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Abstract

Thekneein theprimaryenergy spectrummustbesharpenoughto reproduceEAS sizespectraproperly.
If thekneeis dueto thecosmicray propagationin our Galaxy, so thestructureof theregularmagneticfield
mustprovide a bumpin thekneeregion. ThepopularRand-Kulkarni modeldoesnot displaysucha feature.
This paperpresentsa modelof the regular magneticfield which coincideswith Rand-Kulkarni’s model in
theGalacticplaneandincorporatesa largehalowith antysimmetricconfigurationof themagneticfield thus
ensuringabump.

1 Intr oduction:
It is commonknowledgethat the kneein the primary energy spectrumat energy near � �������

eV may
be due to the changeof the cosmic
ray propagationin our Galaxy. This
is one of the most natural explana-
tionsandtheupdateddiffusiontheory
(Ptuskinet al, 1993)which takesinto
accountthedrift of cosmicraysin the
largescaleregularmagneticfield (the
Hall diffusion) offers an opportunity
to describethekneein theframework
of contemporarynotionsaboutGalac-
tic magneticfields (the characteristic
scaleof the randomfields included).
In our previouspaper(Kalmykov and
Pavlov, 1997a) we showed that the
moderndiffusionmodelmakesit pos-
sible to reproducesatisfactoryexper-
imentalEAS dataon sizespectraif a
bumpin theprimaryenergy spectrum
is provided. The necessityof this as-
sumptionwasespeciallystressedout

Figure 1: Schematicview of Galaxy. Sinusoidalcurveseparatesre-
gionswith oppositesignsof magneticfield. �
	 – denotestheposition
of thecosmicrayssource.

in (Erlykin andWolfendale,1997)wherethepresenceof a local sourcewasput forward to ensurethesuffi-
cientsharpnessof theknee.
A neededbumpmaybeeasilyobtainedin thelargehalomodelwith antysimmetricconfigurationof theregular
magneticfield (Ptuskinet al, 1993)but it doesnot exist in theRand-Kulkarni model(Rand-Kulkarni, 1989)
whichcorrelateswith experimentaldatain theGalacticplaneandis of frequentusein calculations.Theobvi-
ousdifferencebetweenRand-Kulkarni’smodelandothersis theabsenceof anextendedhalo.Soourapproach
shouldbeto combinetheRand-Kulkarniandlargehalomodels.

2 Diffusion and drift of cosmicrays:
Our new modelinheritsbasicfeaturesof the large halomodel. Theregion wherecosmicrayspropagate

is presentedin Fig.1. It hasthe form of a cylinder with ��� ��

kpc and ��� ���

kpc. The antysimmetric
structureof theregularmagneticfield shouldbeaccepted.As in (Ptuskinet al, 1993)we assumethatcosmic



ray sourcesaredistributedin thedisk with thickness����	���� ��� pc. Theline of demarcation( ����� 
����
pc)

betweentheregionswith differentsignsof thefield is alsoshown in Fig.1. Thesinusoidalboundaryprovides
necessarysignsof thefield in theGalacticplane.

Thecosmicray transportis describedby theequation(seePtuskinetal, 1993)
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where "! �87 � ( 9;: �=< � ) and  (' �57 aretransverseandHall diffusioncoefficientsrespectively, 4 % �32 # )
is asourceterm.Theapproachto solve theequation(1) is thesameasin (Kalmykov andPavlov, 1997a).The
detaileddescriptionof thetechnicsusedmaybefoundin (Kalmykov andPavov, 1997b).Floatingboundary
conditions(

� ��>@?BA , ��>�?3A ) wereappliedin orderto obtaincosmicray concentrationwith appropriateaccuracy
neartheGalacticplane.Equation(1) is valid up to energies C D �����FE eV.

3 Results:
The calculatedcosmic ray spectra(the observer is at � � ���

kpc) are presentedin Fig.2. It may
be clearly seenthat the new model
displays a desired bump. The ra-
dial distribution of sourcesfollows
the law 4 % �G) � H % � �JILK�MON ) . In
Fig.3 we comparethe predictionsof
the new magneticfield model with
theexperimentalsizespectrumof the
MSU EAS array(Fomin et al., 1991).
Thevalueof P (the integral exponent
energy spectrumbefore the knee) is
takento be

��<RQ
. Calculationsaremade

in theframeworkof theQGSJETmodel
(Kalmykov, Ostapchenko, Pavlov, 1997)
andthe primary masscompositionis
fitted to obtain the best agreement.
Theresultingenergy spectrumaswell
as the spectraof different nuclei are
shown in Fig.4. The masscomposi-
tion obtaineddoesnot contradict to
the conclusionsderived by the MSU

Figure 2: Protonenergy spectra neartheknee:dashedcurve– large
halo model with antysimmetricconfiguration from (Ptuskin et al.,
1993), dottedcurve – Rand-Kulkarni model, solid curve – present
work.

groupfrom EAS muonnumberdistributions(Fomin et al., 1996). Theanalysisof sizespectraasmeasured
by theKASCADE (KASCADEcollaboration,1997)andEAS-TOP(EAS-TOPcollaboration)arrayshasbeen
alsomade. The resultsof eachseparatearraycanbe reproducedquite satisfactorybut with different P and
primarymasscompositions.Certainlythisproblemneedsmutualcalibrationof experimentaldata.

4 Conclusion:
A realisticmodelof theGalacticregularmagneticfield is constructed.Thismodelensurestheexistenceof

a bump in theprimaryenergy spectrumandsoenablesoneto reproduceexperimentalEAS sizespectraand
primarymasscompositionreasonablywell.
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Figure3: CalculatedEASspectrumat sealevelandMSUexperimentaldata.

Figure4: Total energyspectrumandpartial spectra derivedfromMSUsizespectrum.
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