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Abstract
Neutrinos act as probes of hadronic processes and offer a distinctive view into their

astrophysical origins at high energies (Fig 1). When reaching energies ≳PeV, 𝜈
interactions within the Earth can produce a significant flux of -leptons. These tau-

leptons subsequently decay, generating upward-moving extensive air showers (EAS).

Using the Earth as a target for neutrinos and the atmosphere to generate signals

effectively creates a detector with a mass >> gigaton. 𝜈SpaceSim is a comprehensive

simulation developed to model all the relevant physical processes that describe the

neutrino-induced Earth-emergent lepton chain to help design the next generation of

balloon- and space-based experiments, estimate the exposure of ground-based

experiments to these showers, as well as understand the data from recent experiments

such as EUSO-SPB2 and ANITA (Fig 2). The simulation includes the modeling of

neutrino interactions inside the Earth that produce leptons, the propagation of the

leptons through the Earth into the atmosphere and their decay, forming composite EAS,

generating the air optical Cherenkov and radio signals, modeling their propagation and

attenuation through the atmosphere (including clouds and ionosphere effects) and

modeling the response of detectors at a user-defined altitude.
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Fig 2: Sketch of the simulation process.Fig 1: Neutrino flux spectrum and their sources. Spiering, C. 
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Average energy of the outgoing -lepton (red

line) and range of energies within 68% and 95%

of values. Reno, M.H. et al. Physical Review D,

2019, vol. 100, no 6, p. 063010.
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Features
• Current Version: 𝜈SpaceSim 1.5.1

• Vectorized Python wrapper

• Fast: 106 generated events in ~4 min

• Dask multi core

• TOML Input format

• HDF5+FITS and CONEX output format

• Modelling of cosmic diffuse neutrinos

• Modelling of transient neutrino sources

• Optical and radio signals modeling

• Scattering, aerosol, ozone and clouds

Simulation modeling
1. Inside the Earth

 neutrino flux, CC interactions,  lepton

propagation and energy loss, 𝜈 regeneration

Sampled Libraries: nuPyProp, nuTauSim, and

any other with the appropiate input format

2. In the atmosphere

 propagation and decay, air shower, optical

and radio generation, atmospheric attenuation

and scattering of signals

Sampled Libraries: Tau decay, EAS (CONEX),

Optical and Radio signals, MERRA-2 atmosphere

3. Instrument response

Cherenkov and radio signal at instrument,

including spatial and temporal profile and

wavelenght spectrum. Instrument definition

includes height, orientation, time and location of

observation, and tools to define threshold

Example Results

ANITA Radio Comparison :  - induced upward EAS

Plot by  Andrew Ludwig Ref: Remy Prechelt: arXiv:2112.07069

SPB-2 Neutrino sensitivity to GW170817 14-day All flavor 90% CL

No clouds With Clouds

Conex-like Root output

Fluorescence simulation of a 100

EeV shower with 5º emergence

angle, generated with νSpaceSim.

https://heasarc.gsfc.nasa.gov/docs/nuSpaceSim/
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Key Parameters:

• 33 km Altitude

• Limb to 6.4º below 

Earth Limb

• Df = 360º

• 1 m2 Optical 

Collection Area

• 10 radio antennae: 

30 - 300 MHz

SPB-2 100 days All-flavor Optical w/ Radio Simulated Sensitivity
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