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The SD-433
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Densest array of the Auger Surface 
detector (SD)

19 WCD

1.9 km2 area / 1.1 km2 effective area

𝜀 = (3.87± 0.15) km2 sr yr

Offline Reconstruction from ICRC 2023

Phase I spectrum from Jan 2018 - Dec 
2021
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Estimated with CORSIKA simulations

EPOS-LHC and FLUKA 

Mass fraction using GSF Mix

Full efficiency at 1016.8 eV for 𝜃<45°

Test of the core distribution uniformity to 
verify full efficiency 

SD433 Efficiency
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Signal correction by zenith angle

Shower size corrected via Constant Intensity Cut

Countdown method with energy dependence

3rd degree polynomial in x = sin²(𝜃) - sin²(𝜃
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Calibration made with the SD-750 and SD-433 

simultaneous events

Events from Herald SD-750 dataset from EPJ 

2020 Wiki

Likelihood fit with the correlation between the 

detectors included

Energy Calibration
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Energy bias and resolution

Bias and resolution measured from 

Simulations.

Less than 2% from the 16.6 bin

Resolution ~15% at the full efficiency 

threshold

Elements needed to fit and unfold the 

spectrum
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Raw spectrum

6T5 Events

𝜃< 45˚

The 2nd knee is hinted even before 

unfolding
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Unfolded spectrum

First measurement of the 2nd knee with Auger 

SD

Correction factors between 0.9 and 1.0 in all the 

spectrum energy range.

Proper characterization of spectral indexes 

before and after the 2nd knee.

p-val = 0.66
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Spectrum systematics

14% uncertainty in the FD energy scale

Calibration systematics

Unfolding assumptions

Exposure uncertainty

~ 37% overall systematic uncertainty in the flux
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Combined SD-433 and SD-750 spectrum

The combination requires no adjustments 

The model fits well the observed data

p-val = 0.58

SD-433 dominates at lower energies 

allowing the measurement of the 2nd Knee

SD-750 provides coverage up to the ankle
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 The two features are measured simultaneously
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Conclusions

● First measurement of the 2nd Knee with the Auger Surface Detector

● The energy threshold of the SD-433 enables the characterization the 2nd Knee

● Systematic uncertainties under control

● Out of the box combination of SD-433 with the SD-750 spectra

● Simultaneous measurement of the 2nd Knee and the Ankle

Further work:

Update the reconstruction to Offline ICRC 2025

Update the SD-750 calibration
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SD-433 Paper
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Editorial board conformed:

- Gabriel Brichetto Orquera

- Piera Ghia

- Diego Ravignani

- Markus Roth

- Darko Veberic

- Brian Wundheiler

Weekly meetings

Paper already drafted

More info on the wiki!
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