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The Pierre Auger Observatory
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Principle (1)
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Principle (2)

Picture of the Spot on the 

PMT-Camera to conclude 

on the optical properties of 

the telescope

GEANT 4- Simulation
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The Light Source

• 6 High-Power-LED-Arrays with 
maximum at 395nm

• low weight

• 250mW radiated power

• Pulsed Modus with pulse-
lengths 1/10s – several 
seconds

h=40 mm

d=38 mm

weight = 80 g

=> energy-saving

no cooling-system required
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The Balloon

• Pay load: 3-4 kg 

• Size: 7.5 m³

• Lenght: 4.5 m

• Height: 2.2 m

• Max. achievable Height:

1500 m

• Position known from GPS

• Because of unexpected
bad weather only one day 

of measurements possible
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The CCD-Camera

• Resolution: 
640x480 Pixel

• Exposure time: up 
to 10 seconds to 
collect enough 
photons

• Cooled Chip for 
low noise
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The PMT-Camera

• Covered with 
paper to 
photograph the 
spot

• Hexagons on the 
paper to determine 
the spot-size
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Measurements
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Analysis: Spotsize

Measurement Simulation
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Spotsimulation

≡ 9.3 mm

X-Achse [Pixel]
0 50 100 150 200 250 300 350 400

Y
-A

ch
se

 [
P

ix
el

]

0

50

100

150

200

250

Entries  307200

0

50

100

150

200

250

300

350

Entries  307200

Parameter
 

: 136 y: 138   Mx M
   Laenge: 204   

Spot 1.05.56.b16

Measured spotsize only 5.3% larger than simulated one

=> High-quality set-up of the telescope

95% of the 

Photons 

(background 

considered)

are in the 

circular
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Analysis: Shadow of PMT-Camera

Without PMT-Camera: Spot has a circle-form

=>Searching for deviations from a circular

Measurement Associated simulation
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Spotsimulation

25% - 30% of the light is absorbed by the PMT-Camera, depending on the 

inclination-angle of the incoming light

Simulation:

Asymmetry in spotform because of inclination
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Simulation: correction ring

azimuth-angle: 10° + elevation-angle: 10°

X-Axis [mm]
-315 -310 -305 -300 -295 -290 -285 -280

Y
-A

x
is

 [
m

m
]

-355

-350

-345

-340

-335

Entries 203497

0

10

20

30

40

50

60

70

Entries 203497Spotsimulation

X-Axis [mm]
-315 -310 -305 -300 -295 -290 -285 -280

Y
-A

x
is

 [
m

m
]

-355

-350

-345

-340

-335

Entries 96570

0

10

20

30

40

50

60

70

Entries 96570Spotsimulation

X-Axis [mm]
-315 -310 -305 -300 -295 -290 -285 -280

Y
-A

x
is

 [
m

m
]

-355

-350

-345

-340

-335

Entries 106946

0

10

20

30

40

50

60

70

Entries 106946Spotsimulation

only photons going 

through corrector ring 
only photons going 

through aperture 



DPG –Frühjahrstagung Berlin 2005Jan Becker 13

Simulation: misplaced PMT-Camera 

Direction to

aperture mirrors

Displacement [mm]
-20 -15 -10 -5 0 5 10 15 20

S
p

o
tc

ir
c

le
 [

m
m

]

0

2

4

6

8

10

12

14

16

18

p0 0.006257±-0.561m = 0.006257±-0.561

p0 0.006257±0.2776m = 0.006257±0.2776

Misplaced  PMT -Camera

DPG –Frühjahrstagung Berlin 2005Jan Becker 14

Outlook

• Investigation of more telescopes

• Resolve the location of the spot on the PMT-Camera 

=> Pointing possible

• With simulation-software the intensity distribution in 

the spot is known

=> include in reconstruction-software to improve the 

reconstruction

• Relative calibration of the PMTs with a constant 

isotropic light-source

(same ring with a diffusor and changed electronics)
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Analysis Spotsize (additional)
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