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What we know so far

* Well measured energy spectrum

* Measured mass composition of CR primaries . Driven by ground arrays
Auger & TA

* First indication of anisotropy found (Auger and TA hotspots)
« UHECR Observatories are Multi-Messenger observatories _
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Remaining Open Questions
 What is the nature and origin(s) of UHECRs?
 What are the sources and acceleration mechanism of UHECRS?

 What is the nature of the flux suppression at the highest energies?

* To what degree will charged-particle astronomy, the ability to study
Individual (classes of) sources with cosmic rays, be possible?

* Are there new interactions and phenomena waiting to be discovered
at energies past those achievable at the LHC?

Attempt to answer these question is going to Space
ms) POEMMA

Cumminuty Road-map outlined in AstroPart Vol. 149 {F#
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Past - Present - Future

PBR
EUSO-SPB2

EUSO-Balloon
S\

'2.014‘-
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Future

PBR

EUSO-Balloon
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@ POEMMA’s Science Goals

* Discover the origin of Ultra-High Energy Cosmic Rays

(Ecr > 20 EeV)

— Measure Spectrum, composition, Sky Distribution at Highest Energies QQE W y
h a

— Requires very good angular, energy, and Xmax 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 & ~10ns timing -
— Allows for tilted UHECR air fluorescence operation,

higher GF but degraded resolutions

* Secondary goals

- study fundamental physics with the most energetic cosmic particles: CRs and
Neutrinos

- search for super-Heavy Dark Matter: photons and neutrinos
— study Atmospheric Transient Events, survey Meteor Population, ...
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e 3-5 year dual satellite mission
* Orbit: 525km, 28.5° inc, At:95min

« 3.3m diameter Schmidt optics telescope
- FoV: 45x45°
- Pixel FoV: 0.084°

* Hybrid focal surface
- 126720 MAPMT px (1us)
- 15360 SiPM px (10ns)

« Slew rate: 8min/90deg

INFRARED CAMERA

CORRECTOR PLATE
LIGHT SHIELD

FOCAL SURFACE

DEPLOYED STRUGH

MIRROR

DATA PROCESSOR

* Two observation modes POEMMA-Stereo POEMMA-Limb
- Stereo for UHECR, separation 300km . AR ~300km £ Qf g
— Limb for ToO, separation 25km 3 J W@\F Ui,
- 300 km - 25 km Satelite Separation 2 % f 315 r
« Puts both into Cherenkov Light Pool 4 CTR AN T ey s
* At: 3h ’ i I % ‘%!
« 8-15 times during mission ’ R ] ~2,300 km ’
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POEMMA's Focal Surface

° . Elementary Cell (EC)
Fluorescence Hybrid Focal Surface sev
Optimized Detection

100,000+ channels
- 55 PDMs = 126,720 FS filled with ECs

pixels (JEM-EUSO 0s] €
design) 9

- 2304 MAPMT px/PDM ..
— BG3 filter (300-500 nm) o
— 1ps sampling £ oo

PCB2
Si-Diode Interconnector

* Cherenkov Optimized
Detection

- 30 SiPM FSU = 15360
pixels

— 512 pixels/FSU
(64x4x2); 300-1000nm
e — 10ns sampling

X [m] - Updated design based on
PBR development
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* Significant increase in exposure with
full sky coverage (by 1 detector)

1E+7

1E+6 1

1.E+5 1

1E+4

NADIR 5 year (E = 10'%7 eV)

Exposures (L=km*2*sr*yr)

1.E+3

Fly's Eye

1.E+2

Year

45th COSPAR 2024 Busan, South Korea

1990 2000 2010 2020

2030

19 Jul 2024

2040

jeser@uchicago.edu

—— POEMMA Madir 5 yr
— POEMMA Limb 5 yr

Auger SD 2030
—— TAx4 SD 2030

08 -08& -04 -02

0
sind



UHECR Observation Perfromance

e Spectrum, Composition, Anisotropy: Ecr > 20 EeV

resolutions
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- Very good energy (<20%) angular (<1.2°), composition (Oxmax <30g/cm2)
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* No competitive sensitivity to diffuse v-flux

* Observe Neutrinos from Transient Astrophysical Events
- T-lepton EAS from v: interactions in the Earth (E, > 20 PeV)

— POEMMA Best Short Burst |
— POEMMA Long Burst '

= lceCube
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* Two independent Cherenkov measurements

== 20 PE threshold:

- AirGlowBack < 103/year
45th COSPAR 2024 Busan, South Korea
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 Simultaneous Cherenkov measurements

==) 10 PE threshold (time coincidence):
- AirGlowBack < 103/year
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Near Future: PBR

POEMMA -Balloon
with Radio (PBR)

‘ Ultra-ngh Energy
~Cosmic Rays.
(UHECRs)

UV Fluorescence )

- ngh Alti't"uc.le‘Hdl‘i.zénthal'
Alrshowers (HAHAs)
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structure

PBR Telescope
w/o lightshield

P
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180cm

Radio
Antennae

 Payload of NASA SPB with launch from

Wanaka, NZ
Target date: Spring, 2027
Flight duration: up to 100 days

e 3000lbs of science
- 1.1m diameter Schmidt Optic Telescope

- 2 radio antennas
- 1 IR Camera

* Pointing:
- 360° in azimuth via NASA provided rotator

Nadir to 10° above horizon in zenith

19 Jul 2024 jeser@uchicago.edu




* Down scale design of POEMMA's FS

* Fluorescence Camera (FC)

- Optimized for EAS detection via fluorescence
(UHECR)

- 4 Photo Detection Modules
with 2304px each (MAPMTSs): 9216px

- 24x24deg FoV
- 290-430nm detection window (BG3 filter)
- Integration time of 1ps

e Cherenkov Camera (CC)

- Optimized for EAS detection via cherenkov
(VHEN and CR)

- 4 rows of SiPM matrices: 2048px
- 12x6deg FoV

- Bi-focal for event selection

- 320-900 nm detection window

- Integration time of 10ns
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 Two 2 by 2m dual-polarize
Sinuous antennas

 Based on PUEO-LF instrument
* Frequency range: 50-500MHz
60 x 60deg field of view

Slrrilu'ou‘sanfe‘r:h‘esé from PUEO * Overlapping Wlth CC

Realized Gain (dBi)

sl ! ; S ; ;
50 75 100 200 300 400 500
Frequency (MHz)
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* Canted at 120deg from one
another

* EXxpected energy threshold
E>10%eV

- Forced trigger same
threshold as CC
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HAHA observation (above the limb) B

Il PBR, total: 9051 [ E:l0¥%ev E:10'% ev T
17507 EEm EUSO-SPB2, total: 2051 — E:10%ev [ E:102 eV
f 17
15004 100 E:10Y7 eV
wn
)
g ’_'_,_J_'—|_LL
L 12501 -
o N
‘6 1000 3
E = 10
Q
£ 7501
= |
500 - _
250 10724 -‘_\
D : ; } T T T T T T
1014 1015 1016 1017 10 18 1019 1020 85 86 87 88 89 90
Energy (eV) Viewing Angle 8p (Degrees)

Guaranteed signal with significant statistics (similar signature to neutrino event)
Simulation study using EASCherSim*

Energy threshold of 0.4 PeV (max sensitivity 2PeV) ‘ ~60+ events/h

Angular acceptance is energy dependent
- Geometric energy filter
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StV

S X

* PBR has very limited sensitivity to
diffuse neutrino flux, but can observe
transients by pointing (similar to
POEMMA and EUSO-SPB2)

Phys.org

4 4

10" grm e 10
N I o NASA/GSFC/C
£ 1S
(&] (&]
> >
Q )
G S,
P > 16
5 5 14
2 - 12 £
& < 3
L | — PBR 100-day Sensitivity : 10 T
E | — BNS Merger 800 kpc e 2300° a
F : =
F |—- BNS Merger 3 Mpc gr_éinus 8 o
10-17 1 HI”HIB 1 .....\.[9 —
10 10 10 6 <
E, [GeV] . B
* Models are fluences (integrated over time) 2
* Accounting for Sun/Mond effect but no balloon motion NGC 1068 60" - 0
currently

* Flight date of Apr 6 2027 (realistic launch date)
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Summary & Conclusion

« POEMMA Balloon (PBR) is the successor of the EUSO-SPB2 mission
and an advanced precursor of the dual satellite mission POEMMA

* Preparation have started for a launch from Wanaka, NZ 2027

* First combined measurement of Cherenkov and Radio (from above)

« POEMMA will make high-statistics UHECRs above 20 EeV with the
goal of discovering the source(s) of UHECRs

- stereo fluorescence measurements provides excellent reconstruction of
direction, energy and mass composition (via Xmax)

— full sky coverage with one instrument

POEMMA will have unique VHE tau-neutrino sensitivity above 20
PeV to transient neutrino sources using EAS optical Cherenkov

45th COSPAR 2024 Busan, South Korea 19 Jul 2024 jeser@uchicago.edu




Summary & Conclusion |
POEMMA Balloon (PBR) is the successor f‘%bf.)\ 'JSO-SPB2 mission
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Q = ot 6(\\6
o N\P‘ e \((\ .
POEMMA iy ¥ 00 \\\\ N -ove 20 EeV with the
goal % “\“\\) 59 \/\6 P\&O
CO ((\((\ (\ (\ u\/ldes excellent reconstruction of

G (30 3\09 ‘a“ 06 a(::USItIOn (Via Xmax)
- fuli de ‘ge “\6 < Instrument

POEM “e (\Q\Nc unique VHE tau-neutrino sensitivity above 20
PeV to t\& .,uent neutrino sources using EAS optical Cherenkov

45th COSPAR 2024 Busan, South Korea 19 Jul 2024 jeser@uchicago.edu




	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

