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: neutrino sphere : neutrino flavor oscillation

: neutrino emission : neutrino scattering

: neutrino absorption

𝜐 are emitted from:

(1) Electron capture

(2) Pair process

(3) URCA ?

(4) …

𝜐 are scattered by:

(1) Electrons

(2) Nucleons

(3) Nuclei

(4) Quarks?

(5) …

𝜐 are absorbed by:

(1) Electrons

(2) Nucleons

(3) Nuclei

(4) …

1. Neutrino sphere location 

2. neutrino oscillation 

3. neutrino spectra

1. The speed of 

reaching equilibrium 

2. Ye distribution

3. Bulk viscosity and so 

on…

The emission, scattering, and absorption 

rates depend on component, thermal 

properties, and interactions of dense matter 

Neutrinos in compact stars
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Nuclear 

models

Microscopic neutrino reactions Macroscopic compact star properties

J. Phys.: Conf. Ser. 665 012063 S Gandolfi and A W Steiner 

Goals (Dreams?): Self-consistent nuclear models 

describing both macroscopic compact star properties 

and microscopic neutrino interactions inside the stars

Self-consistency?

What does it mean?

How challenging it could be?
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I’m a 

proton

I’m a 

neutron

That’s it….

𝜐
𝜐/𝑒∓ 𝜆−1=𝜎0

𝑛/𝑝
× 𝑛𝑛/𝑝

𝜐
𝜐/𝑒∓

We’re 

fermions!
𝜂 = 2න

𝑑3𝑝𝑛/𝑝

2𝜋 3
𝑓𝑛/𝑝(1 − 𝑓𝑝/𝑛)

𝜆−1=𝜎0 × 𝜂
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Self-consistency: 𝑌𝑒,    density

Stephen W. Bruenn , ApjS, 58:771-8411(1985)

(most nuLib data is based on this version)

Self-consistency: 𝑌𝑒,  density,  𝜇𝑛, 𝜇𝑝, 𝜇𝑒, T

Semi-classical 

approximation

Quantum 

system



We have 

particle-holes…

We’re interacting with each 

other…

𝜐 𝜐/𝑒∓

𝜆−1 = 𝜎0න𝑑𝑞𝑑𝑞0𝑆 𝑞, 𝑞0 …

𝜐 𝜐/𝑒∓

We need 

conservation rules

We have spins!

𝑆 𝑞, 𝑞0

𝑆𝑉 𝑞, 𝑞0   𝑆𝐴 𝑞, 𝑞0   
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Self-consistency: …, +𝑈𝑛, 𝑈𝑝, 𝑀𝑛
∗, 𝑀𝑝

∗ 

Self-consistency: …, +𝑉𝑝ℎ
𝛼

Mean-field

RPA

Spin-independent Spin-dependent

S. Reddy, et al., PRD 58, 013009 (1997)

S. Reddy et al., PRC 59, 2888(1999) 

A. Burrows et al,, PRC 58, 554 (1998)

C. J. Horowitz et al. Phys. Rev. C 95, 

025801(2017)



Do we have enough information to 

perform self-consistent calculations?

Our ignorance of spin-dependent nucleon-nucleon 

interactions results in larger uncertainties of axial current 

neutrino-nucleon reaction rates. 

Zidu Lin, Andrew W. Steiner, and Jérôme Margueron, Phys. Rev. C 107, 015804
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𝝊𝒆 𝒆−

w
NS:

Nuclei:

THE GAMOW-TELLER (GT) TRANSITION 
IN NS AND NUCLEI

𝐸𝐺𝑇

𝑚0%
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Consider many single-particle 

states in a self-consistent model

(this work)
A few Experimental single 

particle state energy as inputs of 

the schematic calculation 

Brown and Rho, NPA 372(1981)397-417
Bertsch, NPA 354(1981)157c-172c

A self-consistent calculation of 

single-particle energies and 

residual p-h interactions
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Zidu Lin, Gianluca Colò, A. W. Steiner, Amber Stinson, arXiv:2506.05564
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Zidu Lin, Gianluca Colò, A. W. Steiner, Amber Stinson, arXiv:2506.05564

Uncertainty

due to 

ignorance of 

symmetry 

energy at 

n=0.02 fm-3  

T=10 MeV

Ye=0.05

𝐸𝜈=30 MeV
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Zidu Lin, Gianluca Colò, A. W. Steiner, Amber Stinson, arXiv:2506.05564

Ground&

excited 

states of 

finite nuclei

Infinite dense 

matter 

properties
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Colored curves:  
𝐸𝜐

𝑇

Solid curves: RPA

Dashed Curves: MF

 

Z. Lin, S. Rath, P. Hammond, F. Foucart , A. W. Steiner, In preparation
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To understand the influence of microscopic nuclear many-

body calculations on macroscopic numerical simulations. 

A calculation at representative environment is not enough.

MANY many-body calculations at various conditions are 

needed

Need for high-fidelity 

many-body calculations 

(from nuclear physics side)

Need for high-resolution 

and wide-spreading grids 

of 𝜐 opacity

(from simulation side)  

T<5 MeV

5<T<20 MeV

20<T<60 MeV

T>60 MeV
0<

𝐸𝜐

𝑇
<3 3<

𝐸𝜐

𝑇
<18 

𝐸𝜐

𝑇
> 18 

Exact RPA calculations + Gaussian Process (GP)

: Exact calculation

(already costed 

200 k CPU hours)

: GP

Z. Lin, S. Rath, P. Hammond, F. Foucart , A. W. Steiner, In preparation
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GP:

Prob( Ԧ𝐹𝑝𝑟𝑒| Ԧ𝐹𝐷)

GP gives conditional probability of 

interpolated (extrapolated) 

neutrino many-body correction 

based on the data (with/without 

uncertainties)

Z. Lin, S. Rath, P. Hammond, F. Foucart , A. W. Steiner, In preparation
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𝑌𝑒 distribution in 

the first 6 ms 

after the merger

Many-body correction 

ratio on

𝜐𝑒 + 𝑛 → 𝑒− + 𝑝

(Very ) Preliminary

Credit to F. Foucart, S. Rath, P. Hammond

New opacity in BNS mergers
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Thanks!



Backup



Solving for RPA equations

E. S. Hernandez, J. Navarro, and A. Polls, Nucl. Phys. A 658, 327 (1999).

J. Margueron, J. Navarro, and N. Van Giai, Phys. Rev. C 74, 015805 (2006)
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