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EUSO-SPB2 (EUSO-Super Pressure Balloon 25i%) POEMMA (Probe Of Extreme Multi-Messenger Astrophysics)

Pl: Angela V. Olinto #i% (¥ H3JX) Pl: Angela V. Olinto #i% (¥ H3JX)
EE30kMHS. KEHEABDORDASDOFEEENMER LS v — 2017 & NASA probe studies for 2020 decadal surveylSEE SN
DAREHK. Z1—RU/HSOF LY ITRORNET 3. BREZT68oT1S, (1BS AT TV)

2018F12A(CRHIRLR— FZENASAICIRE T 2 FRE,
fTE 50f5M
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Cherenkov

Fluorescence

Tau Neutrino




EUSO-SPB2 12

Baseline Design

Fluorescence

~

Tau Neutrino

F88: 1.8m x 1.1m EKEEE (R-1659.8mm)
BIELYX: BRIm, FE+IEERBE. 7OV
F# :0.86

ARy kA X 3mm

AN #EEE 0.2°/pixel

FL>I2¥: 18, Bifocal
45° K¥ Full-field of view
3.2° EB Full-field of view
HAFE: 100017 N> /1008

AR 26
28.8° 7K} Full-field of view
3.2° EE Full-field of view
HATFE: 54X K~/1008

PMMA Aspheric Corrector Plate (ACP)
External surface: flat
Internal surface: r2, r4, and r®

Primary Mirror (PM): Sphere
RoC = 1659.8mm

6/12/2018

+03 mm
30 Layout
Center for Applied Optics
University of Alabama in Huntaville

Pat. Reardon (UAH) from slide of the JEM-EUSO meeting

The Center for Applied Opics
AAAAAAAAAAAAAAAAAAA

Bifocal Design

6/12/20.0 y 11e+03 mm

FHRZLETIC2DEILT204ELRESE, DDA X—IZER
EICHEBHRT D, +0.4F -> MAPMT 1 BHDIEZT 53 AKE
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BE IR/ —FER

Sat 2 Sat 1

UHECR observation
in stereo
(Fluorescence)

John Krizmanic, UHECR2018

BeIRIL*X—FERER
- 2REA
- EIRDRIE EZ DN
- FEIROMEM
- FEHZEBOHZRE D

LA |

FREE B8Y

—a—kUJ

Above Limb observation Sat2  Sat1

Earth skimming neutrinos
SAT 1 & SAT2
(Cherenkov)

”~
.-~ UHECR observation
7 in stereo
A (Fluorescence)

John Krizmanic, UHECR2018
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John Krizmanic, UHECR2018



POEMMA= v gV HIE

Mission Lifetime: 3 years (b year goal)
Orbits: 525 km, 28.5 Inc
Orbit Period: 95 min

Satellite Separation: ~25 km — 1000+ km
Satellite Position: 1 m (knowledge)
Pointing Resolution: 0.1-

Pointing Knowledge: 0.01-

Slew Rate: 8 min for 90 -
Satellite Wet Mass: 3860 kg

Power: 2030 W

Data: 1 GB/day

Data Storage: / days

Communication: S-band (X-band if needed)
Clock synch (timing): 10 nsec
Operations:

- Each satellite collects data autonomously

- Coincidences analyzed on the ground

- View the Earth at near-moonless nights, charge
in day and telemeter data to ground

16.48m

11.74m

7.52m

‘ ! 4.57m ! |

5.00m

Dual Manifest Atlas V

John Krizmanic, UHECR2018



POEMMA EirizT U1V

Fix: B124.0m @R

\IELYX: B 23.3m. JEEk@E. 72V
£RE: BR1.6m

FOV: 45°

F#:.:0.64

ARy fFA X ~3mmBRER

L. AEDEE @ 1°/pixel

T T Y ey e Coter Tor FEITd GELs BWNEE : 6~2 m2 (JEM-EUSO: 2 m2)

aaaaaaaaaaa

\
DeScopePOEMMA_Start RO1SO2ET.zmx é .
Configuration 1 of 1 $}1’| . I I |

B3h@E 2w R X (ER)
o | I I ' ' —~
- =
£ g 16
Q p—
[ 2 14
z 13 12
2 g |
] W
R | 2 0.8
Z 06
04
Il 0.2
0
0 25 5 75 10 125 15 175 20 225

O J ) | " "
0 25 5 75 10 125 15 175 20 22:%

Off-axis Viewing Angle (Degrees) Off-axis Viewing Angle (Degrees)



Hybrid &£ R ER L 2s

Cherenkov Detection using SiPMs:

UV Fluorescence Detection using MAPMTs with UV .
20 nsec sampling

filter: developed by JEM-EUSO: 1 usec sampling

Bementary Cell (EQ
SPM (8x8)

FS filled with ECs

S-Diode Interconnector

30 SiPM focal surface units
Total 15,360 pixels
512 pixels per FSU (64x4x2)

-06 -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

-0.8



Sky Coverage

Stereo mode (UHECR #3:81)

5 year

Calcs & plots by K. Shinozaki

Limb-viewing mode (neutrino £8:8!)

One year with re-orientations

1.6e+02
9.2e+01
5.2e+01

3.0e+01

1.7e+01

9.8e+00
0 2 4 6
RA (rad)

Fractional exposure

Calcs & plots by C. Guépin & F. Sarazin




POEMMA &8I

Stereo mode (UHECR #3:81)
Sat 2 Sat 1

UHECR observation
in stereo
(Fluorescence)

Satellite Separation ~300 km

- Altitude: 525 km Sat. separation: 950 km
15007FWMVM:45'
- Pointing (on-orbit): 39.1°  Stereo areas:
1000[- Pointing (off-orbit): 30.0 ° Max dist.: 3.230+405 km*
- Max distance: 1000 km Total: 3.24¢4+05 km
- Area ratio: 99.8 %
500
: Sat 2 Sat 1
O_' . .
~500} .
1000}~
~1500f
’1LLL1LLL11LLL l;x Ll Lil A i 1
-1500 -1000 -500 0 500 1000 1500

LILE M |

FHE

Limb-viewing mode (UHECR + neutrino ;)

Above Limb observation Sat2  Sat1

Earth skimming neutrinos
SAT 1 & SAT2
(Cherenkov)

7”7

> // UHECR observation
F o
@4 In stereo
77
Ad (Fluorescence)

Satellite Separation ~30 km

E [
=< | Altitude: 525 km Sat. separation: 30 km
| Field of view: 45 ° Limb dist.: 2639 km
| Above limb angle: 2.0°
1000 Pointing (on-orbit): 47.0 °

| Pointing (off-orbit): 88.5 °
| Max distance: 1000 km

-1000

-2000

Neutrinos

-3000

-1 L1l | 1111l [ 1111 | 1111 I 1111 | 1111 I 1111 I 1111
-1500 -1000 -500 0 500 1000 1500
km




Zenith AngRes (deg)

o o o0

Azimuth AngRes (deg)

POEMMA &8I

-~

iy

© 9o e 9o

LI |

%8¢ (UHECR)

Stereo mode (UHECR &A1)
Sat 2 Sat 1

UHECR observation

in stereo
(Fluorescence)
Satellite Separation ~300 km
|| 3 heoyE L
FIRACARTERE Xmax 7 fEeE
POEMMA Probe: 525 km Orbits, 300 km SatSep S OEMMA Probe: 525 km Orbits, 300 km SatSep
Pi= S 0 0 S S S A 0 0 g
5 PRELIMINARY $
~ 35
1- 3 @
S Iy

’ 5 30 PRELIMINARY
43 o
4 e
2 g 25
° 10" | - n_) 2 §

Energy (GeV) u:é 20
M3 - — ! MRRRE o5
5 PRELIMINARY 15
1 L
8 10
4 5
2 - '\‘\n—l\k—’. -
0 B '1011 ' ' "1012 0 : ‘ : o o ‘ i ‘ 1012

Energy (GeV) Energy (GeV)

JEM-EUSO &3K{E : < 2.5° JEM-EUSO ZE3K{E : < 120 g/cm?
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John Krizmanic, UHECR2018
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Annual Exposure (km2 sryr/yr)
o

/T Sl =]} +7'
-‘:—FEﬁE%L_I Ettﬂﬁ
{RXE : Limb mode &Nadir mode® 315

Exposure comparison

Very preliminary

POEMMA

JEM-EUSO

Energy (eV) By Y. Takizawa



POEMMA &8It gE (Za—KD /)

Limb-viewing mode (UHECR + neutrino &A1)

E | Altitude: 525 km at. separation: 30 km . . 9 tOtal
[ :ﬂi:fn::vz:;;z.of* Eimbd’i:n.:zsasi:"( Above leb Observatlon Sat 2 Sat 1 . A .
10001 g ooy 03 Earth skimming neutrinos o] | 7 from limb
" UHECRs SAT 1 & SAT2 §
of . (Cherenkov) Z 0
s - _T __________ )’ //’ UHECR observation N
i i’ L0 in stereo .
2000 A (Fluorescence)
: 4 X (m)
— Neutrinos Satelllte Separatlon ~3O km 10 é T T T T T T T T T T T T T T T T IIHE-
~3000( C — A =360",N_/exp. ]
i ®  Ap=360° integ.,y=2 ]
N PR PR PR FUTTY PR PO PO S|\ — - POEMMA (A9 =30°), N_/exp.
-1500 -1000 -500 0 500 1000 1500 10 :—\ o . =
km S \ ©  POEMMA (A =30"), integ, y=2 | 3
ol C ]
- -\ 7
- D year el ) .
EF ]
- 20% duty cycle > F ]
) = |
- 10 PE threshold with time g 17
Z
[ ] L] L] Fc
coincidence to reduce air glow <

background ‘false positives’ 10*
Viewing to 7" away from Limb

T IIIIIIII

Cosmogenic (Kotera et al 2010)
-9 1 L1 11111 llllllll 1 lllllllI 1 | Y Y I N

10
107 10° 10° 10" 10"

E, [GeV]
John Krizmanic, UHECR2018
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EUSO-SPBI1

Extreme Universe Space Observatory on a Super Pressure Balloon
Launch, April 24, 2017 23:51 UTC

Bl

12 days, 4 hours and 34 minutes aloft.
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40 cm lens
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