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1979, An idea™ of John Linsle

John Linsley in 1979 in the
Field Committee Report of NASA
“Call for Projects and ldeas in
High Energy Astrophysics for the
1980s”

The concept to observe, by
means of Space Based devices
looking at Nadir during the
night, the fluorescence light
produced by an EAS proceeding
in the atmosphere

In Early 1990s John had moved
to Palermo to work on the
PLASTEX experiment with his
old friend Livio Scarsi, and
Osvaldo Catalano




John Linsley, "search for the End of the Cosmic Ray Spectrum”,
AIP CP433 21, 1977.
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The OWL Concept

Use air fluorescence technique to image 300 ~ 400 nm
photons in ~ 0.1° pixels (with 10 ns ~ us timing), from low Earth
orbit, airshowers induced by E > 10'” eV cosmic rays

Wide angle (~ 60° full, FOV) optics at a 600 - 1200 km orbit in a
stereo configuration = an asymptotic, instantaneous aperture

~ 3 x 10° km?-ster (640 km orbit, 60° full, FOV, ‘Original’ Baseline)
10% duty cycle ~ effective aperture ~3 x 10° km?-sr

Assuming F (E) ~ E-*73, the asymptotic OWL stereo aperture leads
to ~ 3000 events/year with E = 10 eV

Multi-OWL could evolve to viewing majority of night side
atmosphere 25,0 ‘
. . m
A 1

*Y. Takahéhst;i"s'"prééeﬁt‘a;ti'on in Paris
Spaﬁs(é\fsembly & Imozmem at College de France in 2004




, /w NATIONAL AERONAUTICS
AND SPACE ADMINISTRATION
INFN

IN2P3 ‘j
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eLarge distance > 400 km
eLarge FOV y = 30°

A% ~6x10° km” - sr

Moo = 10+ 25 %

A, Y ~(6+9)x10° km’ - sr

Euso

~ few X 1012 tons mass ('\. 1.5 ton). volume (\ V25 x 2.5 1.5 lllf;),

power (< 1 kW) and telemetry (< 180 Nbit /orbit)




EUSO and JEM-EUSO: A Mission to Explore the Extremes
of the Universe using the Highest Energy Cosmic Rays
and Neutrinos by observing Earth

ESA CEPF case
Launch by STS (2000-4)

JEM EF case
JEM-EUSO launch by HTV

*Y. Takahashi’s presentation 2006



“Cosmic Ray Observatory on the ISS”

View from NASA:#Cesmic Ray Observatory on the ISS”
- — / g |

ISS-CREAM
Sp-X Launch 2014

"' -

R/,
AMS Launch
' May 16, 2011

JEM-EUSO
Launch Tentatively |
planned for 2017

.-. w
CALET on JEM
HTV Launch 2014




Cosmic Ray Propagation

in our Galaxy

» Deflection angle < 1 degree at 1020eV
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Proton simulations (Takeda, 2003)



Anisotropy Hints >60 EeV

Statistically limited evidence for Comic Ray Anisotropy above
5.7x 10" eVin the North and South
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JEM-EUSO Main Science Goal

Increase Statistics of Extreme Energies
Cosmic Rays (E > 60 EeV) by one order of
maghnitude compared to ground
observatories to

Identify EECR sources
discover source locations in the sky



Greisen-Zatsepin-Kuzmin effect
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Greisen-Zatsepin-Kuzmin effect
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Greisen-Zatsepin-Kuzmin effect
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To detect sources
* Observe at higher energies — fewer sources
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To detect sources
* Observe at higher energies — fewer sources
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How to find the Sources?

« GETALOT MORE DATA above 60 EeV!!!!

GET ~ 1,000 events above 60 EeVI!!!

OVER THE WHOLE SKY !



How many EECRs > 60 EeV?

Auger w/ 3,000 km?

~20 events > 60 EeV/ yr
Telescope Array w/ 700 km?

~5 events > 60 EeV/ yr

Auger + TA < 30 events/yr



How many EECRs > 60 EeV?

Auger w/ 3,000 km?

~20 events > 60 EeV/ yr
Telescope Array w/ 700 km?

~5 events > 60 EeV/ yr
Auger + TA < 30 events/yr
30+ years to reach 1,000



How many EECRs > 60 EeV?

Auger w/ 3,000 km?

~20 events > 60 EeV/ yr
Telescope Array w/ 700 km?

~5 events > 60 EeV/ yr
Auger + TA < 30 events/yr
30+ years to reach 1,000

Earth - surface ~ 5 108 km?
~3.4 10° events/yr




How many EECRs > 60 EeV?

Auger w/ 3,000 km?
~20 events > 60 EeV/ yr
Telescope Array w/ 700 km?

~5 ever§0.60 EeV/ yr
Auger + TA < %O‘Q\/e’!ﬂ -~

Earth - surface 5108 km? ({S-Nae o\
~3.4 108 events/yr e
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Go to SPACE!
To look down on the

Atmosphere!



How many UHECRs > 60 EeV’?
Auger + TA ~30 events/yr

JEM-EUSO
~200 events/yr > 60 EeV

Earth - surface ~ 5 108 km?

~3.4 10° events/yr



How many UHECRs > 60 EeV?
* Auger + TA ~30 events/yr

. ~200 events > 60 ng‘. L )
A°°m
 Earth - surface ~ 5 108 km?

~3.4 10° events/yr
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Why Looking Down?

. Huge Exposure Area
. Well Confined Distance toward showers

. Dust (Cloud)-free atmosphere in the
above half troposphere

. Uniform Exposure across the both
hemispheres

24



Full Sky Coverage

with nearly uniform exposure
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JEM-EUSO
SKy
Coverage

Relative exp'osuré (Isétrop'ic

Declination [°]
-30 0 +30 +60+90

JEM-EUSO (1SS) /64,000 km?-sr
Auger (o = 35.5°S) / 7,000 km?-sr
TA(0=39.1°N)  / 1,800 km?-sr
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annual exposure =

JEM-EUSO

o
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Arlnuol Exposure (km2 Sryr)
o

¥ AUGER

JEM—EUSO Colloboration, Astropart.Phys. 44 (2013) 76

| l | | |

Pierre Auger Colloboration, Nucl.Instrum.Meth.A 613 (2010) 29
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To detect sources

* |ncrease statistics: ~1,000 events > 60 EeV
~100 events > 100 EeV

Mizxed | E,;,,=Z x 316 EeV| a=2.3 | n;=1.6 10 * Mpc * | By =0.3nG | N( >100EeV) =100

4 sources

7 evts (4.10 Mpc)
5 evts (3.70 Mpc)
5 evts (3.70 Mpc)

—————

+60°

+30°

5 evts (10.00 Mpc)

S

Z=0,1 Z=2 Z=3,.8 Z=9,..19 Z2=20,..26
E=60EeV > E=T70EeV  E=80EeV E=90 EeV E=100EeV| 26




To detect sources

Increase statistics: ~1,000 events > 60 EeV
~100 events > 100 EeV

Mixed | Eyy,.=Z %15 EeV|a=1.6|n;=10 ’ Mpe ; Bpe:=0.3nG | N( >80FE¢V) =250

» = ; v : 10 sources
56 evts (18.90 Mpc)
53 evts (19.00 Mpc)

31 evts (32.60 Mpc)

Z=0,1 Z2=2 Z=3,..8 Z=9,..19 Z2=20,..26 .
E=60EeV E=70EeV E=80EeV E=90 EeV E=100EeV <!




JEM-EUSO Science Goals

Increase Statistics of Extreme Energies Cosmic
Rays (E > 60 EeV) by one order of magnitude
compared to ground observatories to

Identify EECR sources
- discover source locations in the sky

- Anisotropy studies on small (sources),
intermediate (composition multiplets or correlations
with local galaxy distribution structures), and large
scales (dipole, quadrupole)

- test the spectral recovery it GZK is causing the
decline and E__, >> Es«
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Science Objectives

. o Astronomy and astrophysics through particle
e S channel with extreme energies (E > 5 x 10'%¢V)

Identification of sources by the high statistics arrival
direction analysis

Measurement of the energy spectra from individual
sources to constrain acceleration or emission mechanisms

Exploratory objectives:

Detection of extreme energy gamma-rays

Measurement of extreme energy neutrinos

Study of the Galactic magnetic field

Verification of the relativity and the quantum gravity
effect in extreme energy & Dark Matter searches

Global observation of atmospheric phenomena:
nightglows, lightning (TLE), meteors







Huge Aperture

AGASA("100km?)
Auger ( 3000km?)

\—A © 2009 TerraMetrics
Data © 2009 MIRC/JHA B6

© 2009 Cnes/Spot Image (1(\3(‘{{‘: '
MNars SIO MNOAA 118 Navuw NCA CEBCDO



The UV Telescope Parameters

Parameter Value

Monitored Area >1.3%x10°km?
B —  —

Resolution in angle 0.075°

Pixel Size

Number of Pixels

Pixel size on ground
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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_Poland.svg
http://ja.wikipedia.org/wiki/%E3%83%95%E3%82%A1%E3%82%A4%E3%83%AB:Flag_of_Poland.svg

Science Instrument




Focal Surface Detector

26mm Y. Kawasaki, ID 0472
55mm M. Ricci. ID 0335

Elementary Cell

4932 2x2 PMTs = 256 pixels)

MAPMTs
(8x8 pixels)

\

Photo-Detector Module
(3x3 ECs = 2,304 pixels

Focal Surface detector
137 PDMs

= 0.3M Pixels
1 High Voltage / PDM

27



JEM-EUSO Observation Principle

:
3
g
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prenkov (reflection)
»




JEM-EUSO Observation Principle
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Peculiarities from space

 Far and almost constant distance of the shower
(no proximity effect)

« Shower is contained in the FOV: observation of
the entire profile

» Possibility of observing in cloudy conditions (in
most cases X, ., above the cloud-top)
» Less contamination by Cherenkov

» Efficient gamma/hadron separation using different
geographical areas

 Measurement of neutrino showers at high altitude
with less LPM effect

Beijing, August, 2011 International Cosmic Ray Conference 2011 43



Summary of Results on Exposure:

Observational duty cycle (brightness of the sky
does not hamper UHECR measurements): ~20%

Role of clouds: ~72%

City lights inefficiency: ~7%
Lightning ineff.: ~ 2%
Aurorae ineff.: ~1%

!

Conversion factor between Aperture and Exposure:
~13%

JEM-EUSO Coll.: Astrop. Phys. 2013 ; Adv. in Space Res. (2014);
Experim. Astronomy (2014)



Annual Exposure nadir mode
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Annual Exposure nadir mode
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Observation area
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Aperture & Exposure for tilt modes
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Separation Angle y,q [deg]

Angular resolution

Separation Angle at 68% confidence limit

Real Zenith angle © [deg)
S. Biktemerova, T. Mernik, A. Guzman, Exp. Astron., JEM—EUSO special issue (2014)
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The path to JEM-EUSO ......

« EUSO Balloon Flights to test the technique in space and increase
the TRL

« TA-EUSO at Telescope Array in Utah (US) ‘Endurance’ Test &
cross-checks with standard EAS experiments

« MINI-EUSO to understand precisely the duty cycle, night glow
background level, energy threshold

« KLYPVE/K-EUSO to prove the EAS observation from space
(annual exposure per hemisphere comparable to Auger/TA)



Euso Ballon flight




Integration
@Timmins
11-24 Aug 2014
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Scientific Objectives approved
by ROSCOSMOS & ASI

* a) Scientific objectives

* a.1l) UV emissions from night-Earth
6.5 km resolution, from 2.5mus and above +-51°
Noise from different lightning conditions, moon phase
Noise from different inclinations

* a.2) Map of the Earth in UV
* @.3) Study of atmospheric phenomena
* a.4) Bioluminescence of Animal and vegetal organisms

* a.4) Study of meteors
» Search for Strange quark matter
* Space Debris assessment

JEM-EUSO collaboration 13 Cow of Ma
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K-Euso

Mirror based design

Cogrective Jens -
_—

Fogal surface Detegtos
enpmgmaymapmp——

= -

Collaboration with Russia i
Upgrade of KLYPVE s e
Russian detector on ISS

Total mass < 650 kg (delivery
requirement)
Total power consumption < 600 W (RS ISS limit)
Mirror diameter 3600 mm (< 4000 mm) l’”F
Focal distance 4000 mm \«(R Fluorescence Atmosphere

Parts size (mirror 1200x700 mm (airlock \K :
. Cherenkoy

segments, photo detector requirement)
clusters)

Scientific information >4 TB/year hard disk to
ground 18k s
Telemetry information S0 Mbytes per day

Focal Surface 1200 mm diameter
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S-EUSO @esa @il Ducue o

) NATIONAL AERONAUTICS
AND SPACE ADMINISTRATION
INFN

IN2P3
e ——— ‘(/ASF |

Variable orbit 1000 km
eLarge FOV y = 30°

Aexp ~ (1.2 - 2.4) x108 km2sr

Noveto = 10+ 25 %

mass ('\_ [.5 tOn). volume (\ P25 x25x 4.5 lll;;),

Beijing, April 19-21, 2006 power (= 1 kW) and telemetry (< 180 Mbit /orbit)



S-EUSO requirements

Effective Aperture: Acir > 5 x 10° km sr yr

Low Energy Threshold: ~100% @ 1-2x10"°%eV
Average Angular Resolution: 1-2° @ 10%%eV
Energy Resolution: ~10% @ 1-2x10"°eV

EAS Xmax determination: AXmax: 20-50 gr/cm?
Orbit height: variable, 500 - 1000 km
Operational Life: 5 - 10 yr on orbit
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Current Observatories of
Ultrahigh Energy Cosmic Rays

Telescope Array

Utah, USA o

(5 country 4,y
collaboration) kk

700 km? array gy ' 4% Pierre Auger

3 fluorescence b o Observatory
Miggi ™ o iof RN S
telescopes N R Mendoza Argentina

» 19 country collaboration)

3 000 km? array
4 fluorescence telescopes
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Auger: consistent | SO

with Anisotropy L0 MR
above 60 EeV vf bt 8L e Dl
AGN catalog test RS

Correlating fraction
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JEM-EUSO Mission

Parameter Value

Launch date 2017
Mission Lifetime 3+2 years
Rocket H2B (or Falcon9)
Transport Vehicle HTV (or Dragon)
Accommodation on JEM EF#9
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°
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Cherenkov

Ground
Support
Equipment

=~ Mission l
Data ’E Operation
— Control :
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FAST SIGNAL
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Result of end-to-end simulation

Simulated air shower image on the
focal surface detector.

3 x 10° pixels

Photons vs GTU |
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Large tilting case (eg 45 deq)
Range: 450—2150 km; Area ~9x10°km?
Duty cycle reduced
(both FOV & ISS shoulsk begin um%ra)
RV A 4

2 F oL b w VIR L RO Bratistva.* -
A LT e inageiidiet 5:2004 lat §54: 569389 10N~ 3.270584° elev--281h  eye alk949.7km d



Euso flight profile
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Current Status

Leading Observatories:
— Pierre Auger Observatory: 3,000 km? Argentina
— Telescope Array: 700 km? Utah, USA
Agreement on the shape of the spectrum
*Energy scale: 10% difference bet. Auger and TA
«Composition: controversial(?)
*Anisotropies: hints above 60 EeV — no >50 signal

*Need significant INCREASE in STATISTICS E > 60 EeV =
EECR (extreme energy cosmic rays)



JEM-EUSO Aperture in nadir mode (standard configuration)
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