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The path of the r-process
lies very far from stability,
exploring extreme nuclei at

the limits of nuclear
interaction.
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Z, number of protons

In some nuclei the decay is
quite simple and can be
described with just one state.
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Large-scale calculations

Nucleosynthesis simulations require
data on a large number of nuclei —
systematic calculations are needed.
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In 1997. the first large scale
calculation of beta-decay half-lives
was published based on finite range

droplet model + QRPA.

P. Moller et al., At. Data Nucl. Data Tables 66, 131 (1997)
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In 2003. the reference dataset is published,
again based on the FRDM + QRPA, but
also including the first-forbidden transitions
using a gross statistical calculation.
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L
QRPA calculations

Transitions are obtained by solving the pn-(R)QRPA
equations

(5 2 ) (3 )=m(0 5) ()

Residual interaction is derived from the Lagrangian density
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Decay rate is of the form
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Allowed decay shape factor:
C(W) = B(GT)
First-forbidden transitions shape factor

CW)=k(1+aW +bW ™' 4+ cW?)
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Position of the peak around A = 190

depends critically on the amount of

neutrons available after freeze-out.

Latest calculations provide
systematically shorter half-lives in the
region of heavy nuclei — significant
consequences for the r-process.

M. Eichler et al., Astrophys. J. 808, 30 (2015)
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Beta-delayed neutron emission

In nuclei with small S, an additional process is possible:

(N,Z)

(N-2,Z+1)

(N-1,Z+1)

Beta-delayed neutron emission contributes neutrons at the late stages of
the r-process, after the initial neutron flux has dissipated.
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Data mostly available for nuclei
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small emission probabilities.
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Beta-delayed neutron emission does affect the resulting abundance pattern.
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Calculation based on the finite
amplitude method (FAM) — a
formulation of the QRPA which
allows for a quick determination

of the nuclear response.

The

interaction was also
adjusted to dynamic properties
of select nuclei — improved
description of decay properties.
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QVC correlations push states towards
the Fermi energy — enhancing the
density of states in vicinity of the FE.

Excellent description of GT
resonance in 298Pb and half-lives of
the Ni chain.
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