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The Pierre Auger Observatory (Auger) and the Telescope Array (TA), located, respectively, in

the Southern and Northern hemispheres, are the largest ultra-high-energy cosmic ray (UHECR)

observatories. The Auger and TA Collaborations have collected unprecedented statistics providing

us with a unique opportunity to search for the differences between the UHECR energy spectra and

mass compositions in the complementary sky regions. To correctly attribute such differences to

the properties of the UHECR sources or propagation, the systematic effects in the measurements

of each observatory should be considered properly. In this context, the task of the Auger – TA

mass composition working group is to identify possible differences of astrophysical origin in

the measurements of the depth of the maximum of air-shower profiles, -max, performed at both

observatories using the fluorescence technique. Due to distinct approaches to event selection and

analysis at Auger and TA, the working group uses a specially designed method to transfer the Auger

-max distributions into the TA detector. To this end, dedicated air-shower and detector simulations

for the TA Black Rock Mesa and Long Ridge fluorescence detector stations were performed with

the Sibyll 2.3d hadronic interaction model. From the comparison of the first two moments and the

shapes of -max distributions for energies above 1018.2 eV, no significant differences between the

Auger and TA measurements were found.
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1. Introduction

In this report, the mass composition working group presents the results of the comparison of

the measurements of the depth of maximum of air-shower profiles, -max, performed at the Pierre

Auger Observatory (Auger) [1] and the Telescope Array (TA) [2]. At both observatories, the

measurements are performed using fluorescence detectors (FD) however due to different strategies

to the event selection and corrections of the detector effect discussed below, the comparison of the

-max data sets is not direct and should be performed taking these differences into consideration.

In previous analyses of the working group, a good agreement between the Auger and TA data

was found regarding the energy evolution of the two first central -max moments and the compatibility

of the -max distributions, see [3, 4] for the most recent results. In this report we present an update

of the analysis presented at the UHECR 2022 Symposium [4] with the improved testing of the

compatibility of the -max distributions.

2. Data sets

The Auger data set consists of events detected with the FD and having at least one triggered

SD station required for an accurate shower geometry reconstruction. The reconstruction of the

longitudinal air-shower profiles is performed using hourly measurements of aerosol optical depth

profiles [1] that has a substantial impact on the accuracy of the determination of the FD energy and

-max compared to the usage of a static atmospheric model [5]. The events pass the selection criteria

of the Auger -max analysis [6] including a fiducial field-of-view selection ensuring an unbiased

acceptance of the showers almost independently of their -max. The mean 〈-max〉 and the standard

deviation f(-max) of the measured -max distributions are corrected for the residual acceptance
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Figure 1: Measurements of 〈-max〉 and f(-max) at Auger [7] presented at the ICRC (2019) compared
to predictions for proton and iron nuclei of the hadronic interaction models EPOS-LHC, Sibyll 2.3c and
QGSJet-II.04. Measured -max moments are corrected for the experimental biases. The error bars denote the
statistical uncertainties, the systematic uncertainties are shown with brackets.
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