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Abstract. Themuontelescopeis placedin theunderground
laboratoryat thedepthof 13m. It is registeringdirectionsof
muonswhich have minimumenergy of 5 GeV at theground
level. Thesemuonsoriginate from interactionsof cosmic
rays(mainly protons)of energy from 20 to 5000GeV in the
Earthatmosphere.The variability of Solaractivity leadsto
variationof cosmicray (CR) protonflux enteringthe atmo-
sphereand– in consequence– the variation of the flux of
createdmuons.
The telescopehas4 layersof 20 Geiger–Müller tubeseach.
Thehardwaretriggerselectsclear4-fold coincidenceevents,
whichallow reconstructionof themuondirection.Thecount-
ing rateis about5 Hz. Thebarometriccoefficient is equalto
-0.0006/mb. Photo,descriptionandresultsof 3 Forbushde-
creasesregisteredduringperiodSeptember–November2000
canbeviewedon http://ipj.u.lodz.pl
The detaileddescription,methodof datareductionandfirst
resultsarepresented.

1 Intr oduction

TheSunisnowadaysatthemaximumof its11–yearscycleof
activity. Duringthesolarmaximumtherearemany sunspots,
solarflares,andcoronalmassejections,all of which canaf-
fect communicationsandweatheron Earth. Increasedsolar
activity leadsalsoto thevariationof cosmicray (CR) inten-
sity neartheEarth.Changesof cosmicrayflux canbeof two
types:

– increasedemissionof low energy particles(solarwind)
canobstructgalacticCRpenetrationof theSolarSystem
andcausedecreaseof their intensityat theEarth;

– big solarflaresthemselvescanbea sourceof energetic
particleswith energies sometimesexceeding20 GeV,
which cancauseobservedshortincreasesof CR flux in
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the spacesurroundingthe Earthandeven at the Earth
surface.

We areespeciallyinterestedin thesecondprocessasanex-
ampleof a sourceof energetic particles. Although the Sun
is not an significantCR sourcein our Galaxy, its proximity
to the Earthenablesvery detailedstudiesof processesand
mechanismsleadingto particleacceleration.

Studiesof low energy (below � 20 GeV) cosmicray flux
variationshave beenperformedfrom many yearsmainly by
useof neutronmonitors.

Fig. 1. Productionof muons(
�����

GeV) by CR protonsin the
Earthatmosphere.
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2 Muon production in the atmosphere

Wehavebuilt adetectorcapableof registeringchangesof CR
intensityat energiessignificantlyexceeding20 GeV. Placed
in the undergroundlaboratory(at the depthof 13 m) it can
detectonly muonsof energiesabove5 GeV. Productionrate
of suchmuonsin theatmosphereby CR particles��� canbe
describedby theformula:

� � � 	�
 ������������������ (1)

We performedMonteCarlocalculationsof muonproduction
in the Earthatmosphereusing the CORSIKA codeversion
5.62(Capdevielle et al., 1992;KnappandHeck,1998).The
resultsareshown in theFigure1, whichshowsproductionof
muons


 � asa functionof ����������� . As canbeseenfrom the
Fig. 1 muonsof energy above5 GeV originatefrom interac-
tionsof cosmicraysof energy from 15to 5000GeV; median
energy of CR producingsuchmuonsin theatmosphereis e-
qualto � 100GeV. �� changeof CRflux in theenergyrange
15– 100GeVwill give !#" �$ variationin theregisteredmuon
flux. Respectively, �$ changeof CRflux in theenergy range
15 – 50 GeV will cause%�"&�� variationof ' flux.

Fig. 2. Muon telescopephoto; 4 layersof Geiger–Müller’s tubes
canbeseen.

3 Construction of the device

The telescopeis built of 4 layersof Geiger–Müller’s tubes
(seethe pictureon the Fig. 2). The lengthof the effective
areaof thecounteris equalto 80–81cm, thediameterof the
counterequals3.7 cm. Eachlayer consistsof 20 counters,
so80 countersin total. Therandomnoiseof individual GM
counteris at thelevel of 25 Hz.
The telescopeis triggeredby 4–fold coincidencesuchthat
only onetube from eachlayer hasbeenhit. The trigger is
realisedby electronicsystemsforming impulses,analysing
coincidencesandregisteringeventswith singlemuons.The
electronicsis not fully efficient; not all signalsfrom muons
areregistered,andontheotherhandsomecoincidenceswith

more than4 counterscanbe not rejected. Sucheventsare
storedon the computerdisk, but they areeliminatedby the
off–lineprogramanalysingdata.

All coincidenceeventsareregisteredonthecomputerdisk
by the on–lineprogram. The stateof hit GM countersand
PC time with accuracy of 1 secondare registeredfor each
event. PCclock works in UTC time. Time changesarecon-
tinuouslymonitoredandaregenerallysmallerthan0.5 sec
per24 hours.Timecorrectionsareintroducedoff–line.

Thedatafiles aresavedevery hour. Thecomputeris con-
nectedto thelocalnetwork Ethernet.Programon–lineallows
for datatransmissionsto thenetwork computerswithout in-
terruptingtheregistrations.

5 GeV muonsin mostcasesfly in the directiondeflected
by notmorethan3( from thedirectionof parentparticle,and
arescatteredby � !�( in theground.They canberegistered
in our telescopewith accuracy � !�( .
4 Performance.

The registrationhasstartedin September2000. Soonwe
have noticedthatsomeof GM tubesdo not work smoothly.
As wearemonitoringcountingrateof separateGM wewere
ableto rejectbadcountersduringtheoff–lineanalysis.Fault-
y GMs have beenreplaced,however suchprocedurecauses
the pausein registration. Faulty GMs complicatethe anal-
ysis, andmake it difficult to comparedifferentobservation
periods.

Thedevice is small. Thecountingrateof 5 Hz is not suf-
ficient to have a statisticallysecureresultscollectedwithin
a few hours. However, the daily ratescansecurea relative
accuracy of about0.002.

5 Barometric coefficient

Changesof registeredmuonflux canbeinfluencedby atmo-
sphericpressureand its variations. Suchchangesareslow
and can be easily correlatedwith CR intensity variations.
The relationbetweenthe barometricpressurewasobtained
duringa relatively quiet time betweenthe !��*)�+ Januaryand%-, )�+ March 2001 (1210 hoursof registration). In the Fig-
ure 3 the daily countingrate varaition (top figure) can be
comparedwith the local pressurechanges(recordedevery
two hours)(bottompart). In theFigure4 thenumericalrela-
tion in theform of line fitted to relativecountingrate– pres-
suredependenceis presented.Theslopeof theline equalsto/.10 " ,*2�34,5" � 0��76 %-,�8�9 with :7;-< �0 ,�� �>= %�"�%�, .
6 Registration of Forbusheffects

Otherchangesof muonflux canbedueto astrophysicalpro-
cesses.We canexpectthat particlesof energiesabove sev-
eral tensGeV arenot strongly influencedby interplanetary
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Fig. 3. Muon daily rate (top) andatmosphericpressurevariation
(down) for theperiod25 January– 10March2001.

Fig. 4. Relative countingrate(per2 hours)vs. atmosphericpres-
sure. Typical statisticalerrorbar for countingrateis shown. Line
represents?A@ fit.

magneticfield, soregistrationsof incomingmuondirections
could be of greatvalue. 5 GeV muonsin mostcasesfly in
thedirectiondeflectedby notmorethan3( from thedirection
of parentparticle,andarescatteredby � ! ( in the ground.

They canberegisteredin our telescopewith accuracy � ! ( .
As 5 GeV muonscorrespondto muchhighercosmicray

energiesthanjustgeomagneticcut–off, thevariationof muon
intensitydifferssignificantlyfrom variationobservedin neu-
tron monitors.We areobservingmostof Forbushdecreases
which occuredafter September2000, and the recordedin-
tensitychangeis typically on the level 1–1.5%. Figure 5
presentscomparisonbetweenthe daily datafrom our tele-
scopeandsomeneutronmonitordataduringthesequenceof
Forbushdecreasesoccuringin March–April 2001.

We havenot noticedobservedin neutronmonitorscosmic
ray intensityexcessesof %-� )�+ and %-B )�+ of April 2001.

Fig. 5. Resultsof registrationduringtheseriesof ForbushDecreas-
esin March– April 2001.Thedifferencebetweenhighenergy Cos-
mic Rayvariations(muonflux) andlower energies(neutronmoni-
tors)areapparent.Apatity neutronmonitor(Vashenyuk etal.,2001)
hasgeomagneticcutoff of 0.6 GV, Climax (Simpsonet al., 2001)
3 GV andHaleakala(Simpsonet al., 2001)13GV.
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