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Fig. 1. Height-vs-timeplotsincludinganex-
ampleof amoving typelV burst,interpreted
as showving quasi-relatristic or relatwvistic
electrondrappedn anexpandingmagnetic
trap geometry(from Stewart et al., 1982).
Thisevent, April 27,1980,alsoexhibiteda
highly enhancedoronaldensity(some30x
modelbackgroundpbsenablewith awhite-
light coronagraph.
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Fig. 3: Magneticmodelin the geometryof
MacKinnonandBrown (1990): Fixedmag-
neticfield intensity B, loop lengthelongat-
Ing with time. Note,themathematicatorm
of thisfield atary instantin time obeys
V.-B=0
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Fig. 5. Particle enegy distributions color-
codedby time, in time incrementsasindi-
cated,for Model A (constanmmirror ratio).
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Introduction

Yohkoh soft X-ray obsenationshave provided mary examplesof expandingloopsoriginatingin the
coreregionsof solarflaresandempirically linked (e.g. Nitta andAkiyama, 1999)with CMEs. Such
structurepresumabhsupporipphenomenabsernedat metricradiowavelengthssuchasmoving Type
IV bursts(e.qg., Figurel). Theserequirerelatvistic electronsto be trappedin expandingmagnetic
structuresNow we alsohave anexample,shovn in Figure2, of amoving coronal hardX-ray source
(from a behind-the-limlflare) suggestinghe presenc®f quasi-relatistic electrong20-50keV) in a
possiblysimilar ervironment(Hudsonet al., 2001).

Particle accelerationn solarflaresoccursduring the impulsive phase. Are the obsenationsof the
April 18, 2001 event consistenwith the adwectionoutwardsof trappedparticlesresultingfrom this
epoch,oris afurthercoronal particleacceleratiomequired?

In this poster we investigatenumericallythe evolution of a particledistributiontrappedn anexpand-
Ing magneticloop. Theinferredfield motionsduring the expansionsareslow relative to the particle
transittimesthroughthem,sothatthefirst andsecondadiabatianvariantshold (e.g. Sturrock,1994),
andwe canusethe guidingcentreapproximatiorto studyparticlemotion.

Adiabaticdevelopmentof trappedplasmaandparticles

We ervision a plasmatrappedwithin anexpandingmagneticflux surface. The particlevelocity dis-
tribution function hasa thermalcoreanda non-thermakail extendingto high enegies. Densitiesof
4 x 10%m™3 - muchin excessof normalcoronaldensitymodels- may prevail in the thermalcore
of the distribution (Hudsonet al., 2001). The thermalplasmawill evolve accordingto the normal
adiabatidaws, andwe incorporatea backgrounddensityvariationin our modelsasappropriate.

In this treatmentthe tail particleshave beenenepgized by an unspecifiedacceleratiormechanism
relatedio theimpulsive phaseof theflare,andremainpartially trappedwithin theexpandingplasmoid,
by the magneticmirror force. Coulombscatteringpermitsdiffusion into the loss-coneasa means
of particle precipitation;(e.g. Fletcher 1997) otherwiseonly cross-fielddrift motionsor magnetic
reconnectiorwould permitparticleescape.

The continuity equationfor the evolving distribution function f (v, u, S, t) is
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wherev andu arethe particle speedandpitch angle,S is the co-ordinatealongthe magneticfield,

B(s,t) is the magneticfield strengthand D,,,, is the Coulombdiffusion coeficient. We considera

model of expandingloops, following the geometryof MacKinnonand Brown (1992) asillustrated
In Figures3 and4. We usestochasticsimulationof test-particletrajectories(e.qg. Fletcher 1997)
to permit scatteringandfield variationsto be handledsimultaneously The detailedgeometryof the

expandingcoronaat the onsetof a coronalmassejectionis notunderstoodvell at presentandsowe

make two simplifying assumption$or thefirst models.In Model A theloop elongateswithoutchange
of field intensity B; in Model B we allow B to decreasasthe inversesquareof the spatialscale.
The numberdensityof particleswith whichthe high enegy tail is colliding variesinverselywith the

volumeof theloop.

Particlesarefollowedfromt = 0 in aloopwhichexpandsverthecourseof 100s.They areinjectedin
apower-law in enegy with index equalto 3, cutoff at20 keV, andthespectrunextendsupto 400keV
(limited for numericalreasons) Particlesareinitially assumedo be distributeduniformly alongthe
loop. We follow the trapped-particlerelocity distribution asa function of time; theseparticlesdeter
minethe X-ray bremsstrahlungbsenred above thelimb. Figures5 and6 shav thetime evolution of
thespatially-intgratedparticledistribution functionfor thetrappedelectronan eachof thesemodels.

Conclusions

For both models(elongating loop at fixed B andexpandingloop with decreasind3) we find a rapid
flattening of the input spectrum. This is accompaniedn eachcaseby large reductionsin particle
number Thereductionsarehigherthanarefoundin simulationswithout loop/field expansion since
‘betatrondecelerationby theexpandingdfield (sincerL /B is constantprovidesanadiabatidocussing
which, whencoupledwith the relatively high level of collisionstaking particlesacrossheloss-cone
boundaryenhance®article precipitationrates. Whereaghe flat spectrumwould be consistentwvith
someof theover-the-limbhardX-ray obsenrations,andin particularwith theeventof April 18,2001,
thebrightnesslecreaseseemdo bein conflict with the obsered eventdurationof aboutoneminute,
using the ambientdensityinferred by the obsenrers. This suggestdhe needfor continuedparticle
accelerationratherthana singleacceleratiorepochthat happengrior to the field expansioninto the
corona.

Ourtechniqueof stochasticimulationprovidesagoodapproachior modelingtheevolution of coronal
hard X-ray sources.We intendto extendthesecalculationsfor exampleto characterizehe spatial
distribution of the hard X-ray emission. The problemat presents the limited knowledge of field
geometryandsourceparticle distributions. The obsenationsthusfar arefew andnoisy, in spite of
their importancefor our understandingf the physicsof coronalmassejectionsand solarenepgetic
particleevents.
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Fig. 2. Upper:Heightvs. time for themov-
Ing coronalhard X-ray sourceobsened by
Hudsonet al., 2001. The pointsshav the
EW coordinate®f thepeakhardX-ray emis-
sion at 10-secintervals, with the line indi-
catingaprojectedvelocity of aboutd,000km/s.
Lower: Heliocentric positionsof the hard
X-ray source(*) andassociatednicrowave
source(+) at 5-secintenvalsduringthe out-
ward motion.
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Fig. 4. Magneticmodelfor B diminishing
with timein anisotropicexpansion As well
aslengtheningthemagnetidield attheapex
of theloopdecreaselnearlywith time. The
packgroundhumberdensityof particlesin
this loop decreasesinearly with time, as
the loop volumeincreasesbut is assumed
to remainuniformly distributedthroughthe
volume.
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Fig. 6. Particle enegy distributions color-
codedby time, In time incrementsasindi-
cated,for Model B (increasingmirror ra-
tio). Comparedo the distributions shavn
In Fig. 5, the particlelossesasa function
of time arenot sogreat. The competingef-
fectson particlepopulationare(a) thevary-
iIng magneticfield which leadsto increased
adiabaticfocussingbut also a decreasen
the loss-conevolume and (b) the decreas-
Ing collisional density which leadsto de-
creasecanepy losses

Thesimilarity with Fig 5. indicatesthat, at
leastin the early phasesof the event, the
collisionallossesaremoreimportantin de-
termining the evolution of the population
than is the magneticfield variation. De-
spitethefactthatwithin thefirst 10 seconds
theloss-conevolumedecreasely 40%,the
trappedbopulationremainsvirtually thesame.



