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Weak-decay rates

Problem :

» Weak-decay rates determine late stages of stellar evolution.
> Experimental extrapolations or theoretical predictions:

Reproduce exp information on T;,, and BGT under terrestrial conditions.

Theoretical approach :

» Deformed HF+BCS+QRPA formalism with Skyrme forces and residual
interactions in both ph and pp channels.

Results : Weak-decay rates at various (p,T) in stellar scenarios

> pf-shell nuclei. Main constituents of stellar core in presupernova
formations: Sc, Ti, V, Mn, Fe, Co, Ni, Zn isotopes.

BGT measured in laboratory (Charge exchange reactions) and compared
with benchmark Shell Model calculations.

» Neutron-deficient waiting-point isotopes (Ni-Sn) at (p,T) typical of rp-
process.

> Neutron rich Zr-Mo isotopes: r process.




Weak decay rates
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Phase space factors
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Hartree-Fock method
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How to extract a single-particle potential U(k)

out of the sum of two-body interactions W(k,I)
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Hartree-Fock: Selfconsistent method to derive the single-particle potential

Variational principle: Search for the best Slater det. minimizing the energy

Assume that the resulting residual interaction is small




Skyrme effective interactions

Two-body interaction: zero-range limit of a finite range force
* leading term: delta-function with strength t, and spin exchange x,
- leading finite range corrections t;, X, , t,, X, (finite range = momentum dependence)

- short-range spin-orbit interaction with strength W,

Short-range density-dependent two-body force t;, x5,
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Parameters (10) fitted using nuclear matter properties and ground state
properties of a selected set of nuclei (binding energies, charge radii,...)
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Skyrme Hartree-Fock

Schroedinger equation
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Axially symmetric deformed nuclei
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Pairing correlations in BCS approximation
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Fixed gaps taken from phenomenology
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Residual interactions

‘Par"ricle-hole residual interaction consistent with the HF mean field \

vV, ——Z[1+( )**'o, az}[1+( )z,

StS t'

2
} f = — 5(r1—r
Op4 (1) 0P (I,)

TN G AP PR el

1 2 — == — (= =
=E[_4t —2tkZ + 2t kZ — 33,0 }01-0271-125(r1—r2)

— S5°E

Average over nuclear volume

q

Separable forces

(

K=0,%1

Vdr =214 2 -D° BB Pr =0yt _Z<V‘GK‘7Z->a:aﬂ

VA%

3 1 1.
Zepg = —3{t0+_k§ (tl_t2)+€t3p }

PP _ o, .Pp
Vor = —2K¢7
\ K=0.41

(-D" PSPy,

 87R 2
7z>aj a-
T

P =Z<‘/‘(UK )

v




pPnQRPA with separable forces
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Single-particle states from deformed Skyrme Hartree-Fock
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Stable nuclei in Fe-Ni mass region: Theory vs experiment

— HF+BCS+QRPA
— Shell Model
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Weak decay rates in pf-shell nuclei
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Weak decay rates in pf-shell nuclei
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Weak decay rates in pf-shell nuclei
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Weak decay rates in pf-shell nuclei
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Exotic Nuclei : Nuclear Astrophysics

X-ray bursts: Source of intense X-ray emissions generated
by thermonuclear runaway in the H-rich environment of an
accreting n-star, fed from a binary red giant companion.

Nucleosynthesis mechanism: rp capture process

rp-process: Proton capture reaction rates are orders of
magitude faster than the competing §*-decays.
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Medium mass neutron deficient isotopes
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Gamow-Teller strength distribution
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Gamow-Teller strength distribution
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Gamow-Teller strength: Theory and Experiment

ISOLDE: Total absorption spectroscopy
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B*/EC half-lives: Theory and Experiment
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Weak decay rates in rp-process
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Deformed pn-QRPA

B(GT) and T,,,: Good
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Weak decay rates in rp-process
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Weak decay rates in rp-process
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Weak decay rates in rp-process
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Zr-Mo neutron-rich isotopes
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Zr-Mo B(GT)
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Zr-Mo Half-lives
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Shape dependence of GTdistributions in neutron-deficient Hg, Pb, Po

isotopes
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Shape dependence of GTdistributions in neutron-deficient Hg, Po isotopes
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Conclusions

Nuclear structure model (deformed Skyrme HF+BCS+QRPA)

0 Nuclear structure in different mass regions, astrophysical
applications.

0 Reproduce half-lives and main features of GT strength
distributions extracted from beta-decay and/or charge
exchange reactions.

0 Weak-decay rates at (p,T) typical of astrophysical scenarios:

» pf-shell nuclei (presupernova): EC rates from QRPA
comparable quality to benchmark SM calculations.

» Neutron-deficient WP nuclei (rp-process): EC/B* compete
» Neutron-rich Zr-Mo isotopes (r process).




