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0. Scientific Objectives





Science Objectives
• Main Objective：

Astronomy and astrophysics through particle
channel with extreme energies

– Possible identification of the particle and energy sources based on the
analysis of the arrival direction

– Possible identification of the acceleration and radiation mechanisms
with the measurement of energy spectrum from individual sources

• Exploratory objective：
– Measurement of extreme energy gamma rays
– Detection of extreme energy neutrinos
– Estimation of the structure of galactic magnetic field and its intensity
– Identification of relativity and quantum gravitational effect
– Study of atmospheric luminous phenomena



Success criteria
Full success：
　detect more than 1000
events with energy higher
than 7×1019 eV

Minimum success：
　500 events
(minimum to identify
sources)

• Analysis of the arrival
direction of particles
– Accuracy of the determination

of the arrival direction：less
than 2.5 °

• Analysis of spectrum
– Accuracy of the energy

determination： less than 30%
• Identification of Hadron/

photon/ neutrino：
– Accuracy of the Xmax

determination: <120 g /cm2

JEM-EUSO sky simulated
 with 1,000 events

Brightness of  UHECR∝? X ray （AGN）



Open problems:

• What is the nuclear
composition of
UHECR?

• Are the sources
isotropic or not?
What is the role of
CenA region?

Auger 2010HiRes 2010

Auger (07,08): excess correlation of UHECR arrival
directions with nearby (weak) AGN   99% c.l. rejection
of isotropy of arrival directions
HiRes rejects correlation with galaxy and AGN
catalogs at 95% cl...

Light composition Heavier composition above ankle



Extreme Energetic Cosmic Neutrinos

Neutrino production by the GZK process

Air showers initiated by different kind
of neutrinos

Neutrino fluxes for various models
and detection capability of
JEM-EUSO

Exploratory Objectives



Expected sensitivity
on gamma ray fraction

CL

No. of events

M-I
M-II
Ideal case

Method  I

Ideal case

Method  II

• Ideal case (only statistics): Xmax strong discriminator for gamma ray
• More realistic estimate (assumed experimental errors in Xmax)

using 2 different approaches to evaluate flux limit
→ New and stringent limit expected @ the highest energies (~1020eV)
– Possible detection of GZK photons during the Mission

Expected limit by 5 year mission
compared with upper limits set by
existing experiments (95%CL)

Exploratory Objectives



Atmospheric Luminous Phenomena

Various trangent airglows

OH airglow observed from ground

Leonid meteor swarm in 2001
taken by Hivison camera

Lightning picture observed from ISS

Exploratory Objectives



1.Principle 
   of observation



Erice, September 16-24, 2009

Large distance > 400 km

Large FOV

Large Target Mass of the
atmosphere

Full sky coverage looking at
both North and South sky

Large Distance R but small
proximity effect



• International Space Station-aboard EECR
observatory

– Orbiting at ~400 km
in ±51.6 degrees latitudes

– Covers both nordern and southern hemisphere
– 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



Erice, September 16-24, 2009 31st Course of
International School of Nuclear Physics

JEM-EUSO Exposure
1 MLinsley



2. Launch and orbit



Mission Parameters
• Time of launch: year 2015
• Operation Period: 3 years (+ 2 years)
• Launching Rocket : H2B
• Transportation to ISS: un-pressurized Carrier of

H2 Transfer Vehicle
(HTV)

• Site to Attach: Japanese Experiment Module/
Exposure

Facility #2
• Height of the Orbit: ~400km
• Inclination of the Orbit: 51.64°
• Mass: 1983 kg
• Power: 926 W　(operative),

352 W (non-operative)
• Data Transfer Rate: 285 kpbs + on-board storage



H-II Transfer Vehicle (HTV)H-II Transfer Vehicle (HTV)

©JAXA 

HTV is 4m across and about 10 m long



The ISS as of 2010



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

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

Airlock between Pressurized Module
and Exposure Facility

Candidate position
for JEM-EUSO



2. Signal & Backround



End-to-End Simulations (ESAF):
Signal for a p shower (60 deg, 1020eV)

Mernik et al. , 2009



31st Course of
International School of Nuclear Physics
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Result of end-to-end simulation



N TRIGGERED

M BOUNDARY

All inclinations 
M= 14 for N=4, straight track
M = 21 for N=4 inclined track
 
M=10 for N=2 straight track
M=13 for N=2 inclined track

•Affects Data compression
•Not data acquisition



Trigger Efficiency (Dec. 09 baseline)



•Mass / Size
•Power supply
•Thermal dissipation
•Computational power
•Radiation tolerance
•Data Storage
•Downlink to Earth

•Redundancies 
•Telecommand handling

Experiments  in space: constraints

Pamela antimatter spectrometer 
on board Russian Resurs DK1 Satellite



The UV Telescope



3. Mechanics



Focal Surface 
Mechanics

Volume Volume forfor  ElectronicsElectronics
(167 x 128 x 130)(167 x 128 x 130)

PDM FramePDM Frame

EC BaseEC Base64 channel64 channel
MAPMTMAPMT

FS Structure – Front view

Three element support,
(note sphericity)

Photo Detector
 Module
2304 channels

137 PDMs in the FS – 315 kchannels

2.5 m



4. Optics



Op#cs Requirements
– FoV  ± 30°
– Pupil entrance pupil ≥ 2 m
– F/# ≤ 1.0
– Spot dimension  ~0.1° (5mmΦ)
– Spectral range 330‐400 nm

JEM-EUSO Optics

Fresnel lenses
Focal Surface

Precision Fresnel lens

New Material CYTOP

PMMA
~50% up
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Prototypes: Structure,
1.5m Bread Board Model

Lens Frame

Metering Structure



Lens manufacturing

1.5m 1.5m φφ

2.65 m φ

1.5 m φ

Cutting  machine with a 3.4m
diameter turn table to make a
2.65m dia. Fresnel Lens.



5. Electronics



Hamamatsu
Ultra Bialkali high efficiency
MAPMT　M64 
64 channels in 8*8 grid
Arranged in 6*6 in PDM 
structure

M36

New M64Hamamatsu Photonics



PMT Read-out ASIC：SPACIROC

ＬＡＬ/IN2P3: omega-team



4932 PMT – 315kch

4932 MAPMT

137 PDM

20 CCB

1 MPU

•315 Kchannels
•Strongly parallel and hyerarchical structure
•Intrinsic redundancy 

64 channel UBA PMT      -     PDM: 36 PMTs 



JEM-EUSO DAQ – Data reduction  block  scheme

FEE

ASIC+
FPGA

Count

PDM Control
Board

FPGA

Track Trigger

Cluster Control
Board

DSP

Fine Trigger

FS Control Board

MPU

Operation Control

137 Boards 10 Boards
+ 10 Spare

10CCB8PDM

1 Board
1    spare

315kch

9EC

  LVDS with SpaceWire (ECSS-E-50-12A) 

 

 

297 kbps
 3 Gbyte/day

9.6 GB/s (FS) 

PhotoDetector
Modules

4*10-3 compression 10-3 compression

Storage on SSD will give factor
3, up to 10 Gbyte/day
Return with Soyuz
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6. System level 
architecture



 CPU

CAN  bus: 
HK control  Housekeeping  and

slow control Board

ISS

PCI BUS 32 bit

MASS MEMORY
STORAGE
(Temporary 1-2  Gbyte)

Downlink to
ISS
Storage on
Hard Disk

LVDS to
 CCB
Texas DSP
 (21 links)

Lidar

Lid operations

Infrared Camera

HV setting 
DC/DC activation
Cooling

Star Sensor 

Temperature
 Boards,  FS

Voltage
Current

Detector movement
(nadir/tilted)

 Piggyback board:

Custom Pin to Pin connector

IDAQ
FPGA with   links

Detector block

CPU block
DAQ 
Control block

1553
connection:

Telecommand

Alive
information

FDDI / Ethernet  Connection
Downlink data
         

Redundant  
Time, 
GPS
                                          

Time

GPS info

Attitude info



General Architecture Requirements

Main CPU

• Low  computational power  (100-200 MIPs)
• Flexible
• Redundable
• Variable connections 
• Modifiable if detector structure and distribution changes during development

(e.g. 2.5 µs   1 µs GTU,  PMT36-> PMT64)
• Main/spare cold redundancy
• Atmel AT697E, HIREC  HR5000

DSP – Cluster control board
 
• high computational power (1000+ MIPs)
• Main/spare redundancy; Intrinsic redundance
• High level trigger
• TI6713b 



• Event readout
1. Cosmic rays   (PMT readout) after data processing
2. Calibration
3. Slow control & Housekeeping
4. full acquisition events
5. Atmospheric phenomena: special triggers, metereoids, lightning ecc
6. spurious trigger which require special rejection techniques
7. Housekeeping and ancillary data for each event

• Telemetry & Telecommand
• Data storage

• Operations
1. HV and operation parameters, discrimination settings, calibration commands
2. Lidar operations & Acquisition
3. IR Camera operations & Acquisition
4. ISS position & Attitude (from ISS Housekeeping)
5. Lid operations
6. Refocusing
7. Tilt operation movement (frequent and housekeeping)
8. Reshrink (open / close) detector

CPU Tasks



(Low) data processing capabilites, high degree  of flexibility and
autonomous decisions

Alarm and contingency automatic
1.Power
2.Safe mode (usually switch off)

Telecommands from ground to overrule :

• Observation parameters

• Calibration

• Data flow

• Operations in reduced data connection

• HV regulations

•     etc…

CPU principle



1. Stop acquisition
2. Stop live time
3. Transfer to CPU
4. Request information to secondary PDM
5. Process info of secondary PDM

*look at red pixel
       *reprocess data with different threshold
6. Get secondary PDM data
7. Compress secondary PDM data
8. Pack and store to ISS

Note that large events will trigger more than one PDM, probably trigger will come
from more than one PDM with small offset due to propagation of track.

However delays/overheads  in data transmission will be higher.

Trigger  at  PDM level (Third Level):



6.  Software



  RTEMS Real Time Operating System

Thanks to F. Sebastiani
http://www.bzimage.it/linuxday2003/slides_noframe/linuxday2003-sparc-rtems-
erc32.html

•Used By Pamela, Aurora…
•ESA development
•Open source
•Supports Leon V.5
•Multitasking
•Real time
•Task priority
•Ease of development/debugging

•Special techniques for reprogramming
•In full
•In part (double subroutine call)



7.  Development plan – EGSE



1. Software test boards

(commercial board – algorithm
implementation & tuning)

2. Hardware development boards

(Test link, interfaces etc)

3. Prototype boards (E.M.)

4. Flight  configuration

5. EGSE – Electronic Ground Support
Equipmend / Simulator

Development scheme



CPU

FPGA with LVDS Links to DSPs and other detectors

BUS PCI
1553 / spacewire / CAN bus

Development  configuration /  board breakdown

HK board CAN BUS

To 21 DSPboard

Or 

Chain communicction

Piggyback board

IDAQ



PSCU

EM

Cable 20 to J07

Cable 1

Cable 2

Cable 3

Cable 7

Cable 8

Cable 9 - monitors

1553 BC Simulator

PC1

IDAQ Simulator

TAM Simulator

PC2

Terminal/debugger

PC3

Monitors

Control Commands

Stimuli

PC4

ELCUS 1553 BOARD

Cable 6

Adapter RS422

Cable 4

Cable 5

Cable 10 - trigger

Cable 11 - ML & SER

RS422/LVDS line adapter

Cable 12 - trigger

Cable 13 - NIDAQ

NIDAQ Patch Panel

Cable 14 - CC M

Cable 15 - CC R

CC Driver Box

Cable 19

Cable 16 ANA Stimuli

Cable 17 Dig Stimuli

Cable 18 CC for users

PS 2

+ 27 V Power supply

Cable P1

PS1

+ 3.3 V Power supply

Cable P4

PS3

+ 5 V Power supply

PS4

+ 5 V Power supply

Cable P2

Cable P3

Adapter Box 1

PS5

+ 27 V 16 A Power supply

Cable P5

NI 6025E PCI

EGSE/ Simulator



8.  Conclusions
Jem-Euso has completed phase A/B with JAXA
Ready to proceed to phase  B/C
Proposal to national funding agencies and institutes  have been submitted
and accepted or under evaluation

ESA:
Positive Recommendation in Fundamental Physics Roadmap and

Astronomy WG of ESA
Approved in the research pool of ELIPSE program by Human

Spaceflight Div. ESA

Launch foreseen in 2015



Dedicated to
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