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Global Cosmic Rays Observatory

How to reach the physics case with a surface detector?

A. Energy resolution: 10% at 100 EeV
→ Driven by spacing between detectors and number of
particles measured in the detectors

B. Angular resolution: 0.5 degrees at 100 EeV
→ Driven by spacing between detectors and the time
resolution

C. Excellent mass composition determination
→ Determined by the quality of the separation between the
em and muonic components of air-showers and hadronic
interactions modeling

D. Huge exposure
→ Driven by the effective cost of a detector (including
deployment) and constrained by resolutions

Can Water Cherenkov Detectors do it?
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1.5 km spacing vs 2.25 km spacing
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Figure 3: T4 trigger probability as a function of zenith angle for 3 PMTs and 1 PMT config-
urations for simulated showers at lg(E/eV)= 19 .
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Figure 4: T4 trigger probability as a function of energy for Auger South (dashed line) and
North (continuous line).
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Number of stations at 2.25 km spacing
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(c) lg(E/eV)= 20
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Figure 6: The distribution of the number of stations for different energies and zenith angles.
The last bin contains the fraction of events with 6 or more stations. The line is drawn for
guiding the eye.

lowest fluctuations.

The optimum distance for the
√
2mile array is shown in Fig. 7(a). For events with no

saturated signals it is 1400m and it is independent of the number of stations (Fig. 7(b)). For
events with saturated signals the mean ropt is 1850m

1.

At distances of 1400m from the shower core the particles recorded are mainly part of the
muonic component of the air shower. The attenuation in the atmosphere should be smaller
compared to 1000m, where we are still left with parts of the electromagnetic component.
Switching to a larger distance will require therefore a different attenuation curve descrip-
tion. The attenuation curves for proton and Iron were obtained at the standard Southern
distance 1000m(Fig. 8(a)) and at 1400m (Fig. 8(b)) for lg(E/eV)=20. The correction to

1In the case of the Southern site, it is at 1300m.
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Statistics dominated by the 3 fold and 4
fold events up to 30 EeV
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(d) relative spread 1400 m
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Figure 8: Comparisons between Southern and Northern sites. (a-b) Attenuation curves for
air showers with lg(E/eV)=20 assuming an optimum distance of 1000m and 1400m. (c-d)
The relative uncertainty of S(1000m) and S(1400m) for the same energy. (e) core resolution
for both arrays.
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The idea: optical separation of a Water Cherenkov Tank
A water volume responds different to photons, e± and µ±

photons electrons muons
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The idea: optical separation of a Water Cherenkov Tank
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Universality of a and b

independent of distance to axis
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Figure 2: The fraction of the number of photoelectrons in the upper liner. The mean values are
0.38 ± 0.01 for the muonic part and 0.57 ± 0.01 for the electromagnetic part
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Figure 2: The fraction of the number of photoelectrons in the upper liner. The mean values are
0.38 ± 0.01 for the muonic part and 0.57 ± 0.01 for the electromagnetic part
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Good resolution for muonic and electromagnetic signals at station level
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bias smaller than 5% and resolution of about 20-25% on station signal
leads to a event muonic signal resolution of better than 18%
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Not only total signal, but also time distributions
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Based on Universality or DNN we can get Xmax
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Example of Xmax reconstruction from Universality
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Example of merit factors at 10 EeV and 63 EeV
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Example of merit factors at 10 EeV and 63 EeV(extra randomisation)
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Example of merit factors at 10 EeV and 63 EeV
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Example of merit factors at 10 EeV and 63 EeV(extra randomisation)
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