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Neutrino flavor induces uncertainty

Ehring et al. (2023) 
PRL 131(6):061401
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Electron Neutrinos are Special

Need accurate neutrino transport to extract physics from observed neutrinos, gravitational waves, and light.
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AMReX-based Flavor Simulation
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SR et al. (2021b)
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Amount of flavor transformation 

depends on the angular distribution.

What does the FFI look like?

Sherwood Richers



Flavor transformation
modifies nucleosynthesis
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Qiu, Radice, SR, Bhattacharyya 2503.11758



Many-Body Neutrino Hamiltonian
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Pantaleone (1992)
Balantekin & Pehlivan (2006)
Cirigliano, Sen, Yamauchi (2024)
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Hybrid Many-Body Simulation
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Tensor Networks for Many-Body Physics
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Why would you do that?

Efficient Approximation Local Interactions

Sherwood Richers 10

2𝑁 parameters 2𝑁𝑚2 parameters

Ahmadi-Asl et al. (2023) arXiv.2305.05030. 



Full Timestep
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Is flavor instability a lie?
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Enabling large
simulations
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Ahmadi-Asl et al. (2023) arXiv.2305.05030. 



Scaling to large N
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Data Set 𝜺𝑹𝑴𝑺 (𝝁−𝟏) 
log

𝜺𝑹𝑴𝑺 (𝝁−𝟏) 
sqrt

tol=0 0.036 0.050

tol=10−5 0.023 0.107

Sherwood Richers

a =  4.38 ± 0.05
b = -1.69 ± 0.14



Conclusions

Many-body neutrino plasma 
model seems to predict 
fast many-body effects

Limited by:
• Small system size
• Truncated Hamiltonian
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