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F.Garino et al., ID398 
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Confirmed by ISCCP,CACOLO & MERIS database 
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http://www.nlsa.com/ 

° 
Height:    ~400km

Space based Instrument can 
observe the arrival direction of 
EECR very uniformly owing to 
the nature of the ISS orbit.

 



 

 
 
 

 



JEM EUSO  
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GTU time units 
GTU #
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Photon’s types
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Fluo : 7131

Dir. Cher. : 568

Bck. Cher. : 918

1 GTU = 2.5 μsec

duration ≈ 50−150 μs

Back. = 500 / (m2  sr ns)

Simulation of the light profile 
observed at the entrance pupil 
(above) and of the observed 
shower image (using the 
ESAF code)  
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– GZK  

E>5.×1019eV  



1st Knee 2nd Knee 

Ankle 

JEM-EUSO EE target region 



1 particle

100 km2 yr sr

UHECR status in just one word 



1 particle
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1 particle
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1000 

UHECR status in just one word 



JEM-EUSO uniquenes 

106 km2 sr yr 





JEM-EUSO science potential 

Single source astronomy 

log E 

Same as 
previous with 
Auger present 
exposure 





A pessimistic case rather than a conservative case
  Pure Fe composition initially (astrophysically unrealistic, but most pessimistic) 
  Almost upper limit values of GMF and IGMF 



69 events Auger aperture 1000 events, Uniform aperture

  Anisotropy will appear with > 99%. 

  Anisotropy from the nearest source is expected by JEM-EUSO. 

A pessimistic case rather than a conservative case
  Pure Fe composition initially (astrophysically unrealistic, but most pessimistic) 
  Almost upper limit values of GMF and IGMF 
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–   
•  X0 and Xmax 

–   
•  Xmax LPM effect 

 

•  magnetic fields 
–   



: Xmax 
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Distribution of Xmax for protons and neutrinos for E=1020 eV 
and θ=85° (First Peak of the shower profile) 

Supanitsky & Medina-Tanco 2011 



Upper limits on neutrino flux



Key observation and  
instrument requirements 

Observation area (Nadir) ≥1.3×105 (Horbit/400[km])2 km2 

Arrival direction determination 
accuracy 

≤ 2.5° (at E=1020 [eV] and 60° 
zenith angle) 

Energy determination 
accuracy 

≤ 30% (E=1020 [eV] and 60° 
zenith angle) 

Xmax determination accuracy ≤ 120 [g/cm2] (E=1020 [eV] and 
60°zenith angle) 

Energy threshold  ≤ 5.5×1019 [eV]  
Duty cycle ≥ 17% 
Lifetime  > 3 years (goal: > 5 years) 



Japanese Experiment Module  
“Kibo” July 2009 

51.6° 





All mission aspects have been successfully studied by 
JAXA and RIKEN: open issue of ISS resources. 

Parameter Value 
Launch date JFY 2016 

Mission Lifetime 3+2 years 
Rocket H2B 

Transport Vehicle HTV 
Accommodation on JEM EF#2 

Mass 1938 kg 
Power 926 W (op.) 352 W (non op.) 

Data rate 285 kbps (+ on board storage) 
Orbit 400 km 

Inclination of the Orbit 51.6° 
Operation Temperature -10° to 50° 





Science Instrument on HTV 
Side view

3.7m

JEM-EUSO Telescope will be deployed after it is attached 
at the ISS 

HTV was successfully launched on September 2009 



Deployment 
Mechanism

Pallet

Atmospheric Monitoring 
System: IR-Cam + Lidar

Science Instrument: deployed 

Focal Surface

Focal Surface  
Detector and  
Electronics

Front Lens

Middle Lens

Rear Lens

Optics 
Fresnel 
lenses

Precision optics cancels chromatic aberration.  
Materials: PMMA+CYTOP 

AMS: Poster MD Rodriguez-Frias 



Rear Fresnel Lens  

Iris 

Front Fresnel lens  

DAQ Electronics  

Support Structure 

Focal Surface Detector 

Optics 

Precision 
Fresnel lens  

Housekeeping 

On-board Calibration 

Atmospheric Monitoring 

BUS System : JAXA 
Ground Based Calibration 

Simulation : Worldwide 

Ground Support Equipment 

Telescope Structure 



 
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! 



Elementary Cell
(2x2 PMTs = 256 pixels)

Focal Surface detector
137 PDMs = 0.3M Pixels

MAPMT
(8x8 pixels)

Photo-Detector Module
(3x3 ECs = 2,304 pixels)

 





Comparison with current observatories 
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 



 

 

 

Auger with recovery 

logE

If actual spectrum were Auger 
without recovery 

(
ΔE

E

)
EUSO

= 15, 20, 25%
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TA-EUSO 
2012 12  
Telescope Array (TA) 

 

•  TA-EUSO Black Rock 
Mesa  
–  Electron Light Source at 100m 
–  Most nearby SD is at ~3.5 km 
–  Central Laser Facility ~21km 





   

   

   

   

   

   

   

   

   







JEM-EUSO Balloon 
–   

•  UV  (PDM EM + 3 lenses system) 
–   
–    
–  40km  
 

CNES  
 Phase B   
 2013  
   







 

 
 
 

 



Programmatics (1) 
•  ESA : 2010 ELIPS

ESA  

•  ROSCOSMOS  
–  Tsniimash (Roscosmos ISS ) Prof. Panasyuk Russian PI

JEM-EUSO STEC  
–  JEM-EUSO 2012 5  
–  Tsniimash ISS ROSCOSMOS

JEM-EUSO ISS  
–  MOU  
 





Programmatics (2) 
•  NASA : SALMON AO (2011)

2012 3 PI Angela Olinto ARPA/
ROSES

Funding Agency  
•  JAXA :  2015

 
•  EUSO Balloon  
TA-EUSO  
JEM-EUSO  





– 
– 
– 



The Wizard Program 

• • • • • • 

SILEYE-2  SILEYE-1 LAZIO 
SIRAD 

MASS-89, 91, TS-93, 
CAPRICE 94-97-98 

NINA-2 
NINA-1 PAMELA 

AGILE 

GLAST 
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Optics option 15° FOV
Limited by Schmidt

Price tag $700M
Out of Strategic Planning
2002-2003















Optics 
Aperture 

[m2] FOV Pixel 
side 

Orbit 
altitude 
[km2] 

Geom. 
aperture 
[km2 sr] 

Annual 
exposure 

[linsley yr-1] 

TUS 
 (2012—)  

1.8 9°x9° 0.6° 500 2.0x104 2,700 

JEM-EUSO 
(2017—) 4.5 

60°φx48° 
(40°φ) 

0.07° 400 

4.0x105 

(5.5x104) 
60,000 
(7000) 

S-EUSO 
(2025—)  

38 50°φ� 0.04° ~900  2.0x106 300,000 



Old Multi-OWL1996



Multi-units and/or multi-fleet 
2 x 3 makes 6 times





Individual source identification 



log E 

Protons: E>55 EeV - 300ev from ULX + 500ev (bckgr) from IRAS 



�B = 1× �BAhn
JEM-EUSO @ 5 yr 



�B = 2× �BAhn
JEM-EUSO @ 5 yr 



JEM-EUSO @ 5 yr �B = 5× �BAhn



�B = 2× �BAhn
JEM-EUSO @ 5 yr compared to Auger 

Same as previous with Auger present 
exposure 



Fe: 500ev from ULX & no background events 

log E 



GMF assesment through PSF global patterns 

 (l,b) 



L.Saez et al., ID1034 



Scientific Objectives 3 
•  Exploratory Objectives: Atmospheric science 

– Nightglow 
– Transient luminous events 
–   Space-atmosphere interactions and climate 

change 

A fast UV monitoring of the 
atmosphere 

•  Exploratory Objectives: Meteors and 
meteoroids 



The UV Telescope Parameters 
Parameter Value 

Field of View ±30° 
Monitored Area >1.3×105km2 

Telescope aperture ≥2.5 m 
Operational wavelength 300-400 nm 

Resolution in angle 0.075° 
Focal Plane Area 4.5 m2 

Pixel Size <3 mm 

Number of Pixels ≈3×105 

Pixel size on ground ≈560 m 
Time Resolution 2.5 μs 

Dead Time <3%   
Detection Efficiency ≥20% 



Upper limits on the photon-abundance – simple approach 

N α
γ



Photon discrimination 

�BGeom



Neutrinos from space 
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Neutrino discrimination: down-going neutrinos�

Supanitsky & Medina-Tanco, 2011 



Inclined down-going                     discriminationνe − ντ



LIV for HE electrons and photons 

δeγ = ce − cγ

δ γ → e+ + e−

E > me

2

δ

 

δeγ <
2me

2

Emax
2

≈
2 × 5 ×105( )2

1020( )2 ∼ 5 ×10−29



LI space symmetry violations  

�nLIV



n

n
θ�

UHECR spectra at different region of  the sky 



Micrometeoritos 



Micrometeoritos: search for and characterization of  small debris 




