Anisotropic proton fluxesin the SAA
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During two yearsa RadiationEnvironmentMonitor, REM [1] from PSlwas mountedoutsidethe Russianspace
stationMir and measuredhe chaged particle fluxes of the ervironment. An outstandingesultof this campaign
was the measuremendf the east-weseffect of the protonsin the South Atlantic Anomaly, SAA andits enegy

dependence.

Themotionof astablytrappedparticlein theearths mag-
netospherean be approximatelydescribedby its gyration
aroundthe local magneticfield line (the centerof gyration
is denotedasguiding center),its bouncemotion alongfield
lines betweenconjugatemirror pointsin the northernand
southernhemisphereandits drift aroundthe earth. Its tra-
jectory forms a shellwhich canbe labeledby the so-called
L-shell parameterL, whichin a dipolefield approximation
measurethedistancebetweerthe centerof theearthandthe
pointswherethe shellcrosseshe magneticequator

At a given point D in space(seefigure 1), the guiding
centersGC1,GC2of particlesarriving from differentdirec-
tions have differentlocations. If the differencein guiding
centerpositionis large comparedwith the spatialflux gra-
dientscalelengththenthe obsenedflux distribution canbe
expectedo beanisotropid2].

Y @B

Figure 1: The differencein guiding centerposition GC1,
GC2of particlesarriving from differentdirectionsata given
pointD in spacecancauseanisotropidlux distributions.

The gyro-radiusdependson the particles mass,m and
enepgy, £ andonthemagnetidield strength,B with
Tgyro =P/ (g B).

Sincetheeffectscaleswith thegyro-radiustheanisotroy
is bestobsenedwith high momentunmparticlesat low mag-
netic fields. Mir encounterghe minimum field strengthof
approximately0.2 Gaussn the SAA. Therethe gyro-radius
of 1 MeV electronsand 100 MeV protons(typical enegies
of particlesdetectecdby REM) areof the orderof 100m and
100km, respectiely. The SAA is alsothe placewherethe
protonfluxesare high andthe spatialflux gradientdarge -
thusidealfor observingheanisotropy.

In orderto extractthe protonflux anisotrogy in the Mir-
REM datawe binnedthe measurements the SAA accord-
ing to L, B, andpointingdirectionof the detectorandaver
agedthedatain eachbin overthe entireMir-REM lifetime.

In theupperpanelof figure 2 the protonfluxesfrom east
andwestare comparedor a numberof B-L-bins. It shavs
the measured.00 MeV protonfluxesasfunctionof L. The
B-valuescorrespondo the minimumvaluesencounteredby
Mir atagivenL. Thefluxesfrom westarehigherthanthose
from east.Theratiois afunctionof L, is around4 atL=1.1

earthradii andvanishesabove L~1.7 earthradii.

A similar behaior is foundfor the spectrahardnessas
shawvn in the lower panelof figure 2, wherethe spectralin-
dicesy (the protonspectra,f,(E) arefitted by a power law
fp(E) = Ap - (E/Ey)") areplottedversusL . Theenegy
spectraof theprotonscomingfrom westareharderthanthose
of theparticlesfrom eastandasfor thefluxes,thedifference
vanishesabove L~1.7 earthradii.
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Figure2: Comparisorof protonfluxesfrom eastandwestin
the SAA. Theupperpanelshav the 100 MeV protonfluxes
andthe the lower panelsthe spectralpower law indicesas
functionof L.

The flux gradientsn the SAA aremainly causedy the
interactionof the protonswith ambientatmospherigarti-
cles. Thedeepemn L-shell dipsatthe mirror pointsinto the
atmospheréhemoretheparticlesareabsorbedThefactthat
thehigh enegy protonsarriving from eastat a givenpointin
theSAA aremember®f L-shellsdippingon averagedeepest
into theatmospherexplainswhy the eastfluxesarelow and
their spectrasoft.
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