@ MultiMessengerAstrophysics with the
_ Probe Of Extreme MultMessenger Astrophysics (POEMMA)

POEMMA is an observatory comprised of two lam (Ao = 6 NT)
Schmidt telescopes that orbit in a loose formation and measure the air y v

fluorescence from extensive air showers (EAS) induced by UHECR while £ IS

also slewing to measure the beam Cherenkov radiation from upward :

moving EAS source by neutrino interactions in the Earth. _ o <&

Development Supported undeNH16ZDA001MPROBES Vs 5 ’ D
Science Goals: P oo §

Discover the origin of UltreHigh Energy Cosmic Rays
Measure Spectrum, composition, Sky DistribusibRlighest Energies (& 2
EeV using stereo air fluorescence technique
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- Observe Neutrinos from Transient Astrophysical Events JohnKrizm
Measure beamed Cherenkov light from upwarsbving EAS frort+-leptons 'NASA/GSFC

source byn, interactions in the Earth (& 20Pe\) L _
- Probe particle phvsics at the highest enerav scales for the POEMMA Collaboratior
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UHECRSs: E > HeV

FIG. 23, Lefi: Skymap of nearby starburst galaxies from Refs. [35.103] wesghted by radio flux at 1.4 GHz, the anenvation factor

accounting for energy losses mcurred by UHECRS through propagaton, and the exposure of POEMMA. The map has been smoothed

using a von Miser-Fisher distribut:on with concentration parameter corresponding to a search radius of 15.0° as found in Ref, [35). The
color scale indicates F ., the probability density of the source sky map, as a function of position on the sky, The white dot-dashed line
indicates the supergalacuc plane. Right: Same as at left tor nearby galaxies from the 2MRS catalog | 105] and wesghting by K-band flux

ected lor Galacuc extnction
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What is the nature and origin of UHECRS?
- What are the source(s) and acceleration mechanism pf =, 4. R Cosmic Ray Energy Spectrum
UHECRS? ke v “RamF G Sehiooder, oS (CRC210) 030
_ : "‘> "Sﬁfgg? ¢ leeTop Infll PSCRC2015)318
- Are the TeVPeVneutrinosand UHECRs produced in the ¥ | i N
same sources? X - S
: : : E .,19
- What is the nature of the flux suppression at the highest = 10 - _ | ili.
2 o~ New measurement at highest energies ot
energies? S e B el e, e
: 3. ; 1 5 10l eg, e LT NN
- What is the composition evolution of the UHECR g 2 UESCT, 25her N |
spectrum? - = » : : W s | .+
: <1012 7] ‘ ‘ ¢
- Can UHECR chargpdrticle astronomy be able to study 3 g ; \ B it
individual or classes of sources, considering the ) 3 0 =N\ U +
dependence on UHECR composition and understanding & [ & N *
on galactic and extragalactic magnetic fields? HE 3 ot e 10"V 10%%y
neutrino detection from would help. 10‘,4 10'15 10'16 1617 10'13 10'19 10'20
- Are there new interactions and physics waiting to be cosmic-ray energy in eV
discovered at energies beyond those achievable at the :
LHC? Note Compressed Scale ofayis:
1¢"F pnn
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A 3-5 year dual satellite mission in loose formation
A Orbit: 525km , 28.5 inc, 3t:95min
A Slew rate:8min/90deg
A 3.3m diameter Schmidt optics telescope
- Full Fo\. 45°
- PixelFo\ 0.08%4°
A Hybrid focal surface
- 126720 MAPMTpx (1t S)
- 15360 SiPMpx (10ns)
A Two observation modes
- Stereo for UHECR, separation 300km
- Limb for ToQ, separation 25km
SR e i o, RO A W ) L o R o e =
4 Puts both into Cherenkov Light Pool
A 3t:3h
A 8-15 times during mission

POEMMA-Stereo POEMMA-Limb
2 ~300 km N_ :
\ » » ‘Q "
, . ¥ - - —‘>:>“‘(’:’
4 ) \ g ¥ LAy
o “'—."""‘N‘ t

~300km =2.300 &



@'. A Nrid Focal Plane QQE\’{A?

UV Fluorescence Detection using MAPMTs Cherenkov Detection
with BG3 filter B00¢ 500 n) proofed on with SIPMg(300¢ 1000 nm):
Mini-EUSO: Lisecsampling, 3 mm pixel size 10 nsecsampling
Hementary Call (EQ

9PM (8x8)

FS filled with ECs

- =Y [m
88 e 88 g-Diode  Interconnector
) - ~02 . 30 SiPMfocal surface units
g o - ek e e Total 15,360 pixels
g TR ' Ep R e b e e 512 pixels per FSU (64x4x2)
a o) SERE B4BTE SICTE 5 3 mm pixel size

-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8
X [m]

55 Photo Detector Modules (PDMs)= 126,720 pixels

1 PDM = 38MAPMTs=2,304 pixels

4127126 POEMMA: ASTRA Initiative 8



A Significant increase iaxposure with alsky coverage
to guarantee the discovery of UHECR sources
A Spectrum, Composition, Anisotrogdg;z> 20EeV
A Very goocenergy (< 20%), angulavi(L.2), and
composition §y.,.,M 30 g/cn?) resolutions —
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POEMMA within the JENEUSO Program Q“"'-W\zy
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TERZINA:

A Spacebased Cherenkov Telescope with
SiPMfocal plane readout

A Science Goal to measuraHaCRs above
few hundredPeVfrom Low Earth Orbit.
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Results of NASA POEMMA Probe study:

determinedNo new technology neededould benefit from technology developments.

SnowMas$JHECR whitepapéddltra-High-Energy Cosmic Rays The Intersection of the Cosmic and
Energy FrontiergrXiv:2205.05845 recommends proceeding with the development of POEMMA as
of the next generation UHECR experiments (along with GCOS and GRAND).

Rich portfolio of POEMMA science papers helped perception (at least within NASA community) ths
mission like POEMMA, using UHECR, UHE & VHE neutrinos, probes unique and interesimagdygh
astrophysics phenomena.

EUSGEPB2, POEMMA Balloon w/radio and TERZINA have kept technical development moving fot
along with other projects JEHAUSO program
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Ultra-High-Energy Cosmic Rays Experiment Feature Cosmic Ray Science” Timeline
3 - i Pierre Auger Observatory Hybrid array: fluorescence, Hadronic interactions, search for BSM, -ime e
The Intersection of the Cosmic and Energy Frontiers == "™ ¥ | surface e/ + radio, 3000 km? | UHECR source populations, gp.air -

3 rhii ay SCENGE, UHECR 1lati
10.1016/j.astropartphys.2023.1028109 | Teore amy () | B smey Biormome, o oo e P B B upr

Hybrid array: surface + deep, Hadronic interactions, prompt decays, IeeCubeGen2 [eeCube-Gen2
" f
IceCube / IceCube-Gen2 up to 6 km? Galactic to extragalactic transition deployment operation
GRAND Radio array for inclined events, UHECR sources via huge exposure, GRAND GRAND 200k
. up to 200,000 km? search for ZeV particles, opnix 1k multiple sites, step by step
Space flucrescence and UHECR sources via huge exposure,
Snowmass Report Recommendations | Chnor dewcer sarch o ZeV patices o R—
p CO8 Hybrid array with Xpae + e/p UHECR sources via event-by-event rigidity, GCOS GCOS
¥ GO over 40,000 km? forward particle physics, search for BSM, o uir RE&D + first site further sites
ad d ressed by POE M MA. *All experiments contribute to multi-messenger astrophysics also by searches for UHE neutrinos and photons; 025 2030 2035 2040

several experiments (IeeCube, GRAND, POEMMA) have astrophysical nealrinos as primary science case.

A The nextgeneration experiments (GCOS, GRAND, and POEMMA) will provide complementary information needed
meet the goals of the UHECR community in the next two decades. They should proceed through their respective n
stages of planning and prototyping.

A Fullsky coverage with low crosemisphere systematic uncertainties is critical for astrophysical studies. To this end,
next generation experiments should be spdmEsed or multisite. Common sites between experiments are encouragec

Alta | O02YLX SYSy (il NBE Si2NIZ S EXLIBKIRASYS gidireededikolis&arch fde¥ @ BEDM]
and other BSM physics at the Cosmic and Energy Frontiers, and to identify UHECR sources at the highest energie
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for photons, neutrinos and transient events.
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