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Abstract

Someaspect®f primary cosmicray investigationat enegiesgreaterl0'® eV areconsideredThe problemof
responseletectoffluctuationdor differentarraygeometryandfor differentprimaryenegy rangess discussed.

1 Introduction

One of the prime objectives of cosmicray investigationis the precisemeasurementsf primary cosmic
ray (PCR)enegy spectrumatenegiesabave 108 eV. Of course,thgroblemof the black-bodycut-of is the
mostattractve puzzleandit is very essentiato eithervalidateor disprove the existenceof cosmicrayswith
enegiesabove 10?° eV. But it would be unwiseto pay no attentionto the region of moremoderateenegies
wherealsoreally interestingphenomenaantake place.

Experimentaldataof the EAS MSU array (Fomin et al., 1996) shav the predominancef heary nuclei
at enegies ~ 10'7 eV. This conclusionis in a good agreementvith the Fly’s Eye data(Bird et al., 1993).
Accordingto (Bird et al., 1993),the primary masscompositionchangesn the region 1017—10'° eV in such
away thatthe atundanceof protonsbeginsto rise after 10'® eV. The quantitatve detailsof thatrise depend
on a hadroninteractionmodel adopted(see,for example,Kalmykov et al., 1997) but the main conclusion
remainsintact. The natureof a protonpredominancat enegies~ 10'° eV is to be solved. As waspointed
out in (Zirakashvili et al., 1995), one hasto choosebetweenextragalacticor galacticcosmicrays. In the
latter casethe increasingprotonabundancds dueto the terminationof cosmicray diffusion andreflectsthe
masscompositionexisting in the source.Of course,it is a point opento a questionwhetherour Galaxycan
producecosmicraysup to the highestenegies,but, admittedly the problemof extragalacticsourcess alsoa
considerablehallenge.
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Figurel: Ratioof the obsered muondensityto the expectedonevs. chagedparticlesdensityat 600 m from
EAS axis. Experimentabataof Akenoarray:filled circles— 1 km?, opencircles— 20-100 km?. Curve 1 —
our calculationgn assumptionghatreproduce-ly’s Eyedata.



Mentionshouldbe madeof the Akenogroupresults(Hayashidatal, 1995),which seemto be contraryto
the conclusionof the Fly’s Eye group. Indeed the investigationof the ratio p, (600)observed / £ (600) expected
asafunctionof S(600) thatwascarriedout by the Akenogroup,shaved thatthe masscompositiondoesnot
changewith primaryenegy in theregion 1017-10'° eV. In (Hayashida1995)p,,(600)expected Wasdefinedas
aresultof anextrapolationof experimentaldatafrom enegies< 10'7 eV to the highestenegies. According
to our calculations(seeFig. 1) this ratio doesnot exibit a strongdependencen S(600) but nevertheless
noticeablydiffersfrom unity. We mustemphasiz¢hatcalculationgpresentedh Fig. 1 werecarriedoutexactly
in thesamemannerasin (Kalmykov etal., 1997)wheretheresultsof the Fly’s Eye groupweresuccessfully
reproducedTheestimationgmadein (Hayashidal995)predictedmorepronouncedrariationsof theratioin
question.Sothe exactdeterminatiorof the primary masscompositionin theregion 1017—10'° eV presentsa
problemfor the next generatiorof EAS arrays.Thesearraysshouldalsoprovide suficiently accuratedataon
cosmicray anisotroy atultra-highenegieswhichis very essentiafor primary compositionstudies.

2 Estimations of New Array Possibilities

To accomplishmasscompositionstudiesat enegies 10'-10'° eV an array shouldinclude systemsof
electron—photonmuon, and Cherenkv light (or fluorescencelletectorgKhristiansenet al., 1989; Cronin
etal., 1992). Cherenkv light detectorsallow measurementsf the primary enegy and shaver maximum
depthwhereatherdetectorsenableoneto obtainsomeadditionalinformationconcerninghe primary mass
composition. Our calculationscarriedout in the framavork of the QGSJETmodel (Kalmykov et al., 1997)
have shaved that the total numberof particlescorrelatesstrongly with the EAS maximumdepthwhile the
muonnumberis practicallyindependenof it. Soa promisingapproactto tacklethe problemof masscom-
positionmeasuremenis to analyzethejoint distribution of the shaver maximumdepthX .« andnumberof
muonsin thedetectorV,,. In (Fominetal.,1998)we have investigatedhepossibilityof theprimarymasscom-
positionreconstructionusinga “quasi’-experimentalsamplingof 3000 shaverswith primaryenegy 10'2 eV.
The approachemployed may be describedas a comparisorof the simulateddistribution with five standard
distributions correspondingdo the traditionally usedgroupsof nuclei (protons,a-particles,M ((A) = 15),
H ((A) = 28) andVH (or Fe) groups). The detailsof the techniquecanbe foundin (Fomin et al., 1996).
Calculationswere carriedout in the framewvork of the QGSJETmodel and certainassumptiongoncerning
methodicalerrorsweremade.lt wasshavn thatthereexist goodpossibilitiesto reconstructhe primarycom-
positionwith realisticmethodicalerrors(~ 20 g/cn? for X .« and5-10% for N,). Relatve errorsof this
reconstructiorareabout20%.

As the enegy region 10'8-10'° eV is of essentiainterest,it is very expedientto constructnew arrays
aimedat ultra-highenegiesin suchaway thatcould provide reliableresultsnot only above 10'° eV but also
atenepgies10'8-10'° eV. Sothespacingoetweerdetectorshouldnotbevery large. Fig. 2 shavs thechaged
particlenumberdn detectorawith spacingof 500 m and1500 m respectiely.

Our estimationscorrespondo the averagelateral distribution function (LDF) obtainedwith AGASA ar
ray (Dai et al., 1995). The shaver axis is assumedo fall onto the centraldetector The accountfor LDF
fluctuationswould leadto theimpairmentof theresponseicturefor arrayswith large spacing.

Fig. 3 presentdluctuationsof muonandtotal chagedparticlenumberscalculatedn the framawork of the
QGSJETmodelfor primaryenegy 10'° eV. Theessentiaknhancemertf fluctuationsat large distancegdue
to poissoniarfluctuations)s quite evidentfor muons.

3 Conclusion

EAS giantarraysof new generatiorwith smallspacingarethe necessargtageof quantitatve investigation
of ultra-highenegy cosmicrays.
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Figure2: Responcef detectordor differentspacingsileft—spacing500 m anddetectorareal m?, right—
spacingl 500 m anddetectorareal( m?.
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Figure3: Fluctuation®f chagedparticle(left) andmuon(right) densitiesss. radialdistance Calculationsare
madefor detectorswith areal0 m? andoo respectiely.
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