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JEM-EUSO Pathway to Space

El{OSPBZ POEMMA Balloon with Radio

POEMMA
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EUSO-SPB2

Extreme Universe Space Observatory on a Super-Pressure Balloon 2

Fluorescence: UHECRs EeV Cherenkov: PeV
EUSO-SPB2
First observation of UHECRs from Wanaka NZ Above Limb:
near-orbit altitude with the 2023 First Observation of Cosmic Rays from
: fluorescence technique near-orbit altitude with the
AuncC h - M a.y 2 02 3 frO M Direct Cherenkov Technique
Search for Upward Event Candidates
Waﬂ aka, NZ Below Limb:
Search for tau neutrino (vy)
TWO J[G|€SCO peS ‘ ) Measure optical backgrounds for

earth-skimming technique

Fluorescence telescope (FT)
Cherenkov telescope (CT)

Slghltime: | day [2 s o0
mMins.

Obs time: 112 hrs. 55 mins.

Events?




Why Search for VHE+ Astrophysical Neut

- UHECR sources may also

preduece VHE ane URE Vs

- EUSO-SPB2 and PBR sensitive

to > PeV vs = complementarity

with lceCube

. :)a-t

Nfinder tfor future suborbital

and space-based missions
(e.g., POEMMA, surveyor)




Why a Target-of-Opportunity Program??

Merging Neutron StarS@#®  Gamma-ray Bursts Newly-born Magnetars

+ Many candidate sources Wil & o o
of >PeV vs exhibit it C ‘ \ . Credit: G. Wang - | ” \

Credit: N. R. Fuller | & C. He

transient phenomena actic Nu 4 Tidal Distuption

Events

Credit: NASA/JPL-Caltech: .~ Credit: NASA/GSFC/CI Lab



Determining v Sensitivity to Point Sources

To distant source
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Determining v Sensitivity to Point Sources
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Developing an Observing Strategy

Considerations:

Dark conditions necessary

Olbserving period divided:
Above-the-limb pointings
Individual target pointings

Telescope slew time

Salloon location and trajectory

Source types w/ different properties

Realtime alerts

Multiple sources at the same time
Human In the loop




EUSO-SPB2 Observing Campaign

Datalbase of sources refreshed daily; sources
obtained from:

 Alerts (GCN, TNS, Alels)

o Steady-source list (nearby sources and
catalogs)

Olbserving schedules generated based on source
observability and prioritization scheme
Prioritization motivated by:

e Source distance

e Observations/constraints at HEs/VHES

* Observability at UHES

 Comoving event rate densities

Sources will be sampled from different categories
(e.g., BNS mergers, TDEs, AGN flares, etc.)

NUTS expected beta release on GitLab: end of
2024 or early 2025

User Input
Catalogs
Detector parameters
Balloon position and trajectory
Obs. date and period

E> Listener
* parser

* receive alerts, real time of input file
e GCN, TNS, Alels

e extract information from alerts
e |O_funcs
* utils to interact with database
e various formats: db, csv
* Catalogs
* inputs and outputs

* source lists: steady, Alels
* selection criteria
* database

Scheduler

balloon_motion

* trajectory const., interp. or kml file
observation_period

* observability windows

* constraints geometrical fov

* constraints Sun and Moon
scheduling and prioritization

* produce observation schedule

e various strategies available
visualization: sky maps, trajectories
operation: outputs for operators

Ul: user interface

Run Results
e Schedule
e \isualizations

Schematic of NuTargetScheduler Software



POEMMA-Balloon with Radio

POEMMA-Balloon
with Radio (PBR) J
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PBR v Sensitivity to Point Sources
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Summary and Outlook

PBR Is the successor to EUSO-SPB2 and a pathfinder for future suborbital and
space-based experiments devoted to UHECR and VHE v measurements, particularly

N performing ToO observations.

In support of ToO observations, the EUSO-SPB2 science team developed an
observing campaign and the NUTS software package to optimize the use of valuable
observing time. Expect public beta release and journal submission later this year or

early next year.

+  APRA proposal for PBR accepted and funded. Design work underway, and
prototyping for some parts has begun.

- Application for 2027 flight submitted.



Additional Detalls

+T. Venters et al. 2020, “POEMMA’s Target of Opportunity Sensitivity to Cosmic Neutrino Transient
Solirces: . PR 102 125015

- T. Venters, “Neutrino Target-of-Opportunity Observations with Space-lbased and Suborbital Optical
Cherenkov Detectors”, POS(ICRC2021)977

. Heibges, “Overview of the EUSO-SPB2 Target of Opportunity program using the Cherenkov

elescope”, PoS(ICRC2023)1134

+J. Posligua, “Neutrino Target-of-Opportunity Sky Coverage and Scheduler for EUSO-SPB2”,
Ses|CRE 2028 [ 86

. Wistrand, “The Targets of Opportunity Source Catalog for the EUSO-SPB2 Mission,
PelIORC2028 11184

Upcoming publications on EUSO-SPB2 instruments and results

NUTS journal publication in preparation
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Nu TargetsScheduler (NUTS) Concept

User Input

Catalogs

Detector parameters
Software package Ho- Balloon position and trajectory

Obs. date and period
»  Process user catalogs
+ Supplement catalogs w/ alerts E’> e e + balloon marey e auer

. * receive alerts, real time of input file . trajegtory copst., interp. or kml file
: Accom rq Odate bal |OOn t raJ eCtO ry : ggrl:i,c:'mfsc;:rr:tli)n from alerts . OE) Sst?;ac;[:\?gt;ﬁ)if;lalciindows
e |O_funcs * constraints geometrical fov
* ACCOU ﬂ fOr the SU ﬂ aﬂc M Oon * utils to interact with database E> . congtraints gun e}n-d Moon
* various formats: db, csv * scheduling and prlorl’flzatlon
- Calculate observing windows e e
: : : . sourcg Iists:- stgady, Alels . visualigation: sky maps, trajectories

- Determine telescope pointings [:> , Spiection e itk
e Hlehize sellices U

- Produce human-readable schedules

Run Results
e Schedule
e \isualizations




NUTS Architecture

_anguage: Python
nstallation: pip

3rd party packages: numpy, Scipy,
astropy, geopandas, etc.

Modular design
Qutputs:

Olbserving schedule (lists of sources,
obs. times, pointings)

Visualizations

Currently supports balloon detectors; let
us know how we can support you!

Expected beta release on GitLab: end of
2024 or early 2025

User Input
Catalogs
Detector parameters
Balloon position and trajectory
Obs. date and period

Q:> Listener
* parser

* receive alerts, real time of input file
* GCN, TNS, Alels

e extract information from alerts
e |O_funcs
* utils to interact with database
e various formats: db, csv
* Catalogs
* inputs and outputs

* source lists: steady, Alels
* selection criteria
* database

Scheduler

* balloon_motion
* trajectory const., interp. or kml file
* observation_period
* observability windows
* constraints geometrical fov
E> * constraints Sun and Moon

* scheduling and prioritization

* produce observation schedule
e various strategies available
* visualization: sky maps, trajectories
* operation: outputs for operators
e Ul: user interface

v

Run Results
Schedule
Visualizations




User Input

Observatory Altitude
Celestial Definition
Earth Surface Region
o of interest Radio or Optical
V : ; a‘ ‘ : ; 1 I I l Geometric Selection Earth Density Model
Detector Response Neutrino Energy

Detection Threshold

Interaction Models

| ‘ Python Scheduler

e XML user interface files

* Python wrapped modules [ Geometry TauPropagation | ' au Decays
; ' ' ' ' ' E : : ampled Libraries t-lepton Decay
 Containerized distribution for Linus & MacOS I )
, , ! robabillty |'"| sampled Libraries | !
» Multi-core precessing support (Mo V|| mmrrem | | [osarroies

* Pre-generated physics libraries (libbrary generation code / ¥
9, OV ded) Radio Signal EAS Gen

Sampled Libraries Sampled Libraries

» Neutrino propagation through the Earth (nuPyProp, zonires asand conEK/cosmos tas |
' | Optical Signal N
N u T a u S 1 m) E Signal at FEE EAS Universality

» Parameterized and simulated EAS profiles et

lonosphere Flourescence Gen

» Simulated Optical Cherenkov signal properties accounting | Lo i Scaterog. |
for atmospheric attenuation ‘

Signal at Detector Aerosol

» Simulated Radio signal properties (ZHAIres) S| [eraeny ] (K cow
» Cloud and aerosol data from MERRA-2
* Event-by-event data output in FITS and HDF5 formats

Run Results

* NASA HEASARC host site p—

Event Physics
variables




Recap of Theoretical Calculations

- Calculate v acceptance
+ Leverage v+ propagation studies NE E
- Account for Sun and Moon % 5
+ Assumptions: ; L[ PR Gy se ] 1 g
- Balloon trajectory from hist. wind patterns 10.1127: BNSESSE:SM"::Q . \\1‘810 .....5119-1
- Slewing in azimuth, but not in nadir » E, [GeV]

/ NGC 1068 607 ~

- Per decade all-flavor sensitivity

. + 90% upper limit (no background -> 2.44 events)
\, - Muon showers excluded (Bshr = 83%)

A )
\‘ To distant
*] source
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Catalog Support

Future
Mission

-

—
S—_——

Listener
* parser

* receive alerts, real time of input file
e GCN, TNS, Alels

e extract information from alerts
e |O funcs

* utils to interact with database
e various formats: db, csv
* Catalogs

* inputs and outputs

e source lists: steady, Alels
selection criteria
e database
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Geometry, Pointing, and Observation Time

Scheduler
* balloon_motion
* trajectory const., interp. or kml file
* observation_period o
e observability windows e
* constraints geometrical fov

* constraints Sun and Moon o EORQERS 2245-328 (ESRQ)
 scheduling and prioritization i it e

* produce observation schedule
e various strategies available
e visualization: sky maps, trajectories
* operation: outputs for operators
e Ul: user interface
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Azimuth
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Prioritization

Source Type Priority
Galactic supernovae |
Binary neutron star mergers 2
Tidal disruption events 3
Flaring blazar or active galactic nuclei | 4
Gamma-ray bursts 5
Supernovae outside of the galaxy 6
Other transients 7
Steady sources 8

Scheduler

balloon_motion

e trajectory const., interp. or kml file
observation_period

* observability windows

* constraints geometrical fov

* constraints Sun and Moon
scheduling and prioritization

* produce observation schedule

e various strategies available
visualization: sky maps, trajectories
operation: outputs for operators
Ul: user interface



Observing Schedule

Scheduler
* balloon_motion
* trajectory const., interp. or kml file
* observation_period

» observability windows Source type, name Pointing (az) = Move time = Start time = End time
e constraints geometrical fov AGN, SDSS 1102906.69+555625.2 | 47.19° 05:00 05:10 05:30
e constraints Sun and Moon :D Steady FRB, FRB 20181119A 6.23° 05:30 05:40 06:10
e scheduling and prioritization Y, 2024y 81.76 06:10 06:20 06:50
. AGN, 4FGL J0910.0+4257 315.96° 07:50 08:00 08:40
* produce observation schedule GRB, GRB230503A 187.66° 09:10 09:20 10:40

e various strategies available
* visualization: sky maps, trajectories
* operation: outputs for operators
e Ul: user interface

Sample schedule from Wistrand et al., PoS(ICRC2023), 1185



Current and Future Development

Functionality to support:

Sup

Addi
Anything else” |[deas welcome!

Poorly-localized sources

oort for nuSpaceSim

tional detector types
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EUSO-SPB2

Extreme Universe Space Observatory on a Super-Pressure Balloon 2

: LaunCh: May 2023 frOm Fluorescence: UHECRs EeV Cherenkov: PeV
Wanaka, NZ EUSO-SPB2
First observation of UHECRs from Wanaka NZ Above Limb:
near-orbit altitude with the First Observation of Cosmic Rays from
o . 2023 y
TWO teleSCO peS : fluorescence technique near-orbit altitude with the
Direct Cherenkov Technique
: I:l uorescence teleSCO pe (I:T) Search for Upward Event Candidates
. Below Limb:
: CI” Sl kOV eleSCO Gle (CT) Search for tau neutrino (vy)
o : i Measure optical backgrounds for
s Hlepttime: i ey 2 S, 68 earth-skimming technique
mins. ’

s lme: 12 fis.. 58 mins.

EUSO-SPB2 Talks Other related APS
and posters at APS talks and posters:

GEeE Gazda: ¢ B4 Garg
L. Wiencke e P09 KEzZrmanic

s HGs [licioges - o0 EO@ [ Kiipak
e T109:D. Fuehne s 03 KuAnanic

e  [O7Z NI-Reno

Upward
Events?




Why Search for UHE Astrophysical Neutrinos?

Merging Neutron Stars 8  Gamma-ray Bursts Newly-born Magnetars

- | s Ul Al
Credit: N. R. Fuller Credit: G. Wang & C! He

Tidal Disruption Events

Credit: NASA/JPL-Caltech © Credit: NASA/GSFC/CI Lab

Flavor ratio at source — ve:vy:ivi=1:2:0 Flavor ratio at Earth — ve: vy ve=1:1:1



Why Search for Astrophysical Neutrinos with PBR?

Sensitive to PeV neutrinos —
complementarity with lceCube

Lower backgrounds at higher
energies

Pathfinder for future suborbital and
space-based missions (e.q.,
POEM MA) Earth-skimming T

upgoing

Deeply penetrating (horizo
\Y%




v Acceptance for Point Sources |
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vt Acceptance for Point Sources |
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Point-source Sensitivity
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Sky Coverage Map
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Recap of Theoretical Calculations

- Calculate vr acceptance |
- Leverage v propagation studies ;_ E
- Account for Sun and Moon : 5
- Assumptions: 23
- Balloon trajectory from hist. wind patterns 10_ = Sy \ _3"
- Slewing in azimuth, but not in nadir * mé ‘_l"k‘:pc | ..\\.\.-..lw | P
E, [GeV] ;
Acy g (v —5)* (6E)° el

NGC 1068 60

+  Per decade all-flavor sensitivity
. + 90% upper limit (no background -> 2.44 events)
\, - Muon showers excluded (Bshr = 83%)

. To distant
*] source
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Point-Source Sensitivity Projections for EUSO-SPB?2

Calculate vt acceptance

. . i 310° 2
everage Vr propagation studies S 3
8 310 :
Account for Sun and Moon > B
= ERRRS
Assumptions: 8 10— e N\ e

Balloon trajectory from hist. wind patterns I s VR

10’ 10° 10° 10" 10"

Slewing in azimuth, but not in nadir E, [GeV]

Per decade all-flavor sensitivity
90% upper limit (no background -> 2.44 events)
Muon showers excluded (Bshr = 83%)

To distant source



