Schmidt telescopes that orbit in a loose formation and measure the air

POEMMA is an observatory comprised of two large-area (Aco =6 m?) Q
fluorescence from extensive air showers (EAS) induced by UHECR while

also slewing to measure the beam Cherenkov radiation from upward- - >

moving EAS source by neutrino interactions in the Earth. : B -

Development Supported under: NNH16ZDA001N-APROBES Vs 5 }’ D
Science Goals: L i o §

- Discover the origin of Ultra-High Energy Cosmic Rays
Measure Spectrum, composition, Sky Distribution at Highest Energies (Eg > 20
EeV) using stereo air fluorescence technique

& ,' -
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- Observe Neutrinos from Transient Astrophysical Events John Krizm
Measure beamed Cherenkov light from upward-moving EAS from t-leptons S’
source by v_interactions in the Earth (E, > 20 PeV) NASA/GSFC

- Probe particle phvsics at the higchest energv scales for the POEMMA Collaboration
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PERFORMANCE AND SCIENCE REACH OF THE PROBE OF ...

UHECRs:E > 20 EeV

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

PHYS. REV. D 101, 023012 (2020) 0
POEMMA.-Sterco
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P-air cross section measurement at vs = 300 TeV
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What is the nature and origin of UHECRs?
- What are the source(s) and acceleration mechanism of = 10%- e Cosmic Ray Energy Spectrum
UHECRs? Rk o “Hom F.G. Schrooder, PoS (CRC2019) 030
'i "Sﬁfgg? #  leeTop Infil PoSOICRC2019)318
- Are the TeV-PeV neutrinos and UHECRs produced in the o e
same sources? o - e
' I
: : : E .a19
- What is the nature of the flux suppression at the highest o ] _ | fﬁc
a o~ New measurement at highest energies ot
energies? L L BT e i e ik
i S h | 5 10et ."’0»., iy .;..‘““ "o;"§*+
- What is the composition evolution of the UHECR 9 P Een e 25A54 3 . +
spectrum? - = ” : W s | .+
: 10 1 & 7} . ‘ ¢
- Can UHECR charged-particle astronomy be able to study = g g | o
individual or classes of sources, considering the o < 0 4
dependence on UHECR composition and understanding £ w s 7! *
3 : Ry @ ; ‘ \ -
on galactic and extragalactic magnetic fields? HE 3 10" ¥ 10"%eV 10%%y
neutrino detection from would help. 10'14 10'15 10'16 1617 10'13 10',9 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 on y-axis:
: 1027 = 500
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3-5 year dual satellite mission in loose formation
Orbit: 525km, 28.5° inc, At:95min
Slew rate: 8min/90deg
3.3m diameter Schmidt optics telescope
- Full FoV: 45°
- Pixel FoV: 0.084°
Hybrid focal surface
- 126720 MAPMT px (1us)
- 15360 SiPM px (10ns)
Two observation modes
- Stereo for UHECR, separation 300km
- Limb for ToO, separation 25km ' 3 . ’J (ﬁk," B .
- 300 km — 25 km Satellite Separation N ‘]/‘ — .
Puts both into Cherenkov Light Pool | \‘\\ T
At: 3h v s

8-15 times during mission

POEMMA.-Sterco POEMMA-Limb

525 bm
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UV Fluorescence Detection using MAPMTs Cherenkov Detection
with BG3 filter (300 — 500 nm) proofed on with SiPMs (300 — 1000 nm):
Mini-EUSO: 1 usec sampling, 3 mm pixel size 10 nsec sampling
ElementaryXell?(EC)

SiPM (8x8)

FS filled with ECs

i =5, PCB1 PCB2
. T T ——— Si-Diode  Interconnector
i G 027 : 30 SiPM focal surface units
8 #:‘r-.“ . e A onaea Lo SISIE3IESICI AL Total 15,360 pixels
5 a5 | SR S10d CHex A S AT A A S B AL A 512 pixels per FSU (64x4x2)
4 0 REATE: ASRTED RERSE 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 = 36 MAPMTs = 2,304 pixels

4/27/26 POEMMA - ASTRA Initiative 8



* Significant increase in exposure with all-sky coverage

to guarantee the discovery of UHECR sources
Spectrum, Composition, Anisotropy: Ecg > 20 EeV

* Very good energy (< 20%), angular (< 1.2°), and
composition (oy., < 30 g/cm?) resolutions
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SiPM focal plane readout

e Science Goal to measure HaHa CRs above
few hundred PeV from Low Earth Orbit.
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Results of NASA POEMMA Probe study:

determined No new technology needed, could benefit from technology developments.

SnowMass UHECR whitepaper, Ultra-High-Energy Cosmic Rays The Intersection of the Cosmic and
Energy Frontiers, arXiv:2205.05845 recommends proceeding with the development of POEMMA as one
of the next generation UHECR experiments (along with GCOS and GRAND).

Rich portfolio of POEMMA science papers helped perception (at least within NASA community) that a
mission like POEMMA, using UHECR, UHE & VHE neutrinos, probes unique and interesting high-energy
astrophysics phenomena.

EUSO-SPB2, POEMMA Balloon w/radio and TERZINA have kept technical development moving forward
along with other projects JEM-EUSO program
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Ultra-High-Energy Cosmic Rays Experiment Feature Cosmic Ray Science” Timeline
5 Pierre Auger Observatory Hybrid array: fluorescence, Hadronic interactions, search for BSM, -m Mpgrade
The Intersection of the Cosmic and Energy Frontiers | = ™™ "™ lsurface /i + radio, 35000 km?* | UHECR source populations, op-ai
. ) Hybrid array: Auorescence, TUHECR source populations
1 O, 10 1 6/] .a Stro p a rt p hVS, 2 O 23 v 1 0 28 1 9 Telescope Array (TA) surface scintillators, up to 3000 km? | proton-air cross section [op-air) ppErade
) Hybrid array: surface + deep, Hadronic interactions, prompt decays, IeeCubeGen2 [eeCube-Gen2
IceCube / IceCube-Gen2 up to 6 km? Galactic to extragalactic transition deployment operation
Radio array for inclined events, UHECR sources via huge exposure, GRAND GRAND 200k
GRAND up to 200,000 km? search for ZeV particles, op i 10k multiple sites, step by step
Space flucrescence and UHECR sources via huge exposure,
Snowmass Report Recommendations | Chmenr dtat s DATTCS, Ok S—
p CO8 Hybrid array with Xpae + e/p UHECR sources via event-by-event rigidity, GCOS GCOS
GeO over 40,000 kn? forward particle physics, search for BEM, op R&D + first site further sites
[ ]
a dd 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.

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

* Full-sky coverage with low cross-hemisphere systematic uncertainties is critical for astrophysical studies. To this end,
next generation experiments should be space-based or multi-site. Common sites between experiments are encouraged.

* As a complementary effort, experiments with sufficient exposure ( 5x10° km? sr yr) are needed to search for LIV, SHDM,
and other BSM physics at the Cosmic and Energy Frontiers, and to identify UHECR sources at the highest energies.

e Arobust effort in R&D should continue in detector developments and cross-calibrations for all air-shower
components, and also in computing techniques. This effort should include, whenever possible, optimized triggers
for photons, neutrinos and transient events.


https://doi.org/10.1016/j.astropartphys.2023.102819
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https://doi.org/10.1016/j.astropartphys.2023.102819

Discover the origin of Ultra-High Energy Cosmic Rays
- Measure Spectrum, composition, full-sky Distribution at Highest
Energies (Ecg > 20 EeV)
- Requires very good angular, energy, and X, ., resolutions: stereo
fluorescence
- High sensitivity UHE neutrino measurements via stereo fluorescence
measurements

Observe Neutrinos from Transient Astrophysical Events

- Measure beamed Cherenkov light from upward-moving
EAS from t-leptons source by v_interactions in the Earth
(E, > 20 PeV)
- Requires tilted-mode of operation to view limb of the
Earth & ~10 ns timing
- Allows for tilted UHECR air fluorescence operation, higher
GF but degraded resolutions
Secondary Science Goals
- study fundamental physics with the most energetic cosmic particles:
CRs and Neutrinos
- search for super-Heavy Dark Matter: photons and neutrinos
-  <tudv Atmosoheric Transient Fvents survev Meteor Pobulation

18
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... experiments have detected ultra-high-energy cosmic rays (UHECRSs, in the ~10!3 eV [EeV] range).
* What produces these remarkably energetic particles?
* Are the TeV-PeV neutrinos and ultra-high-energy cosmic rays produced in the same sources?

* They are widely surmised to be accelerated in the relativistic jets of accreting supermassive black holes
or gamma-rays bursts, but this has yet to be tested observationally.

* Unfortunately, direct identification of a cosmic-ray source is difficult, since UHECRs are charged
particles and are thus deflected as they travel through magnetic fields that permeate the universe.

* However, a clear directional signature would be provided by the high-energy neutrinos that the UHECRs
produce in the regions where they are accelerated. Higher sensitivity neutrino observations with better
sky localization are critical for unraveling how nature’s most extreme particle accelerators work.
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Mass and power reduction of the instruments:
1. Lightweight, deployable optics
2. Low-power (< 1 mW) FEE for SiPM readout
e See Terzina-inspired development for SiPM readout https://doi.org/10.3390/particles9010016

3. SiPMs in focal plane for EAS air fluorescence measurement

* Requires large FoV filter to retain air fluorescence signal (A < 500 nm) but eliminate dominant night-glow
background at higher wavelengths.

= 09 Cumulative Sum of the NightGlow Background
E pas| UltroBidlk « BG3 efiQE -
= a3 1
2 Lo
o 04 &
= -
: 0,35 7 )
E 3 10
E L] =
= —_
__.-' L
& 025 E
= W
02 'E I
o
(.13
10
.1
005 ’
) H | P
I !___JI_ L KLy A0 SOM} [cye 00 b XY K]
200 00 BT L] B TiMl FELY) G

Wavelength (nm) Wiavelength (nm)

NIMA 985.164614 (2021)


https://doi.org/10.3390/particles9010016

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21

