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Dipole Above 8 EeV = 5.20!!
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High-energy neutrinos on the sky
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HECRs Current Status

Spectrum: ankle and "GZK like” feature
Composition: transition fo mixed at highest

energies Cosmic-ray Sky above 1019 eV:
Anisotropies? '
From ~ 30 to

5.20
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Pierre Auger and TA Collaborations, ApJ 794 (2014) 2, 172
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Above 39 EeV ~4o0

PIERRE
AUGER

OBSERVATORY

Auger Intermediate-scale Anisotropy (£ > 39 EeV, ~ 4 o)

starburst galaxies (E > 39 EeV, , 9.7%, 12.9°, 4.0 o)

Observed Excess Map - E > 39 EeV Mode| Excess Map - Starburst galaxies - E > 30 EeV Residual Excess Map - Starburst galaxies - E > 39 EeV

L

w0
+30
x

# events per beam
1 | i

Observed Excess Map - E » 60 EeV Model Excess Map - Active galactic nuclei - E » 60 EeV Residual Excess Map - Active galactic nuclei - E > 60 EeV

~vAGN (E > 60 EeV, 6.7%, 6.9°, 2.7 o)



Dipole Above 8 EeV = 5.20!!

Auger Large-scale Anisotropy (£ > 8 EeV, (6.5113)%, 5.2 0) prepee
AUGER

OBSERVATORY

: "3" : ExtraGALACTIC SOURCES!II™*"™



PIERRE

Equatorial

AUGER
OBSERVATORY
e — 0.46
Galactic
0.46
/////i;;;ii';:’ | ‘a'!h£ \\\\\\\\\\\
: Nl e — 4 \
Super Galactic 30| ~ 4= i o Fosz g

A

-90



1037

E3](E)/ eVZkm 2sr! yr‘l)

B Auger (ICRC 2017)

E, =(39tp £ 8) EeV

ots

+

175 180

185

190

Ig(E/eV)

195

20.0

Sys. uncertainty

Auger

AE/E = 14%



UHECRS Current Status

Spectrum: ankle and GZK like feature

Composition: transition fo mixed at highest
energies

Anisotropies: Auger Dipole E >8 EeV;
above ~50 EeV: TA hotspot?
Multi-messengers?

33
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JEM-EUSO

Extreme Universe Space Observatofys\

(EUSO)
in the Japanese Experiment Module (JEM)
of the International Space Station (ISS)
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16 Countries, 95 Institutes, 358 Researchers



Fluorescence from SPACE

Fast Signal: 50 -150 ps

B Fiuo : 7131
B oir. Cher. : 568
I Bek. Cher. : 918

l(J:'IC\V. 6(0)°

Fluorescence

40 70 80

50 60
1 GTU =2.5us  Sv#

Background: 500 /m? sr ns




Focal Surface Detector

Elementary Cell (EC)
(2x2 PMTs = 256 pixels)

4932 MAPMTs
(8x8 pixels)

Focal Surface detector
137 PDMs
= 0.3M Pixels

2,304 pixels




JEM-EUSO
PROGRAM

&4 EUSO-KLYPVE
i1 400km

EUSO-TA (2013-)

EUSO-Balloon (2014)

EUSO-SPB1 (2017)
Mini-EUSO (2018-19)
EUSO-SPB2 (2020-22) |
Atmospher
K-EUSO (2023+) s Cherenkov

POEMMA (2028+)







EUSO-BALLOON 2014
FLASHER & LASER EVENTS

Aver.Count: 0.442 GTU : 0
4(8)._ AAAAAAAAAAAAAAAAA . AAAAAAAAAAAAAAAAAAAAA . AAAAAAAAAAAAAAAAAAAAA . ..................... AAAAAAAAAAAAAAAAAAAAA AAAAAAAAAAAAAAAAAAAAA

Cosmic-Ray
Detector

Detector's Reld
of View

LED Hashes

Laser Track

355nm Laser:
~10%0 eV equivalent brightness
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Helicopter



EUSO' SPB Extreme Universe Space Observatory ona Super Pressure Balloon

radiator

electronics subsytems
on "dry shelf"
PDM

instrument booth

snel

fixed/tig

Fresnel lens L1
adjustable

evacuation
holes
R -_-_4---__ Baffle &

“deceleration cylinder”




Ultrafast Camera: Photo-Detector Module (PDM)
(3x3 ECs = 36 MAPMTS ; 2,304 pixels)
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WANAKA 2017 Campaign N%

Super Pressure Balloon (SPB) EUSO mission

2015 2016 2017

NASA Engineering Flight COSI EUSO-SPB
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Altitude (feet)

110000
100000
920000
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10000

NASA completed its third mid-latitude Super Pressure Balloon (SPB) flight
11:24 p.m. EDT, Saturday, May 6, after 12 days, 4 hours and 34 minutes alof
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Flight Data Status
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Wanaka
South Island
New Zealand

Why New Zealand?

air flow at ~30 km June 9t 2017

Cameron Beccario 59



arXiv:1703.04513

EUSO-SPB2

CHERENKOV EMISSION
FROM UHECRS
TAU NEUTRIND
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CHANT

Cherenkov from Astrophysical Neutrinos Telescope

W H=300 km, 7___=3yr

B8 H=30km, T =300d
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Bifocal Design

by Patrick J. Reardon Cherenkov Telescopes

FoV 5° X 45¢ bi-focal mirror
FoV 5° X 45° normal mirror
Focal Surface

/7cm x 70cm

Fluorescence Telescope
FoV 15¢ X 45° normal mirror

Corrector Plate: 1m?
Image resolution: ~ few mm
Pixel size: ~3mm square

Pttt 5[] mm

Challenges/Opportunities:

Space qualified SiPMs, ultra-fast ASICs, corrector lens development, bifocal mirror
SPB stability
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thy, Tu]AVIVIN
: PROBE OF EXTREME MULTI-
MESSENGER ASTROPHYSICS

Class B Mission
2 observatories: Stereo Observations

3-year Prime Mission, (,

5-year Mission Goal S
LEO 525 km, 28.5° inclination ’_f.--.lv.',;'-ff’-?
300 km to 25 km separation '
Controlled re-entry/decommission

4 meter f/0.64 Schmidt telescope
45° FoV
MAPMT and SiPM focal surface

Phase A start 10/2023 (NASA HQ guidance)
Launch 11/2029 (MDL forecast)




QQEI\{% POEMMA

| PROBE OF EXTREME MULTI-

MESSENGER ASTROPHYSICS

DEPLOYED Mass/lnstrument 1547 kg
Primary Mirror 4 m
Corrector Lens 3.3m
Focal Surface 1.6m
Aperture (m?) 6to 2
Power 550 W
Data (MB/day) 1043

Dual Manifest in
ATLAS V LPF

Ld 57HJJ

- 5.00m -
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4 meter f/0.64 Schmidt telescope
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3D Layout

F/0.64,

EFL=2.08m,

EPD=3.3m,

UV: 3.3m Corrector

Center for Applied Optics

University of Alabama in Huntsville
Patrick J. Reardon

DeScopePOEMMA Start R0O1SO2FT.zmx
Configuration 1 of 1




SV, POEMMA
HYBRID MM FOCAL SURFACE

UV FLUORESCENCE CHERENKOV DETECTION

DETECTION WITH MAPMTS . WITH SIPMS
~ 150k pixels

Elementary Cell (EC)
SiPM (8x8)
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FABE T AHET A ANETT BNEY
e fefefeefede i+
8 8 L B L
HP e

R
PCB2
Si-Diode Interconnector

28 SIPM FocAL
SURFACE UNITS
TOTAL 14,336 PIXELSE
512 PIXELS PER FSU
(64x4x2)

60 PHOTO DETECTOR MODULES (PDMSs)=
138,240 PIXELS

1T PDM = 36 MAPMTs = 2,304 PIXELS 68




Separation s
P :

R

FOV 2" above limb

Focal surface coordinates
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Separation s

Sat2 | ; ” sat 1 POEMMA MISSION DESIGN

>/
2 TO OPTIMIZE SCIENCE PRIORITIES
e Orbits from 525 km altitude, inclin 28.5°

km

1500

1000

500

-500}

1000

1500

P ,/ UHECR cross-calibration with ground
*\ UHECR sky map, composition above 10 EeV

UHECR flux at 100 EeV

Below limb: Tau decay search

I Above limb: horizontal showers

UECR stereo observation mode

Altitude: 525 km Sat. separation: 950 km
- Field of view: 45°
Pointing (on-orbit): 39.1°  Stereo areas:
Pointing (off-orbit): 30.0 ° Max dist.: 3.23e+05 km?
Max distance: 1000 km
Area ratio: 99.8 %

Sat 2 Sat 1

| | I

-1500 -1000 -500 0 500 1000 1500
km

Neutrino stereo observation mode

: Altitude: 1000 km Sat. separation: 50 km

1500}~ Field of view: 45 ° Limb dist.: 3707 km

i~ Above limb angle: 2.0°
Pointing (on-orbit): 39.3°
Pointing (off-orbit): 88.3 °
Max distance: 1000 km

Sat2 Sat 1

O: o

SETIIE I W |

1500 -1000 -500 O 500

71000 1500

km



Viau

OPTICAL CHERENKOV SIGNAL FROM TAU NEUTRINOS
PEV = HIGHEST ENERGIES



POEMMA

NADIR FOR UHECR: LIMB FOR NEUTRINOS:
RADIUS 200-400 KM RADIUS 2.6-3.7 103 kKM
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NEUTRINOS FROM UHECR MAY BE SEEN FIRST

| mem  Clusters w. central sources

Newborn Pulsars

I GRB afterglow-ISM
 GRB afterglow-wind |
- GRB afterglow-late prompt
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NGC 4993

neutrino candidate (IceCube)
neutrino candidate (ANTARES)
mum= [ceCube horizon

ws w= ANTARES horizon

[ ]Auger FoV (Earth-skimming)
[ ]Auger FoV (down-going)
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20 ANITA-I UHECR candidates
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ANITA3: 26 CRs > 10%8 eV

Ekevation (degrees)

ANITA1 &3

EeV CRs + 2 Unusual Events
ANITA1: 16 CRs > 1018 eV

Gorham et al
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