HE 2.2.26

New Resultsof the EAS-1000Prototype Operation

Yu.A. Fomin, A.V. Igoshin, N.N. Kalmyk ov, G.B. Khristiansen,
G.V. Kulik ov, V.I. Nazarov, M.l. Panasyuk,A.V. Shirokov,
V.1. Solovjeva, V.P. Sulakov, O.V. Vedenee®, M.Y u. Zotov
Skobeltsyn Institute of Nuclear Physics of Lomonosov Moscow Sate University,
119899 Moscow, Russia

Abstract

TheEAS-1000prototypewasconstructedn thecentralpartof theEAS MSU arrayfor thenew instrumentation
testingandfor checkingits reliability andstability at a long EAS arrayoperation.A brief descriptionof the
prototypestructureandthefirst scientificresultsof the prototypeoperationarepresented.

1 Intr oduction

Since 1996 the prototypeof the EAS-1000arrayis beingoperatedn the centralpart of the EAS MSU
arrayon the site of Moscav University The mainaim of the prototypeoperationis testingof new instrumen-
tationandcheckingof reliability andlong durationstability of apparatusn naturalconditions.The prototype
comprises8 scintillationdetectorgDetectorUnit—DU) with 1 sq.mareaeach placedin orthogonahetwith
step22 m (Fig. 1). Scintillator is viewed with one photomultiplier(FEU-173). The PM signalamplitude
(chageis integratedover 5 microsec)andthe signalarrival time aredigitized andsentvia opticalfiber cable
to the CentralReggistrationUnit.
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Figurel: Thelayoutof thedetectorunitsof the EAS-1000prototype.

The electronicsof the prototypecanmeasurdime intervalsin rangeb nsec-60 microsecwith accurag of
5 nsecandamplitudein rangel-10* relatiistic particles(r.p.) with accurag of 10% (Fomin et al., 1998).
Thedigital partof electronicamplementedn Field Programmabl&ateArray (FPGA) XC-4008with 3000—
13000 gates/packagiom Xilinx Inc.

The EAS eventsareselectedy coincidencen time of the DU signalswith theamplitudethreshold).3 r.p.
in 4 neighboringDU makinga squarein the orthogonalnetwork. The coincidenceresolvingtime (3.8 mi-
crosec)s quitesuficient for shaver registrationat detectorspacings00 m for ary zenithangles.



2 Scientific Results

Theexperimentadatawerecollectedduringthe prototypeoperatiortime in the periodfrom August,1997
till February1999.For analysed 84 dayswereselectedvhenall 8 detectoravorked onroundtheclock (total
time 4416 hours).The numberof detectecshawversis 1.51 x 10° (meanrate5.7 shaver perminute).

Thedistribution of arrival temporalintenvals betweemeighboringshaversis presentedn Fig. 2. It canbe
approximatedvell by exponentialdistribution of the arrival time intervals assuminghatthe momentsof the
eventoccurrencarecompletelyrandom.Themeanvalueof atemporalintenal is about10.6 sec.
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Figure2: Distribution of arrival temporalintenals.  Figure3: Dependencef the shaversrateon pressure.

For eachdetectedshaver the main parameterare determined:the arrival direction of shawver axis, its
positionon the obseration level, the total numberof chaged particles. The valuesof atmospherigressure
andtemperaturerealsoregistered.

Thedependencef shaversrateon pressures presentedn Fig. 3, wheren(P) is anumberof shaver per
hourand P is the meanpressuraluring an hour. This dependencés well describedy exponentiallaw with
thebarometriccoeficient

B =(1.1840.02) x 1072 mmHg L.

Thestraightline in Fig. 3 is theresultof linearregression.

As to the temperatureoeficient, the correlationof shaver ratewith temperaturés practicallyabsentn
temperaturénterval studied.

The siderealtime variation of cosmicrayswasalso studied. Using the methodof harmonicanalysiswe
obtainedthe amplitudesandphase®f thefirst andthe seconcharmonicsThey are

A =18x10"3 4 =76°, and A, =44x10"% hy =35°

respeciiely. Theerrorsfor amplitudesandphasesverecalculatedaccordingo (Linsley, 1975)andprovedto
beasfollows:
0(A12) =115 x107°, o) =36°  ol(yn) =T74°.

Thus,the presentedraluesof the amplitudesareonly the upperlimits for the anisotroy. The obtainedresult
correspondso the medianprimaryenegy about3 x 10'* eV.



The currentdataon the anisotroy for the northernhemispherareshavn in Fig. 4, takenfrom (Smith &
Clay, 1997).Increasingof statisticsfor furtherstudyof the cosmicray anisotroy will becontinued.
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Figure4: Amplitude andphaseof thefirst harmonic.Circlesrepresenbur results.

In additionwe canpoint out thatthe prototypeallows to obtainsomeEAS parametersThe resultsof the
EAS electronlateraldistribution were publishedin (Fomin et al., 1998). Herewe preseniexperimentaldata
on the EAS densityspectrum(Fig. 5). Increasingof the densityspectrumslopeat densities> 10> m=2 is
explainedby existenceof thekneein the EAS sizespectrunasit follows from theanalysismadein ourearlier

paper(Kulikov etal., 1982).
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Figure5: TheEAS densityspectrum.
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