ILRL AUV L

The Small Muon Telescopdor 5 GeV muon flux registration in the

underground laboratory in Lodz

J. Gawin?, J. Kar czmarczyk?!, J. Swarzynskit, B. Szabelska, J. Szabelskt, P. Tokarski?, and T. Wibig2
1CosmicRayLaboratory The AndrzejSottaninstitutefor NuclearStudiest 6dz 1, PO.Box447,Poland

2Departmendf ExperimentaPhysics Universityof £ 6dz

Abstract. Themuontelescopes placedin the undeground
laboratoryatthedepthof 13 m. It is registeringdirectionsof
muonswhich have minimum enegy of 5 GeV atthe ground
level. Thesemuonsoriginate from interactionsof cosmic
rays(mainly protons)of enegy from 20to 5000GeV in the
Earthatmosphere.The variability of Solaractiity leadsto
variationof cosmicray (CR) protonflux enteringthe atmo-
sphereand— in consequence the variation of the flux of
creatednuons.

Thetelescopéhas4 layersof 20 GeigerMdlller tubeseach.
Thehardwaretriggerselectslear4-fold coincidencesvents,
whichallow reconstructiorf themuondirection. Thecount-
ing rateis about5 Hz. The barometriccoeficientis equalto
-0.0006/mb Photo,descriptionandresultsof 3 Forbushde-
creasesegisteredduring period SeptemberNovember2000
canbeviewedon http://ipj.u.lodz.pl

The detaileddescription,methodof datareductionandfirst
resultsarepresented.

1 Intr oduction

The Sunis nowadaysatthemaximumof its 11-yearsycle of
actiity. Duringthesolarmaximumtherearemary sunspots,
solarflares,andcoronalmassejections all of which canaf-
fect communicationsndweatheron Earth. Increasedsolar
actiity leadsalsoto the variationof cosmicray (CR) inten-
sity neartheEarth. Change®f cosmicray flux canbeof two

types:

— increasedmissionof low enepy particles(solarwind)
canobstrucigalacticCR penetratiorof the SolarSystem
andcausedecreas®f their intensityatthe Earth;

— big solarflaresthemselescanbe a sourceof enegetic
particleswith enegies sometimesexceeding20 GeV,
which cancauseobsenedshortincrease®f CR flux in
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the spacesurroundingthe Earth and even at the Earth
surface.

We are especiallyinterestedn the secondorocessasan ex-
ampleof a sourceof enegetic particles. Although the Sun
is not an significantCR sourcein our Galaxy its proximity
to the Earthenablesvery detailedstudiesof processesnd
mechanismgadingto particleacceleration.

Studiesof low enepgy (belov ~ 20 GeV) cosmicray flux
variationshave beenperformedfrom mary yearsmainly by
useof neutronmonitors.
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Fig. 1. Productionof muons(E > 5 GeV) by CR protonsin the
Earthatmosphere.



2 Muon production in the atmosphere

We have built adetectorcapableof registeringchangesf CR
intensity at enegiessignificantlyexceeding20 GeV. Placed
in the undegroundlaboratory(at the depthof 13 m) it can
detectonly muonsof enegiesabose 5 GeV. Productiorrate
of suchmuonsin theatmospherdy CR particlesG,, canbe
describedy theformula:

Gu~ [ Fud(og ) ®

We performedMonte Carlocalculationsof muonproduction
in the Earth atmospheraisingthe CORSIKA codeversion
5.62(Capdeielle etal., 1992;KnappandHeck,1998). The
resultsareshavn in theFigurel, which shows productionof
muonsF), asafunctionof log E... As canbeseerfrom the
Fig. 1 muonsof enegy above 5 GeV originatefrom interac-
tionsof cosmicraysof enegy from 15to 5000GeV, median
enegy of CR producingsuchmuonsin the atmospherés e-
qualto ~ 100GeV. 5% changeof CRflux in theenegyrange
15-100GeVwill give2.5% variationin theregisterednuon
flux. Respectiely, 5% changeof CRflux in theenegy range
15-50GeVwill causel.5% variationof y flux.

Fig. 2. Muon telescopephoto; 4 layersof GeigerMilller's tubes
canbeseen.

3 Construction of the device

The telescopss built of 4 layersof Geige~Miller’s tubes
(seethe picture on the Fig. 2). The lengthof the effective
areaof the counteris equalto 80-81cm, thediameterof the
counterequals3.7 cm. Eachlayer consistsof 20 counters,
5080 countersn total. The randomnoiseof individual GM

counteris atthelevel of 25 Hz.

The telescopds triggeredby 4—fold coincidencesuchthat
only onetubefrom eachlayer hasbeenhit. The triggeris

realisedby electronicsystemsforming impulses,analysing
coincidencesandregisteringeventswith singlemuons.The
electronicsis not fully efficient; not all signalsfrom muons
areregisteredandonthe otherhandsomecoincidencesvith

morethan4 counterscanbe not rejected. Sucheventsare
storedon the computerdisk, but they are eliminatedby the
off-line programanalysingdata.

All coincidencesventsareregisteredonthe computerdisk
by the on-line program. The stateof hit GM countersand
PC time with accurag of 1 secondare registeredfor each
event. PCclockworksin UTC time. Time changesrecon-
tinuously monitoredand are generallysmallerthan 0.5 sec
per24 hours.Time correctionsareintroducedoff-line.

The datafiles aresaved every hour. The computeris con-
nectedo thelocal network Ethernet.Progranon-lineallows
for datatransmissionso the network computerswithout in-
terruptingtheregistrations.

5 GeV muonsin mostcasedly in the directiondeflected
by notmorethan3° from thedirectionof parentparticle,and
arescatteredy ~ 2° in theground. They canberegistered
in ourtelescopevith accurag ~ 2°.

4 Performance.

The registration has startedin Septembe000. Soonwe
have noticedthat someof GM tubesdo not work smoothly
As we aremonitoringcountingrateof separat&sM we were
ableto rejectbadcountergduringtheoff-line analysis Fault-
y GMs have beenreplaced however suchprocedurecauses
the pausein registration. Faulty GMs complicatethe anal-
ysis, and male it difficult to comparedifferentobsenation
periods.

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

5 Barometric coefficient

Changeof registeredmuonflux canbeinfluencedby atmo-
sphericpressureandits variations. Suchchangesare slov

and can be easily correlatedwith CR intensity variations.
The relation betweenthe barometricpressurevas obtained
during a relatively quiettime betweerthe 25t* Januaryand
10th March 2001 (1210 hoursof registration). In the Fig-

ure 3 the daily countingrate varaition (top figure) can be
comparedwith the local pressurechangegrecordedevery
two hours)(bottompart). In the Figure4 the numericalrela-
tion in theform of line fitted to relative countingrate— pres-
suredependences presentedTheslopeof theline equalsto

(—6.04 & 0.56) - 104 with x2/(605) = 1.10.

6 Registration of Forbush effects

Otherchange®f muonflux canbe dueto astrophysicapro-
cesses.We canexpectthat particlesof enegiesabove sev-
eraltensGeV are not strongly influencedby interplanetary
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Fig. 3. Muon daily rate (top) and atmospherigressurevariation
(down) for the period25 January- 10 March2001.
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Fig. 4. Relatve countingrate (per 2 hours)vs. atmospherigres-
sure. Typical statisticalerror bar for countingrateis shavn. Line
represents? fit.

magneticfield, soregistrationsof incomingmuondirections
could be of greatvalue. 5 GeV muonsin mostcasedly in

thedirectiondeflectedby notmorethan3° from thedirection
of parentparticle,andarescatteredby ~ 2° in the ground.

They canberegisteredn ourtelescopevith accuray ~ 2°.

As 5 GeV muonscorrespondo muchhighercosmicray
enegiesthanjustgeomagneticut—of, thevariationof muon
intensitydifferssignificantlyfrom variationobsenedin neu-
tron monitors. We areobservingmostof Forbushdecreases
which occuredafter Septembef000, and the recordedin-
tensity changeis typically on the level 1-1.5%. Figure5
presentscomparisonbetweenthe daily datafrom our tele-
scopeandsomeneutronmonitordataduringthe sequencef
Forbushdecreasesccuringin March—April2001.

We have not noticedobsenedin neutronmonitorscosmic
ray intensityexcesse®f 15t* and18t" of April 2001.
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Fig. 5. Resultsof registrationduringthe seriesof ForbushDecreas-
esin March— April 2001.Thedifferencebetweerhighenegy Cos-
mic Ray variations(muonflux) andlower enegies(neutronmoni-
tors)areapparentApatity neutronmonitor(Vasheguk etal.,2001)
hasgeomagneticutof of 0.6 GV, Climax (Simpsonet al., 2001)
3 GV andHaleakalgSimpsoretal.,2001)13GV.
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