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“I spent weeks calculating event rates for two supernova models. 
Then I discovered SNEWPY and added two more models in an afternoon.” 

—A. Langella (INFN Naples), about working on arxiv:2306.14717 

Photo: NNN 2023 in Procida, Italy

https://arxiv.org/abs/2306.14717


• 10 years on Hyper-K & 5 years on SNEWS 2.0 

• Have dabbled in … 
• Liquid Argon (DUNE) 
• Liquid Scintillator (LSC@Yemilab, 

arxiv:2309.13435) 
• WbLS (Theia) 

• Now Senior Research Software Engineer at KCL 
• Maintainer of SNEWPY, SNOwGLoBES & 

sntools
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About Me

Jost Migenda

https://arxiv.org/abs/2309.13435
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Software matters!

Jost Migenda

!

We had a bug in the script 
that produced the tabulated 

values in the paper.

Our previous event 
generator implemented an old 
cross section that was off by 

~30%

That input file contains 
the flux of νµ or ντ and not 

the sum of both!

Based on three real examples I have witnessed.



ν 
flux
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Determining the Detector Response

Jost Migenda

Event Generator

Detector Simulation

Reconstruction

obs. 

events

• Event generators implement the 
cross sections, energy & angular 
distribution of outgoing particles, 
and more 

• MARLEY (mainly Ar) 

• sntools (H2O, LS, WbLS) 

• … and some proprietary ones 

• Problem: Steep learning curve, 
inaccessible for external groups, 
computationally expensive

{Cust! p" 
#p"iment

https://www.marleygen.org
https://github.com/JostMigenda/sntools
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Determining the Detector Response

Jost Migenda

Event Generator

Detector Simulation

Reconstruction

obs. 

events

SNOwGLoBES 

(1 smearing matrix per 

detector & channel, 

relates Eν to Eobs)

• github.com/SNOwGLoBES/
snowglobes 

• Orders of magnitude faster & 
covers many use cases 

• Still need event generator for 
advanced studies (e.g. 
directionality, n capture)

https://github.com/SNOwGLoBES/snowglobes
https://github.com/SNOwGLoBES/snowglobes
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Determining the Detector Response

Jost Migenda

Event Generator

Detector Simulation

Reconstruction

obs. 

events

SNOwGLoBES 

(1 smearing matrix per 

detector & channel, 

relates Eν to Eobs)

• github.com/SNOwGLoBES/
snowglobes 

• Orders of magnitude faster & 
covers many use cases 

• Still need event generator for 
advanced studies (e.g. 
directionality, n capture)

Wh"e to get fl$es %! diff"ent SN models?
H& to apply 'ansf(mati)s to * fl$

H& to embed SNOwGLoBES in a Pyth)-based w(kfl&?

bef(e reaching the detect(?

https://github.com/SNOwGLoBES/snowglobes
https://github.com/SNOwGLoBES/snowglobes


• … a simple and unified interface to hundreds of 
supernova simulations.

• … a large library of flavor transformations that relate 
neutrino fluxes produced in the supernova to those 
reaching a detector on Earth.

• … and a Python interface to SNOwGLoBES 
to integrate into your existing workflows.
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SNEWPY O!ers …

Jost Migenda

Wh"e to get fl$es %! diff"ent SN models?

H& to apply 'ansf(mati)s to * fl$

H& to embed SNOwGLoBES in a Pyth)-based w(kfl&?

bef(e reaching the detect(?

ApJ 925 (2022) 107 
JOSS 6 (2021) 03772 

github.com/SNEWS2/snewpy

https://dx.doi.org/10.3847/1538-4357/ac350f
https://dx.doi.org/10.21105/joss.03772
https://github.com/SNEWS2/snewpy
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Design of SNEWPY

Jost Migenda

…

snewpy.models snewpy.  
flavor_transformation snewpy.snowglobes

load flux from 
SN simulations

apply flavo(u)r 
transformations

calculate 
event rate

ApJ 925 (2022) 107 
JOSS 6 (2021) 03772 

github.com/SNEWS2/snewpy

Modul, design makes it easy to c)'ibute!

~20 model families ~10 transformations 
incl. Adiabatic MSW with NMO/IMO

https://dx.doi.org/10.3847/1538-4357/ac350f
https://dx.doi.org/10.21105/joss.03772
https://github.com/SNEWS2/snewpy


SNEWPY is used by many -.ps 
a/oss .r field(s)
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Selected Papers Using SNEWPY

Jost Migenda

arXiv:2203.05141

arXiv:2109.13242

arXiv:2210.11676

DOI:10.1051/epjconf/202328005002

Imagine if each -.p had to 
write this b0l"plate code themselves!

https://arxiv.org/abs/2203.05141
https://arxiv.org/abs/2109.13242
https://arxiv.org/abs/2210.11676
https://doi.org/10.1051/epjconf/202328005002
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Modular Design Enables Reuse

Jost Migenda

…

snewpy.models snewpy.  
flavor_transformation snewpy.snowglobes

load flux from 
SN simulations

apply flavo(u)r 
transformations

calculate 
event rate

… ( use these 
in oth" code!

Can use SNEWPY as a c!plete analysis pipeline …

ApJ 925 (2022) 107 
JOSS 6 (2021) 03772 

github.com/SNEWS2/snewpy

https://dx.doi.org/10.3847/1538-4357/ac350f
https://dx.doi.org/10.21105/joss.03772
https://github.com/SNEWS2/snewpy


• sntools: open-source event generator 
for HK, SNO+, JUNO, Theia, … 

• github.com/JostMigenda/sntools 

• JOSS paper: DOI:10.21105/joss.02877 

• Integrates SN models & flavour 
transformations from SNEWPY 

• For devs: Save work & eliminate 
major source of bugs 

• For users: Smooth transition 
from quick estimates 
(SNOwGLoBES) to advanced 
analyses (sntools)
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Integrating SNEWPY in sntools

Jost Migenda

Also used by oth" event gen"at(s, e.g. IceCube’s ASTERIA: DOI:10.5281/zenodo.3926834

Event Generator

Detector Simulation

Reconstruction

obs. 

events

SNOwGLoBES 

 

(used via 

SNEWPY)

 

input 
(ν flux)

https://github.com/JostMigenda/sntools
https://doi.org/10.21105/joss.02877
https://doi.org/10.5281/zenodo.3926834


SNEWPY saves time & av0ds bugs—enabling m(e 
(and m(e reliable) rese,ch!
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Conclusions

Jost Migenda

"
##

Generic 
problems

Domain- 
specific 

problems

❤ to all the fantastic SNEWPY contributors!

S1ve with 
SNEWPY!

S1ve with 
rese,ch!



SNEWPY saves time & av0ds bugs—enabling m(e 
(and m(e reliable) rese,ch!
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Conclusions

Jost Migenda

 

“I spent weeks calculating event rates for two SN models. 
Then I discovered SNEWPY and added two more models in an afternoon.” 

—A. Langella (INFN Naples), about working on arxiv:2306.14717 

"
##

Generic 
problems

Domain- 
specific 

problems

❤ to all the fantastic SNEWPY contributors!

S1ve with 
SNEWPY!

S1ve with 
rese,ch!

https://arxiv.org/abs/2306.14717
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Part 2: SNEWPY & the DSNB

Jost Migenda
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SNEWPY is Under Active Development

Jost Migenda

• v1.6 later this year: 
• adds Yoshida_2016 preSN model, Fischer_2020 and 

Bugli_2021 ccSN models 
• extended cooling tails  (Li+ arXiv:2008.04340; Ekanger+ arXiv:2206.05299)



• Initially focussed on ccSN 

• Recently added preSN model support 

• No explicit DSNB features (yet!), but already used by Ando+ 
(arXiv:2306.16076; https://github.com/shinichiroando/PyDSNB)
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SNEWPY and the DSNB

Jost Migenda

…

snewpy.models snewpy.  
flavor_transformation snewpy.snowglobes

load flux from 
SN simulations

apply flavo(u)r 
transformations

calculate 
event rate

https://github.com/shinichiroando/PyDSNB
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SNEWPY and the DSNB

Jost Migenda

…

snewpy.models snewpy.  
flavor_transformation snewpy.snowglobes

load flux from 
SN simulations

apply flavo(u)r 
transformations

calculate 
event rate

How can we help YOU 

study the DSNB?

https://github.com/shinichiroando/PyDSNB

