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JEM-EUSO Collaboration 

•Korea, Mexico, Japan, Russia, USA,  

•Western Europe: Bulgaria, France, Germany, Italy, 
Poland, Slovakia, Spain, Switzerland 

Leading institution: Riken, Japan 

Principal Investigator: Piergiorgio Picozza (also PI of PAMELA) 

+other National Space Agencies 



 

JEM-EUSO 

Previous balloon and space-borne experiments 



 

JEM-EUSO 

 Astronomical and Terrestrial Observatory 



A. Science  



A1. Fundamental particle physics and 

Big Bang Cosmology 
• Look beyond the 

Cosmic Microwave 
Background veil 

• Why is the universe 
made of matter? 

• What happened to the 
antimatter? 

• Are there topological 
defects? 

• Is there a Dark Matter 
component of ultra-high 
energy cosmic rays?  



A2. Particle physics at the highest 

energies 

• Beyond LHC threshold 

• Extragalactic Astronomy: 

• 10kpc (Galaxy) vs 100Mpc 

(extragalactic)  

• Door to unknown 

phenomena: 

– Is Lorentz invariance 

valid? Has the Universe a 

preferred direction? 

– String physics  

 
Adapted from Simpson 1983 in   PDG  by M. Casolino 
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A3. Astronomy with charged cosmic rays 

Extragalactic 

Astronomy 

Cosmic rays are not 

bent by magnetic 

fields  

• Where do Ultra-

high energy cosmic 

rays come from? 

• How are they 

produced^ 

• Is there a difference 

between Southern 

(auger) and 

Northern (Telescope 

array) hemispheres? 

1st Knee 

Ankle 

HE flux 
suppression 
(GZK?) 
 

2nd Knee 
JEM-EUSO 
SCIENCE 



NGC1073 

Extragalactic 

Cosmic rays 

Our solar  

system 

120k light year 

40kpc  

Astronomy with charged  

cosmic rays 



Observation range 

GZK sphere 

100 Mpc 

Our galaxy 

source 

source 



A4. Study and monitor of atmospheric 

phenomena 
• Transient luminous 

effects 
• Lighting, auroae 

 
• What are the 

formation processes 
on time scale of 
micro-milliseconds? 
 

• Are they caused by 
cosmic rays? 

 
• Multi-wavelength 
• Multi detector 

observation 
 



A5. Crew protection and planetary defense 

Need to extend the near-Earth 

metereoid and space debris  

inventory and size 

distribution from space, to 

overlap the data on the 

smallest bodies observed by 

ground-based Near Earth 

Object programs,  filling 

missing data between 103 - 

>106 kg  

 

A. Cellino et al. – Planetary Defense Conference, Bucharest, May 9-12, 2011 

JEM-EUSO range 



• Multi-wavelength 
monitoring of the Earth 

• High spatial and temporal 
resolution 

• Night UV map since Apollo 
and OGO-4 times, micros 
precision 

• Detect cloud, oil spills, 
plankton population, 
pollution, ozone layer, 
cloud cover… 

• Cross-correlation with 
other devoted detectors 
(GLIMS) 

UV 

Visible IR 

A6. Earth observation and 

environmental monitoring 



JEM-EUSO 
(2017) 

(2013) 

(2014) 

1. JEM-EUSO (2017) 
 

2. Ground Test at Telescope 
Array site. (2013) 
 

3. Balloon flights (3) from 
Canada  (French Space 
Agency CNES)  2014- 

 
4.   Prototype from ISS: 
Micro-UVT 

 
 

B. Instruments 
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B1. JEM-EUSO: refractor tel. from ISS 

JEM-EUSO Concept of Operations 

JEM-EUSO will be the first instrument to make a nearly uniform all-sky survey 
of extremely energetic cosmic rays. JEM-EUSO will measure the energies and 
arrival directions of these cosmic rays, then map them onto the celestial sphere 
so that correlations with local extragalactic matter distributions and possibly 
nearby sources can be made. Using a collecting power nearly 10 times larger 
than any existing experiment, JEM-EUSO will enable an investigation of the 
nearest cosmic accelerators and possibly the identification of individual 
acceleration sites. Potential JEM-EUSO instrument locations on ISS Kibo module 
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Euso 

JEM-EUSO 

an instrument with unprecedented 

characteristics:  

2 tons, 2.5m lenses 

 

I. Detector size 1012 ton 

II. Aperture: 106 km2  tilt   

II. Energy of acceptance (1020 - 1021 

eV) 

III. Multi-band field of view: 

UV Focal surf:         330-400 nm 

Visible camera:   700, 530, 470+-50 nm  

Infrared camera: 1008+-10 nm               

1200+-12 nm 

  

 

UV: 300kch VIS:300kch*2 IR: 300kch*2 

IR 

VIS UV 



Rear Fresnel Lens  

Iris 

Front Fresnel lens  

DAQ Electronics  

Support Structure 

Focal Surface Detector 

Optics 

Instrument breakdown and International role sharing 

Precision 
Fresnel lens  

Housekeeping 

On-board Calibration 

Atmospheric Monitoring 

BUS System : JAXA 

Ground Based Calibration 

Simulation : Worldwide 

Ground Support Equipment 

Telescope Structure 



Spain 

Switzerland Japan 
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• International Space Station  

• Orbiting at ~400 km in ±51.6 degrees latitudes 

–Covers both northern and southern 

hemispheres 

–Flight in varying geomagnetic field (~0.6 

gauss) around orbit 

 

• Viewing night atmosphere  

in ~500 x 400 km area (nadir mode) 

–Wide FOV allows to measure entire slowly 

developing showers 

–Target volume exceeding an order of 1012 tons 

 

FOV above Okayama 

Tilt mode(~30o) 

JEM-EUSO Field of view 

 in Nadir and Tilt Mode 

Nadir mode 



 

Simulations by K. Shinozaki 

Sicily seen from EUSO  
•Simulation of UV light 

•Environmental monitoring 

1020   eV atm. shower 



UltraViolet  

fluorescence  

emission 

Cherenkov light 

Time  

250 s 

UV Signal of a proton shower  

(1020eV, 60 deg) 

 



Fiducial volumes and “golden events” for overlap at low 
energies 

FULL JEMEUSO 

Flat ~7*10^19 eV 

AUGER EQUIVALENT 

           Flat ~4*10^19 

TA EQUIVALENT 

Flat ~2.5*10^19 

Annual exposure taking into 

account 

20% duty cycle 

70% cloud cover (world average) 



TA-equiv. 

Auger-equiv. 

Full aperture 

Overlap and match spectra  with 
Auger  and TA  

Events in one year 



Observatory Aperture 
km2 sr 

Status Start Lifetime Duty 
cycle 

Annual 
Exposure 

km2 sr yr 

Relative 
to Auger 

Auger  7,000 Operations 2006 4 (16) 1 7000 1 

TA 1,200 Operations 2008 2 (14) 1 1,200 0.2 

TUS 30,000 Developed 2012 5 0.14 4,200 0.6 

JEM-EUSO 
(E≈1020 eV) 

430,000 Design 2017 5 0.14 60,000  9 

JEM-EUSO 
(highest energies) 

Tilted mode 35° 

 

1,500,000 

 

Design 2017 5 0.14 200,000 28 

Comparative exposure with ground 
observatories 



Cosmic-Ray and Earth Observation modes 

Cosmic Rays 

 Need dark (<20-25 moon), no big towns 

 Duration <300 mus  

 Few photons 

 

 

 

 

Atmospheric and Earth Observation Sciences 

 

 Tolerate more background 

 Duration >300 mus 

 >100 photons 

 



JEM-EUSO mock-up model  

 



Optical system:1.5m model 

(Japan- USA) 

Lens Frame 

Metering Structure 



Optical system protoype 

2.65 m  

1.5 m  

large diameter Fresnel lenses 

manufactured in Japan and 

tested in the US at the University 

of Alabama (Huntsville) and at 

MSFC (NASA)  

 

Tested performances meet 
already the requirements (or 
are close to it) 
 

Spot size is 

2.5 mm! 



Focal Surface  
Mechanics 

Volume for Electronics 

(167 x 128 x 130) 

PDM Frame 

EC Base 64 channel 

MAPMT 

FS Structure – Front view 

Three element support, 

(note sphericity) 

Photo Detector 

 Module  

2304 channels 

137 PDMs in the FS – 315 kchannels 

2.5 m 



PMT development 
• Collaboration with Hamamatsu  

• Reduction of size, increase of anode 
number 

• Improvement of Quantum efficiency 

• Improvement of uniformity of response  

• Each of the 137 PDM boxes houses 36 

PMTs, 64 channels each 
Miniaturization of dynodes 

Hamamatsu Photonics 
Ultra Bialkali ZB0765  

Average: (24.4 ± 1.8)% 
UV Filter 



JEM-EUSO DAQ – Electronic System scheme 

FEE 

ASIC+

FPGA 

Count 

PDM Control 

Board 

 

FPGA 

 

Track Trigger 

 

 

Cluster Control 

Board 

 

FPGA 

 

Fine Trigger 

 

 

CPU 

Spacewire 

Clock Board  

 GPS 

Data Storage 

Software 

(Italy) 

 

Telemetry CNES 

(Siren System) 

1 Boards 1 Board 

1CCB 
1PDM 

2304ch 

36 EC 

9EC 

3Mbyte/s 

 10 Gbyte/hour 

150 GB/s (FS)  

PhotoDetector 

Modules 

4*10-3 compression 

Most data 

Stored on SSD  

17 GB/hour (save all stream) 

1 PDM  
36 x 64 channels 

PMT 

40 
36 36-3lay 6 

1 

1 

1 

36 

4*10-3 compression >10-3 compression 

137 PDM  

 



• Collaboration with ICRR, Institute of Cosmic rays, Tokyo University, 
Kashiwa campus  Installation march 2013 

 

• Main purpose: calibration: 

 

a) Cross calibration with TA FD through Noise comparison.  

 

b) Measurement of background in various conditions  

 

c) When lidar or electron beam shots, store the data to have an 
absolute calibration. 

 

d) Observe few showers in coincidence with TA.  

 

TA-EUSO 

Calibration tests at Telescope 

Array site Utah  



TA FD 
(Fluorescence 

detector)  

ELS: Electron 
Light Source 

TA-EUSO 
location 

TA site, UTAH, Black Mesa 

PDM detector 

LASER Team Size (mm) 

Lenses 

PDM detector block 

Electroni
cs block 

 



Engineering test of the 
detector using one PDM 
and two lens system. 

 

Field calibration with TA FD 
a) With Laser (CLF) 

b) With electron beam (ELS) 

c) With the observation of 
several (10s/yr) in 
coincidence with TA.  

 

Objectives of the EUSO system at TA site  



Balloon/TA EUSO DAQ – Electronic System scheme 

FEE 

ASIC+

FPGA 

Count 

PDM Control 

Board 

 

FPGA 

 

Track Trigger 

 

 

Cluster Control 

Board 

 

FPGA 

 

Fine Trigger 

 

 

CPU 

Spacewire 

Clock Board  

 GPS 

Data Storage 

Software 

 

Telemetry 

Interfaces 

137 Boards 20  Board 

1CCB 
1PDM 9EC 

3Mbyte/s 

 10 Gbyte/hour 

1GB/s (FS)  

PhotoDetector 

Modules 

3*10-3 compression No  compression 

Most data 

Stored on SSD  

17 GB/hour (save all stream) 

1 PDM  
36 x 64 channels 

PMT 

46 
36 36-3lay 6 

1 

1 

1 

36 

300kch 

1,287 EC 

2 Board 



JEM-EUSO DAQ – Electronic System scheme 

FEE 

ASIC+

FPGA 

Count 

PDM Control 

Board 

 

FPGA 

 

Track Trigger 

 

 

Cluster Control 

Board 

 

FPGA 

 

Fine Trigger 

 

 

CPU 

Spacewire 

Clock Board  

 GPS 

Data Storage 

Software 

(Italy) 

 

Telemetry CNES 

(Siren System) 

1 Boards 1 Board 

1CCB 
1PDM 

2304ch 

36 EC 

9EC 

3Mbyte/s 

 10 Gbyte/hour 

150 GB/s (FS)  

PhotoDetector 

Modules 

4*10-3 compression 

Most data 

Stored on SSD  

17 GB/hour (save all stream) 

1 PDM  
36 x 64 channels 

PMT 

47 
36 36-3lay 6 

1 

1 

1 

36 

4*10-3 compression >10-3 compression 

137 PDM  

 



 



 

 
B3. EUSO Balloon 

 EUSO Balloon campaign  

–Look down from the balloon with  an 

UV telescope (PDM + 3 lens system) 

–Engineering test 

–UV-Background measurement 

–Airshower observations from 40 km 

altitude 

2011/6 Approved by CNES  

2014, March , first of three annual 

launches  

49 



1m 

1m 

 Lenses 

Electronics Detector 

Laser  and IR Camera  
 

 Simulations 

EUSO 
Balloon 

50 



Thermal Model 

One side panel and insulation removed for clarity 50.8mm Polystyrene Insulation 

10mm Aluminum Lens Frame 

5mm Aluminum Spider Web 

8mm Plexiglas Lenses 

Hexcel Grade 1 Fibrelam Walls 

5mm Aluminum Instrument Platform 

6 Instrument/Avionics Boxes 
Size and Shapes as Shown 







 

B4. MICRO-UVT Prototype for ISS 

1/3 PDM 

22 cm lenses 

Raise TRL 

(technical readiness 

level) 

Observation of UV  

Earth  

(2.5mus – ms scale) 



RAM Direction 

Fresnel lens 

Fresnel lens 

MA-PMT64  

P
D

M
  

Fr
o

n
t-

En
d

 a
n

d
 

tr
ig

ge
r 

El
ec

tr
o

n
ic

s 
 

Power and data handling 

25cm 

16.7cm 



Montecarlo simulation  (Geant4) of Micro UVT response. In green the instantaneous field-of 
view, in red the area covered in a swath of a few minutes. There are 768 pixels divided in 12 
phototubes (1/3 of a PDM). PMTs are places orthogonal to the scanning (velocity) vector. Data 
are acquired every i 2.5 microseconds  and can be processed on board or on ground. The 
image shown has a smoothing algorithm applied. 
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2012 
Laboratory 
prototype 

Ground test 

2013 
Flight Model 
construction 
Calibration 

Micro UVT yearly plan 

2014 
Qualification tests 

Launch  
Operations in 

WORF and 
outside 

 

2015  
Cont. Operations 

Data analysis 
Retrieval of data 

 



Conclusions 

• JEM-EUSO is a novel mission concept to study 
Ultra-High-Energy Cosmic rays as well as 
Atmospheric and Earth Science 

 

• A number of side projects and experiments 
using this technology are being developed 
and installed  

 

• Measurements beginning in a few months.  


