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JEM-EUSO Observational Principle

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).

Extreme
Energitic /

Cosmic ; o e :
CEVE I JEM-EUSO mission will initiate particle

EECR . astronomy at ~102%V.

: JEM-EUSO telescope observes
et fluorescence and Cherenkov photons
Cerenkov generated by air showers created by
s extreme energetic cosmic rays
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Outline of JEM Exposure Facility
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, _ ) JEM Exposure Facility
A - \

g *Number of ports: 10
B al

*Power :120Vdc. Max10kw
Airlock between Pressurized Module -Communication :low speed (MIL-STD-1553B)
and Exposure Facility

medium speed (Ethernet) .
High speed :FDDI)
:controlled temperature 20£4°C

——

=Coolant
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»

' o 4N B A Candidate position
P o s b AN for JEM-EUSO

Pressurized Module

Payload

ELM/ES
Recycling of payload

standard envelope:1.85m X 1.0m X 0.8m
mass : less than500kg
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Mission Parameters

Time of launch:
Operation Period:
Launching Rocket :
Transportation to ISS:

Site to Attach:

Height of the Orhbit:
Inclination of the Orbit:
Mass:

Power:

Data Transfer Rate:

year 2015

3 years (+ 2 years)

H2B

un-pressurized Carrier of
H2 Transfer Vehicle (HTV)

Japanese Experiment Module/
Exposure Facility #2

~400km

51.64°

1983 kg

926 W (operative),
352 W (non-operative)
285 Kkpbs



ISS Orbit
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Science Objectives

* Fundamental Objective

Extreme energy astronomy by particle channel

Determine their origin and the acceleration mechanism

« Exploratory Objectives
—Detection of extreme energy gamma rays
—Detection of extreme energy neutrinos
— Study of the galactic magnetic field

—Verification of the relativity and the quantum gravity
effect in extreme energy

—Global observations of nightglows, plasma discharges
and lightning




E>102C eV particles do not bent
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Clarify acceleration mechanism
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EECR Energy Spectra
for Various Source Distance

The energy spectra at around 10%° eV differs for different source
distances affected by the GZK process.
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Energy Spectrum from Auger Observatory
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Above 3 x 1018 eV, the exposure is energy independent: 1% corrections in overlap region

18



=1 km? yr sr]

Exposure [L

1E+7

-
m
+

(o)}

=Y
m
+
u

[N
m
+
NS

[N
m
+

w

1E+2

Exposure Evolution

JEM-EUSO (Tilt

TA

1985

1990 1995 2000 2005 2010 2015
Year

2020



International Space Station-aboard
EECR observatory

— Orbiting at ~400 km
In =51.6 degrees latitudes

— 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
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Exploratory Objectives

Extreme Energitic Cosmic Neutrinos

2.7K CMBy
proton ‘ : ‘
E 107V neutron

proton

Neurino production by the GZK process

Air showers initiated by different kind
of neutrinos
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Photon Fraction for E2 E, | %]

Expected sensitivity
on gamma ray fraction

10°

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



Atmospheric Luminous Phenomena

OH airlow observed from ground Lightning picture observed from ISS

Leonid meteor swarm in Various trangent airglows
2001 taken by Hivison




JEM-EUSO Launch Configuration

JEM-EUSO telescope will be squeezed at launch.

Required Envelope
Clearance for JEM-RMS
RM&: Remote ManlpulatorSyst/7q4 FRGF for JEM-

1859
[mm]

PVGF for SSRMS

HDM Trunnion
3705 [mm] Clearance for SSRMS|access 2044 [mm]

TSM: Tie-down Separation Mechanism

HSM: Harness Separation Mechanism SS: Space Station 24
HDM: Hold Down Mechanism



JEM-EUSO On-orbit Configuration

JEM-EUSO telescope will be elongated on orbit.

Focal Surface and Sensors with Ring Tilted Position
\
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Telescope Barrel is not shown.



Conceptual View of
JEM-EUSO Telescope

Optical systgm —
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FoV: 60°
F/1.0
Diameter: 2.65m~1.9m

Obs. wavelength: 330nm~400nm front

Lens material: CYTOP
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Optics

2 = Manufacturing large
fagiiny diameter Fresnel Lens
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We obtained a cutting machine with a 3.4m dia. turn table
to make a 2.65m dia. Fresnel Lens.



Optics

Sample cutting test

Surface roughness

= -
= =
- — -

Surface roughness < 20nmRMS
(Requirement : =72 nm)
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JEM-EUSO Focal Surface
Detector

— 55

Elementary Cell
(2x2 PMTs = 256 pixels)

g6m™

mm

MAPMT
(8x8 pixels)

Focal Surface detector Photo-Detector Module
137 PDMs = 0.3M Pixels (3x3 ECs = 2,304 pixels)



New MAPMT M64
and PDM structure



FS Support Structure

The prototype of the rib structure and 3 PDM stru



Air shower Image on the Focal Surface

simulation

50 events of 10%%eV proton
showers are superimposed
on the EUSO focal surface
with 192 k pixels.
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JEM-EUSO DAQ — Data reduction block scheme

9.6 GB/s (FS) 4*10°compression 103compression

FEEEEEEEEEEEEEEEEENEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEETR 297 kbps

3 Gbyte/day

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

PDM Control Cluster FS Control
Board Control Board Board
peA [ A DSP/FPGA MPU
8PDM
Track Trigger Fine Trigger
ASIC s ger = g9
& PhotoDetect
cont Y B oot [
l] 137 Boards| (@, 18 Boards L s
315kch 18 Spares pare

LVDS with SpaceWire (ECSS-E-50-12A)
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PC interface chip
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JEM EUSO trigger FPGA chip

Set up for Lab test
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Cable : FFC(Flexible Flat Cable)
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JEM-EUSO DAQ — Data reduction block scheme

9.6 GB/s (FS) 4107 compression 103compression 297 kbps

3 Gbyte/day

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

PDM Control Cluster FS Control
Board Control Board Board
FPGA DSP/FPGA MPU
ASIC Track Trigger Fine Trigger
* G =
Count Ll : \,?‘ PhotoDetect
€ \ or Modules

137 Boards| (@, 18 Boards
315kch 18 Spares

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



CCB Hardware

Hardware of the Cluster Control Board (CCB)

FPGA instead of DSP:

e for the current L3-Trigger
= no need for floating point operations
= only integer sums (but a lot)
= a lot of internal RAM

= dedicated for parallel processing e LT
-4 - - - ',.'. S ‘'

@ interfaces:
= main | /O standard is LVDS
= main datapath (PDM—CCB): ~300 1/Os
= no need for external 1/0 expansion
= no need for external LVDS drivers

J. Bayer (Kepler Center TUbingen) June 22nd, 2010 2 /18



Franc Poland

|| Test Flow for F§| e

<
Korea | Germany

Italy || Japan
Filter :
—2010 Dec Mexico
PMT |~ PMT Base
LED
MGSE Structure
ASIC
Dark Box ~
C Board PDM “(PDM Test. )
—2011 Feb
HV Board
—2011 Mar
PDM Board CCB >
IDAQ
PDM Structure -
HK
Light Sim
( Balloon TesD* __________________ CDAQ TESD
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Test of PMT and AISC with the scanning UV [

KI-ASIC + FPGA Count
Black Box

( \ UV LED beam
< [ ]

Rotation Mirror
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Program Promoter: institutions
H.Kamitsubo, K.Kaya
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_ : by
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International Role Sharing

Optics: USA + Japan

Fresnel Lens #2

N

Precision Fresnel lens \|

Fresnel lens #1

Calibration: Japan + France
o I N

Simulation: Worldwide

JEM-EUSO Data Acquisition Core Outline
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ASIC+FPGA

1,332 EC

PDM Control
Board

FPGA

Track Trigger

148 Boards

Cluster Control
Board

DSP
Fine Trigger

-

19 Boards

Japan

Korea

Germany

FS Control Board
MPU

Operation Control

2 Boards
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DAQ Electronlcs
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JEM-EUSO Collaboration
| B K3 + e

12 countries, 62 institutions, 170 members

- Jagan . T. Ebisuzaki, Y. Uehara, H. Ohmori, Y. Kawasaki, M. Sato, Y. Takizawa, K. Katahira, S. Wada, K. Kawai, H. Mase (RIKEN), F. Kajino, M.
Sakata, H. Sato, Y. Yamamoto, T. Yamamoto, N. Ebizuka, (Konan Univ.), M. Nagano, Y. Miyazaki (Fukui Inst. Tech.), N. Sakaki, T. Shibata (Aoyama
Gakuin Univ.), N. Inoue (Saitama Univ.), Y. Uchihori (NIRS), K. Nomoto (Univ. of Tokyo), Y. Takahashi (Tohoku Univ.), M. Takeda (ICRR, Univ.
Tokyo), Y. Arai, Y. Kurihara, H.M. Shimizu, J. Fujimoto (KEK), S. Yoshida, K. Mase (Chiba Univ.), K. Asano, S. Inoue, Y. Mizumoto, J. Watanabe, T.
Kajino (NAQJ), H. Ikeda, M. Suzuki, T. Yano (ISAS, JAXA), T.Murakami, D. Yonetoku (Kanazawa Univ.), T. Sugiyama (Nagoya), Y. Ito (STEL,
Nagoya Univ.), S. Nagataki (YITP, Kyoto Univ.), A. Saito(Kyoto Univ.), S. Abe, M. Nagata (Kobe Univ.), T. Tajima (KPSI, JAEA), M. Chikawa (Kinki
Univ.), and M. Tajima (Hiroshima Univ.)

» USA : 3. H. Adams Jr., S. Mitchell, M.J. Christl, J. Watts Jr., A. English, R. Young (NASA/ MSFC) , Y. Takahashi, D. Gregory, M. Bonamente, P.

Readon, V. Connaughton, K. Pitalo, J. Hadaway, J. Geary, R. Lindquist, P. Readon (Univ. Alabama in Huntsville), H. Crawford, C. Pennypacker
(LBL, UC Berkeley), K. Arisaka, D. Cline, J. Kolonko, V. Andreev (UCLA), T. Weiler, S. Csorna (Vanderbilt Univ.),

» France: Jn. Capdevielle, P. Gorodetzky, D. Allard, J. Dolbeau), T. Patzak, J.J. Jaeger, E. Parizot, D. Semikoz, J. Weisbard (APC,IN2P3,CNRS
), S. Dagoret-Campagne (LAL,IN2P3,CNRS)

- Germany: M. Teshima, T. Schweizer (MPI, Munich), A. Santangelo, E. Kendziorra, F. Fenu (Univ. Tuebingen), P. Biermann (MPI Bonn), K.
Mannheim (Wuerzburg), J. Wilms (Univ. Erlangen)

> Italy . E. Pace, M. Focardi, P. Spillantini (U. Firenze) V.Bratina, A. Zuccaro, L. Gambicorti (CNR-INOA Firenze), A. Anzalone, O. Catalano, M.C.
Maccarone, P. Scarsi, B. Sacco, G. La Rosa (IAS-PA/INAF), G. D’Ali Staiti, D. Tegolo (U. Palermo), M. Casolino, M.P. De Pascale, A. Morselli, P.
Picozza, R. Sparvoli (INFN and Univ. Rome “Tor Vergata”), P. Vallania (IFSI-INAF Torino), P. Galeotti, C. Vigorito, M. Bertaina (U. Torino), A.
Gregorio (Trieste), F. Isgro, F.Guario, D. D’urso, D. Supanifsky (U. “Federico 1I” di Napoli), G. Osteria, D. Campana, M. Ambrosio, C. Aramo (INFN-

Nappli)
» MEeXICO: G. Medina-Tanco, J.C. D’Olivo, J.F.Valdes (Mexico UNAM), H. Salazar, O. Martines (BUAP), L. Villasenor (UMSNH)

> Republic of Korea : s. Nam, I. H. Park, J. Yang (Ehwa W. Univ.), T.W. Kim (Ajou University), S.W. Kim (Yonsei University), K.K. Joo
(Chonnam National University)

» Russia: Garipov G.K., Khrenov, B.A., Klimov P.A. Panasyuk M.l., Yashin L.V. (SINP MSU), D. Naumov, Tkachev. L (Dubna JINR)
» Switzerland : A maurissen, V. Mitev (Neuchatel, Switzerland) :
> SQ ai N: D.Rodriguez-Frias, L.Peral, J.Gutierrez, R.Gomez-Herrero (Univ. Alcala)

» Poland: 1. Batsch, B. Szabelska, J. Szabelski, T. Wibig(IPJ), T. Tymieniecka(Podlasie Univ.), Z. Wlodarczyk(Kielce Univ.), G. Siemieniec-
Ozieblo(Jagiellonian Univ.)

r Slovakia: k kudela R. Bucik. R. Bobik. M. Slivka (Inst. Experimental Phvsics. KOSICE)


http://ja.wikipedia.org/wiki/%E3%83%95%E3%82%A1%E3%82%A4%E3%83%AB:Flag_of_Poland.svg
http://ja.wikipedia.org/wiki/%E3%83%95%E3%82%A1%E3%82%A4%E3%83%AB:Flag_of_Russia.svg
http://ja.wikipedia.org/wiki/%E3%83%95%E3%82%A1%E3%82%A4%E3%83%AB:Flag_of_Slovakia.svg
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Explorer Augmentation — Program Detalls

* |n past, program reduced to pay for costs of major NASA
activities

« RECOMMEND Restoration of Explorer line to enable
astrophysics launch rates originally envisaged

* Proposed increase from $40M to $100M per year for
astrophysics missions -- Low risk

« Support two new MidScale (MIDEX), two new Small
(SMEX) Explorers, and at least four Missions of
Opportunity (MoQO) over decade

« Essential to maintaining breadth and vitality of space
astrophysics program

NATIONAL RESEARCH COUNCIL
OF THE NATIONAL ACADEMIES 24
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ESA
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— Fundamental Physics Advisory Team

- COSPARI0TOD# e : 58 S ITIJEM-EUSORR I 8 &3 &
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— Astronomy WG

— European Science Foundation

ELIPSEZ RS 5 LI

The Advisory Team supports the active participation of the European community in
ultra-high energy cosmic rays in the Japanese mission JEM-EUSO on the Japanese
module of the ISS. This 1s an excellent opportunity to test the possibility of detecting

such cosmic rays from space. If successful, this would open the road to an even higher
statistics of cosmic rays of the highest energy.
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» Main requests to
ESA: resources on
the ISS
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EUSO .
Ever Largest Refractive Telescope
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Principle of Relativity: Galileo
Galilel: There are no

differences in physical laws at
any velocity

]

Theory of Relativity: Einstein:
Lorentz Invariance

]

Are there realy no limits?




Greisen-Zatsepin-Kuz'min Process

Greisenl966; Zatsepin and Kuz’min1966

neutron
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Back-up



= o -
8 2L Flux of Cosmic Rays
N ¥
PRI "« 1particle m2s?
[ = be
10—4i & |
= q A —_—
10“7: B |
—10f s ¢ ’
25 decades q, o nee
.. ) = % . 1 particle m2 per year
IN INENsIty s -y
; ,
10—18__ "&_.
- Y
15""; \
152[
» Ankle
S Swordy i 1 particle km2 per yea
(Univ. Chicago) =
i e d Lhe l 11 Decades

33 :u 5 .6 '1?' B 2
0 0" 10" 10™ 1™ 10™ 15" 1IN ENer
: gy

Energy (eV}



PDM Dimensions (mm)
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Impact of clouds (a sketch)
Opt. Thick & low cloud Opt. Thin & high cloud

~ OK (even better) ~ Poor 7 |
Opt. Thick & [ii:iX[ssl Opt. Thin @ near shower max
C v
C , C
NG . Semi-OK

Cloud coverage also matter to estimate of the observed exposure
Info: UNAM (Mexico) stared intensive cloud studies (new work)
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