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Z, numher of protons

In some nuclei the decay is quite
simple and is dominated by a single
allowed transition from the parent
ground state.
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Shell model calculations are usually
precise — but limited to nuclei around
the closed proton and neutron shells.
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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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QRPA calculations are numerically
less expensive — method of choice
for large scale calculations.

Self-consistent calculations are able
to use a single interaction. Choice
of interaction is critical for a good
description of decay half-lives.
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First-forbidden transitions can contribute a large 10 e e
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Large-scale calculations

140 £ fi-decay haf-ife . In 1997. the first large scale
120 E & calculation of beta-decay half-lives
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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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Statistical learning methods have also

been applied to the problem of beta-decay

half-lives.

Model is based on a fully connected -
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artificial neural network attempting to learn

the behaviour of nuclear decay properties.
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Deviations do not show
any dependence on the
experimental half-lives —
all data have the same
weight in the learning
process.
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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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Impact on the r-process ...

RN LR RN RN R RN RN AR RN RN AR RN ARR RN RN LR RRRRRRRRE] T 120
2 | ] 4
10 E E 100 m
i ] 80 M 2
N 60 . 0
40 i | 2
20 F i -
4
0 ] ] ] ]
0 50 100 150 200 250
N
120 w \
110 [ +5
100
90

Latest calculations provide
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Half-lives have a significant impact
on the abundance pattern.

Third peak is particularly sensitive
to the changes.

The result is valid for varying
astrophysical conditions.
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Sensitivity studies provide information
on the importance of particular nuclei
in the r-process simulations.

Variation of beta-decay half-lives of
each nucleus produces changes in
the total abundance pattern.

For different astrophysical scenarios,
similar regions appear to be important
in the description of heavy element
creation.
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Monte Carlo methods
applied to the study of the
sensitivity of r-process
abundances to beta-decay.

Even though general
structure of the abundance
pattern remains, changes in
beta-decay half-lives
produce a large variance in
the abundance pattern.

Studies may help indicate
which nuclear inputs are
important for heavy element
nucleosynthesis simulation.
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Beta-delayed neutron emission

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

"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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Conclusion and outlook

« Large-scale calculations of beta-decay rates are both computationally
and theoretically demanding undertaking.

* Progress of experimental facilities provides data on increasingly exotic
nuclei — extremely helpful in constraining models.

« Decay rates of neutron-rich nuclei have a significant effect on the r-
process abundances — it is important to constrain them as much as
possible.

« New theoretical approaches (finite amplitude method and particle-
vibration coupling) will enable a more complete treatment of nuclear
decay and provide a detailed description of transition spectra at low
energies.



