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Netrinos 1n Massive stars
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Binary Neutron star mergers (BNS)
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Neutrino-dense matter interactions

X.Du et al. (2021)
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Structures of dense matter are very different,

depending on (n, T, Ye)!
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We focus on neutrino-nucleon interactions @

today!



Neutrino-dense matter interactions

(We focus on neutrino-nucleon interactions today)

Free-space neutrino-nucleon interaction
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Because of “in-medium” corrections
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An 1llustration of “‘in-medium effect”

S(q 0> q) at mean field level.
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At MF level, such a correction mainly result from energy conservation & Pauli principles @




E_nu=30 MeV, T=10 MeV

E_nu=30 MeV, T=10 MeV
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THEORETICAL FRAMEWORK OF OUR NEUTRINO
CODE
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EoS consistent with our neutrino code
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As density increases...




The Main idea of our neutrino code:

PARTIAL WAVE ANALYSIS
OF N-N SCATTERING
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Astronomical observations (CHnstrain Provides Input .‘

EoS %8 5.:

EoS serve as a bridge

Lab observables of nucleus connecting the astronomical
properties observations/nuclear
‘ experimental measurements
with neutrino-dense maftter ,
interactions @



Main Results: 1) the inverse mean free path (IMFP)
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Main Results: 2) Relative uncertainty of IMFP
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Main Results: 3) Correlations between IMFPs and EoSs
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Discussion: 1) How does EoS have an influence on IMFP?
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We need to understand
density-dependent
symmetry energies and
nucleon residual interactions
to describe neutrino-nucleon
interactions in massive stars!




Discussion: 2) Current understanding of IMFPs?
J.D. McDonnel et al. 2015
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Discussion: 2) Current understanding of IMFPs?
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The axial-vector part of IMFPs
are relating to spin-
dependent properties of EoSs!
They are poorly constrained!

Much Larger uncertainties! €



Discussion: 3) How to constrain IMFPs in CCSNe/BNS?
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TAKE-HOME MESSAGES

. Many-body corrections on neutrino-nucleon interactions are dependent on
the underlying EoSs
. Relevant densities for neutrino-nucleon interactions in CCSNe/BNS range
from sub-saturation to supra-saturation densities. So, to have a full
understanding of neutrino opacities in massive stars, we need information
about density-dependent EoS symmetry energies/effective mass/residual
interactions!
. Constraints on traditional EoSs are usually spin-independent. However,
spin-isospin properties of the EoSs are very important for neutrino-nucleon
interactions!
. By conducting neutrino opacity calculations consistent with underlying
EoSs, experiments/observations that constrain EoSs indirectly constrain the
properties of neutrino-nucleon interactions in massive stars!
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