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Abstract. Themuontelescopén theundegroundaboratory
in Lodz, Poland hasstartedregistrationof cosmicray muon

flux (E > 5 Gev) in SeptembeR000. 3 ForbushDecreas-
esin 2000: on Septembel 7th, October26thandNovember
28th, and a seriesof Forbush effectsin March—April 2001

have beenobsened.

The Lodz undegroundmuontelescopéhasnot yet high ac-

curag/. However, the muonflux datatogetherwith neutron
monitordataprovide opportunityto studyfeaturesof tempo-
ral changeof enegy spectraandto estimateupperenegy

limit of GalacticCosmicRaysmodulatedn FDs.

1 Introduction

Enegy spectrumof galacticcosmicray variationsgivesan
information not only aboutthe enegy dependencef the
modulation(Alania et al., 1991), but allows us to study a
charactepf diffusionof galacticcosmicray particlesn inter-

planetaryspacgAlaniaandliskra,1995;Alaniaetal., 1997).
Namely temporalchange®f the power enegy spectrumn-

dex of the isotropic intensity variations(e.g. basedon the
annualaveragedataanalyses)s stronglyconnectedvith the
rearrangementsf the structureof theinterplanetarymnagnet-
ic field fluctuationsfrom minimato maximaepochsof the
11-yearsolarcycle.

The samecan be notedfor Forbush decreasesf galac-
tic cosmicrays,especiallydealingwith the periodof cosmic
ray intensityrecover of Forbushdecreaseg:or lots of recur
rentForbusheffectswith the graduallydecreaseandrecov-
eriesof intensitythe temporalchangeof the power enegy
spectrumindex (basedon the daily averagedata)describes
the changesof the structureof the interplanetarymagnetic
field fluctuationsfrom day to day (directly responsiblefor
the characteof diffusionof galacticcosmicray particles)in
thevicinity of theregionwherethe Forbusheffectis formed.

It is obviousthat for suchkind of investigationst is ex-
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tremelynecessaryo have a dataof cosmicraysfor largeen-
ergy range.Fromthis point of view recentlyconstructedin-
dergroundmuontelescopén Lodz (Poland)amongthe oth-
er usefulneshasmuch valuablesignificanceto extend our
understandingaboutthe electro-magnetigrocessesaking
placein theinterplanetaryspace,n the Earth's atmosphere
andmagnetosphermduringtheshortperiodevents,asareFor-
busheffects of galacticcosmicraysgenerallyaccompanied
by geomagnetistorms.

FromSeptembeof 2000by muontelescop@f cosmicray
stationin Lodz have beernregisteredafew Forbushdecreases
with differentprofiles and amplitudes. It is extremelyim-
portant(in spiteof still poor statisticsof data)to show that
Forbusheffectsregisteredby the muontelescopesrerecog-
nizableandreliable on the onehandandthendataof muon
telescopesanbeusedwith neutronmonitorsdatafor thein-
vestigationof theenegy spectrunof Forbusheffects,onthe
other Herewe restrictourselhesto the calculationof enegy
spectrumfor the minimum point of intensityof Forbushef-
fects.

2 Energy spectrum of Forbush effects

Enegy spectrumof the obsened Forbush effects of galac-
tic cosmicray intensity canbe calculatedusing the dataof
the world network of neutronmonitorsandthe Lodz’s un-
dergroundamuontelescope.

Thepowertyperigidity spectrunof Forbusheffectsis rep-
resentedn thefollowing way (Alaniaetal., 1991):

SD(R)/D(R) = BR™
= 0

R > Rz (2

HereR is therigidity of galacticcosmicray particles,R,,;qx
— the upperlimiting rigidity beyond which the Forbush ef-
fect vanishesand- is the power of therigidity spectrumof
galacticcosmicray Forbusheffect.

A changeof theamplitudeof Forbusheffecté J/J (secondary



neutroncomponenbf galacticcosmicrays)at ary point of
obsenationwith the geomagneticutoff rigidity R, andthe
atmospheridepthh is definedin the following way:

53] = / 5D(R)/D(R) - W (R, h)dR 3)
Ry

whereW (R, h) is the coupling coeficient of cosmicrays.
Coupling coeficients for neutronand muon intensitiesof
galacticcosmicraysin the suitableform for calculationof
enegy spectrumhave beenpresentedby Yasueetal. (1982);
Fujimotoetal. (1984).

For the definition of the rigidity spectrumparameterof
Forbusheffect (for therecentlyobsened Forbusheffectswe
have not collectedenoughdata, yet) a methodof the ratio
of two cosmicray stationsdatahave beenused.Namely we
useddifferentpairsof neutronmonitors: Apatity (Vashegyuk
etal., 2001), Climax and Haleacala(Simpsonet al., 2001),
and recently (in 2000) constructed_odz muon telescopes
datafor the periodof March—April of 2001. Theratio of the
amplitudegdJ/J); and(éJ/J), of Forbusheffectsfor two,
1 andk stationshastheform:

o
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whereW; (R, h) and Wy (R, h) arethe correspondingou-
pling coeficientsat differentdepthh, andh, of the Earth’s
atmosphereFor the power enegy spectrumof (1) thenwe
obtain:

[ R™ -Wy(R,h)dR

[ R -Wa(R,h)dR
Ro

E(v)

()

It is clearthat E(v) is a function of ~, i.e. thatthe certain
magnitudeof v correspondso to the definitevalueof E(v).

Temporalchange®f the neutronand muonintensitiesof
galacticcosmicrays(dataof the Climax andHaleacaldNeu-
tron monitorsandthe muontelescopén Lodz, respectiely)
arepresentedn Figurel for the periodof 25 November— 2
December2001. In the figure on the abscissaxis aredays
and on the ordinateaxis relative intensity for abose men-
tioned stations. Data of all stationsfor 26 November2000
aretakenasthe 100%level. Onecanseethatin Lodz cosmic
ray stationdataof the muontelescopeshows the existence
of the Forbusheffect accordingto the enegy dependencef
galacticcosmicray Forbusheffect's amplitude.

In the Figure2, therearepresentedhe change®f profiles
of intensitiesof galacticcosmicraysfor theabovementioned
cosmicray stationsfor the periodof 5—-10April 2001.Asin
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Fig. 1. Temporalchangesf the neutronand muonintensitiesof
galacticcosmicraysfor the periodof 25 November— 2 December
2001: C - dataof the Climax Neutronmonitor, H — dataof the
HaleacaldNeutronmonitor, L — dataof the Lodz muontelescope.

thefirst casg(Fig. 1) the Forbusheffectis registeredby Lodz
muontelescope.

In the Figure3, therearepresentediataof theabose men-
tionedstationsforthe periodof 26—29April 2001,whenthe
dataof Lodz muontelescopealoesnot shov ary Forbushef-
fect, while the Climax and Haleacalastationsregistereda
quite significantForbusheffect.

Calculationof the enegy spectrumhasbeenperformed
for Forbusheffect of NovemberDecembeR000andthe se-
ries of Forbusheffectsin March—April 2001, whenthe ob-
senedamplitudeof the Forbusheffectswererecognizablet
theLodz cosmicray station.For differentpairsof stationgor
the periodsof 18—22March, 7-9and11-12 April 2001,the
valueof v changedbetween-1.3+0.5 < v < —0.5+0.5. It
is clearthatthe accurag is not goodenoughfor the conclu-
sion of the character®f the differentForbusheffects. Nev-
erthelessit is possibleto underlinesingle-\aluedthatmuon
telescopef the Lodz station(in spiteof alittle statisticsye-
liably hasregisteredForbusheffectsof galacticcosmicrays
and gives possibility to extend our imaginationabout For-
busheffectsin higherenegy range.
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