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Fig. 6: Particle energy distributionscolor-
codedby time, in time incrementsasindi-
cated,for Model B (increasingmirror ra-
tio). Comparedto the distributionsshown
in Fig. 5, the particle lossesasa function
of time arenot sogreat.Thecompetingef-
fectsonparticlepopulationare(a) thevary-
ing magneticfield which leadsto increased
adiabaticfocussingbut also a decreasein
the loss-conevolume and (b) the decreas-
ing collisional density, which leadsto de-
creasedenergy losses.

Thesimilarity with Fig 5. indicatesthat,at
least in the early phasesof the event, the
collisional lossesaremoreimportantin de-
termining the evolution of the population
than is the magneticfield variation. De-
spitethefactthatwithin thefirst 10seconds
theloss-conevolumedecreasesby 40%,the
trappedpopulationremainsvirtually thesame.

Fig. 5: Particle energy distributionscolor-
codedby time, in time incrementsasindi-
cated,for ModelA (constantmirror ratio). Conclusions

For bothmodels(elongating loop at fixed
�

andexpandingloop with decreasing
�

) we find a rapid
flatteningof the input spectrum. This is accompaniedin eachcaseby large reductionsin particle
number. Thereductionsarehigherthanarefound in simulationswithout loop/fieldexpansion,since
‘betatrondeceleration’by theexpandingfield (since� �� ��� is constant)providesanadiabaticfocussing
which, whencoupledwith therelatively high level of collisionstakingparticlesacrossthe loss-cone
boundaryenhancesparticleprecipitationrates. Whereasthe flat spectrumwould be consistentwith
someof theover-the-limbhardX-ray observations,andin particularwith theeventof April 18,2001,
thebrightnessdecreaseseemsto bein conflict with theobservedeventdurationof aboutoneminute,
using the ambientdensityinferredby the observers. This suggeststhe needfor continuedparticle
acceleration,ratherthana singleaccelerationepochthathappensprior to thefield expansioninto the
corona.

Ourtechniqueof stochasticsimulationprovidesagoodapproachfor modelingtheevolutionof coronal
hardX-ray sources.We intendto extendthesecalculations,for exampleto characterizethe spatial
distribution of the hard X-ray emission. The problemat presentis the limited knowledgeof field
geometryandsourceparticledistributions. The observationsthusfar arefew andnoisy, in spiteof
their importancefor our understandingof the physicsof coronalmassejectionsandsolarenergetic
particleevents.

Adiabaticdevelopmentof trappedplasmaandparticles
We envision a plasmatrappedwithin anexpandingmagneticflux surface. Theparticlevelocity dis-
tribution functionhasa thermalcoreanda non-thermaltail extendingto high energies. Densitiesof� � 	�

����� ���

- muchin excessof normalcoronaldensitymodels- may prevail in the thermalcore
of the distribution (Hudsonet al., 2001). The thermalplasmawill evolve accordingto the normal
adiabaticlaws,andwe incorporateabackgrounddensityvariationin ourmodelsasappropriate.

In this treatmentthe tail particleshave beenenergized by an unspecifiedaccelerationmechanism
relatedto theimpulsivephaseof theflare,andremainpartiallytrappedwithin theexpandingplasmoid,
by the magneticmirror force. Coulombscatteringpermitsdiffusion into the loss-coneasa means
of particleprecipitation;(e.g. Fletcher, 1997)otherwiseonly cross-fielddrift motionsor magnetic
reconnectionwouldpermitparticleescape.

Thecontinuityequationfor theevolving distribution function � ������� ��� ����� is
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where � and � arethe particlespeedandpitch angle, � is the co-ordinatealongthe magneticfield,� � # ����� is the magneticfield strengthand & '0' is the Coulombdiffusion coefficient. We considera
modelof expandingloops, following the geometryof MacKinnonandBrown (1992)as illustrated
in Figures3 and4. We usestochasticsimulationof test-particletrajectories(e.g. Fletcher, 1997)
to permit scatteringandfield variationsto behandledsimultaneously. Thedetailedgeometryof the
expandingcoronaat theonsetof a coronalmassejectionis not understoodwell at present,andsowe
maketwo simplifying assumptionsfor thefirst models.In ModelA theloopelongateswithoutchange
of field intensity � ; in Model B we allow � to decreaseas the inversesquareof the spatialscale.
Thenumberdensityof particleswith which thehigh energy tail is colliding variesinverselywith the
volumeof theloop.

Particlesarefollowedfrom � /



in aloopwhichexpandsoverthecourseof 100s.They areinjectedin
apower-law in energy with index equalto 3, cutoff at20keV, andthespectrumextendsupto 400keV
(limited for numericalreasons).Particlesareinitially assumedto bedistributeduniformly alongthe
loop. We follow thetrapped-particlevelocity distribution asa functionof time; theseparticlesdeter-
minetheX-ray bremsstrahlungobservedabove thelimb. Figures5 and6 show thetime evolution of
thespatially-integratedparticledistribution functionfor thetrappedelectronsin eachof thesemodels.

Introduction
Yohkoh soft X-ray observationshave providedmany examplesof expandingloopsoriginatingin the
coreregionsof solarflaresandempirically linked(e.g. Nitta andAkiyama,1999)with CMEs. Such
structurespresumablysupportphenomenaobservedatmetricradiowavelengths,suchasmoving Type
IV bursts(e.g., Figure1). Theserequirerelativistic electronsto be trappedin expandingmagnetic
structures.Now we alsohave anexample,shown in Figure2, of a moving coronal hardX-ray source
(from a behind-the-limbflare)suggestingthepresenceof quasi-relativistic electrons(20-50keV) in a
possiblysimilar environment(Hudsonet al., 2001).

Particle accelerationin solarflaresoccursduring the impulsive phase.Are the observationsof the
April 18, 2001event consistentwith the advectionoutwardsof trappedparticlesresultingfrom this
epoch,or is a furthercoronal particleaccelerationrequired?

In thisposter, we investigatenumericallytheevolutionof aparticledistribution trappedin anexpand-
ing magneticloop. The inferredfield motionsduring theexpansionsareslow relative to theparticle
transittimesthroughthem,sothatthefirst andsecondadiabaticinvariantshold (e.g. Sturrock,1994),
andwecanusetheguidingcentreapproximationto studyparticlemotion.

Fig. 4: Magneticmodelfor � diminishing
with timein anisotropicexpansion.As well
aslengthening,themagneticfieldattheapex
of theloopdecreaseslinearlywith time. The
packgroundnumberdensityof particlesin
this loop decreaseslinearly with time, as
the loop volumeincreases,but is assumed
to remainuniformly distributedthroughthe
volume.

Fig. 3: Magneticmodelin thegeometryof
MacKinnonandBrown (1990):Fixedmag-
neticfield intensity � , loop lengthelongat-
ing with time. Note,themathematicalform
of this field at any instantin time obeys1 2 � /




Fig. 2: Upper:Heightvs. time for themov-
ing coronalhardX-ray sourceobservedby
Hudsonet al., 2001. The pointsshow the
EWcoordinatesof thepeakhardX-rayemis-
sion at 10-secintervals, with the line indi-
catingaprojectedvelocityof about1,000km/s.
Lower: Heliocentricpositionsof the hard
X-ray source(*) andassociatedmicrowave
source(+) at 5-secintervalsduringtheout-
wardmotion.

Fig. 1: Height-vs-timeplotsincludinganex-
ampleof amoving typeIV burst,interpreted
as showing quasi-relativistic or relativistic
electronstrappedin anexpandingmagnetic
trap geometry(from Stewart et al., 1982).
This event,April 27,1980,alsoexhibiteda
highlyenhancedcoronaldensity(some30 3
modelbackground)observablewith awhite-
light coronagraph.
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