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The derivation of integral enegy spectrumof muonsproducedby the interactionsin
gamma-rayshavers inducedby enegetic photonsfrom the Gemingapulsarhas been
made.The corventionalanalyticalprocedureof Dreeset al. hasbeenadoptedor muon-
numbercalculationsrom photoproduceair shavers. The FNAL dataon Tp— TE5X in-
clusive reactionsandthe HERA ep collider resultshave beenusedfor the evaluationof
the hadronicenegy momentsandthe photonucleacross-sectionsgspectiely. Theinte-
gralnumberof muonswasderivedfor Zry = 0.499, oyn = 0.119mbandoms = 198mb. It
exhibits a drasticdecrease&vith enegy.

EGRETinstrumentflown by the CromptonGammaRay Obsenatory[1] hasdiscor-
eredgammarays of enegiesrangingfrom 20 MeV to 30 GeV emittedfrom over 100
sources Among the sources 16 have beententatvely and 42 well identified with radio
counterparts.

Theinvestigationof muonfluxesin photoinducedir showversis of phenomenological
importancein astronomyfor the explorationof sourceof gammaraysandneutrinos.In
hadronicshavers, most of the moderate-engly muons(< 1 TeV) are generatedy the
conventionaldecayof pions,i.e., by the 1— pumode.The photoinducedlectromagnetic
shaversarealsorelatedwith thephenomenaf muonpair productionandbremsstrahlung.
Earlier, DreesandHalzen[2] have pointedout that a highery-ray thresholdcan exhibit
large photoproductiorcross-sectiomndthe photondevelopsa significantgluon structure
function.

Stane et al. [3] have performedMonte Carlo simulationfor a photonof a primary
enegy of 1 PeV generatingnuonspectrunthroughphotonucleamteractionsin arecent
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investigationwe have estimatedhe muonspectrunfrom air shoversinducedby CRAB-
emittedphotond4]. It wasfoundthatmuonfluxesobtainedrom decayof pionsproduced
in photonucleayN reactionsareadequatéor muonenegiesbelov 3 TeV. But above that
enegy, the majority of muonsoccurfrom y-air interactionghroughy+Z — Z + pt + g~
reactionsHalzenetal. [5] have pointedoutthatthegamma-rayshonversproduceanumber
of high-enegy muonswhich allow obsenationof thesourcedy the Ge\\-andTe\-muon
telescopesGamma-rayshovers above the photoproductiorthresholdcontritute to the
numberof muonsN, which depend®n the primarygamma-rayenegy. Enegeticgamma
rayscreatingmuonsin the Earth's atmosphereanbe registeredby shallav undeground
neutrinodetectorspperatingn AMAND A andLake Baikal, at depthsof about1 km [6].
The moderate-engly gamma-rayshoversaredetectedisinga surfacedetectoroperating
at MILA GRO which detectsmuonsof enegiesabove 1.5 GeV. So, an estimateof pho-
toproducedpions, generatingnuonsin turn, is requiredfor a properlow-enegy muon
backgroundlux estimation.

In the presenivork, we have usedthe maximumcut-off enegy of gammaraysEmax=
300 GeV, asfound from the Geminga-pulsaemittedphotonspectrumcited recentlyby
Halzenetal. [5] from a closersuney of MILA GRO experimentsfo estimatehe number
of muonsin a photon-initiatedair shaver of enegy 200 GeV at a zenithangleof 30°.
The parametricvaluesof enegy momentsfor photoproducegions Zyy in Tp — TEX
inclusive reactionsandtheinelasticinteractioncross-sectiofor 1A collisions,omn, were
takenfrom Refs.7 and8, alongwith the extrapolatedep HERA collider results[9] for yp
cross-sections.

In the calculationof Dreeset al. [10], which is basedon the original formulation of
Rossi[11], in the upperatmospherea photonof a high enegy Eg producesan electro-
magneticshaver consistingmainly of photonsglectronsandpositrons.Theatmospherés
consideredo consistof layers,eachof a thicknesgy = ArIn2, whereAr is theradiation
length over which the averageenegy of electromagnetiparticlesis halved. At a depth
nto, the shaver consistsof 2" particles,eachof an averageenegy of aboutEy/2". The
proces®f productionof muonsof enegy largerthanathresholdenegy E; continuesuntil
the enepy of particlesin the shaver becomegoo low to producemuonsof enegy E; or
higher The correspondingnumberof layerswhich canproducemuonsof enegy E > E;
(minimumenegy requiredto producea pion of enegy E is E/ < xyr >) canbeestimated
from theequation:

nEb 1 o 1-r8
B/t 2 Ve = 5Eay

r =m/mé and< Xy >= 0.25[10].

Photonshawer in the layern generate$Ar/Aw) < Ny > pionsof enegy (Eo/2") <
Xy >, where< nyy; > is theaveragenumberof photo-piongoroducedn anencounterThe
total numberof muonsproducedat the zenithangle® in the atmospherepf enegy above
thethresholdmuonenegy E;, obtainedafter summatiorfor n = 1 to npax after Dreeset
al.[10], is givenby

~0.34, 1)

nmaX: In

_222max g Ay (Nyn)
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wheregr = mpho/(CTy) & 115GeVis thecritical pionenegy (myr= 139.6 MeV, hg = 6400
m is the effective heightof the atmospherendt is the pion meanlife) andAr andAy
aretheinteractionlengthsof pionsandphotonsin air, respectiely.

Thesimplifiedform of Eq. (2) for the calculationof thenumberof highenegy muons
atzenithangle, aborethethresholdenegy E;, is givenby [10]

_0.23 gnEp Aoy <NX>yyme
Nu(E > E) = NmaxEZcos8 Oma (1= Zm) ' @

where Z; arethe hadronmomentg10], A = 14.5 the averageatomic nucleonnumber
in the atmospheregyy the cross-sectiof theyN — 1iX processpna the pion inelastic
interactioncross-sectiorand < nx >« the fraction of enegy of photoproducegions
takenby Tet.

In arecentsurwey, Halzenetal. [4] have shovn thatthe gammaraysemittedfrom the
Gemingapulsarfollow the power law fit of the form:

dNy(E)/dE = 3.74x 101 ~1%5cm 2571, (4)

Usingthe FNAL datafor mesonproductioncross-sectioirom the measurementsf
Brenneret al. [7], and by adoptingy = 1.55 asthe spectralindex of y-rays emittedby
Gemingapulsar[4], and o;,, = 22 mb for mp inelasticcollisions, the Z;; factorsfor 1
p — T&X reactionshave beencalculated.They wereduly correctedfor p—air collisions
andEMC effectsby usingthe procedureof Minorikawa andMitsui [12]. The calculated
hadronicenegy momentZ+,+ andZ+—, arefoundto be 0.573and0.455,respectiely.
The pion attenuationength A hasbeencalculatedand found to be 142.3gcnT2. The
DESY ep collider experimentaldataon the photonucleacross-sectionspr y-ray enegy
Eo, aregivenby

oyn = (0.147— 0.017InEg + 0.0022(InEg)?) 10~ 28 cnr?, (5)

whichyieldsavalueof 0.119mb for theincidentphotonenegy E = 200GeV. Takingthe
cut-off enegy of theGeminga-pulsagmittedgamma-raygpectrunasEmnax= 300GeV[4],
< X>y,e=0.25, r = 0.58andoyn = 0.119mb, onecancalculateAyy from therelation
Aw = (OrAR)/(Aoy) Whichyieldsavalueof 3789gcnT 2, assuminghe adoptedvalues
Or = 480 mb, Ag = 38 gcn2 and A = 14.5. Using relation (1), and by adoptingthe
interactionparameters) = 0.34, Eg = 200GeV and< xyr >= 0.25, the effective number
of layersin the atmospher¢hat canproducemuonsof thresholdenegy E; andhigheris
givenby

Nmax= 1.443In[29/E{(GeV)]. (6)

Taking the calculatedvalues of nmay and assuming< nx >_,== 2/3,6 = 3(,
en=115GeV, opn = 198mb [7], Zi;y = 0.499andEy = 200 GeV, the numberof muons
producedy y-ray interactiondn air hasbeenestimatedisingEq. (3):

Nu(E > Et) = 69.51/[nmaEZ(GeV)]. 7)
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The estimatechumberof muonsobtainedrom the photon—induceair shoversatthresh-
old enegy E; in therangel — 20 GeV is displayedn Tablel. Thederived

muonflux from Eg = 200 GeV photoninteractionsn air at zenithangle® = 30° exhibits
adrasticdecreasavith theincreaseof muonenegy.

E Nmax Ny
TABLE 1. Thecalculatedraluesof nmax for differ- (GeV) presentvork
entmuonthresholdenegiesky, (GeV) andthede- 1.5 | 4.273 7.230
rivedmuonfluxesinitiatedby Eo = 200GeV pho- 2 3.866 4.495
ton shaversin usualinteractionsin air obtained 5 2.544 1,093
from thepresentvork. 10 1.544 0.450

20 0.544 0.320

The Geminga-pulsagamma-raynducedmuonflux hasbeenderivedfor lower muon
thresholdenegies (1.5 GeV and higher). Sincethe muon enegy is relatively low, the
contribution of muonsfrom charmednesonsanddirectly producednuonshave beenne-
glected.The standardanalyticalformulationof Dreeset al. hasbeenadaptedor the esti-
mationof theflux of muonsproducedy decayof photoproducegions.
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MUONI NASTALI U PLJUSKOVIMA PROIZVEDENIM GAMA ZRACENJEM
GEMINGA PULSARA

Izvedenje integralni enegijski spektarmuonanastalihu pljuskovimaizazvanimfotonima
visoke enegije saGemingagpulsaraPrimijenjenge uobitajenaanalitickametodaDreesd

sur zaratunanjebrojamuona.Podaciz Fermijevog laboratorijazamp— 1 X inkluzivne
reakcijei podaciiz HERA za ep reakcije primijenjeni su za ratunanjehadronskihen-
ergijskih momenatadn. fotonuklearnihudarnihpresjekalzvedeniintegralnibroj muona
pokazujesn&anpads njihovom enegijom.
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