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¢ Update of the cosmic-ray energy spectrum above 3 x 10" eV obtained by
combining four independent data sets collected by the Pierre Auger

Observatory over more than 10 years.

¢ First results of the search for a dependence of the measured flux on the

declination of the incoming cosmic rays.



The Pierre Auger Observatory 3
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“The Pierre Auger Cosmic Ray Observatory” to appear in NIM A [arXiv: 1502.01323]



Measurements of the cosmic-ray energy

FD: calorimetric measurement of the energy; ~13% duty cycle

SD: provides an energy estimator = the shower size at the ground; ~ 100% duty cycle

SD absolute calibration using a subset of
hybrid events reconstructed by both SD and
FD. which allows an SD-energy estimation

weakly reliant upon shower simulations.




Measurements of the cosmic-ray energy
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Measurements of the cosmic-ray energy

SD-1500 m (8<60°)

fully efficient:
E>3x10"%eV

energy estimator: S
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SD-1500 m (6>60°)

fully efficient:

E>4x10"%eV

energy estimator: N__

SD-750 m (6<55°)

fully efficient:
E>3x10"eV

energy estimator: S
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SD energy calibrations 7

Calibration function : Erp = A (S)5
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Exposure for the flux measurements

exposure [km” sr yr]

E (eV)
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The four measurements of the cosmic-ray flux
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logyo(E/eV) bin migration (<15% SD, <3% Hylbrid)
* to appear in JCAP [arXiv: 1503.07786]



Fractional differences
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Combined spectrum

Flux normalizations:
SD-1500 m vertical: 5.7%
SD-1500 minclined: -0.1% _
SD-750 m: 1.8%
Hybrid: -5.8%

—— Auger (ICRC 2015 prellmlnary)
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Iogm(EIeV)



Spectral features 12
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Declination-dependence on the flux : overview

Difference between Auger and Telescope

Array spectra at the highest-energy range.
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under study by UHECR Spectrum WG (TA+Auger)
see for example I. C. Maris UHECR2014

Hint of a dipole anisotropy above 8 EeV found
with Auger data (see |. Al Samarai falk CRO3)

Observed amplitude in right ascension suggests a

large-scale anisotropy with a significance > 4o




Declination-dependence on the flux 14

® Events with 6 < 60° (offer alarge statistics) cover a wide range of declinations from -90° to +25°

@ Spurious (experimental, atmospheric and geomagnetic) effects that can module the flux are

taken into account in this analysis. E[eV]
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Declination-dependence on the flux

II) Observed sky divided into 2 declination E

bands to compute the ratio: Es

N (6<-29.47°)/N_ _ (6>-29.47°) Zé
South : North ‘

comparison with expectation from dipolar
modulation measured obtained using data
with 6 < 80°.
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(I. Al Samarai talk CRO3)
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* Observation compatible with dipole

expectation within uncertainties.



Summary 16

® Four independent measurements of the UHECR flux using both the SD and FD of
the Pierre Auger Observatory.

® Combined measurement of the energy spectrum above 3 x 10" eV up to its end
at about 10? eV using data collected over more than 10 years.

® Spectral features measured with unprecedented precision.

® Preliminary search for a dependence of the measured flux on the declination of
the incoming cosmic rays:

# No significant indication of variation in 4 declination bands.

a Ratio NSOuTh/NNorThcompoﬂble with dipole anisotropy found with Auger data.
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