Modelling High-Energy Neutrino Emission from Star-Forming
Activity using the SIMBA Cosmological Simulation
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INTRODUCTION

L100 Starburst Reglgn

The IceCube observatory observed a diffuse
astrophysical neutrino flux for the first time in 2013 [1].
However, its origin largely remains a mystery.

Different source classes are believed to contribute to
this diffuse flux, among them: starburst galaxies are
strong contenders.

To estimate contribution of starbursts to diffuse flux,
we introduce a novel approach by using a time-
Integrated method across redshift with large-scale
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hydrodynamical simulations.

Aim: Predict a diffuse high-energy neutrino flux using
large-scale hydrodynamical simulation of the cosmos.

SIMBA simulation
Large-scale hydrodynamical cosmological
simulation [2]. It models formation and
evolution of galaxies from z=20 till z=0. Use
galaxy properties from simulation to model

Starburst-driven neutrino emission
Predict high-energy neutrino emission from
starburst regions using a phenomenological
model [3].

neutrino emission.

COMBINING SIMBA WITH NEUTRINO EMISSION

Neutrino flux from neutrino emission model depends on many starburst parameters.

- Use SIMBA simulation to obtain these parameters.

Neutrino flux:

Supernova rate Rgy

* |njects the cosmic rays in the starburst
region

* Obtained from scaling relation with the
star formation rate (SFR), that can be
extracted with SIMBA for each galaxy

NEUTRINO FLUX OF SINGLE SIMBA BOX
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Galactic-scale outflows v,

Carry CRs away from interaction region

Modelled in SIMBA, driven by star
formation
Obtained in post-processing from

scaling with galaxy’s baryonic mass
and halo properties

Fixed parameters:
* Yqp - Spectral index proton spectrum
* Dmax- Max. proton momentum
Hsgr: Scale height starburst region (SBR)
* B: magnetic field strength

Luminosity distance D; from redshift z of
SIMBA simulation box.

Proton density of central starburst region n

* Probability of pp-interactions and hence
neutrino production

* Described by fixed values and a scaling
relation with SFR based on Kennicutt-
Schmidt relation [5]

DIFFUSE NEUTRINO FLUX ACROSS COSMIC HISTORY

100

5 redshift.

First implementation of predicting the diffuse neutrino flux using larg-

40 scale hydodynamical simulations.
S  Estimated by summing the contribution of SIMBA boxes across

lceCube observations [4]
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