
ˮ͔͔͙ͣͪͤ͘Ύ ˴˶ ˽ˤ̏ ͫ 
͙ͦͪ͋ͭ· ˭͔͙ͣ͡Υ ͦͭ ͔ͨͪͦͭ͊͟ 
ζ́̂˿η ͟ K-EUSO ͙  ͒͊ ͔͔͡

˽͍͔͊͡ ˴͙͍ͣͦ͡
˹ˮˮ̒̅ ˸˥̂

˻ͭ ͙͔͙ͣͤ ͦ͊͋ͦͪ͊͟͡͡ͼ͙͙JEM-EUSO

36-Ύ ˤ͔͙͚ͫͪͦͫͫͫ͊͟Ύ ͦͤ͟ͺ͔͔ͪͤͼ͙Ύ ͨͦ ͙ͦͫͣ͟;͔͙ͫͣ͟ ͯ͡;͊ͣΣ нлнл ͎Φ



˾͔͎͙ͫͭͪ͊ͼ͙Ύ ˴˶ ˽ˤ̏ͫ ͙ͦͪ͋ͭ· ˭͔͙ͣ͡

2

}˿ͯ΅͔͍ͫͭͯΌ΅͙͔ ͍͙ͯͫͭ͊ͤͦ͟: 

}Pierre Auger Observatory: 3,000 km2

~20ͫͦ͋·͙͚ͭ> 60 EeV/͎ͦ͒

}Telescope Array: 700 km2 Utah, USA

~5ͫͦ͋·͙͚ͭ> 60 EeV/͎ͦ͒

ˮ͎ͭͦͦΥ Auger + TA < 30 ͫͦ͋·͙͚ͭκ͎ͦ͒

˽͍͔ͦͪͻͤͦͫͭΈ ˭͔͙ͣ͡ ~рϊмл8 km2

ϤоΦпϊмл6ͫͦ͋·͙͚ͭ ͍ ͎ͦ͒



˹͔͎ͣͤͦͦ ͙͙͙ͫͭͦͪ

Benson, R. and Linsley, J., 1981, Satellite observation of 

cosmic ray air showers, In International

Cosmic Ray Conference, 17th, Paris, France, July 13ï25, 

Conference Papers. Volume 8

Yoshiyuki Takahashi suggested the concept of 

MASS, the Maximum-Energy Auger (Air)-Shower 

Satellite, 1995

1) OWL ςtwo Schmidt telescopes
2) EUSO (JEM-EUSO) ςwide field of 

angle Fresnel lens telescope. L. 
ScarsiςT. EbisuzakiςP. Picozza

3) TUS & KLYPVE ςFresnel mirror 
concept (M. Panasyuk, B. Khrenov)

POEMMA

K-EUSO

ʈʠʩʫʥʢʠʠʟʨʘʙʦʪʳT. Ebisuzaki, Space-based observation
of the extensiveairshowers, EPJWebof Conferences53, 01014
(2013)
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˽͔͙ͪͣͯ΅͔͍ͫͭ͊ ͙ͦͪ͋ͭ͊͡Έ͎ͤͦͦ ͔͔͒ͭͭͦͪ͊͟
ˤ͊͗ͤ·͔ Ή͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ·͔ ͙ͭͪͯ͒ͤͦͫͭ ͔ͤ͊ͣͤ͘·ͻ Ή͔͙͔͍ͫͨͪͣͤͭͦ͟Υ

ü˹͔͒ͦͫͭ͊ͭͦ;͔ͤͦ ͙ͦ͟͡;͔͍ͫͭͦ ͫͦ͋·͙͚ͭ ͍ ͙ͦ͋͊ͫͭ͡ ͔͔ͨͪ͒͡Έͤͦ ͍·͙ͫͦ͟ͻ 
Ή͔͎͙͚ͤͪ

ü˹͊͋͡Ό͔͙͔͒ͤ ͔͚ͤͨͦͤͦ͡ ͔͔͚ͤ͋ͫͤͦ ͫͺ͔ͪ·

ü˹͔͙ͯͫͭͪ͊ͤͣ·͔ ͙͔͙ͫͫͭͣ͊ͭ;͔͙͔ͫ͟ ͙ͦͭ͡;͙Ύ ͔ͣ͗͒ͯ ͪ͊ͤ͘·͙ͣ 
͍͙ͯͫͭ͊ͤͦ͊ͣ͟

4

ü ˻͙ͪ͋ͭ͊͡Έͤ·͚͔͔͔͔͒ͭͭͦͪ͊ͦ͋ͫͨ͟;͙͍͔͍͔͊ͭͪ͊ͤͦͣͪͤ·͚
͍͔͚͔͔͚ͦ͋ͦͪͫͤ͋ͫͤͦͫ͘ͺ͔ͪ·.͍̏ͭͦ͊ ͗ͤͦ͒͡Ύ͙͘ ͯ;͔͙ͤΎ
͙͙͙͊ͤͦͭͪͦͨ͘˴˶˽ ˤ̏.
ü ˴ͪͯͨͤͦͣ͊ͫ΄͚ͭ͊͋ͤͦό͙͒ͨͦ͡Έͤ·͚͙͊ͤ͊͘͡Χ)
ü ˽͙ͦͫͦ͊͟͟͡͡Έͤ·ͻ͙ͫͭͦ;͙͍ͤͦ͟(hotspot)
ü ˿͍͔͙͔͔ͪ͊ͤͤͫͨͭͪ͊͟όͨͦͭͦ͊͟ύ͍ ͙ͪ͊͘͡;ͤ·ͻ
͔͎͙ͪͦͤ͊ͻͫͪ ͍͚͊ͤͦΉ͙ͫͨͦ͘͟ͼ͙͔͚

ü ˣͦ͡Έ΄͔͔ͦͨͦͪ͘͡ ͔͙ͤΎ͔͔͒ͭͭͦͪ͊͟
ü ˽ͪͦͪ͊͘;ͤͦͫͭΈ͍͔ͪͻ͔͚ͤ͊ͭͣͦͫͺ͔ͪ·
ü ζ͙͙͍͔̅ͫͪͦ͊ͤͤͦ͟ηͪ͊ͫͫͭͦΎ͙͔ͤ͒ͦ̊ ˢ (˶Hsat>>hmax)



˽͔ͪͦ͋ͣ͡·͙ͦͪ͋ͭ͊͡Έ͎ͤͦͦ ͔͔͒ͭͭͦͪ͊͟

ü˾ ͊͋ͦͭ͊ ͍ ͍͙ͯͫͦ͡Ύͻ ͋·͔͔͔͎ͫͭͪͦͨͪͣͤͤͦͦ 
̂̅ ͍͔ͫ;͔͙ͤΎ ͤͦ;͚ͤͦ ͊ͭͣͦͫͺ͔ͪ· ˭͔͙ͣ͡

5

ü˹ ͔ͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͫͦ;͔͙ͭ͊ͤΎ ͍ ͦ͒ͤͦͣ 
͙͔ͨͪ͋ͦͪ ͔ͭͪͻ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟Υ
üx ͦ͡Έ΄͔ͦ ͔ͨͦ͡ ͔͙ͪͤ͘Ύ ό΄͙͎ͪͦͦͯͦ͟͡ΈͤͦͫͭΈ)
üx ͦ͡Έ΄͊Ύ ͔͊ͨͪͭͯͪ͊ όͨͦ͡΅͊͒Έ ͙ͦͨͭ;͔͚ͫͦ͟ 
͙͔ͫͫͭͣ·ύ
üʕ ·͔ͫͦͦ͟ ͍͔͔͔ͪͣͤͤͦ ͔ͪ͊ͪ͘΄͔͙͔ͤΦ

˨͊ͤͤ·͔ ͙ͫͨͯͭͤ͊͟ ζ́͊ͭΈΎͤ͊-нη

Ҍ ˿͔ͨͼ͙ͺ͙͊͟ ͙ͦͫͣ͟;͔͎ͫͦͦ͟ Ή͔͙͔ͫͨͪͣͤͭ͊͟



JEM-EUSO Program

ÅEUSO-TA                 2013

ÅEUSO-BALLOON   2014

ÅTUS 2016

ÅEUSO-SPB-01          2017

ÅMINI -EUSO/UV      2019

ÅNew EUSO-TA         2020

ÅEUSO-SPB-02          2022

ÅK-EUSO                    2023

ÅPOEMMA

T
IM

E
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˽͔ͪͦͭ͟ ζ́̂˿η ό͔͍́ͪͦ͊͟Ύ ͍̂ͫͭ͊ͤͦ͊͟ύ

7

˽͔ͦ͡ ͔͙ͪͤ͘Ύ ҕ4,5 degree

͙̉ͫͦ͡ ͊ͤ͊ͦ͟͡ 1͍6 modules of 16 PMTs

˾͔͊ͣͪ͘ ͙͔ͨͫ͟͡Ύ10 mrad(5Ҏ5 km)

˽ͦ͡΅͊͒Έ ͔ͪ͊͊͘͟͡ ~2 m2

ˤ͔ͪͣΎΉ͙ͫͨͦ͘͟ͼ͙͙ 30%

˨͊ͭ͊ ͊ͨͯͫ͊͘͟ ς28.04.2016
ˤ͔ͪͣΎ ͪ͊͋ͦͭ· ς͒ ͦ мнΦнлмт
˻͙ͪ͋ͭ͊Υ
üрлл ͣ͟
ü97.8ϲ



˸͎ͤͦͦͺͯͤ͟ͼ͙ͦͤ͊͡ΈͤͦͫͭΈ ͺ͙͔͙ͦͭͦͨͪͣͤ͊͟

Phenomena Time sample Oscillogramlength

EAS =̱ ̱ 0  = 0,8 ˃ s ɲT= 256̱ = 205 ˃ s

Short TLE (elves) =̱ 25
0̱  = 25,6 ˃ s ɲT= 256̱ = 6,6ms

Long TLE(sprites, 
jets)

=̱ 29
0̱  = 0,4 ms ɲT= 256̱ = 105ms

Micro-meteor =̱ 213̱
0  = 6,6 ms ɲT= 256̱ = 1,7s

˿͙͔ͫͭͣ͊s˾ ̂ ͍ͨͦͦ͘͡Ύ͔ͭ
ͪ͊͋ͦͭ͊ͭΈ͙͍ͨͪ ͔ͫͻͯͪ ͍ͦͤΎͻ
͙ͯ͘͡;͔͙ͤΎ͊ͭͣͦͫͺ͔ͪ·

8



ˤ͔ͪͣΎ ͪ͊͋ͦͭ· ͙ 
Ή͙ͫͨͦ͘͟ͼ͙Ύ ́̂˿

V˭͊ͨͯ΅͔ͤͤ͊ ͋ͦͪͭͯ˴s ζ˶͍ͦͣͦͤͦͫͦη
28.04.2016. ˤ͔ͪͣΎ ͙͍͎͊ͭͤͦͦ͟
ͫͯ΅͔͍͍͙ͫͭͦ͊ͤΎ͒ 1ͦ2.2017ό͔͔ͫͨͪͪ·͍͙͊ͣύ

V˭ ͔͎͙͙͍͔͔͊ͪͫͭͪͪͦ͊ͤͦ͋ͦ͡200ͭ·ͫ.ͫͦ͋·͙͚ͭ

V˿ ͯͣͣ͊ͪͤ͊ΎΉ͙ͫͨͦ͘͟ͼ͙Ύ͍͙ͫͦͫͭ͊͊͡~1200-
1400km2sryr.

V˿ ͍ͨͪ͊͊ͨͦ͊͊ͤ͊͊ͪͭ͊͘͟͟;͊ͫͭͦͭ·͙͎͎͔ͭͪͪ͊ 9



EAS-like events in the TUS detector

V ˤͫ ͦ͋·͙͙ͭͤ͊͋͡Ό͔͒͊ͭͫΎ͔ͪ͡Ύ͙͍͙͔͍͙͔͙͔ͭͫͭͫͦ͒͗ͤ͟.
V ˤ͔͔͙͙ͨͪ͒ͨͦͦ͗ͤ̊͡ˢ˶ͨ ͍͔͔͔ͪͦ͒ͤ͊ͪͦͤͫͭͪͯ͟͟ͼ͙Ύ͔͍ͨ͊ͪ͊ͣͭͪͦ
͔͍͙ͨͪ;͚ͤͦ;͙͊ͫͭͼ·.

V ͙̏ͫͨͦ͘͟ͼ͙Ύ͔͔͒ͭͭͦͪ͊ͣ͊͊͟͡Σ;ͭͦ͋·ͦ͗ ͙͒͊ͭΈ͍͔͔͚ͯͪͤͤͦ
͔͎͙ͪͫͭͪ͊ͼ͙͙ͻͦͭΎ͋·ͤ ͔ͫͦ͟͡Έ͙͟ͻͫͦ͋·͙͚ͭ

V ˻͒ͤ͊ͦ͟Ή͔͙͔͔͙͍ͫͨͪͣͤͭͨͪͦ͒ͣͦͤͫͭͪͪͦ͊ͪ͊͋ͦͭͦͫͨͦͫͦ͋ͤͦͫͭ͟͡Έ
͔͙͙ͣͭͦ͒͟Σ͍ͦͣͦ͗ͤͦͫͭ͘Έ͍͙ͪ͊ͫͨͦͤ͊͊ͤ͘Ύ͙ ͔ͪͦͤͫͭͪͯ͟͟ͼ͙͙
͔ͪ͡Ύ͙͍͙͎͍͙͔͙ͭͫͭͫͦͦ͒͗ͤ͟ΎΣ͙ͤͦ ͔ͨͪͦ͋ͣ͡·: ͋ͦ͡Έ΄͔ͦ
͙͔ͪ͊ͤͦͦ͋ͪ͊͘͘ͺ͍ͦͤͦ·ͻΎ͍͔͙͚ͤ͡.

Khrenovet al, JCAP, 2020
10



EAS-like events reconstruction

11

Sergei Sharakin, Oliver Isac Ruiz Hernandez,
Kinematicsreconstructionof the EAS-like events
registeredby TUSdetector,JINST(in press)

˹͊͋͡Ό͔͒͊ͭͫΎ͔ͦͪͪ͟͡Ύͼ͙Ύͫ͊Ή͙ͪͦͨͦͪͭ͊ͣό͊͟͟
͍͙ͨͪ͊ͦ͡Σ͍͔͙͔͔͙͔͎ͤ͊ͨͪ͊ͤͪͦͤͫͭͪͯͪͯͣͦͦ͟͡
͔͍͔͔͙͔͍͔ͭͪ͊ͫͦͨ͊͒͊ͭͫͪ͊ͫͨͦͦ͗ͤͣͭͤͦ͘͟͡͡-
ͨͦͫ͊͒ͦ;͚ͤͦͨͦͦͫ͡·ύ



˹͔ͦ͋·;ͤ·͔ ͍ͫͨ·΄͙͟ ͍͔͎͍͚͙ͤͪͦͦͦͨͪͪͦ͒͘·

12

ˤͫͨ·΄͊͟ ͤ͊ ͔͙͔ͫͪ͒ͣͤͦͣ͘ ͔ͣͦͪͣ ˤͫͨ·΄͊͟ ͤ͊ ͙͙͚͙ͤ͒ͫͣ͟ ͔ͦ͊ͤͦͣ͟

ˤ ͔ͭ;͔͙͔ͤ м ;͊ͫ͊ ͍ ͙͔ͪ͊͒ͯͫ мллл 
ͣ͟ ͔ͤͭ ͙͚ͣͦͤ͡ ͙ ͎ͪͦ͘

˽͙͍͔ͪͫͯͭͫͭͯͭͤ ͍͔͔͊ͨͪ͊ͤͤͦ͡
͔ͪ͡Ύ͙͍͙͔͍͙͔͙͔ͭͫͭͫͦ͒͗ͤͨͦ͟ ͔ͫ͡
ͤ͊;͊͡Έ͎ͤͦͦͣͦ΅͎͙ͤͦͦͣͨͯ͡Έͫ͊



˽ͯ͡Έ͙ͫͪͯΌ΅͙͔ ͍͔ͫ;͔͙ͤΎ ͍ ͍͊ͪͦͪ͊͡Έ͚ͤͦ 
͙ͦ͋͊ͫͭ͡

13

˽͙͔ͪͣͪ ͊ͪͭ͟· ͍͊ͤ͊ͦ͟͡ ͙ ͦͫͼ͙͎ͦͪ͊ͣͣ͡͡· ͫͦ͋·͙ͭΎ

˥͔͎ͦͪ͊ͺ͙;͔͔ͫͦ͟ ͔͔͔͙͔ͪ͊ͫͨͪ͒ͤ͡ ͫͦ͋·͙͚ͭ



ˢͭͣͦͫͺ͔ͪͤ·͔ Ύ͍͔͙ͤ͡Ύ

14˸͙͙ͦͤ͡

˸͔͔ͭͦͪ·

ˤ·ͫͦͦ͟ ͊ͭͣͦͫͺ͔ͪͤ·͔ ͙͔ͭͪ͊ͤͤͭ͘·



˸͔ͭͦ͒· ͔͚ͨͦͭͤͦ͡ ͙͍͙͊͋ͪͦ͟͟͡

15
˽͔ͦͫͭͪ ID30 ζ˸͔ͭͦ͒ ͔͚ͨͦͭͤͦ͡ ͙͍͙͊͋ͪͦ͟͟͡ ͙ͦͪ͋ͭ͊͡Έ͎ͤͦͦ 
͔͔ͭͫͦͨ͊͟͡ ͙ͦͫͣ͟;͔͙ͫ͟ͻ ͯ͡;͔͚ ζ́̂˿η

╖█
♪╒

▲▄╚
▬ ɇ



˻͍ͫͤͦͤ·͔ ͔ͭͻ͙ͤ;͔͙͔ͫ͟ ͔ͨ͊ͪ͊ͣͭͪ· ˹ˢ
˹ˢ ζ̂̅ ͊ͭͣͦͫͺ͔ͪ͊η ς͡ ͙͍ͤͦ͘·͚ ͔͔ͭͫͦͨ͟͡

16

˥͙͊͋͊ͪͭͤ·͔ ͔ͪ͊ͣͪ͘· 370Ҏ370Ҏ620 ͣ ͣ
˨͙͊ͨ͊ͦͤ͘ ͙͒ͤ͡ ͍ͦͤ͡ ͤ͊͋͡Ό͔͙͒ͤΎ ̂̅Υ олл ςпрл ͤͣ

˽͔ͦ͡ ͔͙ͪͤ͘Ύ осɕҎосɕ Ґ лΦпнͫͪ
ˤͻ͚ͦ͒ͤͦ ͪ͊͘;ͦ͟

˨͙͔͊ͣͭͪ
˽ͦ͡΅͊͒Έ

нр ͫͣ
пфл ͫͣ2

͔̅ͦͯͫͤͦ͟ ͪ͊ͫͫͭͦΎ͙͔ͤ 25 ςнт ͫͣ

˾͔͊ͣͪ͘ Ύ;͔͚͙͟ о ͣͣ

͙̉ͫͦ͡ Ύ;͔͔͟

;͙ͫͦ͡ сп-͊ͤ͊͟͡Έͤ·ͻ ˸ˢ̅̏̂

2304
36

˾͔͊ͪ͘΄͔͙͔ͤ ͙͔͙ͦ͋ͪ͊͗ͤ͘Ύ ͦ͋Ά͔ͭ͊͟ ͍ ͊ͭͣͦͫͺ͔͔ͪ4.5 ς5 ͟ ͣ

˽ͦ͡΅͊͒Έ ͦ͋ͦͪ͊͘ ͊ͭͣͦͫͺ͔ͪ· нсл ͣ͟ Ҏ260ͣ͟ Ґ сΦуϊ104͟ 2ͣ

˸͙͊ͫͣ͊͟͡Έ͔ͤͦ ͍͔͔͔ͪͣͤͤͦ ͔ͪ͊ͪ͘΄͔͙͔ͤ нΦр ͣͫ͟



˨͔͔ͭͭͦͪ͟ ̂̅ ͊ͭͣͦͫͺ͔ͪ͊

17



͔̂ͫͨ΄ͤͦ ͊ͨͯ͘΅͔ͤ ннΦлуΦнлмфΣ ͍͔͒ͦͫͭ͊ͤ͡ ͤ͊ 
͋ͦͪͭ ˸˴˿ нтΦлуΦнлмф

18

̂̅ ͊ͭͣͦͫͺ͔ͪ͊ όMini-EUSO)
ͤ͊ ͋ͦͪͭͯ ˸˴˿



˸͙͙͎ͦͤͭͦͪͤ ̂̅ ͍͔ͫ;͔͙ͤΎ

19

V˸˴˿

˨͊ͤͤ·͔ ͒͊ͭ;͙͊͟ ˨͔ͤΈκ˹ͦ;Έ

ˮ͔͔͙ͣͪͤ͘Ύ ͍͎ͦͫͤͦͤͦͦ ͔͔ͭͫͦͨ͊͟͡



͙͔́ͪ͊ͤͤͭͤ͘·͔͊ͭͣͦͫͺ͔ͪͤ·͔ 
Ύ͍͔͙ͤ͡Ύ ELVE

20



˸͔͔ͭͦͪ·

21˭͊ ͍͔ͪͣΎ ͪ͊͋ͦͭ· ͔͔͒ͭͭͦͪ͊͟ ͔͎͙͙͍͊ͪͫͭͪͪͦ͊ͤͦ͘ ͔͔͋ͦ͡ мллл ͔͔͍ͣͭͦͪͦ
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˽͔ͪͦͭ͟ ζ˴˶˽ˤ̏η
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˽͔ͪͦͭ͟ ζ˴˶˽ˤ̏η

ÅScientificobjectives:

UHECR fluorescent radiation
measurementsfrom space

ÅPlacement:

RussianSegmentof the ISS

ÅMain technicalparameters

VK-EUSOς Telescope with an optical
Schmidt scheme (a large area of the
entrancewindowanda wide field of view)
VMirror diameterς3.6 m
VTimeresolution1-2.5 us
VFOV40degrees.
VAngularresolution~10-6 sr
VMass~ 500- 850kg

The design of the detector should provide
measurementsof UHECRwith a threshold neat 50 EeV
with statisticsof ~100eventsper year.

The main task is the energy spectrum and anisotropy
measurementswith uniform exposureover the celestial
sphere



˻͙ͨͭ;͔ͫ͊͟Ύ ͙͔ͫͫͭͣ͊ ˴˹ˢ ζ˴˶˽ˤ̏η

˽͔͊ͪ͊ͣͭͪ ˭ͤ͊;͔͙͔ͤΣ ͣͣ

˨͙͔͊ͣͭͪ ͔ͦͪͪͭͦͪ͊͟͟ ό˴˻̏ύ2500

˨͙͔͊ͣͭͪ ͔ͪ͊͊͘͟͡ ό˿˭˴ύ 4000

˨͙͔͊ͣͭͪ ͍͔͍͚ͫͭͦͦ ̅˽ 1280

˾͙͊͒ͯͫ ͙͍͙ͪͤ͘͟· ͔ͪ͊͘͟͡3͊450

˾͙͊͒ͯͫ ͙͍͙ͪͤ͘͟· ̅˽ 1800

˻͔͍ͫ͊Ύ ͙͒ͤ͊͡ ͙͔ͫͫͭͣ· 3426

˻͔͍͔ͫͦ ͪ͊ͫͫͭͦΎ͙͔ͤ ͦͭ ͔ͪ͊͊͘͟͡ ͒ͦ ̅˽1615

͔͙͙͙̆͊ͪ͊ͭͪͫͭ͟͟ ͙͔ͫͫͭͣ·Σ ͨͦͯ͡;͔ͤͤ·͔ 
͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͙͙ͦͨͭͣ͊͘ͼ͙͙ ͔͍ͨ͊ͪ͊ͣͭͪͦ 

˿̉ ˻˿Φ

˽͔͍͚ͦͦ͡ ͎ͯͦ͡лɕ рɕ млɕ мрɕ нлɕ

˨ͦ͡Ύ Ή͔͎͙͙ͤͪ ͍ 

͙͔͔ͨͫ͟͡

0,74 0,92 0,89 0,75 0,55



͔́ͪ͟ ̊ˢ˶ ͤ͊ ͺ͙͔͙͔ͦͭͦͨͪͣͤ͟ ζ˴˶˽ˤ̏ηΣ ͙ͫͤͯ͘ -͍ 
͍͔͙ͯ͡;͔ͤͤͦͣ ͍͙͔͒ ͙͔ͦ͋ͪ͊͗ͤ͘ ͣͦ͒ͯ͡Έ ͺ͙͔͙ͦͭͦͨͪͣͤ͊͟Σ 
ͯ͒͊͟ ͨͦͨ͊͡ ͙͎ͫͤ͊͡Φ ͍͔̇ͭͦͣ ͦ͋ͦͤ͊͘;͔ͤ ͙͔͎ͤͭͪ͊͡Έ͔ͤͦ 
ͤ͊͘;͔͙͔ͤ ͙͎ͫͤ͊͊͡ ό͒͡Ύ ͨͪͦͫͭͦͭ· ͺͦͤ ͍·͟͡Ό;͔ͤύΦ

˸͔͙͍͙͔ͦ͒ͪͦ͊ͤ͡ ͪ͊͋ͦͭ· ͔͔͒ͭͭͦͪ͊͟



̏ͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙͎͎͔͚ͭͪͪͤͦ ͙͔ͫͫͭͣ· ͙ 
Ή͙ͫͨͦ͘͟ͼ͙Ύ ͔͔͒ͭͭͦͪ͊͟ ζ˴˶˽ˤ̏η

lg(E/1

eV)

19,4 19,5 19,6 19,7 19,8 19,9 20,0 20,1 20,2 20,3 20,4

>=E 

[EeV]

22 28 35 45 56 71 89 112 141 178 224

A 120 96 68 42 22 10,3 4,5 1,8 0,7 0,3 0,08

B 313 250 177 109 58 27 12 5 1,9 0,7 0,2

PAOspectrum (ICRC2017)Figures by Alessandro Liberatore

20 ͣ ͔͚ͦ͒ͯ͡
52 ͣ ͦ͒ͯ͡Ύ



ˮ͎͍͔͙͔ͦͭͦͤ͘͡ ͔͍ͣ͊ͭͦ͟ ͙ͨͪ͋ͦͪ͊

28

V͔͔̏ͣͤͭ͡· Ή͔͙͙ͭͪͦͤ͟͟͡ όͣͦ͒ͯ͡Έ ͺ͙͔͙ͦͭͦͨͪͣͤ͊͟Σ ͋ͦ͟͡ 
͙ͦ͋ͪ͊͋ͦͭ͟ ͒͊ͤͤ·ͻύ

V͔͔̏ͣͤͭ͡· ͙ͦͨͭ;͔͚ͫͦ͟ ͙͔ͫͫͭͣ· όͣͦ͒ͯ͡Έ ͔ͪ͊͊͘͟͡ύ



̂ͨͪͦ΅͔ͤͤ·͚ ͙͍ͤͦ͘͡·͚ 
͍͙͊ͪ͊ͤͭ

29

ʴ лꜛόƻƴ ŀȄƛǎύмрꜛ млꜛ мрꜛ нлꜛ

dRMS, mm 2.4 2.5/2.6 2.7/3.0 2.7/3.4 3.3/3.7

bʁox 59% 57/58% 52/47% 45/34% 36/18%

Seff, m
2 1.8 1.7/1.7 1.6/1.4 1.4/1.0 1.1/0.5

EE 49% 46/46% 41/34% 36/23% 25/10%



˨͍ͦͫͭ͊͊͟ ͙ ͔ͪ͊ͣ͘΅͔͙͔ͤ ͤ͊ ˸˴˿
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˸͔͙͍͙͔ͦ͒ͪͦ͊ͤ͡ ͪ͊͋ͦͭ· 
͙͍͎ͤͦͦͦ͘͡ ͍͙͊ͪ͊ͤͭ͊ 

͔͔͒ͭͭͦͪ͊͟

31Preliminary results, F. Fenu(University of Torino)



32Slide from L. Wiencke



33

Slide from L. Wiencke



˽͔͊ͪ͊ͣͭͪ· ͔͔͍͒ͭͭͦͪͦ͟
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͔̅ͯͦͪͫ͡ͼ͔ͤͭͤ·͚ ͔͔ͭͫͦͨ͟͡
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V˴͔͊ͣͪ͊ ͙̊ͣ͒ͭ͊
V˽͎ͦͪͦ ͔͎͙ͪͫͭͪ͊ͼ͙͙ оϊмл18Ήˤ 



POEMMA 
(Probe of Extreme Multi-Messenger 

Astrophysics)
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͔͔́ͫͦͨ͟͡Υ ˴͔͊ͣͪ͊ ͙̊ͣ͒ͭ͊ ͫ 
͙͙͍ͦͣ͋ͤͪͦ͊ͤͤ͟·ͣ ͺ͙͔͙ͦͭͦͨͪͣͤͦͣ͟
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