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| Intro duction

The Milagrotelescop is a groundbasedwvater Cherenkv air shaver array for
the obseration of multi-TeV gammarays and cosmiaays. It consistf a
ceriral 60mx 80 m pondwith a 200mx 200marray of 174"outrigger'tanks
surroundingt. The cerral pond consistof an air shaver layer of 450PMTs
locatedunderl.4m of puri ed water anda bottom muonlayer of 273PMTs
located5m below the surface.The air shaver layer and the outriggertanks
locatethe shaver coreand provide timing measuremes to reconstructhe
shaver directionand provide the trigger. The muonlayer is usedto detect
penetratingmuon and hadronsand provide meansof distinguishingoetween
gamma-rg and hadroninducedshavers. A proceduredeelopedto estimate
energiesf primarieswhid trigger Milagroon an evert by ewert basisis
descriledin brie y in sectionll. Usingthis proceduregnergyspectraof
gamma-rgs fromthe Crab nebulaand spectraof Milagro badkgroundtriggers
have beendeterminedn the energyrangel to 100TeV. The measuredpectra
arecomparedvith thosemeasuredly ACT tedniquesanddirect measuremes
of cosmiaay spectra.

|l  Energy Calculation

The ewernt by ewert estimationof energiesn Milagrois basedupon simulations
carriedout usingthe GEANT programfor detectorsimulationsand CORSIKA
pakagefor Cherenkv air shaver sinulations. The energyalgorithmis based
upon correlationof inciden energywith coredistancer core), Zzenithangle( ),
and number of PMT's hit in the upper layer of Milagro'smain pond (N pg) and
In the outriggerarray (Npr). The energyparameteis givenby
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whereEjj (p) givesthe t energyin eat I-th zenithangleandj-th coredistance
bin, w Is the averageweight assignedo eah outriggerto accouh for irregular
spacingandthe constats jj, jj, jj,and jj aredeterminedromthe Mone
Carlodata ts in eat energybin. Throughthis procedurewe areableto
producea reliableenergyestimationmethal over an energyrangefrom
apprximatelyl up to 100TeV, with energyresolutionsapproabing 35%at
high energiesor gammaray primaries.Figurel shavsthe distribution of
fractionaldeviationfrom true energyfor gammaray shavers,for tted energies
between20and 50 TeV. The distribution shavs a Gaussiardistribution with a
width of about 35%andasymmetridail. The energydependenc®fthe energy
resolutionis givenin gure Figure2a. Figure2b shavsthat mediant energy
estimateghe true energywell above 2 TeV. Figure3 shav a scatterplot of t
energws. true energy
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Figurel: EnergyResolutiorbetween20.0TeV and50.0TeV. Resolutionare t
to a Gaussiardistribution. For this gure = 0:374andx = 0.07
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Figure3: Fit Energyvs. Monte CarloEnergyfor -rays

|11 Determination of Spectra

Spectraare t througha 2 minimizationprocesglesignedo accoun for

asymmetriem the energyresolution.In the Milagroanalysiseah evert is
assignea weight accordingo the probabllity that a givenair shaver originated
from a protonor a gammaray. An excessveight for ead energybin is
measuredand signi cancefor theseexcessas calculated.For eaty measured
energybin a predictednumber of weighs canbe computedrom detector

sinulationsthrough,
45 1
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wheref i (E) Is the probability that an evert of true energyk will be

the assumedapectrum(usuallya power law), A(E; ) isthe Milagroe ective
areaandW (E; ) the averageneigh for a givenenergyandzenithangle.For a
xed setof parametersn | (E) a di erent setof predictedexcesg&\werts may be

the energyalgorithmfor gammaray triggers,hencat is preliminary The givestheresultly = (1:04 056)x107TeV 'm 2s 1, = 229 0:39,
spectrumobtainedfor Milagrobadkgroundis shavn in gure 4, wherethe ux  wijth E. = 310 2626TeV andareduced 2 valueof 0.33,indicatinga
axisis in arbitrary units. A morerealisticanalysisusingan energyalgorithm  probablecuto in the regionabove 10 TeV (SeeFigure6). The Milagroresults

basedon protonand heliumMonte Carlo'sis currenly undervay to
primary cosmiaay spectra.
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Figure 4: Cosmicray spectrum as measuredvith Milagro shavn

obtain areconsistenwith the measuremes of otherexperimers, and provides
competitive measuremeas up to 100TeV (seegure 7).
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points (the statisticalerror barsare smallerthan the sizeof the points shavn).
The dashedred line represets the t obtainedthrough 2 minimization.
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Figure5: Evert ratesin individual energybins, comparedwith ex

VI Conclusions

We have deelopeda methal for evert by evert determinationof primary
energyusingMC basedon CORSIKAand GEANT programdo sinulatethe
experimen. We areableto measurenergyspectrain the TeV energyrange
extendingup to 100TeV. Our resultfor the slope of the Milagro badkgroundis
consistenwith the mostrecem direct measuremaes of the cosmiaay spectrum.
The measuredrab spectrumis in agreemeanwith publishedresultsfrom HESS
and HEGRA experimens andindicatea possiblecuto in the regionbetweenlO
and50TeV.
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For determiningthe gammaray spectrumfrom the Crabwe includehadron
reconstructedvith an energyinsideof the i-th t energybin, j (E) is the form of rejectioncuts and gamma-hadromeiglis asoutlinedin sectionlll. Through 2

minimizationwe obtainthe spectrumto be
lg= (4:84 1:23)x10 1'TeV !m 2s ! with aspectralindexof
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with respectto the excessneasuredrom a sourcagive the optimum t to the
data.

IV Energy Spectrum of Background
Triggers

Usingthe methal brie y descriledin sectionlll andsettingW (E; ) to unity,
we estimatea power law spectrumof the form|j(E=10TeV) , assuming
badkgroundtriggersaregeneratedby proton primaries.We obtain

o= 556x104TeV lsr s Im 2and = 270 0:08.The spectralindex
derived from the analysisof badkgroundtriggersin Milagrois in reasonable
agreemenwith thoseof direct measuremerfrom JACEE [3]and RUNJOB [4].
The calculationof estimatedenergiem this analysiof badkgroundtriggersuses
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Figure6: Milagro t for the Crab Spectrum

A t with the additionof an exponenial cuto ,

(E)= 1,45 e
i (E) = o{lme\,} e

TeV: Obserationswith the HEGRA Stereoscopi8ir Cherenkv Telescoes.
Astrophys.J., 614:897{913,004.

[2]F. Aharonianet al. Obserationsof the Crab nebulawith HESS
(astro-ph/0607333)Astrophys.J., 2006.To appearin ApJ.

[3]K. Asakimoriet al. Cosmic-Rga ProtonandHeliumSpectra: Resultsfrom
the JACEE Experimen. Astrophys.J., 502:278{2831998.

[4]V.A. Debrinaet al. Cosmic-Rg Spectraand Compositionin the Energy
Rangeof 10-1000reV per Particle Obtainedby the RUNJOB Experimen.
Astrophys.J., 628:.41{L442005.

[5]A.M Hillaset al. The Spectrumof TeV GammaRays from the Crab Nebula.
Astrophys.J., 503:744{759,998.

[6]J. Holderet al. The rst VERITAS telescop. Astroparticle Physics
25:391{4012006.

[7]T. Tanomoriet al. Detectionof GammaRays of Up to 50 TeV From the
Crab Nebula.Astrophys.J., 492:L.33{L36]1998.

[8]R.M Wagneret al. Obseration of the Crab Nebulawith the MAGIC
(5) Telescoe. Proceedings of the 29th International Cosmic Ray Conference
(Pune), 0G2.24:1632005.




