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LAUNDRY LIST

» Large scale first harmonic (amplitude & phase)
 Upper limits on dipole & quadrupole amplitudes
* Blind searches for localized cosmic rays excesses
* Directional neutron searches

* Full sky searches
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MOTIVATION

» Understand the nature and the origin of cosmic rays.

» [ransition from a galactic to an extragalactic origin should
induce a significant change in the large scale angular distribution
of cosmic rays.
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ANALYSIS METHODS

» Study of the large scale distribution of arrival directions of
cosmic rays based on the first harmonic analysis in right
ascension.

e Fccidata from O Jan 2004 to 31 Dec 20172

» All energies above 10'¢ eV
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ANALYSIS METHODS

* Small modulations = account for spurious modulations

» evolution of the array size
» dead period of each detector
» weather variations (daily and seasonal modulations)

e etfc. elc.
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ANALYSIS METHODS

Modified Rayleigh for E > | EeV

» Fourier coefficients a and b N Z ke
= Amplitude r and phase ¢ .

N
2 .
r=+/a2+b2 ¢ =arctan (b/a) bzﬁ;wismai

* Welghts w; account for array growth, dead time, tilt, etc.

* Energy assignment corrected for weather and geomagnetic effects.
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ANALYSIS METHODS

East-West method for E < | EeV
» Difference between counting rates: Ig(a’) - Iw(a’)

* Removes systematic effects.

 Reduced sensitivity.
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UPPER LIMITS

—h
ol
|

__EAS-TOP

-
- -
&4 i
- -
= © -
- -
= < -
- 7 2
- -
-7 -
- -
- -
-7 -
o & -
o = -
- -
e = 14
- " i
- -
-
-
-

Equatorial dipole amplitude
3 &
w N

1

ICE-CUBE S~
10-4 I14 | | -*{5 | | II16 | | II17 | | II18 | | II19 |
10 10 10 10 10 10
Energy [eV]
Anisotropy Studies with the Pierre Auger Observatory | I TeV Particle Astrophysics 2013 - UC Irvine - August 26-29, 2013

Tuesday, August 27, 13



PHASE
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PHASE
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PHASE
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CONCLUSIONS

- Updated results for amplitude and phase of first harmonic
analysis in right ascension, dipole upper limits.

* Hint for large scale anisotropy from amplitudes above | EeV.

» Hint for large scale anisotropies given by the phase analysis
over a wide energy range.

* Prescription to establish (99% CL) whether the phase
consistency In adjacent energy intervals is real.
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UPPER LIMITS oN DIPOLE &
QUADRUPOLE AMPLITUDES
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METHOD

» SD data between 01 Jan 2004 and 31| Dec 2012 (~680,000)
* above | EeV

* below 55 degrees
» Operational elemental cell
* Remove periods of unstable DAQ.

REeREect S(1000) for weather and seomaghetic effects.
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METHOD

» Determine detector efficiency and directional exposure.
» Correct for geomagnetic effects and the tilt of the array.
» Account for the spatial extension of the array.

» Search for large scale anisotropies assuming the multipolar
expansion IS bounded.
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QUADRUPOLAR PAT TERNS
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UPPER LIMITS

1 - +
3 1 <
= : 3
o _g 1_: —
; s
e 5
o .
Q. -
a 107- I=
= 3 107+ v
E @
— S
) ] D
S& — 7=1 —z=1 |

107 726 107 726
1 10 . 1 10
E [EeV. E [EeV]

Bisymmetric Spiral Structure model with anti-symmetric halo
with respect to the galactic plane, and a turbulent field
osenerated according to a Kolmogorov power spectrum.
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CONCLUSIONS

» Updated 3D search for large scale patterns

* Hints In the dipolar patterns to be tested with an iIndependent
data set.

* Hints of higher moments at EeV energies.

* Potential of the observational limits to test the hypothesis of a
isht component from stationary sources densely distributed In
the Galactic disk and emitting in all directions.
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BLIND SEARCHES rFor LOCALIZED
BOSMIC RAYS EXCESSES
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METHOD
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METHOD
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EXPOSURE
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ROMPU | E SIGNIFICANCES

Blind Search Candidates
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COMPUTE SIGNIFICANCES
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FULL SKY SIGNIFICANCES
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BEARCHES ON | HE G
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SEARCHES ON CEN A
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CONCLUSIONS

» Searches for excesses flux with respect to I1sotropic
expectations at energies above | EeV at intermediate angular
scales.

* The largest observed significances are compatible with
Isotropic expectations.

* No significant departures from isotropic expectations for the
Galactic Center;, Cen A, the Galactic and Super-Galactic planes.
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PREVIOUS RESULITS
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Significance

A blind search for neutron sources Iin the whole exposed sky
was reported in Astrophys. |. /60, (2012) 1438.
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S TACKED SOURCES

e Ten stacks of sources:

» HESS source catalog (http://www.mpi-hd.mpg.de/hfm/HESS/pages/home/sources/).

« Gamma-ray pulsars (Fermi 2nd Catalog, Astrophys. |. Suppl. 5.199, (2012) 31).
* Low-mass x-ray binaries (Astron. Astrophys. 469, (200/) 807 ).

* High-mass x-ray binaries (Astron. Astrophys. 455, (2006) | 165).

* Millisecond radio pulsars (Astron. . 129, (2005) 1993-2006).

» Standard radio pulsars (Astron. ). 129, (2005) 1993-2006).

» Microquasars (http://www.aim.univ-paris/.fr/CHATY/Microguasars/microguasars.ntml).

« Magnetars (http://www.physics.mcgill.ca/~pulsar/magnetar/main.html).

« (Galactic Plane.

« Galactic Center;

 No repeated candidate sources.

Anisotropy Studies with the Pierre Auger Observatory 36 TeV Particle Astrophysics 2013 - UC Irvine - August 26-29,201 3
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METHOD
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e HOD

* Weights are included to
account for fluxes and
exposure.

* Welighted combined P-value
uses the welights w; as
powers for the p; values.

Anisotropy Studies with the Pierre Auger Observatory
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RESULTS

Weighted p-value P,

Unweighted p-value P

Stack No. 1-2EeV  2-3EeV >3EeV >1EeV ‘ 1-2EeV  2-3EeV >3EeV >1EeV
Reg. PSRs 1326 0.95 0.06 0.49 0.67 0.80 0.43 0.48 0.89
msec PSRg 23 0.68 0.61 0.74 0.85 | 0.23 0.80 0.88 0.42

IVEI/NLD

HMXB 77 0.82 0.76
HESS 60 0.48 0.28
Microquasars 13 0.95 0.52
Magnetars 13 0.79 0.94
G. Center I - -
G. Plane 1 - -

0.49
0.41
0.65
0.40

0.84 0.68 0.82 0.43 0.61
0.62 0.86 0.30 0.59 0.83
0.94 0.70 0.13 0.51 0.23
0.96 0.98 0.90 0.59 0.98
- 0.77 0.41 0.45 0.73
- 0.68 0.85 0.31 0.81

Anisotropy Studies with the Pierre Auger Observatory

40 TeV Particle Astrophysics 2013 - UC Irvine - August 26-29, 2013

Tuesday, August 27, 13




RESULTS

Flux U.L. E-Flux U.L.

Stack RA[] DEC][°] Obs Exp [km2yr '] [eVem 2s '] p-value p*
Reg. PSRs 267.44 -56.09 249 204 0.0161 0.117 0.0012 0.78
msec PSRs 27046 -14.29 174 146 0.0156 0.114 0.014 0.70

No significantly small individual p-value.

HMXB 24977  -46.70 237 208 0.0129 0.0945 0.028 (.88

HESS 28458 2.09 101 80.6 0.0155 0.113 0.016 0.61

Microquasars 288.75  10.08 68 534 0.0161 0.118 0.030 0.33

Magnetars 24897 -47.59 224 209 0.00992 0.0724 0.15 (.88

G. Center 266.40 -28.94 178 186 0.0062 0.045 0.73 E

G. Plane Galactic lat. = 0° 15488 15600 - E 0.81 -
Anisotropy Studies with the Pierre Auger Observatory 4] TeV Particle Astrophysics 2013 - UC Irvine - August 26-29,2013
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CONCLUSIONS

* A search for astrophysical neutron sources has been performed
using the SD data of the Auger Observatory.

* No significantly small P-value was found for any of the classes
of potential Galactic sources considered.

» After penalizing for multiple trials within each stack,
no candidate source shows a significant excess.

» Upper limits on neutron fluxes are reported
(assuming an E~ spectra above I Eel).

* Null results were also derived for the Galactic Plane and the

Galactic Center.
Anisotropy Studies with the Pierre Auger Observatory 42 TeV Particle Astrophysics 2013 - UC Irvine - August 26-29, 201 3
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EXPANSION IN SPHERICAL
HARMONICS
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EXPANSION IN SPHERICAL
HARMONICS
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FULL SKY COVERAGE

e Account for different zenith

B
ranges e
: % 6000-
» Calculate geometrical -
directional exposure 4000-
= different energy thresholds 2000
J
. | ) o+—r—————
* Uncertainty in the relative B ;e e
exposures |
w(n;b) = wpa (7) + b wAuger(n)
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S [IMATING COEFFICIENTS
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FULL SKY MAP

E> 10 EeV; 30° smoothing
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OUTLOOK

» Measuring unambiguously spherical harmonic coefficients
requires full-sky coverage.

* Design of a method that accounts empirically for any source
of systematics in the relative exposures of combined
experiments.

* The method pertains to any full-sky coverage achieved by
combining data sets from different observatories.

* This opens a rich field of anisotropy studies.

» Application to Auger+TA data above 10" eV in progress!
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CONCLUSIONS

* Hints of large scale anisotropy.

- Updated upper limits on dipole, quadrupole,
and neutron fluxes.

» (GGalactic origin above ankle is starting to be
challenged.

* Full sky analyses are in progress.

Thank you very much!
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