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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 JEM-EUSO sky simulated

detect more than 1000 - with 1,000 events ., ’
events with energy higher : e 1’ MWT
than 7x10° eV tl

Minimum success:

500 events
(minimum to identify
sources)

Analysis of the arrival
direction of particles Takami 003

— Accuracy of the determination

?ﬁ;gezasr lc;lval direction : less Brightness of UHECRoc?X ray (AGN)

Analysis of spectrum

— Accuracy of the energy
determination: less than 30%

Identification of Hadron/

photon/ neutrino:

— Accuracy of the Xmax
determination: <120 g /cm?



Open problems:

+ What is the nuclear [ g CEI

o o }: SIBYJLLQ,W . — EPOSV1.99
composition of

UHECR?

18.5 1875 19 19.25 19.5 19.75 20
log(E(eV))

Heavier composition above ankle

Are the sources

1sotropic or not?
What is the role of
CenA region?

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...




Exploratory Objectives
Extreme Energetic Cosmic Neutrinos
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Exploratory Objectives Expected SGHSIthlty
on gamma ray fraction

SHDMI Expected limit by 5 year mission
- compared with upper limits set by
existing experiments (95%CL)
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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 (~102%V)

— Possible detection of GZK photons during the Mission




Exploratory Objectives

Atmospheric Luminous Phenomena

Lightning picture observed from ISS

~300 km

Columniform
Sprite

Leonid meteor swarm in 2001 Various trangent airglows
taken by Hivison camera
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Large distance > 400 km
Large FOV |1 |
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Large Target Mass of the
atmosphere

Full sky coverage looking at
both North and South sky

17 annaemys

Large Distance R but small
proximity effect
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« International Space Station-aboard EECR V. (4B
observatory Vo { L >
— Orbiting at ~400 km £\ Nadirynode
in £51.6 degrees latitudes % R

— Covers both nordern and southern hemisphere

— Flight in varying geomagnetic field (~0.6 gauss)
around orbit

- 1 B

* 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 10'? tons
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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
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Outline of JEM Exposure Facility




Hits on screen: 596




End-to-End Simulations (ESAF):
Signal for a p shower (60 deg, 10*%eV)
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Result of end-to-end simulation
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Trigger Efficiency (Dec. 09 baseline)

Background 500 ph/(m2*sr*ns)
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Experiments in space: constraints

*Mass / Size

*Power supply
*Thermal dissipation
*Computational power
*Radiation tolerance
*Data Storage
*Downlink to Earth

*Redundancies
*Telecommand handling

Pamela antimatter spectrometer
on board Russian Resurs DK1 Satellite



The UV Telescopne

Precision Fresnel Lens

Iris

FresnelLens #1

Time of Launch 2015

Operation period 5 years

Launching Rocket H2B

Transportation to ISS Un-pressurized Carrier of
H2 Transfer vehicle (HTV)

Site to Attach Japanese Experiment Module/
Exposure Facility EF#2 of ISS

Mass 1983 kg

Power 926 W (op.) 352 W (non-op.)

Data Transfer 285 kilo-bps

Height of the orbit  ~430km

Inclination of the Orbit 51.6°

Table 2. Main parameters of the JEM-EUSO Mission

FresnelLens #2
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Focal Surface Detectors

Table 1. Main parameter of the JEM-EUSO instrument

Field of View +30°
Aperture Diameter 2.5m

Optical bandwidth 330 - 400nm
Angular granularity 0.1°

Pixel Size 4 5mm
Number of Pixels ~20 X10°
Pixel Size at the ground 750m

Duty Cycle ~20 -25%
Observational Area ~2 X 10° km?
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JEM-EUSO Data Acquisition Core Outline

l Optical system :]

LFresneI Lens #2 |

’ Precision Fre;nel leh_s
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’ Fresnel lens #1 ‘

DAQ Electronics

———

K Atmospheric monitoric
system
Infra-red camera

Lidar S
Calibration Focal Surface

Simulation  an

Mechanical Support Structure




Volume for Electronics
(167 x 128 x 130) Focal Sl.lrface
Mechanics

/ \ Photo Detector

Module
'%% / 2304 channels
& +

2 PDM Frame

64 channel

137 PDMs in the FS — 315 kchannels



Fresnel Lens #2

Precision Fresnel lens

El )

Atmospheric monitoric
system
Infra-red camera
Lidar
Calibration
Simulation

JEM-EUSO Data Acquisition Core Outline
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JEM-EUSO Optics

Precisipn Fresnel lens

- Fresnel lenses ...

Focal Surface

0.05 AZ 10-Oct=-04

Precision optics cancels
chromatic aberration

Surface of the Precision Fresnel lens
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Optics Requirements
— FoV =30°
— Pupil entrance pupil =2 m
—F/#<1.0
— Spot dimension ~0.1°(5mmQ@)
— Spectral range 330-400 nm
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Prototypes: Structure,

:
2
:
£

\
1st lens thicknessy
5 2mm

mm

1st lens radius of'etirvatime

88901127606 mm . 4052.
e Metering Structure

3rd lens

1.5m Bread Board Model

thickness

3rd lens radius of curvature

> 703024874465

mm




Lens manufacturing

Cutting machine with a 3.4m
=Ty diameter turn table to make a
X s ) 2.65m dia. Fresnel Lens.
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| Optical system

Fresnel Lens #2
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Atmospheric monitoric | Mechanical Support Structure |
system -
Infra-red camera : :

Lidar

Calibration | Focal Surface
Simulation




Hamamatsu

Ultra Bialkali high efficiency
MAPMT Mo4

64 channels in 8*8 grid
Arranged in 6*6 in PDM
structure

SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS

50
0y ® L~ Ultra Bialkali
/ Photocathode
40 3
/ )
= s /
- Super Bialkali
s / ‘f \ Photocathode
= 30 y
wl
:i_’ 25 / / AN (
wi ‘\ \
=
s = \
= \
8 15 N ™~
Srmeaamnz LI\
| Hamamatgu Phptonics




W transmit_on
 data_pc [0]

—ll data_ki

_aomnz

——l] data_pc [7]

SPACIROC

val_event

-out ASIC

PMT Read

omega-team

Ze
23y < W 4
BE g v 1
=
_ L s | 31
~ h QcCc =
T . |B28s m 58 %
: mWMu : 52 3
. | 8 || BES8 L || PR
1 ho] . -l A : LI ]
5 @ [ B 1 ] =

2| A A O
s

LAL/IN2P3

cmptist

==~===\==~===\==~====h====~=\====~=\=====\\=====_

9

vth_fsu

L
<

vth vfs

.

L

» LB 3 - ullN mullsn 0
= 9] = ; 5 .
: : i\ 5 L
[\ w0 + [&]
<) 0 -8 B8 a2|lae||ag|ae 2
< [ t K] —
Q s
c
0 0 m_ m_ %_ m
=0 A\ ANeA 3
¢ E S g 5
= £ o
© =< ©
Jc £ ) o)
0o 5 2 ke
o - @
E 0~ - c
— X = o prer) o (1]
7 £ 5s ol 82| w
14 6 o B2 ®
= “ c C c —
o . o om
0} o [ © <
! 0 €|l m B
3 5 £ z
o -
Sl - ©
e}



......T 4932 PMT LB15Ke )

1° TRIGGER LEVEL
TL1-FPGA

Focal Surface detector
Elementary Cell

(2x2 PMTs = 144 pixels)

2*TRIGGER LEVEL
TL1- FPGA

2° TRIGGER LEVEL
TL2-FPGA

Photo-Detector Module
(3x3 ECs = 1296 pixels)

2° TRIG GERLEVEL 2° TRIGGER LEVEL 2° TRIGGER LEVEL
TL2-FPGA TL2-FPGA TL2-FPGA

*315 Kchannels
*Strongly parallel and hyerarchical structure
Intrinsic redundancy

T

y3Lsnid 4sd
REVERRED DI TN

JEM-EUSO
FS TRIGGER
TOPOLOGY

H31sSN1d dsd
RELERREDDIRTINS

¥31sN1d dsa
HILSNIDNdSs]
RERERR'E L R

- PDM: 36 PMTs




JEM-EUSO DAQ — Data reduction block scheme

9.6 GB/s (FS) 4710~ compression 103 compression 297 kbps

EEEEEEEEEEEEER i 83 5 EEEEEESESEEEEEEEESEEEEEEEEEEEEEEEEEEEEEEEEEETR
B T -

e TEE TRl 7. L e 3 Gbyte/day

Storage on SSD will give factor
3, up to 10 Gbyte/day
Return with Soyuz

PDM Control Cluster Control FS Control Board
Board Board

FPGA DSP

FEE

ASIC+ Track Trigger Fine Trigger

FPGA |

Count
315kch 137 Boards 10 Boards 1 Board

+ 10 Spare 1 spare

LVDS with SpaceWire (ECSS-E-50-12A)
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MASS MEMORY
CPU < »] STORAGE
(Temporary 1-2 Gbyte)
PCI BUS 32 bit
A N CPU block

FPGA with links

DAQ

Control block

Time
. Custom Pjn to Pin conhector
GPS info Detector movement
Attitude info FDDI 1/ Ektlg:rnet Connectidn (nadir/tilted)
Downlink data
CAN bus: — >
Downlink to < Redundant Picavback board A ool Housekeeping and lgmpgrat;ge
- 1ggyback board: 1 trol Board oards,
ISS 11me .« »] slow control Boa 1\>
GPS
Storage on Voltage
Hard Disk AAAA A A Current

1553
connection:

Telecommand

Alive
information

5 B8 R ::E; o HYV setting

V&" H r,.;_.,hf Star Sensor DC/DC activation

: Sl Lidar | :

-| LVDSto | hi Cooling

CCB ‘ - Infrared Camera

. | Texas DSP o

TR Detector block
. (21T )l S Bidoperations
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Application Software

T l

Basic Software utilities

RTEMS Operating System

Il Sistema Operativo

l2eal Time Fxecutive for Multiprocessor Systems

USER APPLICATION

/////

RTEMS CORE
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1QV100 Mbit
Ethernst

Spacewire

Equipment 1 Ecuipment 2 Equipment 3

N-CPO1 AL Evakotion
o GA-CPO-ATEST

Figure 1. GRESB system diagram
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Dedicated to

Prof. Yoshiyuki Takahashi
(1947 - 2010)




