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. Neutrino opacity of N. M.: an astrophysical scenario

v' From a qualitative point of view...
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. Neutrino opacity of N. M.: an astrophysical scenario

v ...to a quantitative description

Improved models of stellar core collapse and still no explosions:
What is missing?

R. Buras, M. Rampp, H.-Th. Janka, and K. Kifonidis®

! Max-Planck-Institut fiir Astrophysik, Karl-Schwarzschid-Str. 1, D-85741 Garching, Germany
(Dated: February 2, 2008)

Two-dimensional hydrodynamic simulations of stellar core-collapse with and without rotation are
presented which for the first time were performed by solving the Boltzmann equation for the neutrino
transport including a state-of-the-art description of neutrino interactions. Although convection
develops below the neutrinosphere and in the neutrino-heated region behind the supernova shock,
the models do not explode. This suggests missing physics, possibly with respect to the nuclear
equation of state and weak interactions in the subnuclear regime. However, it might also indicate a
fundamental problem of the neutrino-driven explosion mechanism.
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{ : Looking at microscopic world. ..

V' Modelling neutrino-matter interaction
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... Weak interacting system

V' You need just (at least in principle) Z = Z ESuN)
N2

v’ Effective interaction between particle and hole

v Low-momentum response O

Ly 7 e
Ring approximation (low q) O O
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... Interacting Landau Fermi Liquid
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v Able to treat strong-interacting system but 7" — 0 q
V' Low-lying energy states obey ‘\‘
the same principles of the ideal states O
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fa -

v/ States are linear comb. of ”elementary (collective) excitations”:
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(! Interacting Landau Fermi Liquid

v Landau Fermi theory: Dynamic Response (low q)
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V' Energy Spectrum
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... Interacting Landau Fermi Liquid

v Landau Fermi theory: Dynamic Response (low q)
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.} How can we get these parameters?

No experiments available

V' Effective N-N interaction in medium  —> CBF theory
(Correlated Basis Function)

4+ Variational method
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{_» CBF: looking for the f

+ 27 order (two-body) cluster approximation
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{3 Landau-CBF mixing

Y Energy per nucleon
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v General adimensional Landau parameters

F(q) = (Fr1(q) — F1,(q))/2 F*(a) = (Fir(q) + Fri(a))/2

q=k-k
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{3 Landau-CBF mixing

v' Finally...the Landau parameters

F>%(cos€) = V N (0) f7%(cos§) = a| = 2kp sin(£/2)







{ » CBF and Landau-CBF...are they comparable?

v’ Static properties

oV
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.} Static properties of matter

v’ Static properties

v Reid6

4 Reid

+ AU (MC)
= AU6’ (MC)

Data from: §S. Fantoni, A. Sarsa and K.E. Schmidt, Phys Rev Lett 87, 181101 (2001)
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‘. Dynamic Response of neutron matter

density-density response function

spin-spin response function
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TIwamoto et al., Phys. Rev. D 25,313 (1982)
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‘. Dynamic Response of neutron matter

density-density response function spin-spin response function
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density-density response function spin-spin response function
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v' Neutrino mean free path

kKT > qup

V' Phase space
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_» Summary and perspective

v CBF theory is used to model the low-energy, interacting hamiltonian Hj,;
in dense matter

v' Evaluation of Landau parameters: No discrepancy within the static
properties

v' Landau dynamical response

» Neutrino mean free path and finite-temperature effects

» Extension to asymmetric nuclear matter in 3-equilibrium
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