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During two yearsa RadiationEnvironmentMonitor, REM [1] from PSI wasmountedoutsidethe Russianspace
stationMir andmeasuredthe chargedparticlefluxesof the environment. An outstandingresultof this campaign
was the measurementof the east-westeffect of the protonsin the SouthAtlantic Anomaly, SAA and its energy
dependence.


Themotionof astablytrappedparticlein theearth’smag-
netospherecan be approximatelydescribedby its gyration
aroundthe local magneticfield line (the centerof gyration
is denotedasguidingcenter),its bouncemotionalongfield
lines betweenconjugatemirror points in the northernand
southernhemisphere,andits drift aroundthe earth. Its tra-
jectory forms a shell which canbe labeledby the so-called
L-shell parameter, L, which in a dipolefield approximation
measuresthedistancebetweenthecenterof theearthandthe
pointswheretheshellcrossesthemagneticequator.


At a given point D in space(seefigure 1), the guiding
centersGC1,GC2of particlesarriving from differentdirec-
tions have different locations. If the differencein guiding
centerpositionis large comparedwith the spatialflux gra-
dientscalelengththentheobservedflux distribution canbe
expectedto beanisotropic[2].
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Figure 1: The differencein guiding centerposition GC1,
GC2of particlesarriving from differentdirectionsata given
pointD in spacecancauseanisotropicflux distributions.


The gyro-radiusdependson the particle’s mass,� and
energy,


�
andon themagneticfield strength,� with���
	��������������� ��� .


Sincetheeffectscaleswith thegyro-radius,theanisotropy
is bestobservedwith high momentumparticlesat low mag-
netic fields. Mir encountersthe minimum field strengthof
approximately0.2 Gaussin theSAA. Therethegyro-radius
of 1 MeV electronsand100MeV protons(typical energies
of particlesdetectedby REM) areof theorderof 100m and
100km, respectively. TheSAA is alsothe placewherethe
protonfluxesarehigh andthe spatialflux gradientslarge -
thusidealfor observingtheanisotropy.


In orderto extract theprotonflux anisotropy in theMir-
REM datawe binnedthemeasurementsin theSAA accord-
ing to L, B, andpointingdirectionof thedetector, andaver-
agedthedatain eachbin over theentireMir-REM lifetime.


In theupperpanelof figure2 theprotonfluxesfrom east
andwestarecomparedfor a numberof B-L-bins. It shows
the measured100 MeV protonfluxesasfunctionof L. The
B-valuescorrespondto theminimumvaluesencounteredby
Mir at a givenL. Thefluxesfrom westarehigherthanthose
from east.Theratio is a functionof L, is around4 at L=1.1


earthradii andvanishesaboveL � 1.7earthradii.
A similar behavior is foundfor thespectralhardness,as


shown in the lower panelof figure2, wherethespectralin-
dices� (theprotonspectra,�! � � � arefitted by a power law
�" � � � �$#  �%� � � �'& �)( ) areplottedversusL . Theenergy
spectraof theprotonscomingfromwestareharderthanthose
of theparticlesfrom east,andasfor thefluxes,thedifference
vanishesaboveL � 1.7earthradii.


Figure2: Comparisonof protonfluxesfrom eastandwestin
theSAA. Theupperpanelshow the100MeV protonfluxes
and the the lower panelsthe spectralpower law indicesas
functionof L.


Theflux gradientsin theSAA aremainly causedby the
interactionof the protonswith ambientatmosphericparti-
cles.ThedeeperanL-shell dipsat themirror pointsinto the
atmospherethemoretheparticlesareabsorbed.Thefactthat
thehighenergy protonsarriving from eastatagivenpoint in
theSAA aremembersof L-shellsdippingonaveragedeepest
into theatmosphereexplainswhy theeastfluxesarelow and
their spectrasoft.
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