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The Scientific Case: 
Exploring the Universe at  

Ultra High Energies 



UHE  

Their Origin, their Nature 
and even their Route to 
Earth presents an 
extraordinary puzzle 

E > (5-6)×1019 eV (~1016 keV) 
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 UHECR Physics – The main questions 
 
-  Spectrum features - GZK effect? 
- Sources? 
- Mass composition? 
- Anisotropy? 
 





�
Current Observatories of �

 Ultrahigh Energy Cosmic Rays �

Pierre Auger  
Observatory 

Mendoza, Argentina 
(19 country 

collaboration) 
3,000 km2 array	

4 fluorescence telescopes	

 	


Telescope Array 
Utah, USA 
(5 country 
collaboration) 
 700 km2 array	

3 fluorescence 	

telescopes	




A key result of Auger South and HiRes 
The Auger Collaboration  (2008a), Abbasi et al. (2008), Bergman (2008), Fukushima (2011) 

Observation of a “flux suppression” in the spectrum: 
GZK feature (?) 

€ 

γ 3 = 4.3± 0.2

€ 

γ 2 = 2.59 ± 0.02

€ 

γ1 = 3.26 ± 0.04



TA

Recently confirmed by Telescope Array 



The Pierre Auger Observatory!
Argentina!
Australia!
Brasil!
Bolivia* !
Croatia!
Czech Rep.!
France " " !
Germany !
Italy !
Mexico !
Netherlands!
Poland!
Portugal "!
Romania* !
Slovenia                      !
Spain !
UK"!
USA !
Vietnam* !
*Associate Countries!

3,000 km2 water cherenkov 
detectors array!
4 fluorescence Telescopes!
Malargue, Argentina!

see Kampert  
+Parallel sessions 



The Telescope Array!

Belgium !
Japan !
Korea!
Russia "!
USA !

680 km2 scintillator array !
3 fluorescence Telescopes!
Utah, USA !

see Tsunesada  
Parallel sessions (Evolution of Hi-Res) 



How to find the Sources?�

GET A LOT MORE DATA above 60 EeV �
OVER THE WHOLE SKY �

�
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Auger + TA ~30 events/yr �
�
1 EeV = 1018 eV�
 



UHECR status in just one word 

€ 

Previous to Auger/HiRes/TA After Auger/HiRes/TA 





- increase exposure to EECR at least by 1 order of 
magnitude�
- discover the nearby sources of UHECRs�



JEM-EUSO Mission �
pioneer the study of EECR from Space �



Science Objectives 
q  Main Objectives：  

 Astronomy and astrophysics through particle 
channel with extreme energies > 1020 eV 

q  Identification of individual sources with high statistics  
q  Measurement of the energy spectrum of individual sources 
q  Understanding of the acceleration processes and source 

dynamics 

q  Exploratory objectives：  
q  Detection of extreme energy neutrinos 
q  Measurement of extreme energy gamma rays 
q  Study the intensity and topology of  Galactic and extragalactic 

magnetic fields 
q  Global observation of atmospheric phenomena: nightglows, 

lightning and plasma discharges 



How to find the Sources?�

GET A LOT MORE DATA above 60 EeV �
OVER THE WHOLE SKY �

�
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Auger + TA ~30 events/yr �
�
" "JEM-EUSO �
"~200 events > 60 EeV/ yr�
�
1 EeV = 1018 eV�
 



JEM-EUSO Observational Principle  

JEM-EUSO telescope observes 
fluorescence and Cherenkov photons 
generated by air showers created by 
extreme energetic cosmic rays 

JEM-EUSO is a new type of observatory 
on board the International Space Station 
(ISS), which observes transient luminous 
phenomena occurring in the Earth's 
atmosphere. 
 
The telescope has a super wide field-of-
view (60°) and a large diameter (2.5 m) 
and can operate in two modes: nadir and 
tilted 
 
JEM-EUSO mission will initiate particle 
astronomy at ~1020eV. 

Extreme 
Energetic 
Cosmic  
Rays 



Technique: fluorescence from space 

J. Linsley Y. Takahashi 
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Figure 1: Left: Illustration of UHECR observation principle in the JEM-EUSO mission.
For the telescope at H0 ∼ 400 km altitude, the main signals are fluorescence photons along
the EAS track and Cherenkov photons diffusely reflected from the Earth’s surface. Right:
Components of the photons at the detector pupil for standard EAS with E = 1020eV and
θ = 60◦ as simulated by ESAF (see Section 5).

resolution of 0.074◦. The FS detector converts the photons into electric pulses104

with ∼2 ns width, which are counted by the electronics in Gate Time Unit105

(GTU) of 2.5 µs. A typical night-glow background of 500 photons m−2 sr−1
106

ns−1, as reported later in the text, corresponds to ∼ 1.1 photoelectrons GTU−1
107

per pixel.108

The orbit of the ISS has an inclination 51.6◦ and H0 can range between 278109

km and 460 km according to the operational limits [24]. The sub-satellite speed110

of ISS and the orbital period are ∼ 7 km s−1 and ∼ 90 min, respectively. Apart111

from effects by orbital decay and operational boost-up, the ISS motion can be112

approximated as a circular motion. Among these elements, H0 is variable on113

long-time scale. In the present work, we assumed H0 = 400 km as a reference114

and constant value.115

The observation area of the Earth’s surface is essentially determined by the116

projection of the FoV seen by the PDMs aligned on FS. The FoV of the optics is117

estimated by means of ray trace simulations [17, 25]. The area where incoming118

photons are effectively focused is within the region observed by the outer most119

PDMs.120

Figure 2 shows the FoV of the entire optics (solid curves) and those of PDMs121

(dashed curves) for the case when the ISS is located above the central Italy at122

H0 = 400 km. The background in the figure represents the annual average123

intensity of light pollution measured by DMSP satellite (see the next section for124

7

L. Scarsi 



1. Monitored area  

Ageo
Nadir ≈1.3×105  km2

Two advantages:  

JEM$EUSO: Extreme Universe Space Observatory onboard Japanese Experiment Module  
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JEUSO-110025-01-E-TR-ZZZ 

since the mean distance to EAS and atmospheric absorption both increase. First few years of the 
�
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Figure 1-2. Artistic illustration of the JEM-EUSO telescope attached to the Japanese Experiment Module of the 
International Space Station, under nadir (left) and tilt (right) mode of observation. 

The JEM-EUSO telescope can reconstruct the incoming direction of the EECRs with accuracy 
better than few degrees. Its observational aperture of the ground area is a circle with 250 km 
radius, and its atmospheric volume above it, with a 60° FoV, is ~1 Tera-ton or more. The target 
volume for upward neutrino events exceeds 10 Tera-tons. The instantaneous aperture of JEM-
EUSO is larger than the Pierre Auger Southern Observatory by a factor ranging from 65 to 280, 
depending on its observation mode (nadir or tilted, Fig.1-3). 

JEM-EUSO, planned to be attached to JEM/EF of ISS, will be launched  in the JFY 2016 by 
H2B rocket and conveyed to ISS by HTV (H-II transfer Vehicle). 

 

 
Figure 1-3. Area observed by the JEM-EUSO telescope in one shot under 
�����
�������������	���
���	� mode.  

  

Ageo
Tilted ≈1.×106  km2[@40°]

JEM$EUSO: Extreme Universe Space Observatory onboard Japanese Experiment Module  
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since the mean distance to EAS and atmospheric absorption both increase. First few years of the 
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Figure 1-2. Artistic illustration of the JEM-EUSO telescope attached to the Japanese Experiment Module of the 
International Space Station, under nadir (left) and tilt (right) mode of observation. 

The JEM-EUSO telescope can reconstruct the incoming direction of the EECRs with accuracy 
better than few degrees. Its observational aperture of the ground area is a circle with 250 km 
radius, and its atmospheric volume above it, with a 60° FoV, is ~1 Tera-ton or more. The target 
volume for upward neutrino events exceeds 10 Tera-tons. The instantaneous aperture of JEM-
EUSO is larger than the Pierre Auger Southern Observatory by a factor ranging from 65 to 280, 
depending on its observation mode (nadir or tilted, Fig.1-3). 

JEM-EUSO, planned to be attached to JEM/EF of ISS, will be launched  in the JFY 2016 by 
H2B rocket and conveyed to ISS by HTV (H-II transfer Vehicle). 

 

 
Figure 1-3. Area observed by the JEM-EUSO telescope in one shot under 
�����
�������������	���
���	� mode.  

  



2. ISS Orbità Full sky Coverage… 

http://www.nlsa.com/ 

Inclination:  51.6° 
Height:    ~400km 

JEM-EUSO can observe the 
arrival direction of EECR very 
uniformly owing to the nature of 
the ISS orbit. 

… and uniform exposure 

4π  coverage



1 
MLinsley 

Why JEM-EUSO? Large exposure + Full sky coverage 



The Mission 



JEM-EUSO onboard the ISS 
	

Japanese Experiment Module 
(JEM) 
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Japanese Experiment Module 
(JEM) 

JEM Exposure Facility 
 (JEM-EF)	

JEM Pressurized Module 
 (JEM-PM)	

Candidate position 

for JEM-EUSO 





Falcon 9 

Dragon 





Space	  X	  Falcon-‐9	  rocket	  
&	  Dragon	  spacecraJ	  

•  Reusable	  
•  Return	  cargo	  capability	  

–	  3	  ton	  
•  Pressurized	  and	  

unpressurized	  cargo	  
•  Two	  flights	  to	  ISS	  
•  6ton	  upload	  mass	  	  
•  14	  m	  	  payload	  volume	  
•  Op=onal	  trunk	  extension	  

for	  a	  total	  of	  up	  to	  4.3	  m	  
length,	  payload	  volume	  34	  
m3	  



Mission aspects have been successfully 
studied by JAXA and RIKEN 

Parameter Value 
Launch date 2017 

Mission Lifetime 3+2 years 
Rocket H2B/FALCON-9 

Transport Vehicle HTV/DRAGON 
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° 



JEM-EUSO Collaboration 
 
•  Japan, USA, Korea, Mexico, Russia 
 
•  Europe: Bulgaria, France, Germany, Italy, Poland, Slovakia, 

   Spain, Switzerland 

• 13 Countries, 72 Institutions, more than 270 researchers 

•  RIKEN, Tokyo: Leading institution 

 



	   	   	   	  Space	  Agencies	  

•  JAXA： Japan	  

•  ESA:	  Europe	  

•  NASA：USA	  

•  ROSCOSMOS：Russia	  
	  
•  Na=onal	  Space	  Agencies	  

– ASI,	  CNES,	  DLR,	  etc	  



The Instrument 
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pleting environmental testing of the assembled 
units before integration in the FSA. 
 !e GLS-to-EUSO interface consists of a 
dedicated trigger pattern that matches the inten-
sity and timing characteristics of the GLS. !is 
trigger is activated at pre-determined times when 
ISS will over"y a GLS. !ese times are included 
in the EUSO observation plan uploaded every 
few days. !e interface is controlled through the 
FSA trigger requirements and is included as part 
of the EUSO calibration mode. 
 !e OM has a simple interface with the CS 
and AM. UV-LEDs will be mounted on the OM 
structure at key points to illuminate the FSA during 
daytime periods. !e mounting locations will be 
decided in Phase A and documented in the ICD. 
Both the CS and AM/LIDAR have been designed 
to operate in the EUSO band pass. !e LIDAR 
and UV-LEDS operation will be controlled by the 
"ight data system. !e wiring harness for the UV-
LEDS is provided by RIKEN. !e EUSO instru-
ment-level I&T will be conducted by RIKEN.

E.2.11 Mission Operations
 Mission operations will be conducted at the 
SODC in Japan (Fig. E-1). Colleagues at Konan 
University and in Europe will design and operate 
the SODC and interface with the ISS telemetry 
station through the MOC at JAXA/Tsukuba. A 
common software interface tool will be developed 
by the international collaboration for the SODC, 
to be used by the EUSO science teams to inter-
face with the Level-0 data products and to recom-
mend adjustment to operational parameters of 
the EUSO instrument. Veri#cation and uplink of 
commands and receipt of EUSO telemetry will 
be performed at the MOC. 
 During nominal operations, observation 
planning is routinely conducted. !e resulting 
plans are uploaded every few days to the JEM-
EF, transferred to EUSO, and executed autono-
mously. !e OM focus may need to be adjusted 
periodically (E.3.7.2). Downloaded images of the 
GLS will be analyzed and compared with optic 
simulations to guide focusing. Commands will be 
sent to adjust the focus as needed. 

Figure E-3. Expanded view of the EUSO subsystems.

Rear Fresnel Lens

Optics

Diffractive and 
Fresnel Lens

Iris

Front Fresnel LensTelescope StructureFocal Surface Detector

Support Structure

DAQ Electronics

Bus System: JAXA 

Atmospheric Monitoring 

Science Instrument:  
UV Telescope + Atmospheric Monitoring 

JEM$EUSO: Extreme Universe Space Observatory onboard Japanese Experiment Module  
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1. Sub-aperture testing. ���������������������������������
������������������������������
1.5m BBM. These tests will include: 

a. Focal spot size: measure the signal level at the focal point of the collimated 
image, measure the intensity profile in the immediate vicinity at incident 
angles between (0�, 20�) 

b. Scatter: measure the photon flux away from the focal point to determine the 
fraction of light scattered by the lens at incident angles between (0�, 20�) 

c. Throughput: measure the ratio of flux incident on aperture to that at the focal 
plane at incident angles between (0�, 20�) 

2. Flash-lamp testing. Use a 1mm diameter source at 40m distance to approximate a 
point source. This setup would closely match the range of incident angles that will be 
seen aboard the ISS, albeit not exactly the same distribution of angles 

3. Metrology. Use the WYCO at MSFC to determine the surface roughness of the 1.5m 
BBM. An alternative method of determining the surface roughness has been proposed, 
the use of Reprosil, a dental mold material, to replicate the surface roughness of small 
areas of the BBM lenses so that they can be evaluated easily using a table-top 
metrology microscope.  

The third lens was the primary test article used to perfect the methods for calculating the 
throughput of the lenses, verifying that the simulation models match the optical system, 
determining if the Reprosil molding technique is acceptable and developing a method of cleaning 
the lenses that will not leave a film. 

Results of bread-board model quick assessment testing 
��������-���������������������������	�-EUSO optics is part of the development strategy 

to mature large area Fresnel lenses to enable space based observations of EAS. The BBM is a 
significant step forward in this development process over previous test articles. The BBM is made 
of PMMA (baseline material) and uses a flight-like optical prescription appropriate for laboratory 
testing. The BBM is manufactured in Japan and is the first experience with the diamond turning 
machine identified to fabricate the flight lenses. The BBM is 60% the size of the flight system and 
represents the center 1.5 m diameter component of the flight system. Like the flight system, the 
BBM consists of 3 lenses: two curved double sided Fresnel lenses and a third lens comprised of a 
Fresnel surface on one side and a diffractive optical element (DOE) on the other. The US Optic 
team performed optical testing to evaluate the performance of the lenses and to assess the 
manufacturing process. The BBM testing investigates the spot-size, transmission and focal length 
of each lens and the BBM as a system. We report here the status of testing and will update the 
status as more testing is completed. 

  

Figure 4.2.4.1-1. Lens support frame and metering structure (left) and  3rd lens mounted in frame 
and metering structure (right). 



Deployment	  
Mechanism	

Pallet	

Atmospheric	  
Monitoring	  
System	

Science Instrument 
Side view	

Focal	  Surface	

Focal	  Surface	  	  
Detector	  and	  	  
Electronics	

Front	  Lens	

Middle	  Lens	

Rear	  Lens	

Op=cs	

JEM-‐EUSO	  
Telescope	  will	  be	  
deployed	  aJer	  it	  is	  
a]ached	  at	  the	  ISS	  

Other	  op=ons	  are	  
under	  study	  



“Four	  screws”	   “Pantograph”	  variant	   “Pyramid”	  variant	  

1,3 allow more flexible lenses adjustments during detector operation because 
oh higher accuracy and more degrees of freedom 
2,3 have more complicated electro-mechanics, but less weight 
 

Extension Mechanism  

Being Studied at the Skobeltsyn Institute (Moscow)  



The UV Telescope Parameters 

Parameter Value 
Field of View ±30° 

Monitored Area >1.3×105km2 

Telescope aperture ≥2.5 m 
Operational wavelength 290-430 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% 



・ Cloud amount, cloud top altitude: (IR cam., Lidar, slow-data) 
・ Airglow： 	 	 	 	(slow-data) 
・ Calibration of telescope：　	 	(Lidar) 

ISS motion 
JEM-EUSO 

Atmospheric Monitoring System 

・IR Camera 

　　Imaging observation of cloud temperature 
      inside FOV of JEM-EUSO 
 

・Lidar 

　　Ranging observation using UV laser 
 
・JEM-EUSO “slow-data” 

　　Continuous background photon counting 



Rear Fresnel Lens  

Iris 

Front Fresnel lens  

DAQ Electronics  

Support Structure 

Focal Surface Detector 

Optics 

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 



BBM of the Optics (Prototypes) 

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! 



Elementary Cell (EC) 
(2x2 PMTs = 256 pixels) 

Focal Surface detector 
137 PDMs  
= 0.3M Pixels 

4932 
MAPMTs 

(8x8 pixels) 
 

  
Photo-Detector Module (PDM) 
(3x3 ECs = 36 PMTS  
2,304 pixels) 
  
1 High Voltage / PDM 
 

Focal Surface Detector	



KIT – Universität des Landes Baden-Württemberg und
nationales Forschungszentrum in der Helmholtz-Gemeinschaft

Institute for Data Processing and Electronics (IPE)

www.kit.edu

Status EUSO-TA EC-Unit

PDM Board 

Heuijin Lim  2012 Dec 4. 4 

• Most components are same 
• FPGA: replace ACTEL by XILINX (Vertex6) 
• Changes in the type of connector as follows  

 Between PDM and CCB : MicroD MDM(military) with 51 pins 
 Between EC and PDM : FX2- 120S-127SV with 120 pins 
 Power and J-tag : DEMM 9PD(DEMM 9SD) 
 HVPS connector (4 digital signals from PDM and several GNDs) : 9pins micro Dsub 
 HK connector (two analog signals: temperature and voltage(5V) from PDM) : 

25pins micro Dsub 

Prototype of PDM Board (for UFFO X-ray) PDM Board for EUSO-TA and EUSO-Balloon 

EM of the PDM Board 
(I level trigger, +) 

Elementary 
Cell 
Integration: 4 
MAPMTs, 
filters, and the 
EC boards 

ASIC Board 

First EM of the PDM integrated in RIKEN 

JEM-EUSO France, Germany, Korea, Italy and Japan  



Electronic System 

FEE 

ASIC
+FPGA 

Count 
PDM FPGA Board 

Track Trigger 

Cluster Control 
Board 

 
FPGA 

 
Fine Trigger 

 
 

CPU 
Spacewire 

Clock Board  
 GPS 

Data Storage 
Software 

HK 
 

9EC 
PhotoDetector 
Modules 

1 PDM  
36 x 64 channels 

20  
CCB  

1 KIT – Universität des Landes Baden-Württemberg und
nationales Forschungszentrum in der Helmholtz-Gemeinschaft

Institute for Data Processing and Electronics (IPE)

www.kit.edu

Status EUSO-TA EC-Unit

137  
PDM 

DP System 

HK 



The Elements of the Digital Processor part  

CPU, Arbor iTX-i2705  

SpaceWire PCI Mk2  

Clock Board prototype GPSR board prototype 

EUSO-Balloon/TA

Hardware Activities

EUSO-Balloon/TA CCB
Specifications:

• ’smaller’ JEM-EUSO CCB

• designed around V4-FX60

• able to interface 1 PDM

• designed to fit inside a
3U/10HP case

Status

Schematic and Layout is done X
PCB produced & delivered X
PCB assembled & tested X

No bugs found (up to now) X

Case delivered & assembled X
Connectors soldered & mounted X

Thermal structure is TBD
Protocols (details) are TBD

3 | J. Bayer (Status of the CCB) IAAT | 2012

EM of the 
Cluster Control 
Board (II level 
trigger, +) 

HK Boards 

JEM-EUSO Germany, Mexico, Italy 



Road	  Map	  to	  JEM-‐EUSO	  
The	  Pathfinders	  

	  
	  •  EUSO	  –	  TA	  Test	  at	  Telescope	  Array	  site,	  Utah	  

•  EUSO-‐Balloon	  Flight	  Campaign	  

•  mini-‐EUSO:	  a	  precursor	  on	  board	  ISS	  
	  
	  



 located at Black Rock Mesa FD Station 
–  Electron Light Source at 100m 
–  Most nearby SD is at ~3.5 km 
–  Central Laser Facility ~21km 

Pathfinders: EUSO-TA 

TA	  FD	  
(Fluorescence	  

detector)	  	  

ELS:	  Electron	  
Light	  Source	  

TA-‐EUSO	  
loca=on	  

TA site, UTAH, Black Mesa 

EUSO-TA: Cross-
Calibration tests at the 
Telescope Array site in 
Utah in collaboration 
with the ICRR in Tokyo 
and the TA collaboration 
à Integration of the 
PDM in RIKEN near to 
completion; Data Taking 
Early Spring 2014 



EUSO-TA (2)  

Lens have been installed, Focal Surface integration completed 



EUSO-‐TA	  op=cs	  design	
t8mm

   1093.66 mm

t8mm

    431.15 mm

   1540.81 mm

0°
2°
4°
6°
8°

1m
	  x
	  1
m
	  le
ns

	

Field	  angle	 Efficiency	

0°	 40%	

2°	 41%	

4°	 46%	

6°	 43%	

8°	 30%	

The	  photon	  collecKon	  efficiency	  (PCE)	  is	  
calculated	  with	  a	  formula	  in	  our	  
developed	  raytrace	  simulaKon:	

0°	   2°	   4°	   6°	   8°	  

D	  =	  9mm	  



TA FD 
(Fluorescence 

detector)  

ELS:	  Electron	  
Light	  Source	  

TA-‐EUSO	  
loca=on	  

TA	  site,	  UTAH,	  Black	  Mesa	  

PDM	  detector	  

Size	  (mm)	  

Lenses	  

PDM	  detector	  block	  

Electroni
cs	  block	  
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GROUND-‐EUSO	  
Detector	  at	  Telescope	  
Array	  site	  

EUSO-‐TA	  
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EUSO-‐TA	  lenses	  test	  at	  UAH,	  Alabama	  (March	  2013)	  

Op=cal	  transmi]ance:	  65-‐67%	  
	  	  	  	  (Lenses	  were	  not	  cleaned.)	  
Raytracing	  sim.	  	  	  	  	  	  	  	  	  :	  74%	  
	  	  	  (surface	  roughness	  20nm	  RMS)	  

The	  lenses	  were	  moved	  into	  the	  long	  hallway	  outside	  the	  lab.	  	  
This	  image	  is	  taken	  at	  48.2	  cm	  from	  the	  
back	  of	  the	  back	  lens.	  The	  area	  of	  the	  focal	  
spot	  at	  half-‐maximum	  is	  0.052	  sq.	  mm.	  

CCD	  area:	  8mm	  x	  6mm	  	  
UV LED source 	 TA-EUSO optics	



52 

EUSO Balloon - pathfinder	

Phase C/D 

•  Delivery	  to	  CNES:	  December	  2013	  
•  First	  	  Ballon	  Flight:	  early	  2014	  



EUSO-Balloon 	

-  Look down from a stratospheric 
balloon with  an UV telescope  

 (PDM EM + 3 lenses system) 
-  Engineering test 
-  Background test  
-  Airshower from 40 km altitude 

14!

carcteristics : EUSO-BALLOON compared to JEM-EUSO!

JEM-EUSO EUSO-Balloon 
Height(km) 420 40 

Diameter(m) 2.5 1 
FoV/pix(deg) 0.08 0.25 

Pixel@ground(km) 0.580 0.175 
FoV/PDM(deg) 3.8 12 

PDM@ground(km) 28.2 8.4 
Signal Ratio 1 17.6 

BG Ratio 1 0.9-1.8 
S/√N 1 20-10 

Ethr(eV) 3x1019 1.5-3x1018 

Number of PDM 143 1 

Maximize performance of EUSO-Balloon keeping parameters as 
close as possible to JEM-EUSO!

from Bertaina 2/2012 

Rescaling JEM-EUSO  



1m	  

1m	  

	  Lenses	  

Electronics	  Detector	  

Laser	  	  and	  IR	  Camera	  	  
	  

	  Simula=ons	  

EUSO	  
Balloon	  



EUSO-Balloon  

EUSO-Balloon: Campaign and Mission managed by 
CNES (France) 
Will be launched in Spring 2014 from Timmins, 
(Canada); Critical Design Review passed December 
2012 and then à Implementation, Integration 
 

Third lens 

Second lens 

First lens 

Attachement to the balloon 

Crash pads 

Optical section 

Electronic section 
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DP box modules 

CPU HK LVPS 
HK 

CLK GPS LVPS1 LVPS 
PDM 

Integration of the Digital Processor Box 
  Napoli, Italy 

Integration of the CCB, the clock, the GPS, the CPU, 
the LVPS and the HK (for the EUSO-Balloon prototype) 



Proposed to ASI (Italian Space Agency) in response to a call 
2012 for Human Spaceflight 
 
Selected,  July 2013 
(Resources, upload mass, crew time) 

mini-EUSO 
A precursor of JEM-EUSO 

on board ISS 
  



	  

Figure	  1	  MINI-‐EUSO	  block	  scheme:	  Optical	  system	  with	  two	  Fresnel	  Lenses	  (25	  cm	  diameter)	  focalizes	  UV	  light	  on	  a	  focal	  
surface	  of	  1	  PDM,	  36	  multi-‐anode	  PMTS,	  total	  	  2304	  pixel	  

	  	  	  	  	  Bring	  one	  PDM	  (36	  PMTs)	  	  and	  two	  Fresnel	  lenses	  
	  (25	  cm	  diam.)	  to	  ISS	  and	  expose	  it	  to	  an	  ISS	  UV	  window	  



mini-‐EUSO	  Role	  Sharing	  

•  RIKEN:	  Lenses	  	  
•  France:	  EC-‐ASIC	  
•  Corea:	  PDM	  board	  
•  Italy:	  PMTs,	  CPU	  and	  LowVoltPS	  

Launch	  foreseen	  early	  2015	  (carried	  by	  
astronaut)	  



a)	  Scien:fic	  Objec:ves	  
	  a.1)	  Study	  of	  the	  Earth	  background	  in	  UV	  band	  with	  a	  resolu<on	  of	  

6.5	  km	  on	  <me	  scales	  of	  2.5	  µs	  over	  the	  en=re	  planet.	  
	  a.2)	  Earth	  mapping	  in	  UV	  
	  a.3)	  	  Study	  of	  atmospheric	  phenomena	  
	  a.4)	  Study	  of	  meteor	  phenomena	  

	  
b)	  Technological	  objec:ves	  

	  b.1)	  First	  use	  of	  Frensel	  lenses	  in	  space	  
	  b.2)	  Op<miza<on	  and	  valida<on	  of	  JEM-‐EUSO	  observa<onal	  	   	  
	  	  	  	  	  	  	  	  features	  	  
	  b.3)	  Enhancement	  of	  the	  Technical	  Readiness	  Level	  (TRL)	  of	  some	  
	   	  components	  of	  the	  JEM-‐EUSO	  detector	  



JEM-‐EUSO	  Current	  Status	  
•  	  JEM-‐EUSO	  	  approved	  and	  funded	  by	  NASA	  	  à	  
•  JEM-‐EUSO	  	  approved	  by	  Roscosmos	  Commi]ee	  à	  
•  JEM-‐EUSO	  	  approved	  by	  ESA	  and	  included	  in	  ELIPS	  program	  
•  JEM-‐EUSO	   R&D	   approved	   and	   funded	   by	   several	   space	  

agencies	  
•  A/O	  from	  JAXA	  to	  be	  released	  

•  The	  JEM-‐EUSO	  Instrument	  has	  been	  designed	  
•  The	  performance	  have	  been	  simulated	  
•  	  Key	  parts	  of	  the	  apparatus	  have	  been	  implemented	  
•  Two	   pathfinder	   experiments	   are	   in	   progress,	   a	   new	   one	   is	  

proposed	  	  
•  Large	  consensus	  from	  the	  scien=fic	  community	  



(Good) News from NASA and Roscosmos	

Last year’s essential milestones:  
The NASA Science Mission Directorate approved the 
JEM-EUSO APRA proposal (Refereed as Excellent and 
selected with a clear forward to the mission). 
Funds are now flowing in the US: JEM-EUSO is now a 
mission studied by NASA.  
 
Support of Tsniimash —>The Coordination Scientific and 
Technical Council (CSTC) of ROSCOSMOS has 
approved a wider participation of Russia to JEM-EUSO 
facilities on board ISS + mechanical structure.  
The decision has been  communicated  to the ISS  
Roscosmos  Manned Space Program Directorate   
  



Conclusions 

•  The JEM-EUSO mission is solidly included in the roadmap of the 
UHE Community and the collaboration is expanding world-wide 
with new partners 

•  Prototypes and Models of the major elements (Lenses, PDM, DP 
Unit) have been produced and are being tested to increase the 
TRLs levels.  

•  The Pathfinders (EUSO-TA and EUSO-Balloon) are being 
completed and will open a year of exciting measurements “on the 
field”  

•  The program has advanced significantly in ESA, NASA and 
Roscosmos. A (final) proposal to JAXA  is due in the next few 
months: in the meantime we continue to shape the science, 
technology, and mission aspects of JEM-EUSO 



“Cosmic Ray Observatory on the ISS” 

AMS Launch  
May 16, 2011 

JEM$EUSO: Extreme Universe Space Observatory onboard Japanese Experiment Module  
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Figure 1-2. Artistic illustration of the JEM-EUSO telescope attached to the Japanese Experiment Module of the 
International Space Station, under nadir (left) and tilt (right) mode of observation. 

The JEM-EUSO telescope can reconstruct the incoming direction of the EECRs with accuracy 
better than few degrees. Its observational aperture of the ground area is a circle with 250 km 
radius, and its atmospheric volume above it, with a 60° FoV, is ~1 Tera-ton or more. The target 
volume for upward neutrino events exceeds 10 Tera-tons. The instantaneous aperture of JEM-
EUSO is larger than the Pierre Auger Southern Observatory by a factor ranging from 65 to 280, 
depending on its observation mode (nadir or tilted, Fig.1-3). 

JEM-EUSO, planned to be attached to JEM/EF of ISS, will be launched  in the JFY 2016 by 
H2B rocket and conveyed to ISS by HTV (H-II transfer Vehicle). 

 

 
Figure 1-3. Area observed by the JEM-EUSO telescope in one shot under 
�����
�������������	���
���	� mode.  

  

ISS-CREAM 
Sp-X Launch 2014 

JEM-EUSO  
Launch Tentatively  
planned for 2017 

CALET on JEM 
HTV Launch 2014 

View from NASA: “Cosmic Ray Observatory on the ISS” 


