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JEM-EUSO

FoV 

time resolution 
(GTU) 

spatial resolution  
 

orbit = 90 min   3



320 000 pixels
4.5 m2

each PDM 
works 
independentl
y

FoV: 27x27 
km2

telescope
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simulating the Earth
Aeolian Islands

O. Catalano et al. NIM A 480 (2002) 547

reasonable 
scaling compared 
to BABY balloon 

data

500 ph/(m2∙ns∙sr)

             ⇓

1.4 phe/pix/GTU

sky

JEM-EUSO

Simulation

Experimental data 5



TurLab
Rotational speed
max:1 rot. in 12 s
min: 1 rot. in 20 
min

EUSO @ TurLab

∅ 5m 
rotating 

tank

range: 1-100
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Current set-up

• focusing lens

• 5x5 pixel MAPMT

• electronics

• the tank

electronics
LabView

Lens

Photomultiplier
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Electronics

25 
channels

Amp

Discriminator
s

threshold  
width

scalers

dual 
timer
width

status A

fan-in 
fan-out

LabView
30 
ms

JEM-EUSO: clock=25 ns - GTU= 2.5 μs
⤋

EUSO@TurLab: discr. width=400 ns - 
GTU=40 μs

JEM-EUSO: clock=25 ns - GTU= 2.5 μs
⤋

EUSO@TurLab: discr. width=400 ns - 
GTU=40 μs

photon counting
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TurLab

 

resolution

JEM-EUSO

 

 

time
1 GTU = 40 μs sampled every 30 ms

space
1 pixel watches a 
FoV of  5x5 mm2

Ω=1.56x10-6 

sr
Ω=1.56x10-6 

sr
Ω=6.25x10-6  
sr
Ω=6.25x10-6  
sr

ISS:  m/s — TurLab: 10-1 m/s 
speed ratio 

FoV ratio:  = 10-5

 

1 rot/3 min
R = 2 m

1 rot/3 min
R = 2 m
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cosmic rays
using rotation of the tank

• energy: >5*10^19 eV

 

 

LEDs on 
the 

rotating 
tank
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simulating events

OUR ELECTRONICS

• GTU = 40µs
• Dead time = 

30ms

JEM-EUSO 
ELECTRONICS

• GTU = 2.5µS
• No dead time 

inside a bunch of 
128GTU
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Arduino
An electronics 

prototyping platform 
based on open-

source hardware and 
software

Arduino 
programs are 
written in c and 
uploaded to the 
board via usb 
connection 12



driving 10 LEDs

Min Time LED’s 
light: down to 2 
µs

With JEM-EUSO 
instrumentatio
n

Cosmic rays: T LED 
from 2.5μs to 25μs

Portions of code 
written in 
Assembly
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Light intensity 
of each LED is 
controlled to 
match the CR 
brightness 
profile

Cosmic 
Ray  
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with our 
instrumentation

T Led = 
60ms

Repetition 
cycle = 1Hz

cosmic rays 
GTU number ≈ 20, Real time≈ 
600ms
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T Led = 
10µs

Repetition 
cycle = 
1kHz

with our 
instrumentation
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transient luminous event

Helve
• Ring-shaped

•  (ionosphere)

•   

 Sprite
• Various shape
• Size: up to 50x50 km

•   

 

C. P. Barrington-Leigh. Elves: Ionospheric Heating 
By the Electromagnetic Pulses from Lightning. / 
Space Science Lab, Berkeley

McHarg, Haaland. Altitude-time development of 
sprites / journal of geophysical research, vol 
107,2002 

HelveHelve followed by 
Sprite
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Helve:

•   

  Jem-Euso:
• Pixel FoV = 

500m
• GTU = 2,5μsv  

One pixel each 
GTU

With our 
electronics: T LEDs  
80ms 

 

Wavelengt
h shifting 
fiber
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intensity of each 
LED has been tuned

meteo
r • altitude: 75km to 

100km 
• speed: 10km/s to 

70km/s

Erickson, Philip J. "Millstone Hill UHF 
Meteor Observations: Preliminary 
Results"

considering:
 

 

 equal to  

M ≈ 
5

duration: s to 1-2s 
depending on speed and direction
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moss

forest

glass 
dust

glacier

sand

desert
brick

s

savannah

different backgrounds
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materials reflecting background light

different light sources

LED strip

oscilloscop
e

mirro
r

brick
s

glass 
dust

moss

forest
desert

glacier

mean albedo: 
UVB (λ≥320nm)
• forest 0,05
• desert 0,09
• fresh snow 0,85
Stefanie Falk, Photon Transmission 
and Cherenkov Peak, Atmospheric 
Monitoring and Simulation Meeting – 
Karlsruhe 2013

mean albedo: 
UVB (λ≥320nm)
• forest 0,05
• desert 0,09
• fresh snow 0,85
Stefanie Falk, Photon Transmission 
and Cherenkov Peak, Atmospheric 
Monitoring and Simulation Meeting – 
Karlsruhe 2013

  

light emitting sources

ratio counts:
• moss 1,67
• mirror 5,97
• bricks 3,04
• glass dust 5,91

ratio counts:
• moss 1,67
• mirror 5,97
• bricks 3,04
• glass dust 5,91
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clouds

Plastic 
particle

s 

∎Salt 
water 
plus 
fresh 
water

∎Particles 
in waterDark 

container
(obtained 
with black 

sacs)

Unclear results

Possible improvements:
• black velvet in place 

of sacs;
• use of a larger 

container;
• light more diffused
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testing the trigger 

data of reproduced events or 
different conditions used to 

testing the trigger of Jem-EUSO

VHDL
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what has been done

• reproduction of cosmic rays with 

Arduino

• replica of  upper-atmospheric 

lightning

• replica of background conditions

• data analysis with MatLab
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