


Update on the indication of a mass-dependent anisotropy above 1018.7 eV in

the hybrid data of the Pierre Auger Observatory

Eric Mayotte1,2,* and Thomas Fitoussi3 for the Pierre Auger Collaboration4,†

1Colorado School of Mines, Department of Physics, Golden, CO, USA
2Bergische Universität Wuppertal, Department of Physics, Wuppertal, Germany
3Karlsruhe Institute of Technology (KIT), Institute for Astroparticle Physics, Karlsruhe, Germany
4Observatorio Pierre Auger, Av. San Martín Norte 304, 5613, Malargüe, Argentina.

Full author list: https://www.auger.org/archive/authors_2022_10.html

Abstract. We test for an anisotropy in the mass of arriving cosmic-ray primaries associated with the galactic

plane. The sensitivity to primary mass is obtained through the depth of shower maximum, Xmax, extracted from

hybrid events measured over a 14-year period at the Pierre Auger Observatory. The sky is split into distinct on-

and off-plane regions using the galactic latitude of each arriving cosmic ray to form two distributions of Xmax,

which are compared using an Anderson-Darling 2-samples test. A scan over roughly half of the data is used

to select a lower threshold energy of 1018.7 eV and a galactic latitude splitting at |b| = 30�, which are set as a

prescription for the remaining data. With these thresholds, the distribution of Xmax from the on-plane region is

found to have a 9.1± 1.6+2.1
�2.2

g/cm2 shallower mean and a 5.9± 2.1+3.5
�2.5

g/cm2 narrower width than that of the off-

plane region and is observed in all telescope sites independently. These differences indicate that the mean mass

of primary particles arriving from the on-plane region is greater than that of those from the off-plane region.

Monte Carlo studies yield a 5.9⇥10�6 random chance probability for the result in the independent data, lowering

to a 6.0 ⇥ 10�7 post-penalization random chance probability when the scanned data is included. Accounting

for systematic uncertainties leads to an indication for anisotropy in mass composition above 1018.7 eV with a

3.3σ significance. Furthermore, the result has been newly tested using additional FD data recovered from the

selection process. This test independently disfavors the on- and off-plane regions being uniform in composition

at the 2.2σ level, which is in good agreement with the expected sensitivity of the dataset used for this test.

1 Introduction

The Pierre Auger Observatory is currently the largest ob-

servatory dedicated to studying cosmic rays with energies

in the EeV range, so-called ultra-high-energy cosmic rays,

UHECR [1]. To do this, it uses both an array of parti-

cle detectors on the Earth’s surface, the Surface Detector,

SD [2], and an array of fluorescence telescopes monitoring

the atmosphere above the SD, the Fluorescence Detector,

FD [3]. The highest quality data set of the Observatory

is made up of UHECR events which have simultaneously

been measured by both the FD and SD, so-called hybrid

events. In a hybrid event reconstruction, the geometry of

the shower axis is highly constrained by combining the

triggered pixel geometry/timing from the FDs and the high

confidence core location/timing provided by the SDs. This

results in an angular resolution for the pointing direction

of the shower axis of better than 0.5� [4], and a resolution

on the location of the shower core of 50 m [5].

The low uncertainty geometric reconstruction pro-

vided by the hybrid method allows the evolution of the in-

tensity of UV fluorescence light measured by the FD to be

inverted to model the shower profile, which is the number
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of charged particles in the air shower as a function of the

amount of matter it has traversed, the slant depth, X. From

the shower profile, the slant depth at which the maximum

development of the shower occurs, Xmax, can be extracted.

Xmax is closely related to the mass of the primary cosmic

ray which induced the air-shower, but is subject to large

fluctuations meaning that it can not be used on a shower-

by-shower basis to determine primary mass. However, if

collected with sufficient statistics, the first and second mo-

ments of distributions of Xmax, hXmaxi and σ(Xmax) respec-

tively, can be used to make high certainty estimations of

the mean mass of the UHECR events used to form that

particular Xmax distribution [6].

Up until recently [7], Xmax derived from hybrid mea-

surements has been used to study the average composition

of the cosmic-ray sky as whole, rather than being used to

compare the mean compositions of different subsets of the

sky. This choice was likely driven by the relatively sparse

statistics available in hybrid studies due to the upper-limit

of exposure available to them being set by the relatively

low 14 % up-time of FDs. The possibility of splitting the

data set into subsamples was therefore limited by the need

to maintain sufficient statistics to say something useful

about primary composition. However, the Pierre Auger
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