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The cosmic spectrum : a 50 years old mystery

large fluxes :
satellites and balloons

Should we come back to 
satellites at the highest energies?

low fluxes :
air shower arrays

Spectrum measured on 12 orders of magnitude in 
energy and 32 in flux

• At low energy (<1014-15 eV) the fluxes are large 
-> domain of satellite and atmospheric balloons

• At high energies (low fluxes) one uses air shower 
properties to detect cosmic-ray
-> domain of air shower arrays and fluorescence 
detector

• At the highest energies (~1020 eV), extremely low 
fluxes (<1 CR.km-2.century-1)
-> domain of giant air shower detectors



Expected cut-off at the highest energies 
Above a few 1019 eV, protons and nuclei are expected to interact strongly with photon 
backgrounds (IR-CMB)
• protons lose energy through the pion production process
• nuclei are photo-disintegrated through the giant dipole resonance process
➡ above the interaction threshold, the particles horizon is reduced
➡ only nearby sources can contribute at the highest energies
➡ a cut-off is expected in the spectrum (whatever the composition at the sources)

• Energy loss processes isolate the nearby Universe at the highest energies, the sky is 
supposed to be anisotropic if the sources are somehow correlated with the local matter

• Magnetic deflections are expected to be small at such high energies 
➡ if protons are present they should point back to their sources

Drawback : the fluxes are extremely low
➡ Huge aperture experiments are needed to accumulate statistics



The Pierre Auger observatory : a giant hybrid air shower 
detector

50 km
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 k

m•1600 surface detector spread over 3000 km2

•4 fluorescence telescope
➡by far the largest observatory in the world
➡will provide unprecedented statistics at the 
highest energies
➡hybrid detection for a better understanding of air 
shower properties 

• Southern hemisphere observatory built in Argentina 
• Surface detector : sample the lateral development

 of the shower at the ground 
• Fluorescence detector : measure the longitudinal 

development of the shower
➡ two independent detector that measure different 

properties of air showers 



Recent results of the Pierre Auger observatory :
is CR astronomy possible? 

Composition measurement favor a 
mixed composition maybe getting 

heavier at the highest energies

Auger spectrum exhibits a cut-off at the highest energies
This cut-off is expected theoretically 

A significant correlation between the arrival 
directions of the highest energy events and nearby 

AGN has be shown
➡ the sky is anisotropic at the highest energies
➡ favors CRs coming from extragalactic sources
➡ starting point of the CR astronomy?

Auger Collaboration ICRC 2007

Auger Collaboration ICRC 2007

Auger Collaboration science 2007



The future of cosmic-ray observations at the 
highest energies

The Pierre Auger observatories, south (3000 km2) and north (20000 km2 in colorado) 
should improve our knowledge of the UHE cosmic-rays origin by :

• measuring the CR spectrum up to a few 1020 eV
• measuring the CR composition
• constrain air shower physics
• draw detailed sky maps
• maybe estimate individual spectra for a few very bright sources

But Auger certainly represents the limit of what can be done with Air shower arrays
To go further one way is to go back to space

Auger North+South 2014; 10-5 source.Mpc3 Auger North+South 2030; 10-3 source.Mpc3 (source Auger North Design Report)



JEM-EUSO : observing UHE cosmic-rays from space

Principle : observing the fluorescence light, emitted during the longitudinal development, 
from space

Keep the advantage of the fluorescence detection : calorimetric measurement of the energy
Huge field of view 



JEM-EUSO : on the ISS
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A huge collection area

140 km
Auger North

~10 times bigger than Auger South+North
~20% of duty cycle

fully efficient above 1020 eV
➡ twice more event per year (20 times for 

the fluorescence detector)



A tilted mode to increase the statistics

nadir mode

tilte
d mode

Significant increase of the statistics above 1020 eV
could be crucial to accumulate statistics at the 

highest energies



JEM-EUSO : science objectives

• Astronomy and astrophysics of charged cosmic-rays
- large statistics measurement of the high energy cut-off
- source identification, individual spectra measurement
- constraints on acceleration mechanisms
- composition

• Identification of photons and neutrinos showers

• Constraints on extra-dimensions and quantum gravity

• Global observations of plasma phenomena in the atmosphere



JEM-EUSO : the instrument

Optics : Fresnel lenses; 330-400 nm bandwidth; D=2.5; R=0.1 deg; f=2.5 m

2.5 m

Focal surface detectors : 2.5 m diameter curved surface 

1 Elementary Cell contains 4 Multi-Anode
 photomultipliers (MAPMTs) manufactured 

by Hamamatsu
1 Photo-Detector Module (PDM) contains 9 EC

The focal surface detector is made of about 
160 PDMs -> ~6000 MAPMTs 

Convert the incoming fluorescence
photons into electric signals



JEM-EUSO : atmosphere and clouds monitoring

• LIDAR :

- light weight and low power consumption

- used for cloud monitoring, estimate of the detector efficiency and sea 
albedo estimates

• IR camera :

- monitors the temperature of the the top-clouds

- combined with LIDAR data to estimate the cloud coverage

•Slow data 
- photon counting rate each 3.5s can be used to monitor starlight 
scattering and reflexion by the top-clouds



Expected performances 

Resolution :
E~30%

Δθ~1-2 deg
ΔXMAX~40-80 g.cm2

A typical event :
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International collaboration
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Proposed contribution of the French collaboration 

✴Estimate of the UV fluorescence yield :

- Number of fluorescence photons emitted by a relativistic electron in the air per unit 
path length -> proportionality between the number of fluo. photons and number of 
electrons in the shower

- Main source of systematics on the energy for fluorescence based experiments

- Patented method to calibrate the photodetectors (at 1.5%) is used (Lefeuvre and 
Gorodetsky 2006) -> lowest claimed systematics measurement in the market (5%)

- A measurement for different 
conditions of pressure, temperature
and humidity is proposed



Proposed contribution of the French collaboration 

✴Calibration of the focal surface detector pixels 

✴ PMTs High voltage distribution 

✴ Purchase of the infra-red camera

✴ Software :

- State of the art transport code of CRs (proton, nuclei, neutrinos)
-> contribution to the science case and interpretation of the data

- Theory of hadronic interaction and dedicated air shower 
simulations for EUSO

- Participation to the end-to-end simulation



Outline

• Observing giant air shower from space is a promising technique to 
accumulate statistics at the highest energies and do CR astronomy

• JEM-EUSO represents a pathfinder for this technique and should 
improve our knowledge of UHECR origin

• France has to be part of it !


