B ——

1) nlnlnlnlnll-nl i.l’i'i“ili‘iiiii“”ii“ : £€ s"iiii“‘““““"‘“iiiiii’iiiii“iiiiii“‘\"\iiiiiiiiii
mEE 2 \
CEEammE s ..:'=‘““ LR R
'll'!_ll:nll'.lllllllnlllllalll!ll INENSENEES - y TN ' “n-n SLLELY Il! =III‘“II‘“\I
3 : . ! ! i [ IL}E ,‘3 af= | ¥ ]! e S e S MY (S
lnlnlunllalnnlnmn BEERSNEEERRT < esefNoN i S e W
T T T B aa =-.-..=======-.==='.'.'.='==“'.= BlaETRE
:.nllllllnlllllllllllll lllllll NEENNENEENL [ e N, . DEEREREE “I-l““ WRBERY
NENEE N T T Y [ S B S N |g_;,£57 P ~||n WHRTR R ER n\nn AR
llnll.ll.ll!lllllllnlllllll!l!llsﬁmlﬂggl!m_“ 3 g7 ; ,\_‘_!!! __3 ||‘ |n|!n‘nn LUV UL T T

Studying the Unlvers " the Earth from space

-Hm 2 M re{UVT missions.
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JEM-EUSOQO Collaboration
[+ KO § et

13 countries, 77 institutions, >250 members

*Korea, Mexico, Japan, Russia, USA,

*Western Europe: Bulgaria, France, Germany, Italy,
Poland, Slovakia, Spain, Switzerland

Leading institution: Riken, Japan
Principal Investigator: Piergiorgio Picozza isoeiof paveLn)

f2esa A

+other National Space Agencies
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JEM-EUSO
Astronomical and Terrestrial Observatory
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Al. Fundamental particle physics and
Big Bang Cosmology

Look beyond the
Cosmic Microwave History of the Universe
Background vell e

Why is the universe

R

made of matter? i
What happened to the iq g
antimatter? g an®
3 e
T

Are there topological
defects?

Is there a Dark Matter
component of ultra-high
energy cosmic rays?
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A2. Particle physics at the highest

< Galactic >  <extragalactic>BigBang

energies

* Beyond LHC threshold

 Extragalactic Astronomy:

« 10kpc (Galaxy) vs 100Mpc
(extragalactic)

Door to unknown
phenomena:

— Is Lorentz invariance

valid? Has the Universe a

preferred direction?
— String physics

it Hb‘ba, Fluxes of Cosmic Rays
- PAMELA
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A3. Astronomy with charged cosIT IC rays

- 10*20eV
Extragalactic /\\/j |
Astronomy : / e
Cosmic rays are not | >
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Observation range
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Source + protons @ Detector {Aitoff}: logE color encoded

GC @ x=0 & 1=+
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A4. Study and monitor of atmospheric
phenomena

Transient luminous
effects

Lighting, auroae

What are the Wid
formation processes Jig .~
on time scale of e | Gigantic
micro-milliseconds? [ERESGEE.
Q Columniform
Are they caused by \ Sprite |

cosmic rays?

Multi-wavelength

Multi detector
observation




A5. Crew protection and planetary defense
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Figure 1. Diagram of size versus mass contains some known objects of the observable universe and
shows the significance of the meteoroid complex. Meteoroids with sizes of tens and hundreds of
meters are the least known bodies of the solar system.

A. Cellino et al. — Planetary Defense Conference, Bucharest, May 9-12, 2011



A6. Earth observation and
environmental monitoring

Multi-wavelength
monitoring of the Earth

High spatial and temporal
resolution

Night UV map since Apollo
and OGO-4 times, micros
precision

Detect cloud, oil spills,
plankton population,
pollution, ozone layer,
cloud cover...

Cross-correlation with
other devoted detectors
(GLIMS)

-400 -300-200-100 0 100 200 300 400
X [km]




JEM-EUSO (2017)

Ground Test at Telescope
Array site. (2013)

Balloon flights (3) from
Canada (French Space
Agency CNES) 2014-

4. Prototype from ISS:
Micro-UVT

Atmosphere
: \
Fluorescence Cher‘enkov \

TA- EUS'O

g s O e

Earth A.CH 06




Bl. JEM-EUSO: refractor tel. from ISS

JEM-EUSO Concept of Operations

Parameter Value

Launch date JFY 2016
Mission Lifetime 3+2 years
Rocket H2B
Transport Vehicle HTV
Accommodationon JEM EF#2
Mass 1938 kg
Power 926 W (op.) 352 W (non op.)
Data rate 285 kbps (+ on board storage)
Orbit 400 km
Inclination of the Orbit 51.6°
Operation Temperature -10° to 50°

Ground
Support

Equipment
,4"__’ -

Cherenkov

"'%\i Data
.z Xe Flasher —

> E Operation
~ = Center ; Control
JEM-EUSO will be the first instrument to make a nearly uniform all-sky survey
of extremely energetic cosmic rays. JEM-EUSO will measure the energies and
arrival directions of these cosmic rays, then map them onto the celestial sphere
so that correlations with local extragalactic matter distributions and possibly
nearby sources can be made. Using a collecting power nearly 10 times larger
than any existing experiment, JEM-EUSO will enable an investigation of the
nearest cosmic accelerators and possibly the identification of individual
acceleration sites.
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JEM-EUSO

an instrument with unprecedented
characteristics:

2 tons, 2.5m lenses

|. Detector size 10%2ton

Il.  Aperture: 106 km? tlt

I1. Energy of acceptance (102°- 102!
eV)

[11. Multi-band field of view:

UV Focal surf: 330-400 nm

Visible camera: 700, 530, 470+-50 nm

Infrared camera: 1008+-10 nm

< Increasing Frequency (v)
10 102 10% o' s 14 2 1090 10* 100 104 10°

icrowave (FM AM Long radio waves

10 10° 108 k(m)
. Increasing Wavelength (h) — n !

Fluorescence

500 600 700

Increasing Wavelength () in nm —

UV: 300kch VIS:300kch*2 IR: 300kch*2




Instrument breakdown and International role sharing

DAQ Electronics

Optics

Precision
Fresnel lens

Front Fresnel lens

‘ §”'§03r§ !ahgra!lon

elescope structure

Focal Surface Detector

Housekeeping

Simulation : Worldwide




1SS motion

Atmospheric Monitoring System

".IR Camera Spain

Imaging observation of cloud temperature
inside FOV of JEM-EUSO

{ -Lidar Switzerland Japan

Ranging observation using UV laser

JEM-EUSO

- JEM-EUSO “slow-data”

Continuous background photon counting

II
N,

- Cloud amount, cloud top altitude: (IR cam., Lidar, slow-data)

- Airglow: (slow-data)

- Calibration of telescope: (Lidar)




JEM-EUSO Field of view
INn Nadir and Tilt Mode &8

* International Space Station

* Orbiting at ~400 km in £51.6 degrees latitudes
—Covers both northern and southern
hemispheres
—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 10'? tons

JEM-EUSO

\______________/E

T|It mode(~43q

© 2010 ZENRIN

© 2010 NFGIS
© 2010 Kingway Ltd.

© 2010 Europa Technologies
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UV Signal of a proton shower

____ ilOZOeV, 60 deg)

zﬁ350 E_ U Itraviolet - On Pupil:7096
00~ fluorescence B on Fs:z0ss
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250F- emission
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150 — /
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: Time
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Fiducial volumes and “golden events” for overlap at low
energies
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~/*107"19 eV

AUGER EQUIVALENT
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<

TA EQUIVALENT
Flat ~2.5*10"19

Annual Exposure [km? sr yr]

Annual exposure taking into
{ account
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Overlap and match spectra with
Auger and TA

log(Ener eV
a( ay [ 2]6_5

19.5 20

Number of event [1/0.1 decade per yr]

%*""*:"%{m %%%‘%&%%
- Energy [eV]

Events IN ONne year




Comparative exposure with ground
observatories

Observatory Aperture  Status Start Lifetime Duty Annual Relative

km? sr cycle Exposure to Auger
km? sryr

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

TA 1,200 Operations 2008 2 (14) 1 1,200 0.2

TUS 30,000  Developed 2012 5 0.14 4,200 0.6

JEM-EUSO 430,000 Design 2017 5 0.14 60,000

(Ex10%° eV)

JEM-EUSO 1,500,000  Design 2017 5 0.14 200,000

(highest energies)

Tilted mode 35°




Cosmic-Ray and Earth Observation modes

Cosmic Rays
Need dark (<20-25 moon), no big towns
Duration <300 mus
Few photons
i i AAa0P NRERE A AN dCRRRR RN RARRR RRREE|

Atmospheric and Earth Observation Sciences

Tolerate more background
Duration >300 mus
>100 photons




JEM-EUSO mock-up model




Optical system:1.5m model
(Japan- USA)

ce fromi 1stlens bg
lens font surface

H9626 9567 mm

3rd lens radius of curvature

Metering Structure

27606 mm 7030
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Tested performances meet

already the requirements (or
are close to it)

Optlcal system protoype

large diameter Fresnel lenses
manufactured in Japan and

#m tested in the US at the University
L.*:  of Alabama (Huntsville) and at
03 1 MSFC (NASA)




Volume for Electronics
(167 x 128 x 130) Focal Surface
Mechanics

Photo Detector

S - / Module
"O" / 2304 channels

/ PDM Frame
64 channel C Base

MAPMT

137 PDMs in the FS — 315 kchannels



PMT development

Collaboration with Hamamatsu

Reduction of size, increase of anode
number

Improvement of Quantum efficiency
Improvement of uniformity of response

Each of the 137 PDM boxes houses 36
PMTs, 64 channels each

Ultra Bialk m,
Average: (24.4 = 1.8)%

UV Filter

QUANTUM EFFICIENCY (%)

Miniaturization of dynodes

SPECTRAL RESPONSE CHARACTERISTICS
Metal Package PMT (TO-8 Type)

Ultra Bialkali
/ Photocathode
40 .
35
Super Bialkali
) Photocathode
y '\(
! \ \
AN\
\\
N
Current Bialkali /
Photocathode

1l AW
Ham am?tsu Pholtonics

200 250 300 350 400 450 500 550 600 650 To0

s o 8 &
""l-‘-.-__
———

WAVELENGTH (nm)



JEM-EUSO DAQ - Electronic System scheme

150 GB/s (FS) 4*10-3compression

-~

PDM Control
Board

’ Bl i

FEE

ASIC+
FPGA

Modules
Count

2304ch
36 EC

PhotoDetecto

>10-3compression

Board

FPGA

Fine Trigger

1 Board

3Mbyte/s
10 Gbyte/houf

Most data
Stored on SSD
17 GB/hour (save all stream)

CPU
Spacewire
Clock Board
GPS
Data Storage
Software

(Italy)

Telemetry CNES
(Siren System)
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« Collaboration with ICRR, Institute of Cosmic rays, Tokyo University,
Kashiwa campus = Installation march 2013

« Main purpose: calibration:

a) Cross calibration with TA FD through Noise comparison.
b) Measurement of background in various conditions

c) When lidar or electron beam shots, store the data to have an
absolute calibration.

d) Observe few showers in coincidence with TA.



TAFD

(Fluorescence

detector)

s’ TA-EUSO

- 120m location
ELS: Electron
Lenses Light Source

- - \_ / TA site, UTAH, Black Mesa
_’ N oo e
_ 7 = Im flat lens

“\ \ | Electroni

N cs block

1000 1500 2000 2500 3000

500

o

2000 4000 6000

LASER Team Size (mm)




Objectives of the EUSO system at TA site

}

Engineering test of the -~
detector using one PDM
and two lens system. b

Field calibration with TA FD
a) With Laser (CLF)
b) With electron beam (ELS)

c) With the observation of
several (10s/yr) in
coincidence with TA.




Balloon/TA EUSO DAQ - Electronic System scheme

1GB/s (FS) 3*10-*compression  No compression 3Mbyte/s
10 Gbyte/houf

Most data
Stored on SSD
17 GB/hour (save all stream)

PDM Control CPU
Board Board Spacewire
1% , Clock Board
‘; B - L GPS
FEE ‘ : FPGA Data Storage
. . Software
ASIC+ Fine Trigger
FPGA .ol PhotoDetecto ‘ S5 Telemetry
Count g  |Modules 5 Interfaces
- 2 Board
300kch

1,287 EC




JEM-EUSO DAQ - Electronic System scheme

150 GB/s (FS) 4*10-3compression

PDM Control
Board

’ Bl i

FEE

ASIC+
FPGA

Modules
Count

2304ch
36 EC

PhotoDetecto

>10-3compression

Board

FPGA

Fine Trigger

1 Board

3Mbyte/s
10 Gbyte/houf

Most data
Stored on SSD
17 GB/hour (save all stream)

CPU
Spacewire
Clock Board
GPS
Data Storage
Software

(Italy)

Telemetry CNES
(Siren System)




Location - Black Rock Mesa

I[UVT is able to observe CLF and ELS.
Time: March. 2012~ - The second half of 2012

Synchronize between TA and IUVT: GPS time

(If possible, we want to use Trg. Signal from TA elec.)
IUVT should have a mechanism to change its elevation.

FOV of IUVT = (1/4) x FOV of TA camera
CLF event @BRM 20km ELS event @BRM Stereo event

B

40us/4 =4 GTU

TA Camera

51.2usec (inc. 1 2.8us-pedestal)

-10 F
| pixel = ldeg

B 3 9 0 B8 B

Black Rock Mesa

-20 1 | L | 1
-10 0 10




B3. EUSO Balloon

EUSO Balloon campaign

—Look down from the balloon with an
UV telescope (PDM + 3 lens system)

—Engineering test
—UV-Background measurement

—Alirshower observations from 40 km
altitude

2011/6 Approved by CNES

2014, March , first of three annual
launches

49



Electronics Detector

EUSO
Balloon

w
JEM:EUSO 5238 i

' JEM-EUSO BALOON

O Annecy

EUSO-BALLOON

volume of view

(+-8deg, 15 deg inclination)
square of 12 km side

Google

Simulations
Laser and IR Camera




One side panel and insulation removed for clarity

Thermal Model

50.8mm Polystyrene Insulation

6 Instrument/Avionics Boxes
Size and Shapes as Shown

Hexcel Grade 1 Fibrelam Walls

5mm Aluminum Instrument Platform

10mm Aluminum Lens Frame

5mm Aluminum Spider Web

8mm Plexiglas Lenses



' JEM-EUSO BALOON

O Albertville

O Annecy

.. EUSO-BALLOON

M volume of view
(+-8deg, 15 deg inclination)
square of 12 km side

Image © 2011 GeoEye I
© 2011 Google c:v?OtoGDOS e

Image © 2011 IGN-France

46°09'15.66" N 6°14'44.85" O Hohe 666 m Sichthohe 77.04 km O




Payload architecture - driven by optical design

Objective : as representative as possible for JEM-EUSO
the present design (Y. Takizawa, 6.2011) is charactized by
a short focal lenght, 1.47 m and
a fairly large FOV of 8° (see talk Bertaina-Gorodetzky)

FIELD

t8 mm t8 mm t8 mm FEITION ) 09- Jum-2011
—i i s AME = B EZ2389
"“""%EJLE:_L_ 0.00, 1.00 I , i
= 0.000,4.000 3G % 100K = 7.457565
= = s
EEEE Radius of curveture: 597. | mm i
TR
v CEEEES .
= e .00, 0.8 by AW = 2 GATORD
= 300 mm || 300 mm 850 mm S n.000.4.000 W2 | m 11008 = 5571857
(%] + > || » || - — 1 : -
E M
E —_— e ————— e
b= . ,_r;f-:'f'f.- .00, 050 RME = 1.801239
8 === 0.000,2.000 36 | ’ 100k« 3 sc0s7a
e BE = 1115032
=== 0,00, 0.25 i 8 i o -
p— 0.000,1.000 3G 100% = 2.B2ETIS
* o AME = 0 TEAnsE
1474 mm 0.00, 0,00 | ]
R 0.000,0.000 G ® oow = 2.imAm
Frontside: Flat Frontside: Flat v W
Backside: Fresnel Backside: Fresnel w  DEFOCUSING T T
4 Fresnel

Frontside: Flat
Backside: Diffractive

=> mass of FRESNEL lenses : 9.6 kg
=> rough dimension of telescope : 1 x 1 x 1.8 m



1/3 PDM

22 cm lenses
Raise TRL
(technical readiness
level)

Dbservation of UV
arth |

B4 WF@ﬁO‘fUVT Prototype for ISS

us — ms scale)




Power and data handling

Front-End and
trigger
Electronics

Fresnel lens

25cm

Fresnel lens




Montecarlo simulation (Geant4) of Micro UVT response. In green the instantaneous field-of
view, in red the area covered in a swath of a few minutes. There are 768 pixels divided in 12
phototubes (1/3 of a PDM). PMTs are places orthogonal to the scanning (velocity) vector. Data
are acquired every i 2.5 microseconds and can be processed on board or on ground. The
image shown has a smoothing algorithm applied.
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Power and data
handling

Power and data handling

Side view

Front-End and
trigger Electronics
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Fresnel lens

Fresnel lens




2012
Laboratory

prototype
Ground test

Micro UVT yearly plan

2014
Qualification tests 2015
Launch Cont. Operations
Operations in Data analysis
WORF and Retrieval of data
outside

2013
Flight Model
construction

Calibration
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