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Abstract. Motivated by the ANITA report of pulses compatible with upward-going extensive air showers, we

present a recent search for such showers using the Pierre Auger Observatory. The dataset, registered using the

fluorescence detector of the Observatory, is scanned to identify showers ascending from the ground. Consistent

with the exit angles reported from the first and third ANITA flights, we focus on shower geometries that are

incompatible with Standard Model interactions of neutrinos in the Earth. We present the effective area of the

Observatory to generic upward-going showers as a function of shower energy and altitude. This can be used

to constrain predictions based on physics beyond Standard Model and the upgoing-shower interpretation of the

ANITA results. To demonstrate the method, we calculate limits to the production rate of tau leptons near the

ground emerging under a range of exit angles.

1 Introduction

The Pierre Auger Observatory [1], located near Malargüe,

Argentina was built to investigate ultra-high energy cos-

mic rays (UHECRs). Nevertheless, it is also capable

of measuring upward-going (UG) extensive air showers

(EASs) that could be created by other particles than UHE-

CRs. In this contribution, we search for EASs that would

emerge from the ground with zenith angle (θ) above 110◦.

To this end, we utilize the fluorescence detector (FD) of the

Observatory that is composed of 24 telescopes at four sites

covering elevations up to 30◦, and three High-Elevation

Auger Telescopes (HEAT) looking between 30◦ and 60◦

in elevation.

Our search is motivated by ANITA report of radio

pulses compatible with upward-going extensive air show-

ers [2] and our choice of investigated zenith angles com-

ply with these findings. It is worth noting that presence of

UG EASs with that large θ implies phenomena beyond the

Standard Model of particle physics, because such showers

would be inconsistent with interactions of neutrinos in the

Earth and current limits on neutrino flux provided by the

Auger Observatory [3].

2 Analysis

Showers ascending from the ground can be distinguished

in the FD from downward-going (DG) EASs using the

trigger time information from individual FD pixels to-

gether with their pointing. On top of that, we utilize an

approximately universal longitudinal shape of EASs that

must be compatible with calculated profile of the energy

deposited in the atmosphere [4]. The later is especially
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important to assess the geometry of showers detected only

in one FD station for which the time and pointing infor-

mation is not sufficient for short tracks.

After the cleaning of the dataset from lasers used to

monitor the atmosphere, Section 2.1, we estimate the num-

ber of background events, Section 2.2, calculate the FD

exposure to UG events, Section 2.3, and, finally, unblind

the data and assess the number of candidate events, Sec-

tion 2.4.

2.1 Laser cleaning

To efficiently filter events coming form monitoring lasers

of the Observatory, occurring occasionally in undefined

times due to technical malfunctions, a burnt dataset (10 %

of the full sample) was unblinded in advance and not used

in the final analysis. The distribution of impact points of

events in the burnt sample before and after the laser clean-

ing is shown in Fig. 1. The apparent lines occur due to

misreconstruction of laser events that are shot from the two

laser facilities in the centre of the array and from LIDARs

located at four FD sites. Thus, the residual laser events are

rejected based on the azimuth of the direction of normal to

the shower-detector plane and on specific frequencies of

laser shots.

2.2 Background

In the case that a shower is detected only in one FD sta-

tion, i.e. we use a monocular reconstruction to calculate

the shower axis, the shower can be wrongly reconstructed.

As a consequence, ordinary downward-going EASs can

mimic UG signal. A shower falling behind the FD tele-

scope produces an image on the FD camera that is moving
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