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Special Issue on the JEM-EUSO Mission

« 15 papers addressing science and technology of JEM-EUSO

« The EUSO-Balloon pathfinder
« The JEM-EUSO instrument

. Ground-based tests of JEM-EUSO components at the Telescope Vol.40, issue 1 (Nov. 2015)
Array site, “EUSO-TA” |

« Space experiment TUS on board the Lomonosov satellite as
pathfinder of JEM-EUSO

« The JEM-EUSO observation in cloudy conditions - Expe n m e nta I
« Calibration aspects of the JEM-EUSO mission

« JEM-EUSO: Meteor and nuclearite observations

« JEM-EUSO observational technique and exposure

« Ultra high energy photons and neutrinos with JEM-EUSO

« Science of atmospheric phenomena with JEM-EUSO

« Performances of JEM-EUSO: energy and X max reconstruction

« The atmospheric monitoring system of the JEM-EUSO instrument
 The infrared camera onboard JEM-EUSO

* Proposal of a Computing Model Using GRID Resources for the JEM-
EUSO Space Mission




JEM-EUSO
International collaboration

* 16 countries, 350+ researchers

* Science Evaluated positively by ESA, NASA,
Roscosmoc and national agencies

* Funding for detectors and precursors ongoing in all
countries
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Auger Large-scale Anisotropy (£ - 8 EeV, (6.57}3)%. 5.2 0) Hot Spot Above 57 EeV ~36 @)
Dipole Above 8 EeV = 5.20!! meree | TA “Hot Spot” 2017 (€ > 57 EeV, ~ 3 ) o

Total events: 143  Best circle cen.ter: RA=144.3°, Dec=+40.3°
Best circle radius: 25°

Observed: 34 o
Expected : 13.5 Local significance : 5 o

Global significance : 3 ¢

ExtraGALACTIC SOURCES!!!

Auger Intermediate-scale Anisotropy (£ > 39 EeV, ~ 4 o)

starburst galaxies (€ > 39 EeV, , 9.7%, 12.9°, 4.0 o) 0 yIdof  Inside (On) e on)
Coserved Excess Mg - € 5 39 LoV Wodel Encens Map - Siar £ 3 ey Mesidual Excess Map - Strburst gatasies - € 5 39 LoV E 56.9/19 = Outside (Off) Mean 19.2

- : RMS 0.26
% - oL Outside (Off)
. E Mean 19.2

- : RMS 0.2

Cuserved Excess Map « £ > 80 Eev
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Rescale Auger and TA energies

-

Declination Dependence ‘o
/Spectrum Anisotropies?

D. Ivanov, CRI236 (Poster)
JP. Lundquist, CRI194 (Jul 18)
D. Ivanov, CRI 231 (JUI 18)
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How many UHECRs > 60 EeV?

Auger w/ 3,000 km?

~25 events > 60 EeV/ yr
Telescope Array w/ 700 km?

~5 events 6‘}0 EeV/ yr

Auger + TA~ 30 e‘)ﬁltﬂ’)g
0.0

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

19
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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

~ >n » —
.l}.-‘."- . S\
% 3 : > R e
. o) 8 s R . N '&
-, o Py ~ ' - L~ - o G
PR P P IR R S
.‘.,;,- & e ..' o ’.“ y = Y . ~ . )
o w ; Ll 4 ‘. ‘ ,-‘n" o \
ot i B NN s | Y
“J. ’ ‘.‘ : ) ; P ," “. ,-.:.- : N :A- ) J..
/N o ‘ o4l a? 4 ‘ ; .'-,_ > 3
A N oy . R 5
s - . R - " J, L »
S O R S, TR A
DT AN ™ ey ) T T N FEs
ol o - - ’ iy - - L " 8
. ’ ~ \\ s ) s ~ by ."
"\ A . - - L LY R ’ =
- \ : D
‘ ro L. e R K N
X e 3 s gt
Yy / o J S v t
! > 9 s . » \ R .
f’,.’ \':/. ;J, ; 'y
~a S S :
~ . ) - 47

« Earth - surface ~ 5 108 km?

~3.4 10° events/yr
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JEM-EUSO is
an Astronomical Earth Observatory from Space
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1979, An idea™ of John Linsley

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

>\ MASSIN ORBIF

Y. Takahashi (1995):  Fisiieaass
MASS: Maximum Energy £ Ty

Auger (Air Shower
Satellite Italian Mission)

S GREA y , &R
FAERE e oy L ’._, Ly
IMAGING AREA %%
(500 =T000KM)*. - %

. 3 W \ ' A o ’ : - 43T

Fig. 3 Artist view of the MASS on orbit.
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Cherenkov

Ground
Support f
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Science Instrument




Focal Surface Detector

Elementary Cell (EC)
(2x2 PMTs = 256 pixels)

4932 MAPMTSs
(8x8 pixels)

Focal SMtor, . b1 RS Dhoto-Detector
137 PDMs 4 1t WesiVodule (PDM)

= 0.3M Pixels " R R 3x3 ECs = 36 PMTS
.. S 2,304 pixels




JEM-EUSO Observation Principle
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An idea of the monitored area (2)
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JEM-EUSO can observe the arrival
direction of EECR very uniformly owing
to the nature of the ISS orbit.

L1957 NLSA.




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 20



JEM-EUSO Science requirements —>
Telescope & Mission requirements

Parameter Requirement value

Exposure at 100 EeV* 3 x 10° km? sr yr
at 50 EeV* 2 x105 km2 sr yr *For events which can be used for
g anisotropy studies
Angular res. at 50 EeV <5 “*For photon and neutrino
at 200 EeV <2° discriminations
*%% : :
Energy res. at 50 EeV <30% Dgtermlnatlon of the average
logarithmic mass
at 100 EeV <20%
“*Kmax reS. <100 g/cm?
***<xhmax> Fes. <50 g/cm?
Operational wavelength 300-400 nm _
Pixel Field of View <0.06° Monitored Area ~10° km?
*Pixel size on the FS =3mm Pixel size on ground <600 m
Optics Throughput >50% Mission Lifetime 25 yr
Time Resolution 2.5 Us Launcher HTV/Dragon
: - s
LR G PR adlt Orbit Inclination 51.6°
Dz?tectlon efficiency 230% G EEE ~20%

Dead Time <3%



Technical challenges of the observation

from space compared to UHECR detectors

»

»

»

»

»

from ground

Low power consumption (<1kW for JEM-EUSO - 3x10°
pixels)

Low mass (~1-2 tons for JEM-EUSO)

Low telemetry (300 kbit/s for JEM-EUSO on ISS)
Radiation hard instrumentation

Space-qualified instrumentation (need to increase TRL)

22






EUSO-SPB lens

. ey
Camera with 440 PMTs

I'/‘ ;‘;/ (Photonis XP 3062) 1 FS Of EUSO'SPB
FS of 1 mirror Auger 5/ IR 2304 pixels (3mm)

440 pixels (~5cm/pix) . 17x17 cm?

~100x100 cm?



Comparing Auger FD and
JEM-EUSO telescope

| Auger (1FD site) EUSO-SPB JEM-EUSO

mirror size 6 X 11 m? 1 m? lens
FoV 6 x (30 x 30) deg? 11 x 11 deg? 4 x4 degZ/PDM
Ang. resolution 1.5 deg/pixel 0.2 deg/pixel 0.075 deg/pixel
Pixel size 5x5 cm? 1 pixel 3x3 mm? 3x3 mm?/pixel
Camera size 6 x 440 pixels 2304 pixel 2304 pixel/PDM
EAS distance 40 km 30 km 400 km
light intensity 1 1.8 0.01
(@40km=1)
time resolution 100 ns 2.5 s 2.5 Us
signal acquisition charge integration photon counting photon counting

A significant difference in the detectors, a technological challenge...
25



»

»

»

»

»

Scientific challenges:

Energy threshold below GZK cutoff (a factor of 2 higher energies means very
few statistics and no inter calibration with ground experiments!).

Light conditions continuously varying (ISS speed 7.5 km/s —> night/day change
every 45 minutes).

Atmospheric conditions (clear sky, clouds, lightning, cities and anthropic light)
continuously changing.

We need to test the capability of the instrument to adapt its working conditions to
the different situations.

We need to record and recognise the different atmospheric and anthropic
conditions.

26




Annual Exposure nadir mode

Log(Energy [eV])
9 19.5 20 20.5 ¢ ol 41
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Annual exposure [km? sr yr per year]

.............

...............................

R e R R e L

------------------------------------------------------------------------------------------------------------------------------------------------------

.
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......................................................................

.....................................................................

------------------------------------------

_ ............. ......... " ~60,000 km2 Sr yr

.| ~7,000 km? sr yr

—eo— No cuts

—=— R < 150km; 6>60°}:::

| | | 1 1 l l I 1 1 1 | I l l l
1? 0" 10% 10"
Energy [eV]

~9 times Auger
~50 times TA

« 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% o7

» Conversion factor between Aperture and Exposure: ~13%



Aperture & Exposure for tilt modes and background levels

Log(Energy)
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JEM-EUSO
PROGRAM

EUSO-TA (2013- )

‘B FUSO-KLYPVE

EUSO-Balloon (2014) e Mt .

TUS (2016)
EUSO-SPB1 (2017)
Mini-EUSO (2018-19)

EUSO'SPBZ (2020'22 — Te— Fluorescence

Atmospher

K_EUSO (2023 +) , Jp—= Cherenkov

' : pf{*”? "‘ \1

POEMMA (2028+)  TAEUSO@i3) = i e
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GTU: 84, pikt- 0, GTU in pkt: 84, UTC time: 2015-03-13 07:20.01,
Utah time: 2015-03-13 01:30:01
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GTU: 284114, pkt: 2219, GTU in pkt- 82, UTC tme: 2015-05-13 08:26:53 3762424,
Utah time: 2015-05-13 02:26:53.3762424
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CLF and laser tests

d= 100 km
E=85md
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United Stat




Laser direction reconstruction

— = ¥,
2. 45—
S = Entries 393
% 40— Mean 101.8
S a5 RMS  0.507
30—
25
20
15
1o
5
= TIPS TR W W PP PR
92 94 96 98 100 102 104 106 108
¥[°]
» 34km away from the detector
* Energy: 23mJ
* Sweep in azimuth with 2 different zenith * GLS at 34km
angle (130°/140°) » Telescope tilt 10°
* GLS zenith 90° (vertical)
» 2Hz
» Various energy settings
4,6,9, 12, 13, 15, 16, 17, 19,
20mJ
» 500 shots were fired (50 each
setting)

TA-CLF Low power
(check calibration)



EAS event view

3 software triggered EAS events with TA reconstruction

ESAF

Gtus 0-5

Hits on screen; 1210

Hits on screen: 1739
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Distance along telescope's axis (km)

Ecquivalent — Distance along tel. axis

Fit with second degree polynomial

40
— * Detected events
35— Not detected events
- CLF |aser
30— GLS laser
25|
20— -
15—
10—
o
0? Ll | ol T . | “1'1 | . 1[
10" 10" 10'® 10%°
Eeq (V)

35

Total of 9 events detected in coincidence with TA



2. EUSO Balloon flights
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Payload built byJEM-TEUSO collaboration
CNES (French Space Agency) mission
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instrument booth

optical bench

- evacuation holes

radiator

electronics (DP)
on "dry shelf"

PDM

Fresnel lens L3
fixed/tight

Fresnel lens L1
adjustable

Baffle &

“deceleration cylinder”

IR Camera
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the balloon track and

L ake Huron
O.Sudbury Sault Ste--Marie o
float 3:43 UT )
"-:-' termination 8:20 UT
Timmins t‘ -
launch 0:53 UT \—-/s&ashdown 8:59 UT K—”DI\.[




(H3), (H4):
Hoyle Mine

. PR (H1), (H2):
(B1): Bell industry

Creak Mine . facilities Very gOOd matCh|ng
' - 11 with satellite images

| (T 3) park & shoppmg center
(Ti mmlns maxumum)

Recognition of hotspots not
detected by DMSP satellite
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Implications for UHECR observation
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EUSO-SPB Airglow - Starlight models:

lo = 300 - 320 photons m-2 sr-1 ns-1
300 - 500 nm band

lo =260 - 170 photons m-2 sr-1 ns1
300 - 400 nm band

a factor ~ 2 increase with clouds

BaBy balloon (1998):

estimation of
uncertainties
In progress

lo = 400 - 450 photons m-2 sr-1 ns-1 - (300 - 500) nm band

BaBy balloon (2002):

lo = 310 photons m-2 sr-1 ns-'- (300 - 400) nm band

NIGHTGLOW balloon (2000):

lo = 300 photons m-2 sr-1 ns-1- (300 - 400) nm band
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Xe flasher and Laser events from NASA helicopter

[m}
" N

1261] [CRI054] Calibrating and Testing EUSO-SPB in Flight

using a Laser and LEDs on an Aircraft e
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TRACK RECONSTRUCTION
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EUSO-SPB1 flight, March 2017
Wanaka, New Zealand

NASA Mission. 2nd
Payload built by JEM-
EUSO collaboration
New lenses, Focal
Surface,

Improved Electronics

In principle up to 100

days ﬂlght' ' ' EUSO-SPB1 flew as a mission of o[)gortunity Qn 3rd NASA super
pressure balloon test flight April 25- May 6 " 2017

ObJGCthGZ FlI’St UV 12 day flight, early termination

UHECR ShOWCI’ Preflight Ground tests of flight instrument in the desert
ObSCI'Vathl’l fr()m above lasers, LEDs, aircraft, stars, meteorite

40 hours flight data - dark, moon down (28 hours downloaded)

45

Analysis of flight data is ongoing
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CLF Laser event with SPB

GTU: 44966, pki: 351, GTU in pkt: 38,
UTC time: 2016-09-28 07:00:02.3026626

0 5 10 15 20 25 30 35 40 45
X [pixel]
allpackets-SPBEUSO-ACQUISITION-20160928-071431-001.001--clf only delay.root
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Trigger Threshold Measurement with Laser
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Equivalent Energy Trigger Threshold
~ 3x10'8 eV for EAS as viewed looking

down from balloon height.

®m 3 Llens (10/02/2016)
A 2 lens (10/04/20164UTC)
2 Lens (10/04/2016 6UTC)
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Distance along telescope's axis (km)

Ecquivalent — Distance along tel. axis

Fit with second degree polynomial

40
— Detected events
35— Not detected events
= CLFlaser
30 - GLS laser
25— EUSO-SPB
= self-trigger
20—
15—
10 I " f; .
= o gx¢ g ¥
= %
- E U S O 'TA o R ¥ ¥
T ~ X o et | 1
0 ! L1 11l i T A T e v | [ A ! | L1110 L1 111
1014 1015 1016 1017 1018 1019 1020
Eeq (€V)
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Launched on 25 April 2017




NASA Super Pressure Balloon

2015: 32d5h 2016: 46d20h 2017: 12d4h
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UV Camera: Light Source on Ground
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South bridge

4/25/17 Top Right : A point light on the ground source as seen in the UV camera provides
an insitu demonstration that the detector in flight was able to focus a point source. Lower
Left: The location of the balloon when the ground source was recorded. Lower Right: The
IR camera image from this time shows no cloud below. The shoreline of Lake Ellesmere is;
clearly visible.
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Background Variations in single photon counting camera also reveal clouds

0-1280, pkt: 0-10, GTU in pkt: 0-0, UTC time: 2017-04-28 09:49:35.7498624-09:49:41.661
Utah time: 2017-04-28 03:49:35.7498624-03:49:41.6612024
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Expected Number of Events during this short flight:

Log3 (Energy [eV])
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Corrections for Clouds, Lower heights in progress




arXiv:1703.04513 A,
EUSO-SPB2

CHERENKOV EMISSION
FROM UHECRS
TAU NEUTRINO

BACKGROUND

FLUORESCENCE

FROM UHECGCRS

Funded by NASA

under development

CHERENKOV

e,

FLUORESCENGCE

TAUu NEUTRIND ~
59


https://arxiv.org/abs/1703.04513

Bifocal Design

Pttty UL MM

Challenges/Opportunities:
Space qualified SiPMs, ultra-fast
ASICs, corrector lens
development, bifocal mirror
SPB stability

LaAsht

b — e e e e ¢ —o—

Cherenkov Telescopes

FoV 5o X 45- bi-focal mirror
FoV 50 X 45 normal mirror
Focal Surface

/cm x 70cm

signal duration: 10 - 50 ns

Fluorescence Telescope
FoV 15° X 45° normal mirror
Corrector Plate: 1m?

Image resolution: ~ few mm
Pixel size: ~3mm square
signal duration: 1 - 20 ps
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256 channels (13 mm pixels)

See talk by
P. Klimov




MINI-EUSO/UV-ATMOSPHERE
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Mlnl EUSO

q.::\‘ ' '4 “ 3 "
Front-end

Visible  Front “;’)m,"/Focal ASICs /y,j. simulation
Camera lens 7 surface

Inside the ISS 2 Fresnel lenses and one PDM ".-;;. ; * . |
60W @ 27V, 30 kg (2304 pix, 3 mm) e,
Night observations About 40% orbit .'**‘ "; 'r
Nadir observations Off 1f ISS changes attitude i *,

Exchange of data disk 52TB/week ".'%, W 3‘




Mini-EUSO@TurLab (Univ. Torino)

PDM summed counts lightcurve
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Mini EUSO in Torino & INAF-OATO

GTU: 15600, pkt: 121, GTU in pkt: 112,
UTC time: 2018-03-14 21:49:02.0402269
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K-EUSO

In the Russian Federal
Space Program

Passed the stage of preliminary
design with Roscosmoc

Technical requirements,
accomodation, operations study
performed by Energia space
corporation

Evolution of KLYPVE Russian
detector (reflector)

Launch in 2023
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UHECR with K-EUSO: Spectral
differences
Auger and TA spectra

Need to rescale.
[s 1t correct?

Is 1t physics?

At GZK are they
different+
Composition?

TA “Hot Spot” 2017 (£ > 57 EeV, ~ 3 )

60
Dec. (deg)

18.5 19
Iogw( E/eV)

-1
.2
l-a ICRC2015
-4

Best circle center: RA=144.3°, Dec=+40.3

fotal events: 143 Best circle radius: 25 ' K_EUSO annual exposure ~ 2 X Auger

Observed: 34
Expected : 13.5

Local significance : 5o

Global significance : 3 ¢



See talk by
A. Olinto
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Schmidt optics

POEMMA:
PROBE OF EXTREME MULTI-

MESSENGER ASTROPHYSICS
LULHECRS AND NEUTRINOS

69



POEMMA

HYBRID MM FOCAL SURFACE

UV FLUORESCENCE CHERENKOV DETECTION

DETECTION WITH MAPMTS . WITH SIPMs
~ 150k pixels

Bementary Gall (ED
SPM‘_. (8x8)

FS filled with ECs

S-Diode Interconnector

28 SIPM FOCAL SURFACE UN
TOTAL 14,336 PIXELS
512 PIXELS PER FS U (64x4

60 PHOTO DETECTOR MODULES (PDMs)= 138,240
PIXELS

1 PDM = 36 MAPMTs = 2,304 PIXELS
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QQEM% UHECR EXPOSURE HISTORY
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NEUTRINOS FROM UHECR MAY BE SEEN

| === Clusters w. central sources mam GRB afterglow-ISM
_ Newborn Pulsars GRB afterglow-wind
mmm  Active Galactic Nuclei GRB afterglow-late prompt
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CONCLUSIONS

* The JEM-EUSO program is an essential element of the roadmap of the UHE Community

* Prototypes and Models of the major elements (Lenses, PDM, DP Unit) have been produced
and are being tested to increase the TRLs levels.

* The First Pathfinders (EUSO-TA and EUSO-Balloon) are providing exciting technical and
science-oriented data: the transition from paper work to prototyping and measurements has
been done.

* The small scale missions (EUSO-SPB, Mini-EUSO and TUS) are expected to provide new
scientific results.

 Large Mission concepts are actively studied: K-EUSO is expected to provide first key results

from space on the interpretation of UHECR science, and then POEMMA is expected to
unveil the highest energy sky ever explored.

THANK YOU



