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The Scientific Case
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The Energy Spectrum

1st Knee 2nd Knee 

Ankle 

HE flux 
suppression 
(GZK?) 
 

EECR 
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A key result of ground -based detectors

Tsunesada, UHECR 2012
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VCV Catalogue, E>57EeV,
Z< 0.018, distance< 3.1 °°°°
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Fukushima, UHECR 2012
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UHECR status in just one word
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103 ���� 105
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JEM EUSO: 
AN OBSERVATORY 

OF UHECRs FROM SPACE

Instantaneous aperture: up to ~106 km2 sr

Main Objective:
ASTRONOMY and ASTROPHYSICS 

THROUGH PARTICLE CHANNEL

An experimental pathfinder with 
outstanding scientific capability



The Extreme Universe 
Space Observatory 
on-board the Japan 
Experiment Module 

(JEM) of the ISS

Heritage of the ESA EUSO study

2001- 2004



JEM EUSO Collaboration

•Japan, USA, Korea, Mexico, Russia

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

•13 Countries, 77 Institutions, more than 250 
researchers

•RIKEN: Leading institution



Science ObjectivesScience Objectives
•• Main ObjectivesMain Objectives：：：：：：：：

Astronomy and astrophysics through particle Astronomy and astrophysics through particle 
channel with extreme energies > 5channel with extreme energies > 5××××××××101019 19 eVeV

–– Identification of individual Identification of individual sourcessourceswith high statistics with high statistics 
–– Measurement of the Measurement of the energy spectrum energy spectrum of individual sourcesof individual sources
–– Understanding of the acceleration processes and source dynamicsUnderstanding of the acceleration processes and source dynamics

•• Exploratory objectivesExploratory objectives：：：：：：：：
–– Detection of extreme energy Detection of extreme energy neutrinosneutrinos
–– Measurement of extreme energy Measurement of extreme energy gamma raysgamma rays
–– Study the intensity and topology of  Galactic and extragalactic Study the intensity and topology of  Galactic and extragalactic 

magnetic fieldsmagnetic fields
–– Global observation of Global observation of atmosphericatmosphericphenomena: nightglows, lightning phenomena: nightglows, lightning 

and plasma dischargesand plasma discharges



GZK flux-suppression – all sky spectrum 

The flux-suppression may be a cut-
off in acceleration rather than the 
result of propagation, either photo-
pion production or photo-
disintegration of heavy nuclei

In fact known astrophysical objects 
and bottom-up mechanisms 
apparently barely arrive at the 
maximum energies observed so far.

reconstruction errors included 
(Saitama-v2009)

ICRC 2011 : Beijing : JEMICRC 2011 : Beijing : JEM --EUSOEUSO
Gustavo MedinaGustavo Medina --Tanco Tanco –– ICNICN--UNAMUNAM

If there are UHECR proton sources at D ≤ Dvirgo � Recovery at Erec ~1020.2 eV



Recovery’s detectability (exposure, ΔE/E & spillover)

ICRC 2011 : Beijing : JEMICRC 2011 : Beijing : JEM --EUSOEUSO
Gustavo MedinaGustavo Medina --Tanco Tanco –– ICNICN--UNAMUNAM

Auger without recovery

Auger + 20%

Auger with recovery

If actual spectrum were
Auger without recovery95% CL for Null

detection
Tilted mode, 5yr



Simulated observed spectra of 
a point sources as a function of 
distance. The median and the 
upper and lower 68% CL are 
shown for each spectrum. All 
the hypothetical sources have 
approximately the same flux at 
Earth, which amounts to ~ 160 
to 190 events above 55 EeV. 
If achieved in 5 yrs of operation 
of JEM-EUSO, such a flux 
would correspond to a 
collection rate at Auger of less 
than 4 events per year 
associated with each source. 
The injection spectrum at he 
source is αE-2, an intergalactic 
magnetic field of 1 nG intensity 
and correlation length of ~1 
Mpc is assumed, and the 
incoming events are selected 
with an appropriate trigger 
probability and their energies 
are convoluted with an energy 
and zenith dependent error. No 
reconstruction probability is 
applied, which would 
increasingly and considerably 
affect the lower energy portion 
(E<50 EeV) of all spectra.

Spectra of individual sources (or unresolved source-regions) 

Based on Auger results, assume that correlation with source is traceable down to 55 EeV

G. MEDINA-TANCO 2011

ICRC 2011 : Beijing : JEMICRC 2011 : Beijing : JEM --EUSOEUSO
Gustavo MedinaGustavo Medina --Tanco Tanco –– ICNICN--UNAMUNAM
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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 (2.5m).

JEM-EUSO mission will initiate particle 
astronomy at ~10 20eV.

EExtreme xtreme 
EEnergetic nergetic 
CCosmic osmic 
RRaysays

Air shower

Air shower



1. Monitored area 

Ageo
Nadir ≈1.3×105  km2

Two advantages: 

Ageo
Tilted ≈ 1.×106  km2[@40°]



2. ISS Orbit� 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



The Mission



Japanese Experiment Module 
“Kibo” July 2009

きぼう, 
Hope

51.6°
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Robotic Arm

JEM Exposure Facility
・Number of ports: 10
・Power ：120Vdc、Max10kW
・Communication：low speed（MIL-STD-

1553B）
medium speed （Ethernet）、
High speed :FDDI）

・Coolant ：controlled temperature 20±4℃

ELM/ES
Recycling of payload

Pressurized Module

Outline of JEM Exposure Facility
Japanese Experiment Module “KIBO”

Payload
standard envelope：1.85m×1.0m×0.8m
mass ： less than500kg

Airlock between Pressurized Module 
and Exposure Facility

Candidate position 
for JEM-EUSO



Mission aspects have been successfully 
studied by JAXA and RIKEN





The Instrument



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



The UV Telescope Parameters

+

+

+ Optics Throughput



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



Detector and electronics
• MAPMT-64 

• ASIC Spaciroc

• Electronic Cell
Board

• 137 PDM 1st 
trigger and 
readout

• CCB 2nd trigger

PDM Bread board model integrated at RIKEN

ASIC test board

PDM Frame

64 Ch PMT

Light Source

From 9.6 GB/s to 3 GB/day on the entire FS 





・ 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
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Atmospheric Luminous Phenomena

Various transient airglows

OH airglow observed from ground

Leonid meteor swarm in 
2001 taken by Hivison

camera 

Lightning picture observed from ISS



The Performance



Peculiarities from space

• Far and almost constant distance of the shower 
(no proximity effect) 

• Shower is contained in the FOV: observation of 
the entire profile 

• Possibility of observing in cloudy conditions (in 
most cases Xmax above the cloud-top) 

• Less contamination by Cherenkov



Comparison 
to ground-based observation

Typical FOV of ground-based telescope

Not shown to scale
(schematic illustration) 

Ground-based observation
– Generally sensitive to low 

zenith angle showers
– Signals from EAS attenuated 

by Rayleigh scattering over 
large distant plus possibly 
aerosol layer near ground

– Correction of attenuation 
coefficient depending upon 
distance to showers



30 deg
~5000 ph

60 deg
~10000 ph

75 deg
~17000 ph

PDM

Proton
E=1020eV

2PDMs
size

1PDM
size

1 PDM FoV:
~ 27 km x 27 km
~1/4 Auger
~ 1 TA

100 GTU

60

30

137 PDMs on FS

1GTU = 2.5 µµµµs

600 
Nph

450

300

FS pupil

30°°°°

60°°°°

75°°°°



Which is the annual exposure?

• It is determined by three factors: 

TA×η ×κ
TA→ Trigger  Aperture

η → duty cycle

κ → cloud impact

Determined by the 
trigger efficiency

Determined by the background 
(and operation)

Determined by the cloud 
coverage

• Of course it depends on the zenith angle and 
energy…



Duty cycle (2)
Note that: 
Selecting bckg < 1500 
photons/(m2 ns sr) with 
its relative occurrence 
gives a trigger efficiency 
curve equivalent to an
average bckg of 500 
photons/(m2 ns sr)

P.Bobik et al., ID886

Based on Tatiana data



Duty cycle: EUSO old estimate
C. Berat  et al. 2003

F. Montanet  et al. 2004

All these results are in 
very good agreement 
with and actually better 
than the conservative 
value assumed by the 
JEM-EUSO consortium: 
20%

Independent estimate 

Moonlight background photons [ph/m2/ns/sr]

D
ut

y 
cy

cl
e 

[%
]



Saipan (mid-Pacific) Western Australia
(ocean & desert)  

Utah

Auger site (Pampa) Central EuropeCentral Japan

FoV of 1 PDM (27km x 27 km)  ■

■

■ ■

■■

■

In the city impact we assumed that 1 PDM is blind if 1 km x 1km area sees I > Io

BG Ocean = 1 = 500 ph/m 2/ns/sr

Only 10% of the time



Cloud impact & shower maximum 

� Large ZA EAS has limited cloud impact

Protons E>5·10 19eV

3km



Cloud Coverage
F.Garino et al., ID398

Occurence of clouds (in %) between 50° N and 50° S on TOVS 
database. The matrix Optical depth vs. Cloud-top altitude is shown.   

1.2<0.1<0.129.2OD<0.1

6.83.72.46.4OD:0.1-1

3.13.52.95.9OD:1-2

6.16.45.217.2OD>2

>10 km7-10 km3-7 km<3 km

Cloud top
O

pt
ic

al
 D

ep
th

Confirmed by ISCCP,CACOLO & MERIS database

Clear sky ~ 29%
Green band ~ 60%



In more than 70% of the cases the UV track including 
Xmax is observable 

*Different geometrical conditions for optically thick or optically thin clouds

L.Saez et al., ID1034,  

K.Shinozaki et al. ID979

1.00E+019 1.00E+020 1.00E+021

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

Energy [eV]

Ratio vs clear sky

♦♦♦♦ All trig events with 
cloud impact
▼ Xmax > H_cloud-top 
OR tau_cloud < 1

Basic conclusion:
ef

fic
ie

nc
y



Trigger Probability (Zenith angle vs. Energy)

Full FoV, bckg = 500 ph/m2/ns/sr

K.Shinozaki et al., ID979

θθθθ=75°°°°
θθθθ=60°°°°

θθθθ=45°°°°

θθθθ=30°°°°
θθθθ=15°°°°



Trigger Probability for Central FoV(R<125 km)

θθθθ=75°°°°
θθθθ=60°°°°

θθθθ=45°°°°

θθθθ=30°°°°
θθθθ=15°°°°

K.Shinozaki et al., Beijing ICRC ID979



Instantaneous Geometric Aperture

4.5·105 km2sr

1.5·105 km2sr

4·104 km 2sr

K.Shinozaki et al., ID979



Annual Exposure (…Nadir)

60,000 km2sr yr

5,000 km2sr yr

20,000 km2sr yr

TA××××ηηηη××××k

K.Shinozaki et al., ID979

~19%××××70%



Comparison with current observatories
Observatory Aperture 

km2 sr
Status Start Lifetime

yrs
Duty 
cycle

Annual 
Exposure
km2 sr yr

Relative 
to Auger

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

TA 1,200 Running 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



Expected number of events 5 years (>E)  

HiRes Spectrum
(Abbasi PRL 100)

Auger Spectrum 
(ICRC2011)



Angular Resolution

End to end simulations show that the requirement is met. 

××××

×××× Requirement
αααα<2.5°°°°@ 
E=1020eV, θθθθ=60°°°° Zenith Angle θθθθ(deg)

αα αα(
de

g)
♦♦♦♦ 7e19 eV
▲3e20 eV

T.Mernik et al., ID633



Typical shower profile
for a 10 20eV proton, θθθθ= 60°°°°

∆∆∆∆E/E < 30% for ~90% of events



Typical shower profile
for a 4·1019eV proton, θθθθ= 80°°°°, R<100km

∆∆∆∆E/E < 30% for ~90% of events



Energy Resolution

ZENITH Angle θ(deg)

∆
E

/E
 (

%
)

End to end simulations show that the requirement is met. 

♦ log(E/eV)=19.6
■ log(E/eV)=19.9
■ log(E/eV)=20.1

×

∆Xmax < 70gr/cm2  (Requirement ∆Xmax < 120gr/cm2)  OK

× Requirement
∆Ε/Ε<30% @ 
E=1020eV, θ=60°



The JEM-EUSO pathfinders

• TA-EUSO at Telescope Array  in Utah

Installation on site   Winter  2012.

• Several EUSO Balloon Flights   with CNES

First launch date  early 2014



ELECTRONICS Team:

Detector

LASER Team

Theoretical Team: Simulations

TA FD
(Fluorescence 

detector)

ELS: Electron 

Light Source

TA-EUSO 

location

Size (mm)

OPTICS Team: Lenses TA site, UTAH, Black Mesa

PDM detector block



1m

1m

OPTICS Team: Lenses

ELECTRONICS Team: Detector

LASER Team: Laser 
Theoretical Team: Simulations

EUSO Balloon



Conclusions

• The JEM-EUSO duty cycle and cloud impact have been thoroughly 
estimated to be η≈19% and  κ > 70%.

• JEM-EUSO will have enough exposure and reconstruction capability at 
3x1019 eV to overlapwith current generation observatory

• JEM-EUSO has an exposure in nadir mode almost one order of magnitude
higher than current ground-based observatories.

• Simulations in nadir mode shows that the energy and angular resolution 
meet the requirements.



Conclusions
• Science:Evidence for GZK, Indication for Anisotropy, hints 

of sources but puzzling scenario (PAO, HiRes, TA)
– Current generation of UHE Observatories is too small
– We need next generation
– Exploration of the unknown: UHE neutrinos, photons and new 

physics
• Breakthrough can come from space: 

– Large exposures, uniform exposures of the entire sky
– JEM-EUSO is the pathfinder with potentially outstanding science 

output. 
• JEM-EUSO is feasible:

– Phase A/B studies of JAXA and of the Collaboration confirms it
– Prototyping phase has been started. Tests on the key mission 

elements have been conducted. 
• Launch in 2017
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BACKUP  SLIDES
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E>1020 eV particles do not bend

We can specify origin of EECRs by arrival 
direction

Simulation of trajectories 
inside our galaxy
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Conceptual View of the
JEM-EUSO Telescope

Precision optics cancels 
chromatic aberration

Materials: PMMA + CYTOP



62

defined as the fraction of time in which 
the nightglow background doesn ’t 

hamper EAS observation
• Based on the Universitetsky Tatiana satellite

G. K. Garipov et al. 2005a, 2005b

• Scaling of the UV intensity from Tatiana’s to 
the ISS orbit

The JEM-EUSO duty cycle has been estimated 
for a set of Solar Zenith angles assuming an 
UV background < 1500 photons/(m2 ns sr)

P.Bobik et al., ID886 Duty cycle estimation
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Defense Meteorological Satellite Program data
• – Annual average of cloudfree moonless intensity of 

‘Night Earth ’ in 30 arcseconds grid on surface
• Light pollution cities mainly consisting of visible range
• – Assuming UV intensity proportional to visible
• • Estimating background intensity in a unit of 

‘oceanequivalent’
• – ‘Oceanequivalent’ background intensity 

- assuming → 500 UVphotons / (m2 sr ns) 

THE ROLE OF CITY LIGHTS

Log scale

Linear scale

Ocean equivalent 
(500 ph/m 2/ns/sr)

BABY 2002

Level of BGLevel of BG

P
er

ce
nt

s
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City lights effect - Operational efficiency

• DMSP data with intensity over level 7 
• Real ISS trajectory, simulated moon light  IMOON

• Nadir mode of detector (area on Earth ~140 000 
km2) 

• 137 PDMs projection on Earth surface
• conditions to exclude measurements over cities 

from JEM-EUSO duty/operational cycle  – if 
more than selected number of pixels in PDM are 
blind (DSMP  resolution 1 km pixels). 

• BG = BGMOON+ BGOCEANEQ_500 + BGcities

• BGOCEANEQ_500 = 500 ph / (m2 ns sr) 
• For allowed background 1500 ph/(m2 ns sr) we 

get 

Cities in PDM Duty cycle [%]

0 18.51

< 2 % 19.11

< 5 % 19.64

< 10 % 19.91
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Cloud -impact to trigger 
efficiency

Average efficiency* = 82% above 50 EeV

*A spectral distribution dN/dE∝∝∝∝E-3 is assumed

L.Saez et al., ID1034,  K.Shinozaki et al. ID979

90%90%90%90%OD<0.1

70%75%80%90%OD:0.1-1

25%45%70%90%OD:1-2

20%35%65%90%OD>2

>10 km7-10 km3-7 km<3 km

Cloud top

O
pt

ic
al

 D
ep

th

E>5·1019eV
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A cross -check with Auger location seen 
through TOVS data

20042OD<0.1

5224OD:0.1-1

1553OD:1-2

67106OD>2

>10 km7-10 km3-7 km<3 km

Cloud top

O
pt

ic
al

 D
ep

th
AUGER region (lat: 29,7/38,9; long: 290,5/300,9)
Only 250 data available (~6% statistical error)

Clear sky ~ 42% - Better than world average (29%)
Green Band ~ 57% - similar to world average (60%)
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Normalised Aperture: Efficiency

PRELIMINARY

K.Shinozaki et al., ID979

3x1019eV
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Take home messages: 
Physics and Astrophysics at E>5×1019 eV
But also…
Explore new physics in the energy range E≈1020-1021eV

Highest statistics and therefore largest exposures at 
extreme energies 

E ≈ 1020−21eV
But also … lower energies are important for 
overlapping with ground-based detectors and make
a statistically significant comparison!

E < 5×1019eV
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Ground and Space

• If no New Giant Detector, we will not 
understand what is UHECR. 

• If no JEM/EUSO, we will lose important 
future and hope.

M. Fukushima, UHECR2012 – Summary Report
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Fukushima, UHECR 2012


