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QEM, : ¢ :
Q><§4/4 Astroparticle Physics Questions:

What are the sources of the Ultra-High Energy Cosmic Rays (UHECRs)?

Measure Spectrumm, Cmm]position, Anisot]roplhes E>10" eV = 10 EeV

What are the sources of Astrophysical Neutrinos?

Murlti-Messenger coincidence gamima-ray, gravitatlionall waves, and neutrinos
with E>10° eV = 10 PeV

What is the physics and astrophysics at energies >> “ground-based” accelerators?
Are there New lnteractions or Dark Matter sﬁglmantlunﬁes (<<e>¢gi,~ Secret Newutruno
Interactions, Extra=Dumenstions, Slquxe;]rlnnhalss[[\we Dark Matter, Maucr(o>s<c<o>pfuc Dark
Mantter))?’

arXiv:2012.07945 arXiv:1907.03694 arXiv:1906.07209 arXiv:2104.05131



https://arxiv.org/abs/2012.07945
https://arxiv.org/abs/1907.03694
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(C<o>§1nn1<o><g@1m[i<c and Ast]r(oqphyg Llcal neutrunos
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Q‘% POEMMA. Predecessors

Based on OWL 2002 study, JEM-EUSO, EUSO balloon & SPB experience, and CHANT proposal

TUS, KLYPVE-EUSO ~ EUSO-SPB1
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' Extreme Universe

Cherenkov from ""strop-H'ysicaI
Neutrifos

EUSO-Balloon

EUSO@TA EUSO-SPB2
Mini-EUSO




Joint Experiment Missions / ~ N
Extreme Universe Space Observatofy *

y

EUSO-TA (2013-) ,.""EO-KLYPVE

1% 400km

EUSO-Balloon (2014) : T2°

EUSO-SPB1 (2017)
Mini-EUSO (2019)

EUSO-SPB2 (2023)

Fluorescence

Atmosphe

K-EUSO (2024+) . Cherenliov

POEMMA (2028+) EUSO@013) 00




Cherenkov Telescope | Fluorescence Telescope

~53in (1.35m)




Probe Of Extreme Multi-Messenger Astrophysics

UHECRSs and Cosmilc Neutrinos



QQE POEMMA at NASA-GSFC

Instrument Design Lab: Jul 31-Aug 4, 2017
Mission Design Lab: Oct 30-Nov 3, 2017
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S/C Interface
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TABLE I: POEMMA Specifications:

Photometer Components Spacecraft
Optics Schmidt 45° full FoV Slew rate 90° in 8 min
— SuuTTER DooRs —— I | Primary Mirror 4 m diam. Pointing Res. 0.1°
| N Corrector Lens 3.3 m diam. Pointing Know. 0.01°
INFRARED BAMERA Focal Surface 1.6 m diam. Clock synch. 10 nsec
HORREOTOR FLATE Pixel Size 3 x 3 mm? Data Storage 7 days

Pixel FoV 0.084° Communication S-band
HiERT SHiELD PFC MAPMT (1us) 126,720 pixels Wet Mass 3,450 kg
PCC SiPM (20 ns) 15,360 pixels  Total Power 880 W
FOCAL SURFACE
Photometer (One) Mission (2 Observatories)
DEFLOYED STRUQ Mass 1,550 kg Lifetime 3 year (5 year goal)
MIRROR Power 590 W Orbit 525 km, 28.5° Inc
Data < 1GB/day Orbit Period 95 min

DATA PROCESSOR

Observatory Sep. ~25 - 1000+ km

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

Dual Manifest
ATLAS V LPF




Q% POEMMA
Hybrid Focal Surface

UV Fluorescence Cherenkov Detection
MAPMTs with BG3 filter: SiPMs:
1 usec sampling 20 nsec sampling

Elementary Cell (EC)
SiPM (8x8)

FS filled with ECs

Si-Diode Interconnector

i i ! 30 SiPM focal surface units
Was: : Total 15,360 pixels
A 512 pixels per FSU (64x4x2)
EUSO-SPB2 [[pum =% 4= o EUSO-SPB2
3 PDMs i ol ‘( ‘ Cherenkov
a im-\ . & 55 Photo Detector Modules (PDMs) Camera
& W\ TOTAL 126,720 pixels

- [ (1 PDM =36 MAPMTs = 2,304 pixels)




Lon
\\ Dual Manifest
N ATLAS V LPF

@é’ng POEMMA Miss

Mission Lifetime: 3 years (5 year goal)

Orbits: 525 km, 28.5° Inc . o

Orbit Period: 95 min R g

Satellite Separation: ~25 km — 1000+ km i B i

Satellite Position: 1 m (knowledge) =

Pointing Resolution: 0.1° g

Pointing Knowledge: 0.01°

Slew Rate: 8 min for90°

Satellite Wet Mass: 3860 kg

Power: 2030 W ¢
Data: 1 GB/day B
Data Storage: 7 days —
Communication: S-band (X-band if needed) i%_:=
Clock synch (timing): 10 nsec o =

Operations:

- Each satellite collects data autonomously 00k | closetoNadi, - |UHECR fuorescence (2.2.2.3)
(mode-2)

- Coincidences analyzed on the ground — ——
- View the Earth at near-moonless nights, e Loy [0t

charge in day and telemeter data to ground PO (moded) i O e e
_ . H H - non-overlapping at Limb monocular for 100s EeVs

TOO MOde' dedlcated com upllnk to re fast slew towards the Limb  |Neutrino Cherenkov (2.4, 2.5, 2.6)

~300 km  |from POEMMA-Stereo mode |ToO-dual
azimuth follows ToO target

orient satellites



POEMMA UHIECR ]Ex]posunﬁe
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Qé'zf’/y POEMMA: UHECRs

i -

significant increase in exposure E >50, EeV sl
good energy, angular, and shower maX|mum- resqlu‘uons
accurately measure Composition, Spectrum, Anlsotroples
Uniform sky coverage to discover of UHECR sources +d

—— POEMMA Nadir 5 yr Auger SD 2030 nearby Starburst Galaxies Fermi-LAT
—— POEMMA Limb 5 yr —— TAx4 SD 2030
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Anchordoqui et al. arXiv:1907.03694 AVO et al. arXiv:2012.0794
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FIG. 5: POEMMA's simulated stereo-reconstructed angular resolution versus UHECR energy. Left: Azimuth angle, right: zenith

angle.
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FIG. 17: Preliminary estimate of the X ., resolution of PO-
EMMA in stereo mode. The contributions from the photo-
electron statistics and angular resolution are shown in blue
and gray respectively. The total resolution, obtained by adding
both contributions in quadrature is shown in red for two cuts

( reco Erea)/ real

on the maximum zenith angle.

18
Anchordoqui et al., arxiv.1907.03694



Current (2019) & POEMMA Observations

Current UHECR S]Pne;(ct]ﬂunnm POEMMA UHECR S]Pne;(ct]munnm
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~LT Particle Physics with POEMMA

Sensitivity Secret Neutrino Sensitivity UHE fluorescence

UHE proton-air cross section Interactions with Cherenkov from all three neutrino flavors

Resonant neutrino energy, log;,(Ey res/GeV)
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QQEM\4 POEMMA: Neutrinos

POEMMA designed to observe neutrinos with E > 20 PeV through Cher.e_nlg()y signal offtau decays.

High-Energy Astrophysical Events generates neutrinos (v,,v,) and 3“n_eu'trino flavors reach Earth (Oscillations).
Tau neutrinos generate tau leptons on their way out of the Earth’s surface which”decay producing up-going

showers, detected by POEMMA



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

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

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

SWIFT NEUTRON STAR
COLLISION V. 2

ANIMATION: DANA BERRY
310-441-1735

PRODUCED BY ERICA DREZEK

'
Blazar Flaries

POEMMA: Neutrino Target of Opportunity
arXiv:1906.07209

Venters et al 2019 Transient Events - 10s neutrinos/event from 10s of Mpc

Long Bursts

No. of v’s at | No. of v’'s at | Largest Distance for
Source Class GC 3 Mpc 1.0 v per event Model Reference
TDEs 1.1 x 107 0.8 3 Mpc Dai and Fang [17] average
TDEs 5.6 x 10” 3.9 6 Mpc Dai and Fang [17] bright
Lunardini and Winter [18]
]\“Isr\:n:g]—{ =5 X IOOJ\‘IQ
TDEs 2.2 x 10® 1.4 x 103 115 Mpc Lumi Scaling Model
Lunardini and Winter [18|
TDEs 6.3 x 107 396 62 Mpc Base Scenario
RFGBW [19] - FSRQ
proton-dominated advective escape
Blazar Flares NA* NA* 43 Mpc model
IGRB Reverse
Shock (ISM) 9.9 x 10* 0.7 2 Mpc Murase [15]
IGRB Reverse
Shock (wind) 2.0 x 107 144 37 Mpc Murase [15]
BH-BH Kotera and Silk [20] (rescaled)
merger 2.3 x 107 160 39 Mpc Low Fluence
BH-BH Kotera and Silk [20] (rescaled)
merger 2.4 x 10° 1.7 x 10° 119 Mpc High Fluence
NS-NS merger| 3.6 x 10° 24.8 13 Mpc Fang and Metzger [21]
WD-WD merger 20.0 0 33 kpc XMMD [22
Newly-born
Crab-like pulsars
(p) 1.6 x 102 1.1 x 1072 98 kpc Fang [23]
Newly-born
magnetars (p) 2.1 x 10* 0.1 1 Mpc Fang [23]
Newly-born
magnetars (Fe) 4.1 x 10* 0.3 2 Mpc Fang [23]
Short Bursts
No. of v’s at | No. of v’'s at | Largest Distance for
Source Class GC 3 Mpc 1.0 v per event Model Reference
sGRB Extended
Emission
(moderate) 9.0 x 107 6.5 x 10* 81 Mpc KMMK [16]

(*) Not applicable due to a lack of known blazars within 100 Mpc.

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

tion Events

M87

EVENT HORIZON TELESCOPE
COLLABORATION/MAUNAKEA
OBSERVATORIES/ASSOCIATED PRESS

Gamma Ray Bursts
-

,“ 2 :\l‘.. o

.";.-'
Newborn Pulsars

Credits: X-ray: NASA/CXC/ASU/J.Hester et al.;
Optical: NASA/HST/ASU/J.Hester et al.



><<.'7 Transtent Neutruno Pount Source Se]nls[ilt[i\v[ilty

Long Bursts

ANTARES
IceCube

Fang-Metzger

All-flavor 15 Mpc .

- 055 085 g
"\.“.'L - ln ]::"". l::". 5 S
stereo

1()g10 El//l }E‘\vJ

Fang & Metzger, arXiv:1707.04263
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Short Bursts (<100 s)

ANTARES

IceCube

All-flavor, 10° s
Npg > 20 EE moderate

dual prompt

1()g10 E,,/[(}GVJ
Kimura et al, arXiv:1708.07075

Venters et al. arXiv:1906.07209 and AVO et al. arXiv:2012.0794
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Full Sky Coverage

HE-UHE Neutrunos

GW (90% CL)

+ NGC 4993

¥ neutrino candidate (IceCube)

o neutrino candidate (ANTARES)
== = = = [ceCube horizon
= = ANTARES horizon

Auger FoV (Earth-skimming)

[ ] Auger FoV (down-going)

POEMMA Coverage

Venters et al arXiv:1906.07209




POEMMA

UENECR. amd Wewtrine Observatiomns:

“Earth’s Atmosphere = Particle Observatory to discover the Origin of the Highest Energy Cosmic Rays (E>10%
- eV) and High Energy Neutrino Emission (E>10%6 eV ) from Astrophy5|cal Events and Study New Astro/Physics @

,// POEMMAAR
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