to investigatdhonv sucha patterncouldbe causedy a
combinatiorof emergingnagneticux and°ux transmrt mechanismis the photosphere.

The photospheriand caonalmagnetic elds on a globalscaleare simulatedusing®ux transprt and magneto-frictionakelaxatiormadels,overa numker of Caringtonrotations. The
caonal eld istherely evolvedhrougha sequencef (nonlineg force-freeequilibia, basedn the changingphotosphericeld. Initialwork hasconcentratedn the accurateegoduction
of surface’ux evolution,usingKitt Peakmagnetogram® determindhe propertiesof emergindipola °ux regionsjn additionto simulatingthe observedurfacemotions. Accurate
regoductionof the photosphericeld overa timescalef severamonthswill allov better madellingof the longtime evolutionof caonal structuresmaintainingg memoy of previous

Interactions.

Solar Filaments

Sola Tamentsare cool densestructuresextendingabovethe chromospheriato the

sola caona. Theyare visiblein Hydroger® as a thin dak line whenseenagainst
the disc,but asa bright structurewhenviewedabovethe limb, in whichcasegheyare

termed'prominences"The Tamenttemperature(c. 10,000K) is around500times
lower thanthe surroundingaona,whileits plasmadensiy is 100timesgreater.

Filamentn the discandprominencat the limb in H® (JackNewton).

This work concentrate®n quiescentlaments, whichtypicallyoccurin regionsof
wealer backgroundelds, amongthe decging remnantsof manyactiveregionsat
higherlatitudes. Thesestructuresare often very large (length up to 600,000km,
heightup to 100,000kmand width up to 15,000km)and are unexgctedlystable,
with lifetimesof up to 300days. In fact, the Sun'smagnetic eld plays a key role
in supprting the Tament massagainstgraviy, as well as insulatingit from the
surroundindpot caona,eventhoughit is only patially ionised.

Surface Flux Transport

Thestandad °ux transmrt model(Wanget al. 1989)hasbeendevelopdover
a numler of yeas. Thenamalmagneticeld B, onthe sola surfacas trans-
ported by two large-scal@advectivanotions- di®erentiatotation (dominant)
andmeridionafow:

Meridional flow: /

peak 16 ms™

at mid-latitude \

In addition,a di®usiveéerm appoximatesthe macroscopie®ectof smaller-
scalemotions principallythe convectiopushingnagneticux to the bound-
aries of supergranulacells. Leighton(1964) proposedthat the continual
turnoverof suchcellsleadsto a randomwalk for surface’ux, madelledas
a di®usiormprocess.

Differential rotation:

period c. 25 days

period c. 32 days

Onthephotosphere = Rginsphericgbola coordinatesB, evolvesccaoding
to the r-commnentof the MHD inductionequation
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Here-( ) Is the angula velaity of di®erentiatotation, u, is the meridional
°ow velaity, D Is the di®usiorconstantand S(i; A;t) is a sourceterm to
regesennew ux emergences.

(uysinuB,) + Dr 3B, + S(i A;t):

Emerging Flux

The projectrequiresaccuratesimulationof the photosphericeld overa
5 monthperial, without resettingthe caonal eld to potentialat each
rotation (becausdhen caonalstructuresmould be destrged). Thusit

IS essentiato includenew °ux emergenceluringthe evolution. The
folloving procedurehasbeenautomated:

1) Determine new bipole emergences
2 Assumall new°ux emergessbipola magnetiaegions.

2 Compee two Kitt Peak synopticmagnetogramBr successiveota-
tions.

2 Apply27.27days of di®erentialotationto rst imagefor better com-
paison.

First rotation ... + differential rotation

2 TheB, commnent,relevanfor surfaceux transprt simulationsis given

by

Second rotation

“Old” regions with strong

“‘New” regions not satisfying =
polarity law

Old region

Filament Magnetic Fields

Sinceghe 19508t hasbeenknovnthat Tamentsform abovepolaity inversiotinesin

the photosphereTheseare locationswhereB, = 0, makingthe bounday between
oppositepolaity magnetic elds on a surfacemagnetogramThesemay be the two

polaitiesof a singleactiveregion- a Type A lament(Mackay 2005),or the Tament
may form betweentwo activeregiong Type B). Observationby Tang(1987)reveal
that 70%o0f lamentsare of Type B. Furthermoe, mostType A lamentsare in fact

active-regionlaments,ratherthan quiescent.

The Hemispheric Pattern

A Tament may be assignea chiraliy accaodingto the directionof the magnetic
“eld alongits axis,asobservedrom the positivepolaity side. Thusall Tamentsare
eithersinistralor dextral Mareoverthe chiralify of a givenquiescentlament hasa
strongdeendencen the hemispheref its location. Martin et al. (1994)foundthat
dextral lamentsdominaten the Nathernhemispherandsinistralin the Southern
hemispheralthoughexceptionsanoccur. This globalpatternis the samefor each
sola cycle.

Dextral Sinistral

/ /
Thefact that active-regionamentsdo not shav a patternin their chirality suggests
that the patternfor quiescentlamentsis causedy somemechanismactingon the

magnetic eld afterit hasemergec&ndwhenthe activeregionhasstated to break
up. The caonalmagnetic eld is e®ectivelanchoed to that in the photosphere

2) Measure bipole properties

3) Run simulation

4) Insert new bipoles

2 Bipolesare givenby a 3D descriptionywhichallovsthe eld linesto have
a twist (heliciy), asin Maclay andvanBallegoijen(2006).

2 Bipolesare insertedn termsof vecta potentialA .
2 Insertiondateis determinedrom locationon synoptianagnetogram.

so a naturalmechanisnto explainthe formationof patternsin quiescentlament
magnetic elds is magnetid°ux transmrt” onthe sola surface.

Simulation®avebeenusedo studythe e®ecbf °ux transrt on lamentstructures.
Maclay andvanBallegoijen(2005)considen pair of magnetidipolesand nd the
dominanhemispheripatternto be relatedo the dominantrangeof bipoletilt angles
and helicitiesn eachhemisphereThe resultingcaonal structuresare investigated
In detailin Mackay andvan Ballegoijen(2006). The currentstudyaimsto extend
theseresultsby applyinghe madelto observednagneticsurfacealistributionvera
5 monthperia (follovingon from Maclkay et al. 2000)andon a globalscale.

Exampleof a Type B quiescentlamentvisiblein H® from Big Bea Sola
Observaty (left). Locationon Kitt Peaknamal commpnentmagnetogramlso
shavn (right).

Simulations

Evolution of a single bipole Simulated photospheric evolution

1) Observednagnetograrfor CR1954:

The magnetic eld evolutionon the sola surfaces
simulatecusingthe °ux transprt model. Thiswill [N the Nathernhemispherayith \tilt angle”20~.
provideaccuratephotospheribounday conditions (White: positive®ux, black: negative’'ux)

for 3D simulationf the globalcaonal eld, us- Day 0 Day 100
Ingthemagneto-frictionahodelof vanBallegoijen
et al. (2000).

Writing the magnetic eld in termsof a vecta po-
tential B = r £ A, the two relevantcompnents
of the inductionequatiorfor B, in sphericatoordi-
nates(r; |; A) are
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2) Resultof evolvinghe above eld to CR195527.27days):

longitude longitude
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The numerical metha uses new coordinates
(X;y; z) for computations:

Day 300
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3) Actualobservednagnetogranor CR1955:

longitude longitude

i In(tan(u=2)) , = m(r:Rs):

Y= ¢ ¢

The physicak®ecbf advectioranddi®usioron the bipoleis
clealy visible.Dueto Joy's Law, pola °ux of the samesignas
the trailing polaity is built up. The cumulativee®ecbf many
bipolesobeyingHale'sand Joy's Lawsis to developopposite
pola eldsin eachhemispheraggversingpolaities with each
11yea cycle.

Onthe surfacez = 0 thereis a unifam squae grid
In (X; y). The equationsre integratechumerically
usinga nite-di®erencechemeTestsimulatiorre-
sultsare shavn onthe right.

Surface’ux transrt regoducesaccuratelythe large-scaleeld
wherebipoleshavealreadyemergedbut it cannottake into ac-
countnew’ux emergencéseebox).

Conclusions

2 Magnetic’ux transprt simulationsnay be usedto descrile the globallarge-scale
surfaceeld.

2 Measurepropertiesof newlyemergedipola regions,includinglatitude
andlongitude sepaationdistancebetweenpeaks tilt angleof bipole axis
(Joy's Law) andtotal magneticux (above50 Gauss).

2 By studyingobservedlata the evolutionof the large-scalesurface eld may be
repoducedn simulations.

2 |n future, the repoducedsurface eld will be usedasa lonver bounday condition
for nonlineaforce-free eld madellingof the large-scaleaonal eld.

2 Take into accountdi®erentiafotation, meridionafow and sugergranula
di®usion.
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Primed coordinatesrepgesentrotation through
tilt angle® for bipole centredat (Xo; Yo):

x° = (X| Xo)cos®i (Yi Yo)Sin®
yO: (X i Xg)SIN®+ (Y| Yo) COSR




