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> The next supernova in the Milky Way will be an incredible
opportunity to see the details of how a star explodes.

> The rate of supernovae in our Galaxy is ~ 2 / century and we
have no idea when the next one will occur.

> Neutrinos are the first / clearest sign that the explosion has

begun.
Nakamura et al. MNRAS 461, 3296 (2016)









» The Supernova Early Warning System (SNEWS) is (was) a global
network of detectors looking for coincident bursts of neutrinos.

» |t has been running since 1998, fully automated since 2005, with
virtually zero downtime.



Fast forward 20 years

» There are now many more, larger and more sensitive neutrino
and DM detectors, which offers the possibility of doing more
than just issuing an alert.

» Passing alerts between facilities is now very common and the
attitude of astronomers towards alerts has changed.









SNEWS 2.0

> SNEWS 2.0 is a new plan for what to do when the next nearby

supernova occurs.
Al Kharusi et al, New J. Phys. 23 031201 (2021)

> The goals of SNEWS 2.0 are to:

reduce the threshold for generating alerts in order to gain sensitivity,
reduce alert latency,

combine pointing information from individual experiments and enhance it
with timing multilateration (triangulation),

implement a pre-supernova alert for nearby SN candidates,

develop a follow-up observing strategy to prepare the astronomical
community for the next galactic supernova,

engage amateur astronomer and citizen science communities.



» The first goal of SNEWS 2.0 was to rewrite the codebase for
passing information between detectors and SNEWS.

- The new coincidence system uses HOPSKOTCH from SCIMMA

> SNEWS 2.0 is currently running in parallel with SNEWS 1.0
which will be switched off (probably) mid 2026.

» Detectors can sign up for different levels of data exchange.
- MOUs are currently being signed by SNEWS and the detectors.






> SNEWS 2.0 is organized into 3 divisions.

> SNEWS 2.0 has published / submitted 7 papers so far (with 2
more coming soon).

» We have much more to do.



Signal Modeling

» Signal Modeling aims to support SNEWS 2.0 by providing
theoretical models of the neutrino flux at Earth from all
possible transient astrophysical sources.

» The models can be used to understand detector response,
design algorithms, and for the fire drills.



https://github.com/SNEWS2/snewpy

Current release is 1.5.
Version 2.0 is coming soon






> SNEWPY is a python package with code elements that allow a

user to bridge the gap between supernova simulations and
detector signals.

» The code elements can:

- turn a supernova simulation into either a time series of neutrino fluxes
(or a total fluence) at Earth, including the effect of flavor transformation.

- send the time series through an event rate calculator such as
SNOwGLOoBES or event generator such as sntools or MARLEY".

- collate the output into the observable channels.

> SNEWPY is designed so that data can be inserted or extracted at
the connections between its components.

- e.g. a simulation has already accounted for flavor transformation.

* coming soon



Table taken from Al Kharusi et al,
New J. Phys. 23 031201 (2021)

Energy [MeV]



The Models

» SNEWPY has access to >800 supernova simulations from
different groups.

- Most are CCSN (including BH forming cases) in 1D
- Fornax models from Burrows & Vartanyan
- We have some 3D models of SN la and PISN.

> SNEWPY 2.0 will come with the data for even more
simulations, including pre-supernova models



> Many of the models only simulate 1-2 seconds of the
supernova.

= SNEWPY 2.0 will include methods for extrapolating the neutrino
emission in time.

see Ekanger et al PRD, 106 686 (2022) for details



» Extended versions of the Nagazato (2013) models



The Flavor Prescriptions

» Almost all the simulations available to SNEWPY do not account
for:

- flavor transformation within the SN,

- decoherence and whatever else might happen outside the SN on the
trip to Earth,

- Earth matter effects

» Computing the flavor transformation well (i.e. solve the
Schrodinger equation or something like it) for many tens of

snapshots taken from a single simulation can take 104 - 10°
CPU hours.



» SNEWPY bypasses this bottleneck by using prescriptions™ for the

flavor transformation.

> The flux at Earth from a supernova at a distance d is computed
using the equation.
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» SNEWPY has multiple prescriptions for the flavor transformation
In the supernova.

For three flavors:

» No Oscillations and Complete Exchange

» Adiabatic MSW in both mass orderings

» Non-Adiabatic MSW H resonance in both mass orderings

» Two Flavor Decoherence in the H resonance mixing channel in both
mass orderings.

Three Flavor Decoherence

» Numerical calculation of the matter effect for a given density profile

For four flavors:
» Adiabatic MSW of four flavors in both mass orderings

» A four-flavor MSW where the ‘outer’ es resonance is non adiabatic, for
both mass orderings.



o SNEWPY 2.0 will introduce ‘modifiers’ that allow for additional
flavor transformation in the vacuum and Earth-Matter.

- We have worked with the astropy developers to help with the Earth-
Matter calculations.

» The SN flavor prescriptions and modifiers can be chained
together.



BEMEWS

= BEMEWS is a python module for calculating the Earth-Matter
Effect upon neutrinos.

» The module numerically solves the Schrodinger equation for a
given neutrino trajectory through the Earth.

BEMEWS uses the PREM but this can be swapped for something else.



» The calculation is 3 flavor, does neutrinos and antineutrinos
simultaneously, and can be done for multiple energies.

» |t takes BEMEWS ¢0(10 ms) to do the calculation per neutrino on
a regular workstation / laptop.

* BEMEWS can be run standalone or with SNEWPY.






The interface with other codes

» SNEWPY 2.0 no longer requires the user to install SNOwWGLoBES

- installing SNOWGLoBES was a common user problem with SNEWPY
because SNOwWGLOBES required installing a lot of other software.

> |Instead, SNEWPY 2.0 uses the SNOwWGLoBES data files and
does the calculation itself.

- this means we also avoid writing / reading a lot of files to / from disk so
it's much faster.



» Example script


https://github.com/SNEWS2/snewpy/blob/jpkneller-version-2.0/python/snewpy/scripts/SNEWS2.0_with_EMEWS_rate_table_singleexample.py

SNEWPY can be downloaded from GitHub



Sumrmary

> SNEWS 2.0 is the new plan for what to do when the next
nearby supernova occurs.

» The new system is up and running, now the goal is to optimize
the system to identify the progenitor.

* SNEWPY is a bridge between supernova simulations and
detector signals.

» Version 2.0 is being finalized and will be released soon.
» Please send us your suggestions for new features.



Altitude = -40° E =20 MeV Altitude = -90°



Altitude = -4Q0° Altitude = -90°



Adiabatic MSW, NMO, Altitude = -4Q0°

Adiabatic MSW, NMO Altitude = -90°



Non-Adiabatic MSW H resonance, NMO, Altitude = -40°

Non-Adiabatic MSW H resonance, NMO, Altitude = -90°
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