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Including Neutrino Flavor 
Conversions in CCSNe

• We performed the first SN simulations including neutrino 
flavor conversions for 2D models, in a parametric way

NuFront 2024, July 18, 2024



• Two competing effects here 

•                       at the tail 
increases heating
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Including Neutrino Flavor 
Conversions in CCSNe



• Two competing effects 
here 
•                  at the tail 
increases heating
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Including Neutrino Flavor 
Conversions in CCSNe

•                  at the peak 
increases total neutrino 
luminosity 
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Including Neutrino Flavor 
Conversions in CCSNe

• Neutrino FC cannot be ignored blindly in 
CCSN simulations!

NuFront 2024, July 18, 2024
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Including Neutrino Flavor 
Conversions in CCSNe

• We performed the first SN simulations including neutrino 
flavor conversions for 2D models, in a parametric way
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Parametric!
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Including Neutrino Flavor 
Conversions in CCSNe

• We didn’t check the criteria for the occurrence of FCs


• Assuming instantaneous flavor equilibrium (FFCs), the 
equilibrium state was chosen to maximize the impact of FC
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Conserves:

• Momentum

• Lepton number
Yes

No
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• Checking criteria for the occurrence of FCs


• Finding equilibrium state for given initial quantities

AI for Neutrino Flavor Conversions



• FFC could occur when there is crossing in          - 

• Scales on which flavor conversion can occur is now 
proportional to      and could be < 10 cm 
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• The angular distributions are not available, instead we 
have only access to their moments
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Z
d cos ✓⌫ cosn ✓⌫ f⌫(cos ✓⌫)

• AI can detect FFCs based on     and     on the fly

• In M1 closure scheme only the evolution of zeroth and first 
moments are followed directly 
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Criteria for FFCs
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• A classification problem!
• We have four feature here:

      and     for neutrinos and 

  antineutrinos 
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• The error is the same as the error in the noisy labels


Criteria for FFCs

NuFront 2024, July 18, 2024

Parametric distributions


Abbar2022 
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• The error is the same as the error in the noisy labels


Criteria for FFCs

NuFront 2024, July 18, 2024

Parametric distributions
 Realistic data


Abbar&Nagakura2023 
Abbar2022 
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• In the case of the crossings in the azimuthal angle, we 
have 7 input features


Criteria for FFCs

NuFront 2024, July 18, 2024Abbar+20223
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• Assuming instantaneous equilibration

FFC equilibrium state

NuFront 2024, July 18, 2024
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Conserves:

• Momentum

• Lepton number
Yes

No

• Assuming the periodic box 
solution, the survival probability 
can be found analytically  


Nagakura+,Wu+(2022) 
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FFC equilibrium state

NuFront 2024, July 18, 2024

• For a single-energy neutrino gas, NN can predict the 
outcome of FFCs


• Introducing novel features could help a bit
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FFC equilibrium state

NuFront 2024, July 18, 2024

• For a multi-energy neutrino gas, all the energy bins follow 
the same survival probability (if FFC is really fast!) 


Abbar+2023 
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NuFront 2024, July 18, 2024

• The error is lager for the 
multi-energy case


• Feature engineering is 
important


FFC equilibrium state Abbar+2023 
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Summary

NuFront 2024, July 18, 2024

• Neutrino Flavor Conversions cannot be ignored blindly in 
CCSN simulations


• AI can help with this but still lots of issues must be 
addressed



Ehring+2023 
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• Should we get back to slow modes?

NuFront 2024, July 18, 2024

Discussion
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Summary

NuFront 2024, July 18, 2024

• Neutrino Flavor Conversions cannot be ignored blindly in 
CCSN simulations


• AI can help with this 
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• We have four feature here:     and     for neutrinos and antineutrinos 
(one is redundant) 
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I0
<latexit sha1_base64="fajnvfL5CNhxx9DQeGL7ulg5IV0=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZnRJCa3oBe9RTQmkCxhdjKbDJl9MDMrhJBP8OJBEa9+kTf/xslDUNGChqKqm+4uP5FCG4w/nMzS8srqWnY9t7G5tb2T392703GqGG+wWMaq5VPNpYh4wwgjeStRnIa+5E1/eDH1m/dcaRFHt2aUcC+k/UgEglFjpZurLunmC9gtYVItlhB2qxaVoiX4lGBcRsTFMxRggXo3/97pxSwNeWSYpFq3CU6MN6bKCCb5JNdJNU8oG9I+b1sa0ZBrbzw7dYKOrNJDQaxsRQbN1O8TYxpqPQp92xlSM9C/van4l9dOTVDxxiJKUsMjNl8UpBKZGE3/Rj2hODNyZAllSthbERtQRZmx6eRsCF+fov/J3YlLyi65LhZq54s4snAAh3AMBM6gBpdQhwYw6MMDPMGzI51H58V5nbdmnMXMPvyA8/YJPTONyQ==</latexit>

I1
<latexit sha1_base64="S7SUD1XXT7r2xU5/cBbut+gVEqM=">AAACAnicdVDLSgMxFM3UV62vqitxEyyCqyFTqmMXQlEQ3VWwtdCWIZNm2tBMZkgyQhkGN/6KGxeKuPUr3Pk3pg9BRQ/cy+Gce0nu8WPOlEbow8rNzS8sLuWXCyura+sbxc2tpooSSWiDRDySLR8rypmgDc00p61YUhz6nN74w7Oxf3NLpWKRuNajmHZD3BcsYARrI3nFnXMv7YgkgyewE0hM0kvPyUxDmVcsIdspuy5CENnVatV1D6cEVVzo2GiCEpih7hXfO72IJCEVmnCsVNtBse6mWGpGOM0KnUTRGJMh7tO2oQKHVHXTyQkZ3DdKDwaRNCU0nKjfN1IcKjUKfTMZYj1Qv72x+JfXTnRw3E2ZiBNNBZk+FCQc6giO84A9JinRfGQIJpKZv0IywCYJbVIrmBC+LoX/k2bZdo5s56pSqp3O4siDXbAHDoADXFADF6AOGoCAO/AAnsCzdW89Wi/W63Q0Z812tsEPWG+fr12XAg==</latexit>

F⌫ =
I1
I0

<latexit sha1_base64="stHXO5qzV71nHPFwvYneeB7D3xs="></latexit>

↵ =
I ⌫̄e
0

I⌫e
0

Application of Machine Learning
• For training, we use analytical maximum-entropy and gaussian 

distributions 


<latexit sha1_base64="ixBkiFAHI2eLYYmqVf1Y9zGNHOU=">AAACHXicdZBLSwMxEMez9VXrq+rRS7AIFbHsFql6EIpePCrYB3RLyaazNpjNLsmsWIpfxItfxYsHRTx4Eb+NaS2+0AmBye8/w2T+QSKFQdd9czITk1PTM9nZ3Nz8wuJSfnmlbuJUc6jxWMa6GTADUiiooUAJzUQDiwIJjeDiaKg3LkEbEasz7CfQjti5EqHgDC3q5HfCjq/Sos9j42MPkA2fm/SA+nCVFLd9S7YY/SV38gW3tF8pl70K9UruKKglu/Z8kQIZx0kn/+J3Y55GoJBLZkzLcxNsD5hGwSVc5/zUQML4BTuHlk0Vi8C0B6PtrumGJV0axtpehXREv3cMWGRMPwpsZcSwZ35rQ/iX1kox3GsPhEpSBMU/BoWppBjToVW0KzRwlH2bMK6F/SvlPaYZR2tozprwufv/Sb1c8iol73SnUD0c25Ela2SdFIlHdkmVHJMTUiOc3JA78kAenVvn3nlynj9KM864Z5X8COf1HZHroaA=</latexit>

f⌫(cos ✓⌫) = exp(�⌘ + a cos ✓⌫)
<latexit sha1_base64="nnpB5K3fk5v/X96gfk73EyvebJk="></latexit>

f⌫(cos ✓⌫) = exp[�a(1� cos ✓⌫)
2 + b]
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