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Radio at the Pierre Auger Observatory
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Pierre Auger Observatory: Hybrid EAS Detection
Surface Detector (SD)Surface Detector (SD)
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Pierre Auger Observatory: Hybrid EAS DetectionFluorescence Detector (FD)Fluorescence Detector (FD)
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Pierre Auger Observatory: Hybrid EAS Detection

FD: longitudinal development

SD: lateral distribution
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First Part: PMTs for Fluorescence Detection
 

• optimized for fluorescence light between 
300 nm and 400 nm

• camera: 440 photomultiplier (PMT), 
Photonis hexagonal XP 3062

• transition between PMTs is covered by 
light guides

Discrete spectrum, mainly UVDiscrete spectrum, mainly UV
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First Part: PMTs for Fluorescence Detection

 High Elevation Auger Telescopes (HEAT)
• Photonis stopped delivery of ordered XP 3062 (hexagonal)
• Replacement of one camera (440 PMTs) with round entry window

Low energy shower:
higher in the atmosphere

and closer to the teleskope

Low energy shower:
higher in the atmosphere

and closer to the teleskope
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First Part: PMTs for Fluorescence Detection

 High Elevation Auger Telescopes (HEAT)
• Photonis stopped delivery of ordered XP 3062 (hexagonal)
• Replacement of one camera (440 PMTs) with round entry window
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Winston Cones: Material

World-market leader
for band-anodized aluminium

World-market leader
for band-anodized aluminium
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Winston Cones: Design
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Winston Cones: Lab Measurements
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Winston Cones: Test Installation

• prototype with 48 PMTs + Winston Cones installed in one camera
• plastic plate to hold Winston cones

– produced with 3D printer to fit
– camera body shape
– screwed to camara body
– Winston cones glued with epoxy

• same focal plane
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New PMTs
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New PMTs

• Higher QE of 40% (R11920-100)
compared to 35%  (R9420-100)

• Spherical window increases homogenity 
of winston-cone efficiency
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New PMTs

• Improved Afterpulsing
• To be tested with ca. 100 PMTs 

in one camera
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 Fluorescence with SiPM

Pro: insensitivity!
Test-measurements with moon

Future for FD?

Pro: insensitivity!
Test-measurements with moon

Future for FD?
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 Fluorescence with SiPM



Auger-UpgradeAuger-Upgrade
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Auger Key Question:
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Auger Key Question:
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Auger Key Question:

Report of the Working Group on the Composition of Ultra
High Energy Cosmic Rays (UHECR 2014)

arXiv:1503.07540

http://arxiv.org/abs/1503.07540


Auger-Upgrade:Auger-Upgrade:
Event-Wise Composition SensitivityEvent-Wise Composition Sensitivity

at highest Energiesat highest Energies
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Composition sensitivity: EM/μ ratio

• Add (thin) Scintillator on top of Surface Detectors for EM component
• Dynamic Range: 

peak signal in a 4m2 SSD at 200m from the core of a shower at 1020 
eV and 38 degrees zenith angle is expected around 12,000 MIPs 

5x1019eV, 38°
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Auger Upgrade

• Add (thin) Scintillator on top of Surface Detectors for EM component
• Dynamic Range: 

peak signal in a 4m2 SSD at 200m from the core of a shower at 1020 
eV and 38 degrees zenith angle is expected around 12,000 MIPs 
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Auger Upgrade:

• Small Scintillator with wace-length
shifting fiber to one PMT

• Main requierement: 
– sensitivity above 500nm
– Large dynamic range, linearity

• Candidates so far:
– R9420
– R8916

Noise-level on FE-Board
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Saturation of Surface Detectors

• Add a “small” PMT to increase
dynamic range of linear response
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Saturation of Surface Detectors

• Add a “small” PMT to increase 
dynamic range of linear response

• New integrated SD-Electronic at higher sampling rate (120MHz)
• New HV also for existing 9” Photonis PMTs
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Summary

Auger UpgradeAuger Upgrade

PMT with broad linearity and PMT with broad linearity and 
good QE above 500nmgood QE above 500nm
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Far future: GCOS

p-astronomy with sources
• Global, few sites, N+S
• ca. 90,000 km2 (x30 Auger)
• FD with SiPMs?
• No FD at all?
• Optimal detector for 

composition-sensitivity?
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Schedule


