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CosmicCosmic RaysRays: : goalsgoals andand motivationsmotivations
TheThe AugerAuger ObservatoryObservatory: Status: Status
ReconstructionReconstruction ofof ShowersShowers
–– SurfaceSurface ArrayArray
–– FluorescenceFluorescence DetectorsDetectors

FirstFirst ResultsResults::
–– ClusteringClustering
–– PhotonPhoton abundancesabundances
–– EnergyEnergy SpectrumSpectrum

ConclusionsConclusions

Summary:
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CR CR SpectrumSpectrum
Air ShowersAir Showers

UHE

ProducedProduced by by all known all known 
cosmic particlescosmic particles
PredominantlyPredominantly by CRby CR
The atmosphere is just The atmosphere is just 
the right depththe right depth
DominatedDominated by by low low 
energy physicsenergy physics (similar)(similar)
–– Hadronic Hadronic 
–– ElectromagneticElectromagnetic

Inclined Sowers Inclined Sowers are are 
differentdifferent
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FluorescenceFluorescence
–– SuggestsSuggests GZK GZK cutoffcutoff
–– No No clusteringclustering evidenceevidence

SurfaceSurface arrayarray
–– No GZK No GZK cutoffcutoff seenseen
–– MarginalMarginal clusteringclustering??

ButBut BOTHBOTH
–– DetectDetect eventsevents E>E>1020 eV
–– AgreeAgree atat 22σ σ levellevel
–– RelyRely onon simulationsimulation

UHECR DataUHECR Data
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AugerAuger ScienceScience ObjectivesObjectives

• Uniform Exposure North & South Observatories
• Improve statistics 2  x  3000 km2 Surface Array

- 1600 particle detectors
- hexagonal array: 1.5 km spacing

• Intercalibration Combine Fluorescence
- 4 Enclosures (“Eyes”) 

DesignDesign ((AfterAfter 6 6 monthmonth designdesign studystudy atat FNAL)FNAL)

Cosmic ray spectrum >1019 eV:  GZK feature (?)
Arrival direction distribution: point sources (?)
Composition: Light, heavy, γ, ν, exotics(?)
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22--foldfold motivationmotivation
Particle Physics Particle Physics 

»» Test interactions at the highest energies Test interactions at the highest energies 
»» Test forward regionTest forward region
»» Neutrino Neutrino detection detection 

AstrophysicsAstrophysics
»» OriginOrigin::
»» Posibility toPosibility to: : 

do do astronomy                        astronomy                        
learn about learn about B B fieldsfields

Ultra High Energy
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LHC
Tevatron

HERA

Same cm energy

Auger

Objective: UHECR
the highest energy particles
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The Auger CollaborationThe Auger Collaboration
17 Countries         70+ Institutions          350+ Scientists 17 Countries         70+ Institutions          350+ Scientists 
ArgentinaArgentina MexicoMexico
Australia Australia Netherlands Netherlands 
BoliviaBolivia(*)(*) PolandPoland
Brazil Brazil PortugalPortugal
Czech RepublicCzech Republic Slovenia Slovenia 
France France SpainSpain
Germany Germany United Kingdom United Kingdom 
Italy Italy USAUSA

Vietnam(*)Vietnam(*)
(*) Associate countries(*) Associate countries
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Auger Southern Observatory: Malargüe
Mendoza (Argentina)

1600 tanks
4 Eyes
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The Surface DetectorsThe Surface Detectors
Communications

antenna

Electronics 
enclosure Solar panels

Battery box

3 – nine inch
photomultiplier
tubes 

Plastic tank with 
12 tons of water

GPS antenna 
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• μ-response  α track
• e/γ-response α energy

μ-signal of order em-signal

Inclined: μ/em UP
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The Fluorescence Detector:
4 Eyes at the perimeter

Each has 6 Telescopes (Schmidt optics):

Spherical mirror, 3.4 m radius of curvature 

2.2 m diameter diaphragm, corrector ring 

30ox30o FOV, 15 mm diameter spot

30o

30o

Los LeonesLos Leones
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Aperture stop and 
UV optical filter

440 pixel camera

11 m2 mirror
segmented

A Fluorescence Telescope
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Atmospheric Monitoring & CalibrationAtmospheric Monitoring & Calibration

Lidar at each 
fluorescence eye

Central Laser 
Facility

Drum for uniform 
camera illumination –
end to end calibration .

Absolute Calibration

Atmospheric Monitoring
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1152 surface detector 
stations deployed         
930 operating

Three fluorescence 
buildings complete each 
with 6 telescopes

Status June 2006
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SD Reconstruction:
Timing => Direction

Obtain Signal in VEM at 1000 m
S(1000) => Energy
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θθ~ 48~ 48ºº, ~ 70 , ~ 70 EeVEeV

Flash ADC tracesFlash ADC traces

Lateral density 
distribution

Typical flash ADC trace

Detector signal (VEM) vs
time (ns)

PMT 1

PMT 2

PMT 3

-0.5  0    0.5   1.0   1.5  2.0  2.5  3.0 µs
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Lateral 
density 
distribution

θθ~ 60~ 60ºº, ~ 86 , ~ 86 EeVEeV

Flash ADC 
traces

Flash ADC Trace for 
detector late in the 
shower

PMT 1

PMT 2

PMT 3

-0.5  0    0.5   1.0  1.5  2.0  2.5  3.0 µs
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Flash ADC 
traces

Lateral density 
distribution

Hybrid Event Hybrid Event 
θθ~ 30~ 30ºº, ~ 8 , ~ 8 EeVEeV
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FD Reconstruction:
Pixel Geometry => Shower Plane

Timing => Direction
Signal+direction => Energy
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Fitted Electromagnetic 
Shower

from Fly's Eye 1985

Ti
m

e 
μ

se
c

Angle χ in the shower-detector plane

Same Hybrid EventSame Hybrid Event
θθ~ 30~ 30ºº, ~ 8 , ~ 8 EeVEeV

Tanks

Pixels
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Array of particle detectors

Fluorescence

HYBRID: 
Combine the two succesful

techniques

powerful approach:
•Angular accuracy
•Energy calibration
•Uncertainty tests
•Redundancy
•...
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mono fit

hybrid fit

SD

SD

Δψ ~0.60

Hybrid at work:
Improve θ φ reconstruction using SD

including SD times

Improved geometric reconstruction
Extra points accurately positioned
degeneracy is completely broken
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The First Data Set (29 ICRC The First Data Set (29 ICRC PunePune))

Cumulative number of events
Ja

nu
ar

y 
04

Ju
ly

 0
4

Ja
nu

ar
y 

05

θθ [[00ºº,60,60ºº]] 1 Jan 2004 1 Jan 2004 -- 5 Jun 2005  Acceptance 5 Jun 2005  Acceptance ~~ 1750 km1750 km22 srsr yryr

Current event rates 
Surf D ~ 36,000 / month
E>10 EeV ~ 60 / month

June 05 ~~ 180,000
Hybrid ~Hybrid ~ 18,000

(with quality cuts)
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Performance:  Performance:  Angular ResolutionAngular Resolution

Surface array Angular resolution (68% CL)Surface array Angular resolution (68% CL)
< 2.2< 2.2ºº for 3 station events (E< 3EeV, for 3 station events (E< 3EeV, θθ < 60< 60ºº))
< 1.7< 1.7ºº for 4 station events (3<E<10 for 4 station events (3<E<10 EeVEeV))
< 1.4< 1.4ºº for 5 or + station events (E>10 for 5 or + station events (E>10 EeVEeV))

Hybrid Angular resolutionHybrid Angular resolution
(68% CL)(68% CL)

0.6 degrees (mean)0.6 degrees (mean)

Angle in laser beam /FD detector plane

Laser 
Beam

Hybrid-SD only space angle difference

Hybrid Data

Entries  269

σ(ψ)  = 1.24º
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ANISOTROPY SEARCHES:
No evidence of Clustering

•Top hat 5o [0.8-3.2EeV] 
SUGAR results =>10.5 σ

•Top hat 20o [1-2.5EeV]
AGASA results =>7.5 σ

Significance Maps: Galactic Center
3

0

-3
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NEW PHOTON LIMIT:

Xmax distributions of selected sample of 28 hybrid events
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Constrains (but does not yet rule out)
‘top-down’ models of UHECR origin

Haverah Park

AGASA
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AUGER Energy DeterminationAUGER Energy Determination

for each SD eventfor each SD event
Fit lateral density Fit lateral density 
functionfunction
Read S(1000)Read S(1000)

S(1000) S(1000) αα Energy Energy 

Energy calibrated by fluorescence: 
Insensitive to interaction models 
and composition assumptions. 

Zenith angle ~ 48º

Energy ~ 70EeV

S(1000)

Use S(1000) as SDUse S(1000) as SD
Energy estimatorEnergy estimator
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S(1000) S(1000) hadronichadronic modelmodel dependencedependence

S(1000) @ secθ =1
QGSjet SIBYLL

40.02 34.49

Proton, 10 EeV

AIRES

38o

S38
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S(1000) S(1000) compositioncomposition dependencedependence
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Use constant Intensity Cut method:

Relative S(1000) 
values for different
zeniths are obtained
from data assuming

isotropic flux

Reference at 380: 
the median of
the 00<θ<600 

distribution

380
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Energy determination and SpectrumEnergy determination and Spectrum
The energy converter:

S38(1000) αα FD Energy

Use for SD events

Uncertainty in scale is
Statistics limited

Lo
g 

(E
/E

eV
)

Log S(1000)

10EeV

1 EeV

Hybrid EventsHybrid Events
Strict event selection:Strict event selection:

track length  >350g/cm2track length  >350g/cm2
Cherenkov contamination <10%Cherenkov contamination <10%
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The function is 

F=[30.9±1.7]∗[E/EeV]-1.84±0.03

with  χ2 = 2.4 per degree of freedom

Issues of aperture, mass
and hadronic interactions
under control – systematic 
uncertainties being assessed

Auger Energy SpectrumAuger Energy Spectrum
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UncertaintiesUncertainties

1)  M. Takeda et al. Astroparticle Physics 19, 447 (2003)

2)  R.U. Abbasi et al. Phys Lett B (to be published)

10%
from acceptance

from EFD-S(1000) correlation
& Fluorescence yield

30%

50%
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Comparison with HiRes1, AGASAComparison with HiRes1, AGASA

1)  M. Takeda et al. Astroparticle Physics 19, 447 (2003)

2)  R.U. Abbasi et al. Phys Lett B (to be published)
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A Big Event A Big Event -- One that got away!One that got away!
Shower/detector plane Fluorescence Mirror

Energy 
Estimate

>140 EeV
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InclinedInclined AirAir ShowersShowers
Can be Can be inducedinduced by:by:

NeutrinosNeutrinos
–– DownDown--goinggoing neutrinos neutrinos interactinginteracting withwith thethe atmosphereatmosphere
–– EarthEarth skimmingskimming neutrinos neutrinos interactinginteracting justjust belowbelow groudgroud levellevel

CosmicCosmic RaysRays
–– MeasureMeasure differentdifferent componentcomponent: : MuonsMuons => => CompositionComposition
–– Background Background forfor neutrinosneutrinos

HardHard muonmuon processesprocesses: : mainlymainly muonmuon bremsstrahlungbremsstrahlung
–– SensitiveSensitive toto thethe promptprompt muonmuon fluxflux
–– Background Background forfor neutrinosneutrinos

ExoticExotic particlesparticles??
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Inclined showers
Protons, nuclei, γ:
Shower γ’s e+’s and e-’s
do not reach ground level
Only muons

Neutrinos
interact deep
γ’s e+’s & e-’s
reach ground
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B

Spectacular inclined events routinely seen
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FirstFirst resultsresults (2005) ((2005) (integratedintegrated acceptanceacceptance AGASA)AGASA)
AugerAuger has has measuredmeasured a a spectrumspectrum quasiquasi--independentindependent
ofof compostioncompostion andand simulationssimulations
No No clusteringclustering evidenceevidence
NewNew limitlimit ofof 16% 16% photonphoton abundanceabundance (in (in presspress))
MuchMuch redundancyredundancy andand improvementimprovement isis expectedexpected
withwith more more hybridhybrid data, more SD data, more SD statisticsstatistics, , inclinedinclined
eventsevents, , soonsoon ((nownow wewe havehave > 2 x AGASA > 2 x AGASA exposureexposure))
HadronicHadronic ModelsModels willwill be be neededneeded forfor interpretationinterpretation

Conclusions:
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ν: ν: UHECR UHECR sourcesource classificationclassification

AccelerationAcceleration FragmentationFragmentation

p+γ

p+p

γγ

π+  π0      p

νμ μ+

pνμ νe e+

q q        X

γ : νμ : νe : νμ: νe
2 : 2 : 1 : 2 : 1

p    : γ : ν
0.09 : 2 : 6

p : ν
1 : 3

p  : π0   : π+/-

0.03 : 0.3 :  0.65

Δ threshold
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A heavy task : Primary Composition

Heavy

reduced
fluctuations

early

more μ

•Xmax fluctuations

• μ / (γ e) ratio
• Inclined shower rate

•Xmax (elongation rate)

•Time delay
•Risetime
•Lateral distribution (flatter)

(Also for γ‘s)
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Neutrino SensitivitiesNeutrino Sensitivities
(per site)(per site) Expected no. per year

ντ Limit (E-2)
for 5 years

ντ Sensitivity

νe and νμ
Sensitivity

HighDIS None
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1 atmosphere
γ

e+e-

μ


	CR Spectrum
	Auger Science Objectives
	2-fold motivation
	The Auger Collaboration
	The Surface Detectors
	Atmospheric Monitoring & Calibration
	The First Data Set (29 ICRC Pune)
	Performance:  Angular Resolution
	AUGER Energy Determination
	S(1000) hadronic model dependence
	Energy determination and Spectrum
	Uncertainties
	Comparison with HiRes1, AGASA
	A Big Event - One that got away!
	Inclined Air Showers
	n: UHECR source classification
	Neutrino Sensitivities�(per site)

