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Cosmic Rays
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Extensive Air Shower (EAS)

Electromagnetic     hadronisch   myonische  
shower component
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Hybrid Detection Technique
longitudinal

 
shower profiles by fluorescence light in atmosphere

lateral
 

particle distribution at ground
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Kosmische Strahlung bei den höchsten Energien

1 Teilchen pro km² 
und Jahrhundert

60 km

The Southern Pierre Auger Observatory

BLS
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Why Hybrid Detection Technique ?

Surface Detectors

 100 % duty cycle

 acceptance = geometric

 only last stage of shower
 development observed

 energy scale 
model dependent

Fluorescence Detectors

 ≈
 

15 % duty cycle

 acceptance depends on 
distance and atmosphere

 observation of longitudinal 
shower development

 (almost) model independent



10 13. September 2010Dr. B. Keilhauer

E
ne

rg
y-

“e
st

im
at

or
“f

ro
m

 s
ur

fa
ce

 d
et

ec
to

r

Energy from fluorescence detector

Energy Calibration



11 13. September 2010Dr. B. Keilhauer

Measuring Principle of EAS with 
Fluorescence Telescopes
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Meteorological Radio Soundings

Start of a weather balloon

Balloon Launching Station (BLS)

Measurements of air pressure (p),
 of air temperature (T),

 of humidity (u)
in dependence of altitude
every 5 seconds readout of all data
from ground up to about 23 km a.s.l.
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Radiosondes

DFM-06 Sonde from

GPS-module T- and u- 
sensors

altitude from GPS-module

direct measurements of
 temperature and 

relative humidity

pressure calculated 
iteratively from ground 
pressure and altitude

http://radiosondes.com/
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flight paths above the pampa
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Balloon-the-Shower

No regular scheduled launches anymore

high-energy, high-quality EAS iniciate launch of weather balloon

start of measurement within about 3 hours after EAS

Balloon-the-Shower program started in March 2009 and will be 
terminated at the end of 2010
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Duration of Soundings

⇒
 

in average 103 min.
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Variance of Observables
Differences between maximum 
and minimum of observable
as found in weather station data 
during the time of a weather 
balloon launch.
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Adjustment
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New Duration of Soundings

⇒
 

in average 209 min.
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Critical Aspects of Technique
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Critical Aspects of Technique
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Critical Aspects of Technique



24 13. September 2010Dr. B. Keilhauer

Critical Aspects of Technique
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Critical Aspects of Technique
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Critical Aspects of Technique
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Global Data Assimilation System (GDAS)
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GDAS

global atmospheric model developed at NCEP

National Centers for Environmental Prediction (NCEP) at NOAA –
 National Oceanic and Atmospheric Administration

vertical atmospheric profiles for height, temperature, humidity 
at 23 constant pressure levels every 3 hours since Dec. 2004

global data publicly available at http://ready.arl.noaa.gov
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Comparison of GDAS with Sounding Data 
- using fitting technique -
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Comparison of GDAS with Sounding Data 
- using fitting technique -
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Reconstruction Analysis

all EAS from 2009 are reconstructed

FIRST reconstruction with local atmospheric monthly models

SECOND reconstruction with GDAS atmospheric data
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Reconstruction Differences
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Reconstruction Differences vs. <E>
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Reconstruction Differences vs. vertical Xmax
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Reconstruction Differences vs. vertical Xmax
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Reconstruction Differences vs. zenith angle
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Summary
Auger Observatory for investigation of 
highest-energy cosmic rays

Actual atmospheric profiles
 

must be known 
for a reliable EAS reconstruction

Local radio soundings
 

are inefficient and 
duration of validity is questionable

GDAS data
 

describe conditions at the 
(southern) Auger Observatory well

EAS reconstruction
 

reaches a higher level 
of precision
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