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The Observatory
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Xmax Mass Composition WorkingGroup ReportE. Bar
ikowski, J. Bellido, J. Belz, Y.Egorov, S. Knurenko, V. de Souza, Y.Tsunesada, and M. Ungerfor the HiRes, Pierre Auger, Teles
opeArray and Yakutsk CollaborationsPro
eedings of the UHECR 2012Symposium (submitted)Data points are shifted to a 
ommon energy s
ale (see next slide).To estimate an average mass 
omposition:Auger: 〈Xmax 〉 
an be 
ompared dire
tly with the predi
tions from air showersimulations (within systemati
 un
ertainties).HiRes & TA: 〈Xmax 〉 should be 
ompared with that obtained from a
onvolution of simulated showers with a model of the dete
tor, atmosphereand re
onstru
tion.D. Nitz Photons, neutrions & hadrons at Auger Madison, May 2013 4/25



Energy S
ale The Energy Spe
trum of Cosmi
Rays at the Highest Energies(Working group report)Bru
e R. Dawson, Ioana C. Maris, Markus Roth,Fran
es
o Salamida, Tareq Abu-Zayyad,Daisuke Ikeda, Dmitri Ivanov, YoshikiTsunesada, Mikhail I. Pravdin, and Artem V.Sabourov, for the Pierre Auger, Teles
ope Arrayand Yakutsk CollaborationsPro
eedings of the UHECR 2012 Symposium(submitted)D. Nitz Photons, neutrions & hadrons at Auger Madison, May 2013 5/25



LnA - Model Dependen
eMass Composition Working Group Report

Conversion from 〈Xmax〉 to 〈lnA〉:Removes di�eren
es between experiments in 〈Xmax〉 presentationIs model dependentD. Nitz Photons, neutrions & hadrons at Auger Madison, May 2013 6/25



LnA - DataMass Composition Working Group Report (using SIBYLL model)
All 4 experiments are 
onsistent with average mass getting heavierabove 1019eV.Break points are not the same, but also not well determined.HiRes, TA, and Yakutsk are also 
onsistent with 
onstant light
omposition above 1018.5eV.D. Nitz Photons, neutrions & hadrons at Auger Madison, May 2013 7/25



LnA - Fits (more details)
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Beyond 〈Xmax〉Mass Composition Working Group Report (using QGSJet-II model)

Other mass (intera
tion) dependent variables give similar resultsD. Nitz Photons, neutrions & hadrons at Auger Madison, May 2013 9/25



More than just 〈Xmax〉Interpretation of the depths of maximum of extensive air showers measured bythe Pierre Auger Observatory, The Pierre Auger Collaboration, JCAP02 (2013) 026.Compositionuniform in lnAindependent ofenergyp+Fe 
omposition,proton fra
tionde
reasing from100% to 0% linearlywith logE from1018 to 1020eV
< Xmax > measures mean of 
omposition distribution, independent of spread
σ (Xmax) measures spread of distribution independent of meanD. Nitz Photons, neutrions & hadrons at Auger Madison, May 2013 10/25



In Terms of lnA ...JCAP02 (2013) 026 Compositionuniform in lnAindependent ofenergyp+Fe 
omposition,proton fra
tionde
reasing from100% to 0% linearlywith logE from1018 to 1020eVD. Nitz Photons, neutrions & hadrons at Auger Madison, May 2013 11/25



Conversion to lnA
〈lnA〉 =

〈Xmax〉− 〈Xmax〉pfE σ2lnA =
σ2 (Xmax)−σ2sh(〈lnA〉)bσ2p + f 2EMeasurement

〈Xmax 〉 is the average Xmax at energy E
σ2 (Xmax) is the Xmax variance at energy ESimulation
〈Xmax 〉p is the average Xmax at energy E

σ2sh(〈lnA〉) is the Xmax varian
e from shower �u
tuations for mass AfE is determined from fE =
[

〈Xmax 〉A−〈Xmax〉p]/ lnA
σ2p is the Xmax varian
e from shower �u
tuations for proton showersb is determined from σ2sh(lnA) = σ2p [1+ a lnA+b (lnA)2]D. Nitz Photons, neutrions & hadrons at Auger Madison, May 2013 12/25



Auger DataJCAP02 (2013) 026
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Model Dependent Conversion of
〈Xmax〉 to 〈lnA〉 JCAP02 (2013) 026Shaded regions indi
ate
ombined systemati
un
ertainties from bothXmax measurement andpublished 22% FD energys
ale un
ertainty
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Model Dependent Conversion of
〈Xmax〉 and σ (Xmax) to σ2lnA JCAP02 (2013) 026Shaded regions indi
ate
ombined systemati
un
ertainties from bothmeasurement and 22% FDenergy s
ale un
ertainty.Lower limit of σ2lnA isindi
ated by ex
lusion line at0. This o

urs when

σ (Xmax ) is smaller thanmodel predi
tion for a singlespe
ies 
orresponding to
〈Xmax 〉.D. Nitz Photons, neutrions & hadrons at Auger Madison, May 2013 15/25



Combined lnA & σ2lnA JCAP02 (2013) 026Marker sizesproportional tolog10EStatisti
al errorsindi
ated on markersHeavy bla
k linesindi
ate systemati
un
ertaintiesGrey lines en
loseallowed physi
alregionD. Nitz Photons, neutrions & hadrons at Auger Madison, May 2013 16/25



Impli
ationsAuger, HiRes, TA, and Yakutsk measurements are 
onsistent with in
reasing heavy
omposition above 1018.5eVOr 
hanges in hadroni
 intera
tions not a

ounted for in the 
urrent modelsPhase spa
e for su
h 
hanges be
oming smaller with Auger 
ross se
tionmeasurement at √s = 57 TeV and new LHC dataIn
reasing lnA is problemati
 for UHE neutrino and photon sear
hesAuger indi
ates that as lnA in
reases, the spread of masses remains smallDisfavors simple p+Fe 
ompositionA 
hallenge for astrophysi
al modelsProblemati
 for JEM-EUSO: Energy & Xmax resolution be
ome even moreimportant for sour
e sear
hesHowever:Statisti
al error bars are still largeMost measurements extend only to 1019.5eV, well below the GZK 
uto�Need 
omposition measurements with smaller error bars at the highest energies!D. Nitz Photons, neutrions & hadrons at Auger Madison, May 2013 17/25



Photon Sear
h Hybrid Method

D. Nitz Photons, neutrions & hadrons at Auger Madison, May 2013 18/25



Photon Sear
h Hybrid Method
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Photon Sear
h SD Method
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Current Photon Limits
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Near Future Photon Limits
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Neutrino Limits

The Pierre Auger Collaboration, Advan
es in High Energy Physi
s, 2013 (2013) 708680See also talk by Luis An
hordoqui �Neutrino Physi
s � Auger� this afternoonD. Nitz Photons, neutrions & hadrons at Auger Madison, May 2013 23/25



What Next?The Auger Collaboration is planning an upgrade of the observatory to address:The origin of the �ux suppression at the highest energiesGZK 
uto�?Top end of 
osmi
 a

elerators?The �ux 
ontribution of protons up to the highest energiesPeters 
y
le?Composition enhan
ed anisotropy sear
hesSear
h for GZK se
ondaries as tra
ers of proton primariesSear
h for ultra-high energy se
ondary photons produ
ed in or near
osmi
 ray sour
esThe study of extensive air showers and hadroni
 multi-parti
le produ
tionChanges in hadroni
 intera
tion properties at the highest energies?D. Nitz Photons, neutrions & hadrons at Auger Madison, May 2013 24/25



Upgrade PlansThe FD only operates ≈ 10% of the time =⇒ fo
us on upgrading the SDDete
tor upgrades being dis
ussed in
lude:Upgraded SD ele
troni
sFaster FADCsMore powerful FPGA and pro
essorBetter timingIn
reased dynami
 rangeDedi
ated muon 
ounting additions to the SDIn
reased measurement 
apabilities in
lude:Composition (& intera
tion) measurements to the highest energiesFaster FADCs, in
reased dynami
 range, & dedi
ated muon dete
tionImproved photon limitsBetter photon/hadron separation through improved muon 
ountingImproved neutrino limitsIn
reased aperture via more sensitive triggers implemented in powerful FPGAD. Nitz Photons, neutrions & hadrons at Auger Madison, May 2013 25/25


