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Pernctpauma KJ1T1B3 ¢ opbutbl 3emnun

» CywecTsyloume yCTAaHOBKU:
» Pierre Auger Observatory: 3,000 km?
~20 cobbiTnin> 60 EeV/roa,
» Telescope Array: 700 km? Utah, USA
~5 cobbiTnit > 60 EeV/roa

Utoro: Auger + TA < 30 cobbiTnii/roa

NosepxHocTb 3eman ~ 5-108 km?

~3.4-10° cobbITU B roa




o HemHoro nctopmm

atellite Observations of Cosmic Ray Air Showers
Robert Beason and John Linsley

Paper ! T 4-12

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

cosmic ray air showers, In International

Cosmic Ray Conference, 17th, Paris, France, July 13-25,
- Conference Papers. Volume 8

e | 1) OWL-two Schmidt telescopes
2) EUSO (JEM-EUSO) —wide fieldof L~ pOEMMA
angle Fresnel lens telescope. L.

Scarsi — T. Ebisuzaki — P. Picozza

Wiosin aaan, 3) TUS & KLYPVE — Fresnel mirror K-EUSO
| “IMAGING AREA g concept (M. Panasyuk, B. Khrenov)
A (S90STO0GKM)7- ==
Yoshiyuki Takahashi suggested the concept of
MASS, the Maximum-Energy Auger (Air)-Shower PucyHkn n3 pabotbl T. Ebisuzaki, Space-based observation
Satellite, 1995 of the extensive airshowers, EP) Web of Conferences 53, 0%014

(2013)



[TpenmyLLecTBa opbnTaIbHOIO AETEKTOPA

BaXKHble IKCNepUMeHTa/ibHble TPYAHOCTU HAa3E€MHDbIX 3KCNEePMMEHTOB:

» HepocTaTouHoe KoinyecTBo cobbiTUiM B 061aCTN Npese/ibHO BbICOKUX

SHEeprum
» HabntoaeHue HenonHon HebecHol cdhepbl

» HeycTpaHumMble cucTeMaTUyecKne oTInYmMA MexKay pasHbIMU
YCTaHOBKamMM

> OpbutanbHbi geTekTopa obecneymBaeT PaBHOMEPHDIN
0630p BCcer HebecHOM chepbl. ITO BaXKHO ANA U3YYEHUA
aHn3soTtponun K/ MNB2.

> KpynHomacwTabHoM (AMnonbHbIM aHanus...)

> [loucK noKanbHbIX NCTo4HMKOB (hotspot)

> CpaBHeHMe cneKkTpa (NOTOKa) B  pPas3/IMYHbIX

PErMoHax C PaBHOW 3KCMNO3ULUNEN

Bonbloe none 3peHna aeTeKkTopa
[Mpo3payHOCTb BEPXHEN aTMOCPepbl
«PuKcmposaHHoe» pacctoaHune go WA (H>>h
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[Tpobnembl OPOUTANBHOTO AETEKTOPA

»PaboTa B ycnoBUaX bbicTponepemMeHHOoro
YO cBeyeHmA HoOYHOM aTmocdepbl 3emnmn
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IlaHHble CNyTHMKa « TaTbAHA-2»

+ CneundpurKka KOCMUYECKOTo 3KCNEePUMEHTA

»HeobxoanmocTb coveTaHUA B O4HOM

npubope Tpex XxapaKTepUCTUK:
»bBbonbluoe none 3peHUA (LULMPOKOYTrONbHOCTD)
»bBbonbluasa anepTtypa (Nnowaab onTUYECKOM
CUCTEMDI)
» BblcOKoe BpemMeHHOe pa3peLleHme.

" NEescare

KAPAMEJIbHbIN BKYC

351
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EUSO-TA 2013
EUSO-BALLOON 2014
TUS 2016

EUSO-SPB-01 2017

TUS
(2016) ™

MINI-EUSO/UV 2019

SR0r EUSO-BALLOON

New EUSO-TA 2020

Fluorescence =S5+ (2014)
EUSO-SPB-02 2022 ~sg O wem
K-EUSO 2023

30-40 km

EUSO-TA
P
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The meeting will take place at Skobelsyn Institute of Nuclear Physics of Lomonosov Moscow State University



[TpoeKT «TYC» (TpeKkoBas YcTaHOBKa)

[aTa 3anycka — 28.04.2016
Bpemsa pabotbl— a0 12.2017

OpbuTa:

» 500 Km

> 97.8°
Mone 3peHuns +4,5 degree
Ymcno KaHanos 16 modules of 16 PMTs
Pa3smep nukcens 10 mrad (5%5 km)
Mnowasb 3epkana ~2 m?
Bpema aKkcnosnumnm 30%




MHOrOGYHKLUMOHANbHOCTb @OTONPUEMHUKA

APY
pabotatb npwu
N3ny4yeHmna atmocdepobl
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EAS

Short TLE (elves)

Time sample
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Long TLE (sprites, t=2%,=0,4ms

jets)

Micro-meteor

T=281,=6,6 ms

Oscillogram length
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Bpems paboTbl 1
sKkcno3numa TYC

v3anyweH Ha 6opty KA «JlomoHOCOB»
28.04.2016. Bpems aKTUBHOIO
cywecrtsoBaHmA A0 12.2017 (c nepepbiBamm)

v'3apernctpuposaHo 6onee 200 Tbic. COBbITUI

v'CymmapHaa 3kcnosuuma coctasmna ~1200-
1400 km?sr yr.

v'CnpaBa nokasaHa KapTa 4acToTbl TPUITEPa T ' N R
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EAS-like events in the TUS detector
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Time, us
B cobbiTnu Ha6ﬂ}0,£I,aETCﬂ PENATUBUCTCKROE ABUKEHUE.

B npeanonoxeHnn LWAJ1 npoBegeHa PEKOHCTPYKUMA MapameTpoB
NnepBUYHOWN YacTuULbI.

JKcno3numua AeTektopa Mana, u4Tobbl 0XMAaTb YBEPEHHOM
perncTpaumm xota bbl HECKOIbKMX CODbITUI

OAHAKO 3KCNepUMMEHT NPOAEMOHCTPUpoBan pabotocnocobHOCTb
MEeTOAMKN, BO3MOXKHOCTb pPaACNO3HABaHUA W  PEKOHCTPYKUMK
PENATUBUCTCKOrO  ABUXKEHUA, HO K npobnembi: Honblioe
pa3Hoobpa3une POHOBbLIX ABNEHUN.

Q excess map, frame 05

PMTs

i 2 3 4 5 6 7 & 9 10 11 12 13 14 15 18
Modules

brec = (50 £10)°,  frec = (44 £ 4)° .

E > 10% eV

Khrenov et al, JCAP, 2020
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Sergei Sharakin, Oliver Isac Ruiz Hernandez,
Kinematics reconstruction of the EAS-like events

EAS—‘ | ke eve ntS recon St U Ct | O  registered by TUS detector, JINST (in press)
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HeobOblYHble BCMbILWKM BHETPO30BOM NMPUPOabl

BcnbilwKa Ha cpeamM3eMHOM MOpem BcnbiwKa HA UHAMUCKUM OKEaHOM
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[TynbCcupytoLmMe cBeYeHMa B aBpPOpPaIbHOM
obnacTu
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VeToabl NONETHOW KannbpoBKM
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OCHOBHble TexHn4Yyeckne napameTpbl HA

HA «Y® atmocdepa» — IMH30BbIN TeNecKon

[abapuTHblie pa3mepbl 370x370x620 mm
[Inana3oH A/nH BOAH HabatoaeHuaA Y®: 300 — 450 Hm
Mone 3peHuns 36°x 36" =0.42 cp
BxogHom 3payok
AnameTtp 25 cm
§§ MNaowaab 490 cm?
; b_; doKycHoe paccToaHue 25-27cm
2 & Pasmep Avelnku 3 MM
o g Yucno ayeek 2304
h‘d,;?_,.,; S uyncno 64-kaHanbHbix MADIY 36
5 ‘ Pa3pelleHune n3obpaxeHna obbeKkTa B aTmochepe 4.5 -5 Km
_ZJ "C Mnowaab o63opa atTmocdepbl 260 KM x 260 KM = 6.8-:10* km?
- » (j" MaKkcumanbHoe BpemeHHoe paspelueHune 2.5 MKC
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[leTeKkTop YC
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YcnewHo 3anyuweH 22.08.2019, npoctaBneH Ha
6opT MKC 27.08.2019

YO® atmocdepa (Mini-EUSO)
Ha 6opTy MKC
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[TpoeKT «KJ/IT1BI»

International Space Station (ISS)

———

JEM=EUSQO
UV photon

Extensive Air Shower (EAS)




[TpoeKT «RJI1B2»

The design of the detector should provide
measurements of UHECR with a threshold neat 50 EeV
with statistics of 100 events per year.

The main task is the energy spectrum and anisotropy
measurements with uniform exposure over the celestial
sphere

* Scientific objectives:

UHECR fluorescent radiation
measurements from space

* Placement:
Russian Segment of the ISS
* Main technical parameters

v K-EUSO - Telescope with an optical
Schmidt scheme (a large area of the
entrance window and a wide field of view)

v'Mirror diameter —3.6 m
v'Time resolution 1-2.5 us
v'FOV 40 degrees.

v Angular resolution ~10° sr
v'"Mass ~ 500 - 850 kg



OnTtunyeckasa cuctema KHA «RJITT1Ba»
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MoaennpoBaHue paboTbl AeTeKTopa
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SPPEKTUBHOCTb TPUTTEPHOM CUCTEMbBI U
3Kcno3numa aetektopa «RJ1MNBI»
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M3roToBaeHMe makeToB Npnbopa

v’ J1eMeHTbl 3NEeKTPOHUKK (Moaynb doTonpruemHmKa, 610K
06paboTKM AaHHbIX)

v’ 371IeMeHTbl ONTUYECKOMN cucTembl (Moay/ib 3epKana) N




YNpoLweHHbIN TMH30BbIN
BAPUAHT

M I
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JlocTaBKka M pasmewleHne Ha MRC
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Trigger efficiency
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POEMMA
EUSO-SPB2 :

\ EUSO-SPB1

EUSO-
Balloon

(2029) Earth Orbit

L0 wr B '*“ (2022) Wanaka
2014 Timmins 2017_ Wéhaka ' /

Slide from L. Wiencke




Cherenkov: PeV

Fluorescence: UHECRs EeV

First Observation from near-orbit Below Limb: Search for earth-skimming

altitude with fluorescence technique

tau neutrino (Vr) backgrounds

Above Limb: First Observation of Cosmic
Rays from near-orbit altitude with the
direct Cherenkov Technique

Yt i EUSO-SPB2

ek 6‘% | Stars

*

®

W‘M . x

. OSmic
3 Clouds r * ) Ray(pev)
Lightning,TGBs e T’ i -

Aerosols T ”’96 -

Slide from L. Wiencke




[lapameTpbl AeTeKTOPOB

100 days duration requested 110,000 ft (33 km) altitude

Telescopes 2 1 Fluorescence (FT) 1 Cherenkov (CT)
Energy Threshold ~3 EeV ~10 PeV (TBD)
Sensor Type MAPMT SiIPM
Wavelength Sensitivity UV 300-420 nm (filter) 400-800+ nm
Time Bin 1000 ns 10 ns
Pointing (zenith angle) under study Limb +/- 10?7 (under study)

Field of View (available)

40°x11° (each)

FoV (instrumented)

~35° (azi) x11° (zen)

TBD (16°x4° ?)

Number of Pixels

6912

512

FoV (1 Pixel) 0.2°x0.2° 0.28°x0.28" or 0.4°x0 4°
Pixel Size 3x3 mm 4x4 mm or 6x6 mm
Optics Spherical Mirror, 8 segments 8 segments
Glass common focus bifocal

{modified Schmidt)

Rad. of Curv.=1.66 m

+ camera corrector/filter

no optical filter

Entrance Pupil

1 m diameter (each)

PPMA corrector plate

PPMA corrector plate

Payload Weight

~2500 Ibs (1000 gondola)

~750 Ibs

~750 Ibs

Earth Limb at 33 km Float: 5.8° below horizontal, 649 km from payload

2016: 46d20h
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POEMMA
(Probe of Extreme Multi-Messenger
Astrophysics)

POEMMA-Stereo POEMMA -LLimnb

&
~300 km £ & N,
‘j g‘w / (’;&@
;‘/ 8’\/

525 km

~500 km ~2,300 km
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Teneckon: Ramepa LLmnaTa ¢
KOMOWHUPOBAHHbIM GOTOMNPUEMHUKOM

FS filled with ECs
PFC: POEMMA PCC: POEMMA
FLUORESCENGE CHERENKOV
CAMERA CAMERA
T "
D I
I~ T
Primary il [ .
Mirror f - f—
f I e
| m
L * Y
MAPMTS S IPMe
sl
08 -06 -04 -02 00 02 04 06 08
X [m]
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Corrector Plate

Pe+03 mm




Shutter Doors
Redundant motors/gears

Optical Stop

Fixed struts

IR Camera
Corrector plate & structure

Folding Struts (4), motor/gears
Electronic Box

Photosensors

Folding Struts (4), motor/gears

Primary mirror

Instrument structure

16.48m

7.52m

11.74m
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JKkcno3numa skcnepmmeHTa POEMMA

—— POEMMA Nadir 5 yr —— Auger SD 2030
—— POEMMA Limb 5 yr —— TAx4 SD 2030
10° —
C lg(E/eV):
; 21.0
(a\] -
= - iy |
\M_/ 20.3
~—
ellive 20.0

~ 20.0

10* 19.7

sin 0

POEMMA's differential exposure as a function of
declination compared to Auger and TAx4 extrapolated to
2030

POEMMA sky distribution of events if UHECR
sources are located in nearby starburst galaxies.



JEM-EUSO Program

New EUSO-TA
EUSO-SPB-02
K-EUSO

POEMMA

2020
2022
2023

2\t The 27th JEM-EUSO |
-19. ; .

;?3210 International Collaboration Meeting - QQEM%

£ — : T PROJECTS al & N

e & e

il

5

\

Mini-EUSO
(2019) ~

400km - l

— EUSO-BALLOON
Y Fluorescence = (2014)
B i 30-40 km
S EUSO-SPB2 "
(2022) EUSO-SPB
€ 30-40 km (2017)
Doy - 30-40 km

Cherenkov

BUSO-TA e ,/

115 km

The meeting will take place at Skobelsyn Institute of Nuclear Physics of Lomonosov Moscow State University
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