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Science Objectives
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Earth Skimming Methodology

1. Neutrino source 
crosses through 
detector FoV

2. A ντ interacts 
and produces a τ 

3. The τ decays 
and produces an 
EAS.

4. Detector 
triggers on  
Cherenkov  
signal

https://pos.sissa.it/444/1134
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NUTS (Neutrino Target Scheduler)
● Collects alerts from alert networks

– GCN: GRBs, neutrinos, GW, …

– TNS: SN, TDEs, FRB,…

– Atels: AGN/Balzar Flares, …

● Calculate position of source in sky based on 
detector location

● Calculate when a source would be in observable 
band (0°-6.4° from horizon) and require 
astronomical night

● Select subset of sources based on prioritization 
scheme

– Relative distance to source

– Relative occurrence rate 

– Time source is in FoV
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NuSpaceSim
● Monte Carlo Simulation tool for Earth 

emerging neutrino searches
● Calculates acceptance for diffuse 

neutrinos
● Special implementation for point-

source searches
– Tracks the source across the FoV of a 

detector
– Estimates the aperture toward a 

source

https://heasarc.gsfc.nasa.gov/docs/nuS
paceSim/

https://heasarc.gsfc.nasa.gov/docs/nuSpaceSim/
https://heasarc.gsfc.nasa.gov/docs/nuSpaceSim/
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 Instantaneous Sensitivity Expectation

https://pos.sissa.it/444/1134

Work on updating these numbers using NuSpaceSim ongoing
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EUSO-SPB2 Payload

https://pos.sissa.it/444/468/

https://pos.sissa.it/444/468/
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Cherenkov Telescope
● Camera: 

– 32 SiPMs with 512 pixels 0.4°x0.4° FoV

– Each set of 2x4 pixels read out by one 
music chip

– 10ns digitization bins
● Telescope:

– FoV: 12.8° x 6.4°
– Tilting range:  3.5° to  -13° from horizontal
– Azimuth pointing: 360° 
– Four ~0.5m x 0.4m mirror segments with 

1.6m radius of curvature
– Bi-Focal alignment

https://arxiv.org/abs/2406.08274

https://arxiv.org/abs/2406.08274
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Fluorescence Telescope
● Camera: 

– 3 Photo-Detection Modules (PDMs) 

– 36 Multi-Anode Photo-Multiplier Tubes 
per PDM. 

– 3mm x 3mm pixel size
● Telescope:

– FoV: 36° (h) x 12° (v)
– Pointing in Nadir 
– Six ~0.5m x 0.4m mirror segments 

with 1.64m radius of curvature
– Single focus alignment
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In-Field Alignment

1.  Used a Light plant ~5km from 
detector

2.  Used hand held LED ~5km from 
detector

3.  Achieved a spot size of ~3mm
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Field Testing the CT
● 3 nights of laser triggers and 6 

hours of CR data
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Field testing the FT
● Spent several nights 

measuring lasers at about 
24 km distance

● About a week searching for 
UHECR signatures
– None found

● Observed stars, planes, 
meteors,…

● Also tested the IR camera

https://pos.sissa.it/444/468/

https://pos.sissa.it/444/468/
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EUSO SPB2 
Launch

Wanaka NZ
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Flight Overview
Total Flight Time: 1 day 12 hours 53 minutes

Total Observation Time: ~12 hours 55 minutes 

night night
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Flight Operations

● Night 1: Commissioning

– FT needed adjustment 
of HVPS settings

– CT comissioning

● Night 2: Observations

– FT fully operational

– CT fully operational
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Cloud coverage during flight

https://pos.sissa.it/444/450/

https://pos.sissa.it/444/450/
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FT First Results
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● Expected 1.24 UHECR 
events throughout the flight

● None have been found

● Over 99.000 events 
downloaded

● Most events are single EC 
flashes

● Multiple-Frame Events 
associated with charged 
particle hits

● Anomalous Bright Events 
likely discharge in the 
camera on descent
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CT Pointing
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CT: Above the Horizon Cosmic Rays
First pass at signal searches:

● Only high amplitude events

● Several CR candidates while looking above the 
horizon 

● Some unidentified signals
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ToO Observations

● First pass Identifying sources that 
crossed the FoV during flight

● Efforts to simulate fluence limits 
ongoing PRELIMINARY6
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What is next?
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Summary
We built, tested and flew EUSO-SPB2

● Flight was cut short due to a leak in the balloon
● Demonstrated the CT’s ability to observe CRs 

above the Horizon
● Demonstrated the FT’s ability to function in 

near-space environments
● Spinning during descent makes planned ToO 

follow-ups impossible
● Some ToO sources have crossed the field of 

view



Questions?
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Building Cuts – Background signals

● Diffuse Neutrino background
● Reflected EAS
● Refracted EAS
● Deflected Muons
● Direct CR hits
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Sensitivity Calculation
The sensitivity is given by:

Where the effective area is:

And changes as the source 
moves in the sky

The effective area is given by this:

And the probability of observation is:
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What are source candidates for CRs?
● Most models predict gradual acceleration

– Need to confine particles in acceleration 
region

● Source candidates range from ~km - ~kPc in 
size
– Usually small sources don’t exist very long 

and are associated with violent events
● GRB, BNS, SN…

– Also Larger sources can produce flaring 
behavior

● These are the sources we look for with ToO
● We don’t find sources ourselves but rely on 

observations in light, neutrino or GW 

Open Questions in Cosmic-Ray Research at 
Ultrahigh Energies, Frontiers in Astronomy and 
Space Sciences, Batista et al. [3]
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Cosmic ray interactions
● CRs can interact with matter or photons

– Most interactions will produce pions

– Interactions products include: 
● Gamma rays
● Neutrinos 

– Flavor ratio (1νe:2νμ:0ντ at production) 
– Flavor ratio (1νe:1νμ:1ντ at Earth after oscillation) 

● Muons
● Other Hadrons

● Interactions occur:
– In the source 

– In transit (e.g. with the CMB) 

– In CR interactions with the atmosphere
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Optical Testing and Alignment
● Optical test setup in the GRLA including:

● 1m parallel light beam
● 3D psf (windmill) scanner
● LED light source

● Best spotsize 3mm 90% containment

1m parabolic mirror

Light source3D scanner

SPB2 mirrors
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Cherenkov light simulation chain

NUTS
Determine which sources 
could be observable for 
balloon in motion

NuSpaceSim Calculate neutrino interaction and tau-exit probability 
and longitudinal airshower simulation

EASCherSim/
CHASM

Cherenkov light simulation

OffLine Detector simulation
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Detector Response - Trigger

● Hardware Trigger
– Coincident signal between two 

neighboring music chips within 50ns.
– Does not mean a bifocal pair...

● Software Trigger
– Requires that two triggering pixels 

are a bifocal pair.
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