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Motivation

The JEM-EUSO observation principle

= QObservations of the EAS from space in UV :
JEM-EUSO
) Ho~ 400 km

]

around 10 times higher exposure than for
ground observatories

angular resolution: 3 - 8°
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Xomaz resolution: 50 - 100 g cm ™2

energy resolution: 15 - 30%
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energy threshold: >7-10%eV

= > 1000 events expected during 3
years of mission
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Motivation

The JEM-EUSO Scientific Program

Joint Exploratory Missions for an Extreme W
Universe Space Observatory @ v
EUSO-TA (2013 - now, ground) o \ ¥ e

Ay b
EUSO-Balloon (2014, balloon) \,-"L\ﬁ’,. e
TUS (2016, satellite*) \*"-\\-:, br & Rt
EUSO-SPB1 (2017, balloon) VA 20
Mini-EUSO (2019 - now, space) i

EUSO-SPB2 (2016, balloon)
POEMMA Balloon with Radio (Planned - 2027, balloon) S
K-EUSO (Planned - on hold, ISS)

POEMMA (Planned - 2030, satellite)

UHECR

and 6 space agencies

[Since 2004 - 16 countries, ~100 institutions ]
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EUSO-Balloon

EUSO-Balloon - 2014 - CNES - The JEM-EUSO pathfinder

radiator

electronics subsystems
on “dry shelf*

PDM

= Spectral range:
290-430nm

= FoV: ~10° (0.21° / pix)
= Pupil area: 0.91m?
= Optical system:
two Fresnel lenses
= FS: 2304 (48x48) pixels

= single photon counting
mode with 2.5 us [ | v
time resolution (GTU) team e

= Double pulse resolution:
~10ns
(Space Sci Rev 218, 3 (2022) )
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Fresnel lens L1 (adjustable)

evacuation holes

Baffle &
“deceleration cylinder”

optical bench

IR Camera

The HVPS system fully designed
and produced in Poland
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EUSO-Balloon

EUSO-Balloon, 2014 - first flight

The very first detection of ultra fast UV trackt " from above”
August 25, 2014, EUSO-Balloon
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EUSO-TA

EUSO-TA - 2013 - now - cooperation with Telescope Array

m EUSO-TA telescope is located in front of
TAFD-BRM station, Utah, USA

m powered and triggered by TA station

m desert and dark sky, good conditions for
testing UV detectors probing atmospheric
transmission etc.

m Central Laser Facility and Electron Light
Source in FoV
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EUSO-TA

EUSO-TA results - detected UHECR events
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EUSO-TA

EUSO-TA results - detected UHECR events
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® Central Laser Facility

) 2

>

® Global Laser System (GLS) s o i

>

>

Z. Plebaniak

EUSO-TA

EUSO-TA - calibration with UV lasers and stars

Vertically emitted UV signals at the distance
of 21 km

energy range 4-6mJ (2.2mJ corresponds to
109 eV shower)

pixel]

The prototype of laser station on mobile to
test response of EUSO detectors

Pulses generated as equivalent of EAS signals
at 10%° - 102! eV

Automatic changing of pointing direction
allowing for swipes through the field of view

(Univ. & INFN Tor Vergata) Status of the JEM-EUSO Collaboration
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Mini-EUSO - the first EUSO telescope in space

Mini-EUSO - 2019 - now - The first EUSO telescope in space
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Mini-EUSO - the first EUSO telescope in space
Mini-EUSO data acquisition

Mini-EUSO is taking data by counting photoelectrons in the UV e

range during observations of the Earth’s atmosphere in nadir. The
detector efficiency is about 6%.

5 10 15 20 25 30 35 40 45
X [pix]

128 x 128 x 128 X 2.5us = 5.24:
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
D2: 128 x 128 X 2.5us
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
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Mini-EUSO - the first EUSO telescope in space

Mini-EUSO data acquisition

Mini-EUSO is taking data by counting photoelectrons in the UV W DAIS 1P (R () S Aarmes (2
range during observations of the Earth's atmosphere in nadir. The | |
detector efficiency is about 6%.

The counts are summarized in 2.5 microsecond GTUs in a matrix
of 48x48 pixels and saved in packets of 128 frames. Data are
stored in three modes:

0 5 1015202530354045
X [pix]

D3: 128 x 128 x 128 x 2.5us =5.24:
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
2: 128 x 128 X 2515 = 40.9

D1: 128 x 2.5us = 3!
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Mini-EUSO - the first EUSO telescope in space

Mini-EUSO data acquisition

Mini-EUSO is taking data by counting photoelectrons in the UV WA DS 1P (R () S ARt (D2
range during observations of the Earth's atmosphere in nadir. The ‘ '
detector efficiency is about 6%.

The counts are summarized in 2.5 microsecond GTUs in a matrix
of 48x48 pixels and saved in packets of 128 frames. Data are
stored in three modes:

m continuously when the detector is on. Counts are
summarized over >16k GTUs (40.96 ms).

0

0 5 1015202530354045
X [pix]

D3: 128 x 128 x 128 X 2.5us = 5.24:

2: 128 x 128 X 2.5us =40.9

D1: 128 x 2.5us = 3.

Z. Plebaniak (Univ. & INFN Tor Vergata) Status of the JEM-EUSO Collaboration PAiP-2025

11/26



Mini-EUSO - the first EUSO telescope in space
Mini-EUSO data acquisition

Mini-EUSO is taking data by counting photoelectrons in the UV 2B DS 2P (R (6 S A Irmes (D
range during observations of the Earth's atmosphere in nadir. The
detector efficiency is about 6%.

The counts are summarized in 2.5 microsecond GTUs in a matrix
of 48x48 pixels and saved in packets of 128 frames. Data are
stored in three modes:

m continuously when the detector is on. Counts are
summarized over >16k GTUs (40.96 ms).

m D2 - triggered on data with counts integrated over 128 GTUs
(320 ps). 4 D2 packets can be stored during 1 D3 period.

0

0 5 101520253035404_5
X [pix]

D3: 128 x 128 x 128 x 2.5us

D2: 128 x 128 x

=40.96ms
[ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

D1: 128 x 2.5us = 3.
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Mini-EUSO - the first EUSO telescope in space
Mini-EUSO data acquisition

Mini-EUSO is taking data by counting photoelectrons in the UV DI DS 1P (R (LS A I (D
range during observations of the Earth's atmosphere in nadir. The
detector efficiency is about 6%.

The counts are summarized in 2.5 microsecond GTUs in a matrix
of 48x48 pixels and saved in packets of 128 frames. Data are
stored in three modes:

m continuously when the detector is on. Counts are
summarized over >16k GTUs (40.96 ms).

m D2 - triggered on data with counts integrated over 128 GTUs
(320 ps). 4 D2 packets can be stored during 1 D3 period.

m D1 - triggered on data with counts integrated over a single

GTU (2.5 us). 4 D1 packets can be stored during 1 D3 0 3 : 3 3
iod 0 5 10 15 20 25 30 35 40 45
period. X [pix]
D3: 128 x 128 X 128 x 2.5us
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

2: 128 x 128 X 2515 = 40.9
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

D1: 128 x 2.5s = 3200
I[IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
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Mini-EUSO - the first EUSO telescope in space
Mini-EUSO data acquisition

Mini-EUSO is taking data by counting photoelectrons in the UV e e et S

range during observations of the Earth's atmosphere in nadir. The
detector efficiency is about 6%.

The counts are summarized in 2.5 microsecond GTUs in a matrix
of 48x48 pixels and saved in packets of 128 frames. Data are
stored in three modes:

m continuously when the detector is on. Counts are
summarized over >16k GTUs (40.96 ms).

m D2 - triggered on data with counts integrated over 128 GTUs
(320 ps). 4 D2 packets can be stored during 1 D3 period.

m D1 - triggered on data with counts integrated over a single

GTU (2.5 us). 4 D1 packets can be stored during 1 D3 0 3 : 3 3
iod 0 5 10 15 20 25 30 35 40 45
period. X [pix]
Pixel signal is integrated over 8 consecutive GTUs and compared D3: 128 x 128 x 128 x 2.5us
e e e VEr © CONSEEUty T el |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| T

with the background level, determined by averaging over 128
GTUs, to look for an excess. If the signal is 80 above background,
the event is triggered, the whole focal surface is read out, and a
packet of 128 GTUs is stored, centered on the trigger.

2: 128 x 128 X 2.5us =40.9

D1: 128 x 2.5s = 3200
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
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Mini-EUSO - the first EUSO telescope in space

Mini-EUSO - all types

2.5 ps sampling
(triggered)

320ps averages
(triggered)

of measured signals

41ms averages
(full time acquisition)
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Mini-EUSO - the first EUSO telescope in space

Mini-EUSO - detection of the ELVES from space

1000 1500 2000 2500
Time [ps]

Emission of Light and Very low frequency
perturbations due to EIectromagnetic pulse
Sources

37 ELVES events have been detected
and analyzed in the first 160 hours
of Mini-EUSO data » 3
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Mini-EUSO - the first EUSO telescope in space

Double-ringed ELVES with short delay and dynamic halo

EVENT 2 - 2019-12-05 18:37:35
A double-ringed event with inner-peak delay of
about 25 ps and ring widths up to ~7km. Event
observed at >550km distance. The short interval
multi-rings ELVES are so close one another, the
inter-ring emission does not return to background
values. There are 5 more events of this class.

400 450
Frame [GTU]
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Mini-EUSO - the first EUSO telescope in space

Five-ringed ELVES with dynamic halo
EVENT 16 - 2020-08-21 07:15:20

A five-ringed event composed of three main peaks
with the weakest in the center. Both of the two
brightest rings show two short delay events with

delays of 15 and 19 us. The duration of the whole

ELVES event is reaching 160 s The dynamic halo

is delayed by ~250pus.

5 900 950
Frame [GTU]

100 50 0 50 100
X [km]
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Mini-EUSO - the first EUSO telescope in space

Mini-EUSO - ELVES - average intensity
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Mini-EUSO - the first EUSO telescope in space

Z. Plebaniak (Univ. & INFN Tor Vergata) Status of the JEM-EUSO Collaboration



Mini-EUSO - the first EUSO telescope in space

Mini-EUSO - meteors from space

24 000 meteor events from 40
Mini-EUSO sessions (~6 days)
mass range: 107° - 107! kg,
mag<+6

mass index s = 2.09 + 0.02

1—-s
for My, ¢

three events with velocity

(2) 20200401 @ 00i49:17 UT §TU 2465, 00:49:16.93 JTU 2469, 00:49:17.09 iTU 2473, 00:49:17.26

ents / DL_GTU

10 2477, 00:49:17.42 UT U 2481, 00:49:17.58 iTU 2485, 00:49:17.75

>85 km s, no SQM candidates

T T Vi T o T T T Vo [V o s T T ¥

(a)

SLIM

MACRO

—~
hoh Lol

[A&A, 687, A304, 26

[TT T T T

ANTARES

cumulative flux density [yr™ km ]
% occurrences

P

D R (S P
‘ % 20 40 60

T T oy
10 10
meteoroid mass [kg] V [kms™]

o
(=)
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EUSO-SPB1

EUSO-SPBI - 2017 (April 24 23:51 UT) - NASA

o~ 1—";/__ -
2017:12d4hr

o'
pixels.

o 10 10
NASA Engineering flight cos| EUSO-SPB1 Energy (eV)

The primary scientific goal was to make the first
observations of ultra-high-energy cosmic-ray EASs
by looking down on the atmosphere with an ultraviolet

(UV) fluorescence telescope from suborbital altitude
(33 km) - failed
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Probe Of Extreme Multi-Messenger Astrophysics (POEMMA)

The main scientific objectives:
= Discover the nature and origin

Pointing Know.

i el 1 mers Face 6 m dia Clock synch.
.of the hlg-;hest energy particles . n e
in the universe 3 Y Communication
5 . Wet Mass
. . .. 2 N S Power (w
= Discover neutrino emission ot g Observatory Mission
above 20 PeV associated : P " Onbit

Orbit Period

with extreme astrophysical transients ) [

= Probe particle interactions
at extreme energies

= Observe TLEs
= QObserve meteors

= Search for exotic particles \
NASA probe-class mission ' 230k
selected for validation

PCC: POEMMA
CHERENKOV.

PFC: POEMMA
FLUORESCENCE
CAMERA

[JCAP 06 (2021) 007 J
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EUSO-SPB1

EUSO-SPB2 - 2023 (May 13th) - NASA

Antenna boom_ Gondola control
N | 8 [ 1 computer &
Science Integration =] —_— batteries
Expected flight time: 100 days Package G £ science solar
FT electronics panels
Real flight time: 37 hours Fluorescence _ A crtiting
elescope (FT) o |
. | '// CT shutter
Weight: ~1.5 t ) : inatoy

CSBF solar panels._ L == ﬁ'elescope (cm)

Cherenkov Telescope

Ballast hopper & _ ~CT electronics

IR camera

Fluorescence Telescope (3xPDM)
Optics: 2x Schmidt optics

IR camera

altitude: 33km

Target of Opportunity
(rotator, cherenkov camera)

IS e e
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EUSO-SPB1

EUSO-SPB2 - Fluorescence camera

= Pixels: 6912
= |ntegration time: 1us
= Detection window: 290-430 nm
= FoV: 12° x 36°
= Pointing: nadir
= Energy threshold: 2EeV
(peak sensitivity at 4EeV) o
= Expected event rate: 0.12 per hour

o
~

= No detected events

o
w

Trigger eff.
— Event Rate

o
N

o
a

Number of Events/Hour Log1o(E/eV)

o
S

oo
182 184 186 18.8 19.0 19.2 194 19.6

A(E/e By G. Filippatos
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EUSO-SPB1

EUSO-SPB2 - Cherenkov camera

Pixels: 512 (SiPM)
Integration time: 10ns
Detection window: 200-800nm e

Figure 7: Candidates for Cosmic ray induced air shower events, Left: BiFocal, Right: Cherenkov cone.

. o o ) . ) ) . R )
FOV. 64 X 1 2 . 8 Both images were taken as the focal plane was pointed at the limb, therefore the top half of the display is
below the Earth’s limb while the bottom half is above, the image is flipped due to optics.

Bi-focal optics e 4 WO St P52 —
Pointing: 2.5° to -13.1° " ‘
Above the limb threshold: 10PeV

Below the limb: ToO, no events

IS A e

Figure 8: Possible direct cosmic-ray hit
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PBR

Poemma Balloon with Radio (PBR) - planned for 2027

POEMMA-Balloon

= Florescence Telescope (4xPDM) - w“hkw(nk) — :
the polish group already provided wf:il"i;mg & M‘h:il‘t:l.l‘.i';“‘t:”
HVPS modules 2\ P s ':MRBYSE)PEV
= Expected flight time: 100 days AW : B
= FT: 4xPDM, 9216 pix \ o A
= CT: 2048 pix i % o
= Radio: 50-500MHz, 60x60 deg, E>10'5e¢V (s S
= HAHAs: >0.4 PeV, 60 events per hour : == -
= Target of Opportunity

(NIMA 1069, 169819 (2024) )

86 87 88
Viewing Angle 65 (Degrees)
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Polish group in JEM-EUSO

Polish group in JEM-EUSO - 2025

Polish institutions involved
in JEM-EUSO in 2025:

= University of Warsaw (1)

= Stefan Batory Academy
of Applied Sciences, Skierniewice (1)

= National Centre for Nuclear Research,
Warsaw (2)

= University of Lodz (1)
= no affiliation (1)

(Currently no financial support]
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Thank You for Your Attention
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