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Core-collapse supernova.
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Electron captures in core collapse.

T = 0.5–2.0 MeV,
ρ = 108–1013 g cm−3.
The dynamical time scale set by
electron captures:
e−+ (N, Z )→ (N + 1, Z − 1) + νe

Evolution decreases number of
electrons (Ye) and
Chandrasekhar mass
(MCh ≈ 1.4(2Ye)

2 M�)

Capture rates on individual nuclei computed by:
Shell Model (A < 65)
Shell Model Monte Carlo (A > 65)
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Gamow-Teller strength distributions in pf-shell nuclei.

(n,p) experiments, TRIUMF
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Shell -Model Calculation
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shell model results agree after overall quenching by (0.77)2
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GT strength in multi-shell calculations

No-core shell model calculation of 12C
Gamow-Teller strength shifted to higher excitation energies

M1 and GT strengths in 12C
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E. Caurier, G. Martinez-Pinedo, F. Nowacki
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Collapse abundances
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Presupernova stage
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Pauli blocking of Gamow-Teller transition
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Correlations across N = 40 shell gap

strong deformation in
N ∼ Z ∼ 40 nuclei
SMMC ((fp gds) model space)
deformation due to g9/2 orbital
with W. Nazarewicz, D. Dean
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Electron capture: nuclei vs protons

Capture rate and average energy
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Consequences

With Rampp & Janka (General Relativistic model)
15 M� presupernova model from A. Heger & S. Woosley
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Consequences
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Explosive nucleosynthesis in supernova
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Comparison with observations.

Carla Fröhlich et al., Ap.J., in press (astro-ph/0410208)

Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn
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Effect of neutrinos on nucleosynthesis.

G. Martínez-Pinedo, C. Fröhlich
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Neutrinos from supernovae

Raffelt et al., astro-ph/0303226
Traditional Improved
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Neutrino nucleosynthesis

A. Heger et al, PLB 606 (2005) 258
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Determining inelastic neutrino-nucleus cross sections

T(M1)=     (Lp - Ln)+(gp - gn)Σ tz(i)Si  µN

INELASTIC NEUTRINO SCATTERING ON NUCLEI
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Neutrino cross sections from electron scattering
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Inelastic neutrino-nucleus cross sections

-4
-2
0
2
4

56
Ni

57
Ni

58
Ni

-4
-2
0
2
4

lo
g 10

 [σ
ν

(1
0-4

2  c
m

2 )]

59
Ni

T9=10 K
15 K
20 K

60
Ni

61
Ni

0 10 20 30 40

-4
-2
0
2
4

62
Ni

0 10 20 30 40

Eν (MeV)

63
Ni

0 10 20 30 40 50

64
Ni

large-scale shell model (allowed transitions), finite-T effects
random phase approximation (forbidden transitions)
A. Juodagalvis, G. Martinez-Pinedo, J.M. Sampaio

Karlheinz Langanke ( GSI & TU Darmstadt) Neutrino-nucleus reactions in supernovae Erice, september 16-24, 2005 20 / 25



r-process

T ≈ 100 keV n & 1020 cm−3 implies τn � τβ
(n, γ) � (γ, n) implies Sn ≈ 2 MeV
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Abundances observed in metal-poor stars
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Role of neutrinos during r-process

νe+n, ν̄e+p sets neutron/proton ratio
α effect hinders r-process (Meyer)
νe+A → A′ + e− + free neutrons
ν+A → A′ + ν + free neutrons (post-processing)
changes r-process abundance distribution after freeze-out
(Haxton, Qian, Vogel)
neutrino-induced fission responsible for A ∼ 90 and 132 peaks in
metal-poor stars? (Qian, Fuller, Kolbe)
charged-current reactions can speed up matter flow
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The role of neutrinos during the r-process

νe charge-current interactions can acceler-
ate the flow of matter (λ = λβ + λνe )
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Summary

Improved nuclear ingredients for supernova simulations
Electron capture rates on nuclei
Neutrino-nucleus cross sections
level densities; partition functions
Equation of state; matter composition

The future of nuclear astrophysics is FAIR
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