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Abstract

Someaspectsof primarycosmicray investigationatenergiesgreater
�������

eV areconsidered.Theproblemof
responsedetectorfluctuationsfor differentarraygeometryandfor differentprimaryenergy rangesisdiscussed.

1 Introduction
Oneof the prime objectives of cosmicray investigationis the precisemeasurementsof primary cosmic

ray (PCR)energy spectrumat energiesabove
�������

eV. Of course,theproblemof theblack-bodycut-off is the
mostattractive puzzleandit is very essentialto eithervalidateor disprove theexistenceof cosmicrayswith
energiesabove

�����
	
eV. But it would beunwiseto payno attentionto theregion of moremoderateenergies

wherealsoreally interestingphenomenacantake place.
Experimentaldataof the EAS MSU array(Fomin et al., 1996)show the predominanceof heavy nuclei

at energies � ������
eV. This conclusionis in a goodagreementwith the Fly’s Eye data(Bird et al., 1993).

Accordingto (Bird et al., 1993),theprimarymasscompositionchangesin the region
��� ��

–
��� ���

eV in such
a way that theabundanceof protonsbegins to riseafter

�������
eV. Thequantitative detailsof that risedepend

on a hadroninteractionmodeladopted(see,for example,Kalmykov et al., 1997)but the main conclusion
remainsintact. Thenatureof a protonpredominanceat energies � �������

eV is to besolved. As waspointed
out in (Zirakashvili et al., 1995),one hasto choosebetweenextragalacticor galacticcosmicrays. In the
lattercasethe increasingprotonabundanceis dueto the terminationof cosmicray diffusionandreflectsthe
masscompositionexisting in thesource.Of course,it is a point opento a questionwhetherour Galaxycan
producecosmicraysup to thehighestenergies,but, admittedly, theproblemof extragalacticsourcesis alsoa
considerablechallenge.
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Figure1: Ratioof theobservedmuondensityto theexpectedonevs.chargedparticlesdensityat � ��� m from
EASaxis.Experimentaldataof Akenoarray:filled circles—

�
km

�
, opencircles— � � – ����� km

�
. Curve1 —

ourcalculationsin assumptionsthatreproduceFly’s Eyedata.



Mentionshouldbemadeof theAkenogroupresults(Hayashidaetal, 1995),whichseemto becontraryto
theconclusionof theFly’s Eyegroup. Indeed,theinvestigationof theratio ������� ������
�������� !��"�# �$�%��� �������&(')��*�+,��"
asa functionof -.��� ����� thatwascarriedout by theAkenogroup,showedthatthemasscompositiondoesnot
changewith primaryenergy in theregion

������
–
�������

eV. In (Hayashida,1995) � � ��� �������&(')��*�+,��" wasdefinedas
a resultof anextrapolationof experimentaldatafrom energies / ��� ��

eV to thehighestenergies.According
to our calculations(seeFig. 1) this ratio doesnot exibit a strongdependenceon -.��� ����� but nevertheless
noticeablydiffersfrom unity. Wemustemphasizethatcalculationspresentedin Fig.1 werecarriedoutexactly
in thesamemannerasin (Kalmykov et al., 1997)wheretheresultsof theFly’s Eyegroupweresuccessfully
reproduced.Theestimationsmadein (Hayashida,1995)predictedmorepronouncedvariationsof theratio in
question.Sotheexactdeterminationof theprimarymasscompositionin theregion

��� ��
–
��� ���

eV presentsa
problemfor thenext generationof EAS arrays.Thesearraysshouldalsoprovide sufficiently accuratedataon
cosmicray anisotropy atultra-highenergieswhich is very essentialfor primarycompositionstudies.

2 Estimations of New Array Possibilities
To accomplishmasscompositionstudiesat energies

�������
–
�������

eV an array shouldinclude systemsof
electron–photon,muon,andCherenkov light (or fluorescence)detectors(Khristiansenet al., 1989; Cronin
et al., 1992). Cherenkov light detectorsallow measurementsof the primary energy andshower maximum
depthwhereasotherdetectorsenableoneto obtainsomeadditionalinformationconcerningtheprimarymass
composition.Our calculationscarriedout in the framework of theQGSJETmodel(Kalmykov et al., 1997)
have showed that the total numberof particlescorrelatesstronglywith the EAS maximumdepthwhile the
muonnumberis practicallyindependentof it. Soa promisingapproachto tackletheproblemof masscom-
positionmeasurementsis to analyzethejoint distribution of theshowermaximumdepth02143 & andnumberof
muonsin thedetector5 � . In (Fominetal.,1998)wehaveinvestigatedthepossibilityof theprimarymasscom-
positionreconstructionusinga “quasi”-experimentalsamplingof 6 ����� showerswith primaryenergy

��� ���
eV.

The approachemployed may be describedasa comparisonof the simulateddistribution with five standard
distributions correspondingto the traditionally usedgroupsof nuclei (protons, 7 -particles,M ( 8:9<;>= �)?

),
H ( 8:9@;2=A��B ) andVH (or Fe) groups). The detailsof the techniquecanbe found in (Fomin et al., 1996).
Calculationswerecarriedout in the framework of the QGSJETmodelandcertainassumptionsconcerning
methodicalerrorsweremade.It wasshown thatthereexist goodpossibilitiesto reconstructtheprimarycom-
positionwith realisticmethodicalerrors( �C� � g/cm

�
for 02143 & and

?
–
���

% for 5D� ). Relative errorsof this
reconstructionareabout20%.

As the energy region
�������

–
�������

eV is of essentialinterest,it is very expedientto constructnew arrays
aimedat ultra-highenergiesin sucha way thatcouldprovide reliableresultsnot only above

�������
eV but also

atenergies
�������

–
�������

eV. Sothespacingbetweendetectorsshouldnotbevery large.Fig. 2 shows thecharged
particlenumbersin detectorswith spacingof

?E���
m and

�)?E���
m respectively.

Our estimationscorrespondto the averagelateraldistribution function (LDF) obtainedwith AGASA ar-
ray (Dai et al., 1995). The shower axis is assumedto fall onto the centraldetector. The accountfor LDF
fluctuationswould leadto theimpairmentof theresponsepicturefor arrayswith largespacing.

Fig. 3 presentsfluctuationsof muonandtotal chargedparticlenumberscalculatedin theframework of the
QGSJETmodelfor primaryenergy

�������
eV. Theessentialenhancementof fluctuationsat largedistances(due

to poissonianfluctuations)is quiteevidentfor muons.

3 Conclusion
EASgiantarraysof new generationwith smallspacingarethenecessarystageof quantitative investigation

of ultra-highenergy cosmicrays.
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Figure2: Responceof detectorsfor differentspacings:left—spacing
?E���

m anddetectorarea
�

m
�
, right—

spacing
�)?E���

m anddetectorarea
���

m
�
.
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Figure3: Fluctuationsof chargedparticle(left) andmuon(right) densitiesvs.radialdistance.Calculationsare
madefor detectorswith area

���
m
�

and F respectively.
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