Extreme Universe
Space Observatory
(2Ve))

in the
Japanese Experiment Module (JEM)
of the International Space Station (ISS)

E ]
- A\
RN Ry ey
e G A T e e — —
Ly - - - = u = - B - —
L A T A, T T
'-.--. -
h -
r'._-,*.' -

/A/n;;elu V. Olinto s ;

University of Chicago =~ .
S A '




Scaled flux E*°J(E) (m?s'sr'eV'?)
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Scaled flux E*°J(E) (m2s'sr!eV'd)
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Last Significant Increase in Exposure

Pierre Auger Observatory
3,000 km?, Argentina

A

Telescope Array
700 km# Utah



Last Significant Increase in Exposure
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Super Heavy Dark Matter

Aloisio, Matarrese, AO ‘15

r=0.05, p=2 [ inflaton potential JEM-EUSO

ARBA37 (3y)
Mx=4.5}11¢313 GeV, TI=Q.4x1ﬂE1 y (3y]
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Anisotropy Hints > 60 EeV
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Anisotropy Hints > 60 EeV
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Scaled flux E*°J(E) (m?s'sr'eVv'™)
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Leading Observatories of
Ultrahigh Energy Cosmic Rays

Telescope Array e
Utah, USA & .:-":"i" e
(5 country v

collaboration)

700 km? array gf
3 fluorescence |
telescopes

4% Pierre Auger
Observatory

Mendazu; Argentina
(19 country
collaboration)
- 3 000 km? array

4 fluorescence
telescopes



Beijing Municipality

2. Dongchen 21 M people
L
1. Xicheng 16.4 k km
Miyun
Yanging
3. Shijingshan Huairou

Auger South
Mentoud 3,000:km

Fangshan Gzhou




Beijing Municipalit
21 M people
16.4 k km?

Auger North

20.000 km?







Fluorescence
from SPACE




JEM-EUSO
Collaboration

Scientists from 16 countries




JEM-EUSO

Main Science Goal

Ulfrnh[g r_*gy-&osmlc‘mys (UHECRs) sources
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Fluorescence from SPACE

Fast Signal: 50 -150 ps

bl Scattered Cherenkoy

Photo
_ | [ Fo : 7131

I i cher. - 568
| | Bek. Cher. : 918

1 0%V, 60°

L pd

Fluorescence |

k]i] 80

40 50 &0 0
1 GTU =2.5us 6™

Background: 500 /m? sr ns




JEM-EUSO

Fresnel Lens Refractor
60 deg FOV

Optics design by ray traci

Simulation conditions

Oiptical
bandwidih  nm

Entranca

Puipil
Diameter



JEM-EUSO
0.3M pixel MAPMT ultrafast camera

Fc:cal Sur‘face Detectmr

K I-'1 H :-'-II I:' :_I__',__:|E| L
Elementary Cell
4931 {2x2 PMTs = 256 pixels)
MAPMTs
(8xB pixels)

167 mm o

Focal Surface detector Photo-Detector Modula
137 PDMs - (3x3 ECs = 2,304 pixels)

= 0.3M Pixels
1 High Voltage | PDM




Shower Simulation

Simulated air shower image on the
focal surface detector.

FPhotons vs GTU |

Hum. of Photons

on PupllzB&1 7
=5r Detected photoelectrons are recorded

Ll cvery Gate Time Unit (GTU) of 2.5us
continuously.

r
GTU numbar









~ Improved

Energy resolution:
Requirements:

30% for E > 80 EeV
Central region

20% for E > 50 EeV;

5 to 10% for E > 300 EE%

Xax Tesolution

Requirements: 120 g/cm? for 200 EeV
Central region

100 g/cm? for E> 50 EeV;

50 g/cm? for E > 300 EeV




JEM-EUSO Annual Exposure

Log(Energy [eV])
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JEM-EUSO Full Sky Coverage

with nearly uniform exposure
Declination []

The ISS ORBIT

64,000 km?-sr
Auger (¢ = 35.5°5) / 7,000 km*-sr
A (p=39.1°N) [ 1,800 km?*-sr

0
-1 -08-06-04 <02 0 02 04 06 08

sin(Declination)

http_
Inclination: 51.6° wwwnlsa.com/
Height: ~400km

+30 +60+90

1

= 1)

Relative exposure (sotropic




JEM-EUSO Source Identification &

2620 events > 57 EeV over the entire sky
240 events = 57 EeV from HotSpot

i i s i S S
p——— L

e ———— T
-

Equatorial

5 yr Mission
using TA 7yr numbers
(1 JE yr=40TA yr

= 10 TAx4 yr)



ZeV neutrinos?

diffuse v, 4 Vy + Uy limits

BATKAL (w.

1T

RICE ('

AMANDA (v u.+)

AMRANDA (3=,
ANTARES | 1 V) Auger (3 =i

e |- 40 (1,
(Ol (3 0, )

FORTE (v, - )




JEM-EUSO Science objectives

Study of Cosmic Particles at the Highest Energies

Main Science Objectives:

Identify UHE sources

Measure energy spectra of individual sources
Measure the trans-GZK spectrum

Exploratory objectives:

Discover UHE Gamma-rays

Discover UHE neufrinos

Study Galactic and Extragalactic Magnetic Fields
Discover Relics from the Early Universe (e.g., SHDM)

Atmospheric Science

Nightglow

Transient luminous events (TLE)
Meteors and meteoroids



JEM-EUSO Science objectives

Study of Cosmic Particles at the Highest En ° .

Main Science Objectives:

Identify UHE sources

Measure energy spectra of individual sources
Measure the trans-GZK spectrum

Exploratory objectives:
Discover UHE Gamma-rays
Discover UHE neufrinos
Study Galactic and Extragal. Magnetic Fields ESEN

Discover Relics from the Early Universe sy
(e.g., SHDM) .

strangelets

Atmospheric Science

Nightglow

Transient luminous events (TLE)
Meteors and meteoroids
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EUSO Balloon:

1% thight and first light on 24-25.8.2014




instrument booth

optical bench

I

radiator

electronics (DF
on "dry shelf"

PDM

Fresnel lens L
fixed/tight

Fresnel le
adjustable

evacuatior

Baffle &
“deceleration cylinder”

IR Camera



Cosmic-Ray

Datctor's Fiekd
af Wiew




EUSO Balloon first flight

Lake Huron

{;‘j. Sudbury Sault Ste. Marie C;}

float 3:43 UT

termination 8:20 UT

Timmins

splashdown 8:59 UT

« Z

[ 100 km !

EUSO-Balloon: was launched on August, 24 2014 from Timmins, (Canada)



EUSO Balloon first flight

Detector -

11"

f;} Sudbury

float 3:43 UT

A scattered
Fa'| Flashers . light

-
¥
ﬂ‘""'““ TEsrTEETE ‘_:H;‘: = er e i

LASER light

Timmins

] launch 0:53 UT — splashdown 8:59 UT 6—
-

' N
[ 100 km ! Y

EUSO-Balloon: was launched on August, 24 2014 from Timmins, (Canada)



Flasher & Laser shot

Aver. Couni: 0.442 GTU -0




EUSO-SPB mission @

bim
Super Pressure Balloon = SPB™

':'-'ill- y

On average, 1 event/night in March,’ﬁp\:l%
Possibility to fly for several weeks



EUSO-SPB

Super Pressure Balloon (SPB)
Ultra Long Duration flight
2017 Spring Campaign

First observations of UHECRs
from near space: 20 nights

Fhoton Events! “venis!

lhreshold  hour

A

v, =107km”sr
“xp.

Path of the successful 2015 flight by NASA, from Wanaka NZ



SPB Flight under NASA leadership (2017)

SPB-flight: Different Background
conditions, transient atm. events

Test of a SiPM based detection element
(a subset of the PDM)

A key development of the JEM-EUSO
program

.-.';@ ——— e o e Ry e .'-. ¥
o £ A e T T X =
e N H‘n_

A ™ 10" km~sr

Exn.

Path of the successful 2015 flight by NASA, from Wanaka NZ



How many UHECRs > 60 EeV?

Auger + TA ~30 events/yr

JEM-EUSO
~200 events > 60 EeV/yr

Earth - surface ~ 5 108 km?

~3.4 10 events/yr



How many UHECRs > 60 EeV?

Auger + TA ~30 events/yr

JEM-EUSO
~200 events > 60 EeV/yr

nt

~3.4 10 events/yr

Earth &w@ @
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