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Abstract. Themuontelescopein theundergroundlaboratory
in Lodz,Poland,hasstartedregistrationof cosmicray muon
flux (

�����
Gev) in September2000. 3 ForbushDecreas-

esin 2000:on September17th,October26thandNovember
28th, anda seriesof Forbusheffects in March–April 2001
havebeenobserved.
TheLodz undergroundmuontelescopehasnot yet high ac-
curacy. However, the muonflux datatogetherwith neutron
monitordataprovideopportunityto studyfeaturesof tempo-
ral changesof energy spectraandto estimateupperenergy
limit of GalacticCosmicRaysmodulatedin FDs.

1 Introduction

Energy spectrumof galacticcosmicray variationsgivesan
information not only about the energy dependenceof the
modulation(Alania et al., 1991), but allows us to study a
characterof diffusionof galacticcosmicrayparticlesin inter-
planetaryspace(AlaniaandIskra,1995;Alaniaetal.,1997).
Namely, temporalchangesof thepowerenergy spectrumin-
dex of the isotropic intensity variations(e.g. basedon the
annualaveragedataanalyses)is stronglyconnectedwith the
rearrangementsof thestructureof theinterplanetarymagnet-
ic field fluctuationsfrom minima to maximaepochsof the
11–yearsolarcycle.

The samecan be notedfor Forbush decreasesof galac-
tic cosmicrays,especiallydealingwith theperiodof cosmic
ray intensityrecoverof Forbushdecreases.For lots of recur-
rentForbusheffectswith thegraduallydecreasesandrecov-
eriesof intensitythe temporalchangesof the power energy
spectrumindex (basedon the daily averagedata)describes
the changesof the structureof the interplanetarymagnetic
field fluctuationsfrom day to day (directly responsiblefor
thecharacterof diffusionof galacticcosmicray particles)in
thevicinity of theregionwheretheForbusheffect is formed.

It is obvious that for suchkind of investigationsit is ex-
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tremelynecessaryto havea dataof cosmicraysfor largeen-
ergy range.Fromthis point of view recentlyconstructedun-
dergroundmuontelescopein Lodz (Poland)amongtheoth-
er usefulnesshasmuchvaluablesignificanceto extendour
understandingabout the electro-magneticprocessestaking
placein the interplanetaryspace,in the Earth’s atmosphere
andmagnetosphereduringtheshortperiodevents,asareFor-
busheffectsof galacticcosmicraysgenerallyaccompanied
by geomagneticstorms.

FromSeptemberof 2000by muontelescopeof cosmicray
stationin Lodzhavebeenregisteredafew Forbushdecreases
with differentprofiles and amplitudes. It is extremely im-
portant(in spiteof still poor statisticsof data)to show that
Forbusheffectsregisteredby themuontelescopesarerecog-
nizableandreliableon theonehandandthendataof muon
telescopescanbeusedwith neutronmonitorsdatafor thein-
vestigationof theenergy spectrumof Forbusheffects,on the
other. Herewe restrictourselvesto thecalculationof energy
spectrumfor the minimumpoint of intensityof Forbushef-
fects.

2 Energy spectrum of Forbush effects

Energy spectrumof the observed Forbusheffectsof galac-
tic cosmicray intensitycanbe calculatedusingthe dataof
the world network of neutronmonitorsand the Lodz’s un-
dergroundamuontelescope.

Thepowertyperigidity spectrumof Forbusheffectsis rep-
resentedin thefollowing way (Alania et al., 1991):���	��
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Here



is therigidity of galacticcosmicray particles,
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– the upperlimiting rigidity beyond which the Forbushef-
fect vanishes,and $ is thepower of therigidity spectrumof
galacticcosmicray Forbusheffect.
A changeof theamplitudeof Forbusheffect
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neutroncomponentof galacticcosmicrays)at any point of
observationwith thegeomagneticcutoff rigidity


)(
andthe

atmosphericdepth * is definedin thefollowing way:
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where
79��
�: * � is the coupling coefficient of cosmicrays.

Coupling coefficients for neutronand muon intensitiesof
galacticcosmicrays in the suitableform for calculationof
energy spectrumhavebeenpresentedby Yasueetal. (1982);
Fujimotoetal. (1984).

For the definition of the rigidity spectrumparametersof
Forbusheffect (for therecentlyobservedForbusheffectswe
have not collectedenoughdata,yet) a methodof the ratio
of two cosmicray stationsdatahave beenused.Namely, we
useddifferentpairsof neutronmonitors:Apatity (Vashenyuk
et al., 2001),Climax andHaleacala(Simpsonet al., 2001),
and recently (in 2000) constructedLodz muon telescope’s
datafor theperiodof March–April of 2001.Theratio of the
amplitudes
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of Forbusheffectsfor two,D

and E stationshastheform:
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where
7 J ��
;: * � and

7NMO��
�: * � are the correspondingcou-
pling coefficientsat differentdepth * J and * M of theEarth’s
atmosphere.For the power energy spectrumof (1) thenwe
obtain:
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It is clearthat
� � $ � is a function of $ , i.e. that the certain

magnitudeof $ correspondsto to thedefinitevalueof
� � $ � .

Temporalchangesof the neutronandmuonintensitiesof
galacticcosmicrays(dataof theClimaxandHaleacalaNeu-
tron monitorsandthemuontelescopein Lodz, respectively)
arepresentedin Figure1 for theperiodof 25 November– 2
December, 2001. In thefigureon theabscissaaxisaredays
and on the ordinateaxis relative intensity for above men-
tionedstations. Dataof all stationsfor 26 November2000
aretakenasthe100%level. Onecanseethatin Lodzcosmic
ray stationdataof the muontelescopeshows the existence
of theForbusheffect accordingto theenergy dependenceof
galacticcosmicray Forbusheffect’samplitude.

In theFigure2, therearepresentedthechangesof profiles
of intensitiesof galacticcosmicraysfor theabovementioned
cosmicray stationsfor theperiodof 5–10April 2001.As in
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Fig. 1. Temporalchangesof the neutronandmuon intensitiesof
galacticcosmicraysfor theperiodof 25 November– 2 December,
2001: C – dataof the Climax Neutronmonitor, H – dataof the
HaleacalaNeutronmonitor, L – dataof theLodzmuontelescope.

thefirst case(Fig. 1) theForbusheffect is registeredby Lodz
muontelescope.

In theFigure3, therearepresenteddataof theabovemen-
tionedstationsfortheperiodof 26–29April 2001,whenthe
dataof Lodz muontelescopedoesnot show any Forbushef-
fect, while the Climax and Haleacalastationsregistereda
quitesignificantForbusheffect.

Calculationof the energy spectrumhasbeenperformed
for Forbusheffectof November–December2000andthese-
ries of Forbusheffects in March–April 2001,whenthe ob-
servedamplitudeof theForbusheffectswererecognizableat
theLodzcosmicraystation.Fordifferentpairsof stationsfor
theperiodsof 18–22March,7–9and11-12April 2001,the
valueof $ changesbetween~�O� �@� # � � � $ � ~ # � � � # � � . It
is clearthat theaccuracy is not goodenoughfor theconclu-
sionof thecharactersof thedifferentForbusheffects. Nev-
ertheless,it is possibleto underlinesingle-valuedthatmuon
telescopeof theLodzstation(in spiteof a little statistics)re-
liably hasregisteredForbusheffectsof galacticcosmicrays
and gives possibility to extend our imaginationaboutFor-
busheffectsin higherenergy range.
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Fig. 2. Temporalchangesof the neutronandmuon intensitiesof
galacticcosmicraysfor theperiodof 5 – 10 April, 2001. Linesas
in theFig. 1.
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Fig. 3. Temporalchangesof the neutronandmuon intensitiesof
galacticcosmicraysfor theperiodof 26– 29 April, 2001.Linesas
in theFig. 1.


