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A mi RENATA,

a la que he sentido como una hija... y como una madre...

y a la que ahora como colega, le animo a impulsar y
consolidar las Astroparticulas Espanolas en el
panorama nacional e internacional.



Overview

v’ Scientific Motivation of this Space Mission.
v' JEM-EUSO main instrument & Mission parameters.
v" Scientific & Tecnological contribution of Spain.
v’ Spanish Consortium involved in JEM-EUSO.

v" Infrared Camera of JEM-EUSO.

v’ Conclusion & Further Steps.



ARRIVAL DIRECTIONS ANISOTROPY ?

The Pierre Auger Collaboration D BIERLE

SCIENCE, 2007.

Anisotropy of the arrival directions of UHECRs
and their extragalactic origin.

O : Arrival direction (>57EeV,<3.1degrees)
Red points: AGN(< 75Mpc);
White * is CEN-A

Circles of radius 3.1° centered at the arrival
directions of the 27 CRs with E; > 5.7 10'%eV.
Red asterisks indicate the positions of the
472 AGN (318 in the FoV of the Observatory)
with redshift z£0.018 (D < 75 Mpc) . Véron-
Cetty catalog.

The number UHECR events recorded
corresponds to 1.2 years of operation
of the complete southern array.

Due to magnetic deflections in EGMF &
GMF, very high statistics @ EHECR are
crucial to identify sources and
established
“Charged-Particle-Astronomy”

@ E> 1020 eV




Why a space-based experiment for CR’s detection ?

Increase Exposure to increase statistics
& full sky coverage

Auger
FDfHDbri . 7,000 | 2006-2015 10+ 100 | 7.0 x104 1
y 7.000 | 2006-2015 10+ 10 | 7.0 x104 0.1
Telescope Amay 100 | 1.4x104 0.2
1,400
FD 6.700 2008-2015 | 10 10| 6.7>103 01
10
TUS 30,000 |  2009-2014 5 20 3.0x104 0.5
JEM-EUSO 520,000 | 2016-2017 2 20 | 2.1x105 4 in two years
2,580,000 | 2018- 3+(5) 20 | 1.5 x106 25+(42)
5+(5) 20 | 1.7 x106 30+(42)
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JEM-EUSO Collaboration




Outline of JEM Exposure Facility-KIBO




H-11 Transfer Vehicle (HTV)

On September 18, 2009 the first Japanese HTV module was successfully docked to the ISS,
transferring material and leaving the ISS safely. Have a look at the film @ www.nasa.gov.
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Parameters of Mission

UNIVERSIDAD
DE ALCALA

Time of launch: yvear 2016
Operation Period: 3 years (+ 2 years)
Launching Rocket : H2B

Transportation to ISS: non pressurized Carrier of H2
Transfer Vehicle (HTV)

Site to Attach: Japanese Experiment Module/
Exposure Facility #2

Height of the Orbit: ~430km
Inclination of the Orbit: 51.6°
Mass: 1983 kg
Power: 926 W (operative),

352 W (non-operative)
Data Transfer Rate: 285 kbps



Extreme Universe Space Observatory
JEM-EUSO

[T
16

]I
1IE

s Non-Local EECR

w7/ v\ O\

-“A\ 2

EECRs

Yohkoh JAXA/ISAS

uy, X, y,v
p, N, e

Solar wind



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 High Energy Gamma Rays (EHEGR).
Detection of extreme high energy neutrinos

Estimation of the structure of galactic and extragalactic magnetic fields
and its intensity

|dentification of relativity, quantum gravitational effect & Dark Matter.

Study of atmospheric luminous phenomena: night-glows plasma
discharges & lightings.



Criteria from Scientific Requirements

(Success Criteria)

*Full Success:
Number of Events >1000 (above 7x10!° eV)

Minimum Success: >500

*Extra Success
Achieve one or all of three exploratory objectives

 Arrival direction < 2.5 degrees

* Energy resolution <30%

« Hadron/Photon/neutrino: AX <120 g /cm?

max



Flujo de los rayos cosmicos que
detectara jem-euso

Consideraciones:

-El tiempo de observacion como ~20% del dia
- Area del modo nadir: 2,5.105 km?2

- Area del modo tilted: ~106 km?2

ENERGIA (eV) | FLUJO (EA(-2.7)) |MODO NADIR MODO TILTED
1019

1 partlculalkm yr 6 eventos/hora 23 eventos/hora

1021 ;? 4106 partlkmzyr 0,2 particulas/afio 0,8 particulas/afio
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If we get >1,000 events,
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- 1,000 events : E>7x10%eV
- Several dozen clusters are
expected with full sky coverage
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instrument

JEM-EUSO telescope

Infrared
Cameras | Atmospheric monitoring

%I Udar [©

U
Iris Fofial surface detector
A1 /-
Optical system — — Rear lens Focal surface
\ .
Y _ Electoronics
\ -

Precision|fresnel lens

Iris

Tilt system

Lid
Grapple fixture
system

Connects to the JEM/EF EFU



instrument

Providers of Instrument

subsystems Providers (nations)

Optics USA

Detector Japan, Germany, France
Electronics Japan, Italy, Korea, Germany
Atmospheric Monitor Switzerland, Japan, USA, Spain
Calibration Germany, France, Japan, USA
System Software Japan, Italy

Logistics Japan

Ground Segments Japan, Italy, Mexico, Spain
Interface Software Japan, Italy, Mexico, Spain
Analysis Software all

Analysis all




instrument
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JEM-EUSO Focal Surface
Focal Surface detector

150 PDMs = 0.2M pixels) Elementary Cell
(2x2 PMTs = 144 pixels)

N

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



PDM and HVPS module board
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JEM-EUSO: Status & Prospects

Approved Phase A 2007-mid 2009 by JAXA.
Phase B1: SRR. mid 2009-2011.
Phase B2: PDR+BBM by 2012.

Férl'jea—ccealli%ré%’rcigln C&E% clé%ri%und measurements: Balloon Flight (French

Phase C: CDR 2013-2014.
Construction, Assembly & Verification: 2015-2016.
Launch by HIIB-HTV & Commissioning 2016-2017.

Operation period:
2017-2018 (Nadir mode). 2018- ... (Title mode).

Resources:
90.000 k€-26.000 k€ Europe ( 33% Europe, 66% Others).



TUS: JEM-EUSO pathfinder

TUS will be launched by Lomonosov satellite
(Roscosmos Russia Agency) by 2012.

When we joined JEM-EUSO, TUS was already
defined and the contribution of countries to TUS
had been defined very well in advance.

The contributions to Space projects use to be
closed in the earliest phases of the Space Mission
design & it does not remain opened during later
phases of development.

Spain is NOT contributing to TUS & has ANY
responsability to the JEM-EUSO pathfinder.



JEM-EUSO ESA positive outcomes

v'2010: ESA: “Fundamental Physics Roadmap Advisory Team (FPR-AT)”

v'2010 ESA “Astronomical Working Group (AWG)”.

v'2010 Program ELIPS (European programme for Life and Physical
sciences and applications) accepted by the ESA committee for
“Human Spaceflight, Microgravity and Exploration on ISS”.

v'June 2010 The Science Unit of The European Space Foundation
(ESF) has informed positively the JEM-EUSO space mission.

v'April 2011 ESA Topical Team for Coordination of the European
Involvement in JEM-EUSO.



Spanish Consortium @ JEM-EUSO

I. Sept 2007, Valencia. We presented the project
for the first time to the RENATA community and
invited potential intferested members to join.

IT. Dec 2007 MOU signed between UAH-RIKEN.

ITI.JEM-EUSO meeting @ Spain hosted by the SPAS
group @ UAH (October 24, 2008) with attendance
of the PI of JEM-EUSO Prof. Toshikasu Ebisuzaki,
\é/he.rae d’rhe Spanish contribution to JEM-EUSO:

ecided:

HVPS Module Board

OPAMP, FET,
DAC, ADC etc.

9 Connec tors to connec t
with Elementary Cells

Size: 14cm X 14cm
Mass: 251 g




Spanish consortium @ JEM-EUSO

IV.09-02-2009: JEM-EUSO Kick-off meeting @ Madrid
for the IR camera design study.

3 main goals:

> Identify and set up a JEM-EUSO Consortium @ Spain.

» Define the work packages for the IR camera.

» Try fo define an alternative design to the IR-camera
baseline.

MD: Rodriguez-Frias. Il ASTRID Workshop, 2009.



JEM-EUSO Consortium @ Spain. (-
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V. June 10, 2009: Formal Establishment of the
JEM-EUSO Consortium & sign of NDAs
(Non Disclosure Agreements).

VI. June 2009: RENATA meeting @ Alcala. JEM-EUSO
was presented and invitation fo join as well.

VII. July 31, 2009: JEM-EUSO funded for the first time
in  Spain. Positive outcome of the MICINN

Complementary Action:
"Spanish Contribution to the IR Camera of the

JEM-EUSO Space Mission.", 300 k€ for 2009.

MD. Rodriguez-Frias. RENATA, Barcelona, 2011.



JEM-EUSO_SPAIN Consortium @ Present
Spanish contribution since 2007 (MOU: UAH-RIKEN).

JEM-EUSO funded in Spain (2009-2012) from
MICINN+CAM+MULTIDARK+UAH: 2.15 M€ for the
Feasibility Study delivered to Japan in Dec 2009 & Phase A
delivered to Japan in Aug 2010. Phase B1 & SRR (ongoing)
will be delivered to Japan by Dec 2011.

Spain is involved in the JEM-EUSO Executive Committee
since Oct2011.

Just approved for the first time a coordinated MICINN
project for Phase B2 (BBM & PDR) to be delivered to Japan
by Dec 2012.

4 research centers: UAH, INTA, UC3M & IAC.

4 Space companies: SENER, LIDAX, SENSIA &
ARQUIMEA

MD. Rodriguez Frias. RENATA, Barcelona, 2011.



mid-IR Camera

Item Value Reason
Wavelength 10 — 13 um Atmospheric t;lansmlssmn, S/
FOV > 60° Same FOV as JEM-EUSO
Spatial Resolution 0.25° 1.8 kmx2.2km/pix @ nadir
Observation Temperature Cloud top temperature
Range 200-320K in Troposphere
Absolute Temperature <3K Altitude resolution < 500m
Resolution
Uncooled Microbolometer Mass, Power
IR Sensor . .
Array Pixel size 340 x 240
. ISS motion within % -pix
Exposure Time 33 ms of IR camera
Observation Interval 30 s 1SS HOtOn ot

JEM-EUSO »: FOV




Detector: Si-o & Ge window

e The detector in the actual baseline is the uncooled
uBolometer of the ULIS French company (640x480
pixels). The working operative temperature is around
302C and it needs of a dedicate TEC to guarantee on
the FPA a very stable temperature.

1555!!!!!!!; Peltier(+)
VTEMP

Peltier(-)

TEC
| controller/stabilizer
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3¢ SENER ) LIDAX
JEM-EUSO IRCAM Block Diagram
IRCAM Electronic Assembly IRCAM Telescope Assembly
Instrument Control Unit (ICU)
- - - EEE HBolometer OPTIC

Power Supply Unit (PSU)

ICU Power Supply

FEE Power Supply

IRCAM Calibration Unit
Calibr. Thermal
Control
Positioning
System




+ 422

JEM-EUSO IRCAM MISSION PARAMETERS

Acquisition Type: "IMAGING" Detector (640x480 pixels)
ALT = Along Track
ACT = Across Track

= Ak 1SS Height (Km) 400,00
| . | T\ FoV (Deg) 60,00
JEM-EUSNRCM&}" \ ISS Speed (Km/s) 7,20

> ?wﬂpﬁ Time Snapshot (s) 30,00

) Pixels ACT 640,00

- Pixels ALT 480,00

Swath (Km) 461,88

Dritft (Km) 216,00

Pix Res (Km) 0,7217

IFoV 0,1034




:2 SENER BEONONN

JEM-EUSO IRCAM Telescope Assembly and Calibration Unit

Telescope

on Unit

_— £ SENER Grupo de Ingenieria, JEM-EUSO Phase B1,



Y sENER ) @ ® vLonx:

JEM-EUSO IRCAM TELESCOPE ASSEMBLY

ULIS active area

| DETECTOR j ULIS Ge window |

BARREL =1

5 ~- | FILTER
INSULATING |— 77| l ]
WASHER

(CONCEPT)

——| COLD STOP |

LENSES
BARREL

LENSES




39 sENER ) @ & vCoex

JEM-EUSO IRCAM OPTICAL DESIGN

The system, consisting of four lenses, has a focal length

of 15.20 mm, and f-number of 1.17, and it shall work with
a total field of view of 60°. The overall length between the
first surface to the focal plane is 60.00 mm.
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JEM-EUSO IRCAM CALIBRATION UNIT




2= SENER IO @ ® vorx

JEM-EUSO IRCAM CALIBRATION UNIT

Calibration “HOT" SHUTTER (offset)

Actuator

Calibration “HOT"

Open “IMAGING” Calibration “COLD"

Balance mass Calibration “COLD"  Support and shutter
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JEM-EUSO IRCAM ELECTRONIC ASSEMBLY

r : '
oI o+ Icy oarache M »
SUBSYSTEM 1 DATA PROCESSING UNIT 1 —/
Detection Uit \ —- :
e Vamorws
(FPGA)
3] -
1
oPTcsS Caltention & 1) o 0(;::(::‘ » ‘
Fikering OMMAND LNk
Assembly (2 : F - »
BBs) | Processor Comm ! 1>
% E madue i
A ask oed
; B Housekeopng
’ HK & BIT ! WS«W Mmanagerert
FPGA 8
Meaters ‘ ’ ! Synctrona
(2%) E l | f
Internad
End Switches
20 L | Sensors
| ' =
! SYNC'RO'TZA"OEH
Worage
1 Ropstators ! DRIVERS I Synchvo l< ]
[b Maotors & [‘i']
ol Shutiers & .
: Thasmal
Actualoes
1
1
1
1

— ' v [
Fomamyn | H
| PSU C—H
| 12V.5V. 33V, 1 5V Venotor -




JEM-EUSO Space Mission: towards the first
EH ECR 7 ZeV scale from “o ace...
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