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energy spectrum at the kneeregion
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Abstract

The kneein the primary enegy spectrummustbe sharpenoughto reproduceEAS size spectraproperly
If the kneeis dueto the cosmicray propagatiorin our Galaxy so the structureof the regular magneticfield
mustprovide a bumpin the kneeregion. The popularRand-Kulkarni modeldoesnot displaysucha feature.
This paperpresentsa model of the regular magneticfield which coincideswith Rand-Kulkarni’s modelin
the Galacticplaneandincorporates large halo with antysimmetricconfigurationof the magneticfield thus
ensuringa bump.

1 Intr oduction:

It is commonknowledgethat the kneein the primary enegy spectrumat enegy near~ 105 eV may

be due to the changeof the cosmic

ray propagationin our Galaxy This I

is one of the most natural explana- |

tionsandthe updatedliffusiontheory |
(Ptuskinet al, 1993)which takesinto

accounthedrift of cosmicraysin the I

large scaleregularmagneticfield (the I

Hall diffusion) offers an opportunity I

I

|

|

|

|

to describehekneein the framavork
of contemporaryotionsaboutGalac-
tic magneticfields (the characteristic
scaleof the randomfields included).
In our previous paper(Kalmykov and
Pavlov, 1997a)we shawved that the
moderndiffusionmodelmalesit pos- 0 :
sible to reproducesatishictory exper —h hint Ohe it h

imentalEAS dataon sizespectraf a g 16 1. Shematicview of Galaxy Sinusoidalcurve sepaatesre-

_bump i_n the primaryenegy speptrum gionswith oppositesignsof magneticfield. R, — denoteghe position
is provided. The necessityof this as- of the cosmicrayssource

sumptionwas especiallystressedut

in (Erlykin andWolfendale,1997)wherethe presencef a local sourcewasput forward to ensurethe suffi-
cientsharpnessf theknee.

A neededbumpmaybeeasilyobtainedn thelarge halomodelwith antysimmetriconfiguratiorof theregular
magneticfield (Ptuskinet al, 1993)but it doesnot exist in the Rand-Kulkarni model(Rand-Kulkarni, 1989)
which correlatesvith experimentaldatain the Galacticplaneandis of frequentusein calculations.Theobvi-
ousdifferencebetweerRand-Kulkarni's modelandotherss theabsencef anextendedhalo. Soourapproach
shouldbeto combinethe Rand-Kulkarni andlarge halomodels.

2 Diffusion and drift of cosmicrays:

Our newv modelinheritsbasicfeaturesof the large halo model. The region wherecosmicrayspropagate
is presentedn Fig.1. It hasthe form of a cylinderwith R = 15 kpcandh = 10 kpc. The antysimmetric
structureof theregularmagnetidield shouldbe acceptedAs in (Ptuskinet al, 1993)we assumehatcosmic




ray sourcesaredistributedin the disk with thicknes2h, = 400 pc. Theline of demarcatior{h.,,, = 500 pc)
betweertheregionswith differentsignsof thefield is alsoshavn in Fig.1. The sinusoidaboundaryprovides
necessargignsof thefield in the Galacticplane.

Thecosmicray transports describedy theequation(seePtuskinet al, 1993)

e L DS L+ L D) DN 2) = Qo) )
whereD | ~ E™ (m ~ 0.2) andDy4 ~ E aretranserseandHall diffusioncoeficientsrespectiely, Q(r, z)
is asourceterm. Theapproactto solve theequation(1) is thesameasin (Kalmykov andPavlov, 1997a).The
detaileddescriptionof the technicsusedmay be foundin (Kalmykov andPavov, 1997b). Floatingboundary
conditions(—h;ye, hint) Wereappliedin orderto obtaincosmicray concentratiorwith appropriateaccurag
nearthe Galacticplane.Equation(1) is valid upto enegies> 10'7 eV.

3 Results:

The calculatedcosmic ray spectra(the obserer is at r = 10 kpc) are presentedn Fig.2. It may
be clearly seenthat the nev model
displays a desiredbump. The ra-
dial distribution of sourcesfollows
the law Q(r) ~ d(r — 3kpc). In
Fig.3 we comparethe predictionsof
the nev magneticfield model with 1.00
the experimentalkize spectrumof the
MSU EAS array(Fominetal., 1991).
Thevalueof v (theintegral exponent
enegy spectrumbefore the knee)is 0.10
takento bel.6. Calculationsaremade
in theframeavork of the QGSJETmodel
(Kalmykov, Ostapcheni, Pavlov, 1997)
andthe primary masscompositionis 0.01 L C A W
fitted to obtain the best agreement. 0.01 0.10 E arbitrar “?? 10.00
Theresultingenegy spectrumaswell ' y s
as the spectraof different nuclei are Figure 2: Protonenegy specta neartheknee:dashedcurve—large
shavn in Fig.4. The masscomposi- halo model with antysimmetricconfiguation from (Ptuskin et al.,
tion obtaineddoesnot contradictto 1993), dotted curve — Rand-Kilkarni model, solid curve — present
the conclusionsderived by the MSU work.
groupfrom EAS muonnumberdistributions (Fomin et al., 1996). The analysisof size spectraasmeasured
by the KASCADE (KASCADE collaboration1997)andEAS-TOP (EAS-TOP collaborationarrayshasbeen
alsomade. Theresultsof eachseparatearray canbe reproducedjuite satishctory but with differenty and
primarymasscompositionsCertainlythis problemneedsnutualcalibrationof experimentabata.

4 Conclusion:

A realisticmodelof the Galacticregularmagnetidield is constructedThis modelensureshe existenceof
abumpin the primary enegy spectrumandso enablesoneto reproducexperimentalEAS sizespectraand
primarymasscompositiorreasonablyvell.

Theauthorsaregratefulto V.S. Ptuskinfor fruitful discussionsvhich have madeit possibleto developthe
modelpresentedh this paper

This work hasbeencarriedout underfinancial supportfrom the RFBR (grants96-15-96783and 99-02-
16250).
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Figure 3: CalculatedEASspectrumat sealevel and MSU experimentadata.
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Figure 4: Total enegy spectrumand partial specta derivedfromMSUsizespectrum.
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