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The Pierre Auger Observatory (Auger) and the Telescope Array Project (TA) are the two largest ultra-high-

energy cosmic ray (UHECR) observatories in the world. One obstacle in pursuing full-sky UHECR physics

is the apparent discrepancy in ŕux measured by the two experiments. This could be due to astrophysical

differences as Auger and TA observe the Southern and Northern skies, respectively. However, the scintillation

detectors used by TA have very different sensitivity to the various components of extensive air showers than

the water-Cherenkov detectors (WCD) used by Auger. The discrepancy could also be due to systematic effects

arising from the differing detector designs and reconstruction methods. The primary goal of the Auger@TA

working group is to cross-calibrate the approaches of the two observatories using in-situ methods. This is

achieved by placing a self-triggering micro-array, which consists of eight Auger surface detector stations,

with both WCDs and AugerPrime scintillators, within the TA array. Seven of the WCDs use a 1-PMT

prototype conőguration and form a hexagon with the Auger spacing of 1.5 km. The eighth station uses a

standard 3-PMT Auger WCD, placed with a TA station at the center of the hexagon to form a triplet for

high-statistics, low-uncertainty, cross-calibration of instrumentation. Deployment of the micro-array took

place between September 2022 and August 2023, with data-taking foreseen by the Fall of 2023. Details on the

instrumentation and deployment of the micro-array, as well as its expected performance, trigger efficiencies,

and event rate will be presented. First data from individual stations will also be shown.
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• Investigate discrepancy in ŕux suppression region with single event comparisons

The Auger@TA project is conducted in two stages, with Stage I spanning from 2018 to 2020 and

Stage II currently ongoing. Both stages will be reported on in this document, with a full publication

on Stage I following later this year.

3. Auger@TA Stage I: Station-level Comparisons

The initial stage of the Auger@TA project had the goal of cross-calibrating and comparing the

data from two co-located stations, one regular 3-PMT Auger (here Auger@TA) and one TA station,

positioned at the TA Central Laser Facility (CLF) [8, 9]. The TA station received a trigger signal

from the TA array and data from both stations were recorded. Over the course of the run-time

of Stage I, a total of 12 events, that were reconstructed by TA and passed their quality cuts, were

observed by the co-located Auger@TA and TA stations. For each of the 12 shared events, similar

events were selected from nearly 20 years of available Auger SD data, in order to analyze the

Auger@TA signal and compare it to both the Auger and TA array.

Event ID
𝐸TA

rec

(EeV)

𝜃TA
rec

(◦)

𝑆TA

(MIP)

𝑆Auger@TA

(VEM)

𝑅Auger@TA

(m)
#𝐸𝑣𝑒𝑛𝑡𝑠Auger

Quantile

(%)

12 4.25 43.52 8.39 18.97 1078 9496 75.3

13 3.61 40.74 27.42 40.33 703 13807 26.7

34 4.57 38.44 18.51 25.12 1105 7505 89.5

49 4.58 38.28 38.83 56.49 811 7402 68.2

80 7.57 22.23 6.43 6.85 1580 1769 49.9

90 3.30 5.41 16.55 31.99 1016 2623 93.7

105 4.84 31.94 523.74 505.66 382 6073 40.5

111 4.96 39.92 8.33 6.71 1318 6317 17.8

119 4.93 32.64 51.48 104.31 775 5809 84.6

165 4.24 22.79 8.66 11.74 967 6334 2.3

181 3.24 16.29 68.70 86.16 355 9114 0.4

188 3.11 41.15 12.54 50.61 857 29429 94.3

Table 1: Overview of the 12 shared events observed in Stage I (see text
for details).

The TA reconstruction

values for energy and zenith,

𝐸TA
rec and 𝜃TA

rec , were used to

select all Auger events that

are within a 1𝜎 (𝐸rec) win-

dow of the TA reconstruction

values. In order to calculate

this 1𝜎 (𝐸rec) window the TA

reconstruction uncertainties as

reported by TA in [2] as well

as the energy and zenith uncer-

tainties from Auger as reported

in [10] and [1] are taken into

account and added in quadrature as

𝜎 (𝐸rec) =

√︂

𝜎

(

𝐸TA
rec

)2
+ 𝜎

(

𝐸
Auger
rec

)2
and 𝜎 (𝜃rec) =

√︂

𝜎

(

𝜃TA
rec

)2
+ 𝜎

(

𝜃
Auger
rec

)2
(1)

The number of selected Auger events is listed for each of the 12 Stage I events in Table 1. An average

lateral distribution function (LDF) [11] is calculated from the Auger events in order to compare it

to the Auger@TA signal for each of the 12 Stage I events. If the Auger@TA signal is above the

average LDF this means that the 𝐸TA
rec used to select the Auger events was lower than what would be

needed to achieve a signal of that size in Auger. The opposite is true when the Auger@TA signal

is below the average LDF. An example can be seen in Figure 2.

To eliminate selection effects inŕuencing further analysis the Auger events are weighted.

Selection effects originating from the UHECR spectrum are reduced by applying a spectrum

weight 𝑤𝐸,spec =
(

𝐸TA
rec/𝐸

Auger
rec

)−𝛾

, where 𝛾 is the spectral index using the values as reported in

[10] for the respective 𝐸TA
rec . Additionally for both 𝐸TA

rec and 𝜃TA
rec , weights (𝑤𝐸,gauss and 𝑤 𝜃,gauss)
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5. Summary and Outlook

The Auger@TA project is currently the only effort that can identify differences in the Auger and

TA SD data by measuring the same showers with the two different detector types. This is needed

to determine if the energy scale discrepancies between the experiments are due to astrophysical

differences or unresolved data analysis discrepancies.

During Stage I of the project, 12 events were collected that were observed both with co-located

Auger and a TA stations as well as with the TA array itself. The analysis of these events, although

statistically limited, has already yielded positive results. There is currently no clear indication of

the Auger@TA station of Stage I giving different results as compared to the Auger SD array. A full

analysis of the Stage I data will be released later this year.

Stage II is currently in progress, with the micro-array almost fully instrumented and the őrst

data expected by the second half of 2023. The remaining parts of commissioning are the deployment

of bases and SSDs in the outer-hexagon stations. The őrst traces from one of the stations in the

central triplet are shown in this document. Simulation studies have been carried out to gauge the

expected performance of a single hexagon array and the results look promising, with a 1𝜎 level

comparison between Auger and TA potentially being possible after two years of data taking.
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