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UHECR CHALLENGE

E /eV

1018 1019 50 EeV

ok
=
&

E o nkle = (5.08 £ 0.06 £+ 0.8) EaV
1037 i
E,=(39 1+
Eyjp=(231%

E%J(E)/ (eV2km™2sr~!yr~1)

B Auger (ICRC 2017)

75 180 185 190 195 200
lg(E/eV)



" WHAT ARE THE SCIL.IRE:ES OF THE EXoTRAGALAC:TIC

ULTRAHIGH ENERGY CDSOMI,D |QAYEF'7 AL .

et % = Nedtring

d . UHEI::R SF’EE:TRUM E>5O EeV
- - UHEDC E:I:IMPI:ISITIEIN E 550 EeV

- UHEG ANISEITRI:IF'IES__>PCIIN;LIN

- NEUTRIND MULTI-MEE.SENGER cO

k- E>._2EIPEV‘|:|VER FUI_-I__ SICY e . iy

)
» L o f
" ' " "
- -
L ' * . ' . . . I i o A N sl A( d Y
. > v i ‘& y Py K BT ) :
e A " S $ LA b b ‘ Wt .
- . o ’ . . - . L)
. ‘ a Xy N S s L I 6 a0 AR RS L



Qb
Q% POEMMA: PROBE OF
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" V'«— SHUTTER DODORS —

INFRARED CAMERA

CORRECTOR PLATE

LIGHT SHIELD

TABLE I: POEMMA Specifications:

Photometer Components Spacecraft
Optics Schmidt 45° full FoV Slew rate 90° in 8 min
Primary Mirror 4 m diam. Pointing Res. 01°
Corrector Lens 3.3 m diam. Pointing Know. 0.01°
Focal Surface 1.6 m diam. Clock synch. 10 nsec
Pixel Size 3 x 3 mm? Data Storage 7 days
Pixel FoV 0.084° Communication S-band
PFC MAPMT (1us) 126,720 pixels Wet Mass 3,450 kg
PeC SiPM (20ns) 15,360 pixels  Total Power 880 W
Photometer (One) Mission (2 Observatories)
Mass 1,550 kg Lifetime 3 year (5 year goal)
Power 590 W Orbit 525 km, 28.5° Inc
Data <1 GB/day Orbit Period 95 min

Observatory Sep. ~25 - 1000+ km

Each Observatory = Photometer + Spacecraft; POEMMA Mission = 2 Observatories

L— 4.57m —-—J \
5.00m




Xty POEMMA

\f\ HyYyBRID MM FOcAL SURFACE

UV FLUORESCENCE CHERENKOV DETECTION
MAPMTS WITH BG3 FILTER: WITH SIPMs:
JEM-EUSO: 1 USEC SAMPLING 20 NSEC SAMPLING

FS filled with ECs Elementary Cell (EC)

SiPM (8x8)

R
PCB2
Si-Diode Interconnector

30 SIPM FOCcAL SURFACE
UNITS

ToTAL 15,360 PIXELS
512 PIXELS PER FSU
(64x4X2)

SI-DIobE FOR LEQ
RADIATION BACKGROUNDS
REJECTION

55 PHOTO DETECTOR MODULES (PDMS)=

TOTAL 126,720 PIXELS
(1 PDM = 36 MAPMTs = 2,304 PIXELS) 10




Separation s

FOV 2" above limb

Focal surface coordinates
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MISSION
Mission Lifetime: 3 years (5 year goal)
Orbits: 525 km, 28.5° Inc B S
Orbit Period: 95 min o e W
Satellite Separation: ~25 km — 1000+ km™ * .- u"ﬂ
Satellite Position: 1 m (knowledge) e *Y'
Pointing Resolution: 0.1° -
Pointing Knowledge: 0.01° ' Dual Manifest
Slew Rate: 8 min for 90° ATLAS V LPF
Satellite Wet Mass: 3860 kg :
Power: 2030 W
Data: 1 GB/day
Data Storage: 7 days
Communication: S-band (X-band if needed)

Clock synch (timing): 10 nsec

Operations:
- Each satellite collects data autonomously
- Coincidences analyzed on the ground
- View the Earth at near-moonless nights,
charge in day and telemeter data to ground
- ToO Mode: dedicated com uplink to re-
orient satellites if desired




LiIMB FOR NEUTRINOS &
UHECRS
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POEMMA UHECGCRS
PERFORMANCE
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SIGNIFICANT INCREASE IN. E_X-iﬁ"i:l'égyRE
GOOD ENERGY, ANGULAR, .AND SHOWER MAXIMUN
ACCURATELY MEASURE l::DMFiD‘slTll:lN

¢ Auger FD ICRC17
(] POEMMA Nadir 5yr -~~~
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PERFORMANCE

PR ¥ .";:‘ 3.0’.

e '1 4

SIGNIFICANT INEREASE IN EXF'L_.JSLIRE
)

GOOD ENERGY, ANGULAR, AND SHOWER MAXIMU
ACCURATELY MEASURE E:I:IMF'I:_I.SITII:IN, SPECTRU

d TAICRC17
¢ POEMMA Nadir 5yr North
¢ POEMMA Limb 5yr North

& Auger ICRC17
¢ POEMMA Nadir 5yr South
¢ POEMMA Limb 5yr South

20.2 20.4

lg(E/eV)

RESOLUTIONS,

—— POEMMA Nadir 5yr
—— POEMMA Limb 5yr
—— Auger FD ICRC17



Y POEMMA UHECRS
PERFORMANCE

SIGNIFICANT INCREASE IN’ EXPEISU‘FQE E >50 BeV

"IMIJ RESOLUTIONS,

GOOD ENERGY, ANGULAR, AND SLHEIWER MA

ACCURATELY MEASURE E:CIMF’DSITIEIN SPECTRU ANISOTROPIES

UNIFORM SKY COVERAGE , ‘
TO GUARANTEE THE DISCOVERY OF. UHECR SOURBES

NADIR 5 year (E = 10°7 eV)
—— POEMMA Nadir 5 yr Auger SD 2030
—— POEMMA Limb 5 yr —— TAx4 SD 2030

Log (E/eV)

21.0

NADIR 5 year (E = 1022 eV)



POEMMA NEUTRINOS

POEMMA DESIGNED TO OBSERYVE NEUTRINOS WI
THROUGH CHERENKOV SIGNAL OF TAU DECAYS.

EaN

H E > 20 PeV

18



,ghé% POEMMA NEUTRINOS

oA
*ud

POEMMA DESIGNED TO OBSERVE NEVI_ITRINEI'S‘?WIT E > 20 PeV

THROUGH CHERENKOV SIGNAL OF 'TAI__I‘DEI:;AY"'S.
.~

ES NEUTRINDOS

(OSCILLATIONS).

HIGH-ENERGY ASTROPHYSICAL EVE_Nfs ‘Ei':ENER
(Ve,Vu) AND 3 NEUTRINO FLAVORS REACH EAR
TAU NEUTRINOS GENERATE TAU LEPTONS ON THEIR WAY 0OUT OF
THE EARTH’S SURFACE WHICH DECAY PRODUCING UP-GOING 19
SHOWERS, DETECTED BY POEMMA



POEMMA
Credit Credit: NSF/LIG0) NEUTRINO TOO

SSU/A. Simonnet.

(Ta rgets of Opportur"ty) Artist.'s. rep TDE (star torn B}jl).
: Venters ot aI 2019 Credit: NASA / CXC / M. Weiss
J‘ Transient Events . : :
few to 100 Million neutrinos/event Tidal Disruption Events
Artist's rep‘BH-BH merger. 10 neutrinos up to 120 MpC!
Credit: NASA / JPL/ Artist's rep WD-WD merger N ewbo rn Pu Isa rS

Swinburne Astron.Prods Credit: Ars Technica : E M
! !
:>< P L 4

arXiv:1906.07209

SWIFT NEUTRON STAR
COLLISION V. 2

Long Bursts

S Largest Distance for

"365 years a&'
NS merger Animation

1.0 v [ur‘\lnl ) . v ‘ 9
NASA/ §C/Berry & Drezek 7 al ¢ fang [17] average ;

Lunardin: and Winter bdit: Credits: X-ray: NASA/CXC/ASU/).Hester et al.;
Msmen = 5 x 10°Mg Optical: NASA/HST/ASU/J.Hester et al.

ani S(‘nling ('ast‘

ANIMATION: DANA BERRY
310-441-1735

3 9 - FSRQ
PRODUCED BY ERICA DREZEK R! 2.96 1 - proton-dominated advective

escape model

Blazar Flares
Gamma Ray Bursts
Binary

Coalescence m zger [21] .



GW170817 follow up w
ANTARES, ICECUBE, AUGER

arxiv:1710.05839

Artist's rep NS-NS merger.
Credit: Credit: NSF/LIGO/
SSU/A. Simonnet.

Artist's rep BH-BH merger.
Credit: NASA / JPL/
Swinburne Astron.Prods

Artist's rep WD-WD merger
Credit: Ars Technica

&
g
o
>
0
S,
5
<3

E?F [GeVcm™?)

GW (90% CL)

+ NGC 3
¥ neutrino candidate (IceCube)
o neutrino candidate (ANTARES)
=== [ceCube horizon

== ANTARES horizon
[]Auger FoV (Earth-skimming)
] Auger FoV (down-going)

Kimura et al.
EE moderate

Rl

Kimura et al. .~—-—-~.. Kimura et al
EE optimistig ; ' 0 prompt

ANTARES

IceCube

Metzger

14 day time-Window \ 3 days
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GW170817 follow up w

POEMMA arXiv:1906.07209
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POEMMA

OBSERVE

BEYONG 20 PEV
FuLL SKY COVERAGE

arXiv:1906.07209

Sensitivity [GeV/cm?], E, = 108 GeV
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arXiv:1906.07209

NEUTRINO TOO

POEMMA

(Targets of Opportunity)
Venters et al 2019

Transient Events

few to 100 Million neutrinos/event

Long Bursts

Source Class

No. of v’s

at GC

No. of v’s
at 3 Mpc

Largest Distance for
1.0 v per event

Model Reference

TDEs

1.12:x 10°

0.77

2.64 Mpc

Dai and Fang [17] average

TDEs

5.62 x 10”

3.88

5.91 Mpc

Dai and Fang [17] bright

TDEs

2.23 x 10®

1.44 x 10°®

115.20 Mpc

Lunardini and Winter [18]
-'\]SMBH =8 X 100‘\1@
Lumi Scaling Case

TDEs

NA*

1.07 x 10®

100.03 Mpec

Lunardini and Winter [18]
a\[s)uBH =:] X 1054\1@ StI‘Ol]g
Scaling Case

Blazar Flares

1.91 x 10?

42.96 Mpc

RFGBW [19] - FSRQ
proton-dominated advective
escape model

IGRB Reverse
Shock (ISM)

0.69

2.49 Mpc

Murase [15]

IGRB Reverse
Shock (wind)

143.75

37.36 Mpc

Murase [15]

BH-BH merger

20.75 Mpc

Kotera and Silk [20] — taur ~ 107
s

BH-BH
merger

3.48 x 10°

477.8 Mpc

Kotera and Silk [20] -
tdur ~ 100'7 s

NS-NS merger

3.58 x 10°

12.76 Mpc

Fang and Metzger [21]

WD-WD merger

20.06

33.46 kpc

XMMD [22]

Newly-born
Crab-like pulsars

(p)

1.56 x 10?

1.07 x 1073

98.27 kpc

Fang (23]

Newly-born
magnetars (p)

2.1 x 10*

0.13

1.1 Mpc

Fang [23]

Newly-born
magnetars (Fe)

4.07 x 10*

0.26

1.53 Mpc

Fang [23]

Short Bursts

Source Class

No. of v’s
at GC

No. of v’s
at 3 Mpc

Largest Distance for
1.0 v per event

Model Reference

sGRB Extended
Emission
(moderate)

2.23 x 10°

1.55 x 10®

117.44 Mpc

KMMK [16]

sGRB Prompt

8.10 x 10°

69.19

26.66 Mpc

KMMK [16]

E?F,(E) (GeV cm™2)

E*F,(E) (GeV cm™)

Artist's rep TDE (star torn BH).
Credit: NASA / CXC / M. Weiss

EVENT HORIZON TELESCOPE COLLABORATION/MAUNAKEA
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FUNDAMENTAL PHYSICS WITH HIGH-ENERGY COsMIC NEUTRINOS

keV MeV GeV TeV PeV EeV ZeV

E [ Oenbleumwere ' T .~ T " T T
o 25 E_GZKhorizon
% Ultra—high—eiélergy _
v 20 F ' 1 |
A
E o 3 Sol
9] B olar
s 10 F
= B
= bHFE
o0 C React
3 1 . elac Or- . | . | . l . Lt ! . L

3 5 7 9 11 13 15 17 19 21

Logio(Neutrino energy/eV)
Il Majorana vs. Dirac I CP violation Flavor mixing

Mass ordering -

Neutrino decay

Cosmic backgrounds

Fundamental symmetries
Neutrino cross sections
Sterile neutrinos

Dark matter

arxiv:1903.04333




JEM-EUSO pPrRO

JOINT EXPERIMENT MISSIONS § ~ % @
EXTREME UNIVERSE SPACEY '

OBSERVATORY P,

EUSO-TA (2013-) - P
" EUSO-KLYPVE
‘1% 400km
EUSO-Balloon (2014) ——
120

EUSO-SPB1 (2017)

a

Mini-EUSO (20119) PRTS

EUSO-SPB2 (2021-22)

Fluorescence
: Atmosphe

K-EUSO (2023+) ___ TS Cherenkov

IE 2

POEMMA (2028+) TAEUSO 2013)







EUSO-BALLOON 2014

FLASHER & LASER EVENTS
Aver.Count: 0.442 GTU :
4(8’._ AAAAAAAAAAAAAAAAA . AAAAAAAAAAAAAAAAAAAAA . AAAAAAAAAAAAAAAAAAAAA . ..................... AAAAAAAAAAAAAAAAAAAAA AAAAAAAAAAAAAAAAAAAAA

Cosmic-Ray
Detector

Detector’s Field
of View

LED Flashes

Laser Track

355nm Laser:
~10%0 eV equivalent brightness

WL,

Helicopter



EUSO-SPB

Extreme Universe Space Observatory ona

Super Pressure Balloon

instrument booth

optical bench

B — PDM

radiator

electronics subsytems ;
on "dry shelf"

Fresnel lens L3
fixed/tight

Fresnel lens L1
adjustable

= evacuation
holes

... Baffle &
“deceleration cylinder”

IR Camera

W .
Ultrafast Camera:
Photo-Detector Module
(PDM)

(3x3 ECs = 36 MAPMTS ;
2,304 pixels)






WANAKA 2017 Campaign N(\sf\
Super Pressure Balloon (SPB) EUSO mission AR

2015 2016 2017

NASA Engineering Flight COslI EUSO-SPB

R

’.:,’ ) ’;‘ b

32d5h 46 d 20 h 12d4h

33



arXiv:1703.04513

EUSO-SPB2

CHERENKOV EMISSION
FROM UHECRS
TAU NEUTRINDO
BACKGROUND
FLUORESCENCE
FROM UHECRS

CHERENKOV

Lases PEUHRESCENCE


https://arxiv.org/abs/1703.04513

Cherenkov camera
SiPMs
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><<<¢ POEMMA

-
A

NEUTRINDOS FROM ASTROPHRYSICAL TRANSIENTS (% 20 PeV), AND

EXTREME ENERGY COSMIC RAY (>30 EeV)

SPACE PROVIDES ORDER OF MAGNITUDES IMPRDV D SENSITIVITY
OVER A WIDE RANGE QF ENERGIES. :

OST EXTREME
TAL PHYSICS

POEMMA CAN REWRITE THE TEXTBI_:II;'.‘II(jI:i_;Ifl‘THE
ASTROPHYSICAL ACCELERATORS AND 'l-"}lJNDAM
INTERACTIONS WELL ABOVE TERRESTRIAL ACEELERATOR
ENERGIES.

36



SPACE PROBES OF THE HIGHEST
ENERGY PARTICLES:

EUSO-SPB2

THE EARTH’S ATMOSPHERE
AS AN EXTREME ENERGY
PARTICLE OBSERVATORY
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