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CCSNe and 
Neutrinos
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Core-collapse supernova (CCSN)

4

>8 𝑀
☉

, Iron fused 

in core, radiation 

pressure decreases
𝜈

Infalling material 

bounces off core, 

pressure shock 

wave
Neutrinos revive 

shock, cooling 

protoneutron star
[1]

~1.4 𝑀
☉

 core collapses,

𝑒− + 𝑝 → 𝑛 + 𝜈𝑒 ,
neutron degeneracy

[1] Burrows and Vartanyan 2021



5



6



Neutrinos from CCSNe

• 𝒪(10) MeV neutrinos 
emitted over ~10s
 Approx thermal emission

 Accretion → higher energy 
neutrinos

 PNS cooling → lower 
energy neutrinos

 > 50% of energy 
liberated in cooling phase
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Early accretion phase

Late cooling phase

[1]

[1] Bollig+ 2021



CCSNe give rise to the DSNB
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DSNB Modeling 
Ingredients
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DSNB modeling ingredients
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DSNB modeling ingredients
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Factor of ~10 in overall flux predictions
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[1] Ekanger+ 2022, Impact of late-time neutrino emission on the DSNB

[2] Madau and Dickinson 2014

[3] Abe+ 2011
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Updating neutrino emission modeling

• Tune analytic function to 
simulation data

• ~5s sim data + >5s analytic 
function

• Done for many progenitors

12[1] Ekanger+ 2022, Impact of late-time neutrino emission on the DSNB

[2] Ekanger+ 2023, DSNB with up-to-date SFR measurements and long-term multi-D SN simulations

[1], [2]



Updating rate of core collapse

• Directly measuring difficult, rely on indicators of star formation rate: SFRD ∝ 𝐑𝐂𝐂
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[1]

[1] Ekanger+ 2023, DSNB with up-to-date SFR measurements and long-term multi-D SN simulations



Updating rate of core collapse

14

[1]

[1] Ekanger+ 2023, DSNB with up-to-date SFR measurements and long-term multi-D SN simulations

• Directly measuring difficult, rely on indicators of star formation rate: SFRD ∝ 𝐑𝐂𝐂



Detecting the DSNB
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• Super Kamiokande (SK), 
water Cherenkov

• IBD: ҧ𝜈𝑒 + 𝑝 → 𝑒+ + 𝑛

 *Gadolinium upgrade (SK-Gd)

• ~ 𝟑 𝐲𝐫−𝟏, ~ 𝟓 𝐜𝐦−𝟐 𝐬−𝟏



Detection Prospects
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Recent limits

• SK-Gd probing most 
optimistic models

• Publicly available Python 
code to estimate the DSNB 
flux

 Green, Blue, Orange created 
with code
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[1] Ando, Ekanger+ 2023, Diffuse neutrino background from past CCSNe

[1]

‘PyDSNB’



Projecting DSNB detection

• SK-Gd and JUNO 
currently running

• Large uncertainties

• Reducing background 
rate

• Potential detection by 
2030
 Significant by 2035
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[1] Ekanger+ 2023, DSNB with up-to-date SFR measurements and long-term multi-D SN simulations
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Additional neutrino experiments
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JUNO:
-Running

-Backgrounds

HK:
-Scaled-up SK

-SK techniques

-Gd?

DUNE:
-Cross section

-Backgrounds



Summary
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Summary

• Diffuse signal of ~10 MeV neutrinos from SNe →
DSNB

• Updated DSNB modeling
 Simulations and analytic techniques → neutrino 

emission

 Star formation rate measurements → core collapse rate

• Detection on the horizon with current and future 
detectors
 SK-Gd + JUNO → 2030s, also HK, DUNE
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Backup Slides
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Correlation method for late phase

• Correlation with long term 1D simulations
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Detector stats and SFRD database

• SK-Gd (22.5 kton, 9.3 – 31.3 MeV)

• JUNO, HK, DUNE
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SFRD database



Error plots
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Detection rate equation
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SFRD binning

• Simple and weighted averages
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[1] Ekanger+ 2023, DSNB with up-to-date SFR measurements and long-term multi-D SN simulations

[1]



SK-Gd upgrade
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