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(Adapted from Vitagliano, Tamborra, and Raffelt, Rev. Mod. Phys. 045006, 2020)

Solar

Supernova 

Reactor 

Stopped-pion sources

For tens-of-MeV neutrinos, 

the cross section is shaped 

by the nuclear response.

"Low energy"
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Neutrino nucleosynthesis

Collective weak nuclear response:

excitations, transmutations...

Affected nuclei enter the 

nucleosynthesis chain.
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~1058 neutrinos released in 

a matter of seconds.
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~1058 neutrinos released in 

a matter of seconds.

GOAL: 

Global microscopic self-consistent estimates 
of the neutrino-nucleus cross sections .

Neutrino nucleosynthesis
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GROUND STATE EXCITED STATE

Relativistic energy density functional:

Output:

Relativistic QRPA:

Nuclear matrix elements from RQRPA:

Residual interactions from the same EDF:

Density-dependent couplings. Parameters 
fitted once and used for all nuclei.

Effective interaction through meson exchange:
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Relativistic QRPA

3/15



Cross sections
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TWO WAYS TO ESTIMATE THE CROSS SECTION

1| FULL DECOMPOSITION:
2| ALLOWED APPROXIMATION: q 0

• Only two simple q-independent 

  matrix elements.

• Only Jπ = 0+, 1+ transitions 

  survive.

• Connection to experiments 

  through B(GT) ad B(F).

• More complex q-dependent matrix elements.

• Contains all Jπ transitions.

Nuclear current: Many-body problem, nuclear 

response...

Lepton current: Plane waves – kinematics only.
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(E. Litvinova)
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- Develop neutral channel and include muon/tau leptons
- Odd nuclei
- Deformations, nuclear temperature
- Decay channels 
- Higher order correlations

What is next:
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What is next:

- Deformations, nuclear temperature



Thank you for your attention!
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