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@ Introduction:

Theoretical beta-decay study in nuclear physics

Beta decay :a weak interaction

p Half-life : essential quantity. understanding nuclear structure (nuclear matrix element)

Delayed neutron from n-rich nuclei : usage of atomic energy safety, -process nucleosynthesis

p Decay heat from actinides : usage for atomic energy safety
P Neutrino : neutrino-nucleus reaction, neutrino from nuclear reactor, etc.

Theoretical approach

p (Configuration) Shell model:
e K. Langanke, et al. = r-process (neutron-rich)
e T Otsuka,etal
e A.Brown et.al,

p  Quasi-particle Random-Phase-Approximation (QRPA):
e FRDM+QRPA (P.Moller, K.-L. Kratz, et al.)
e HFB+QRPA (M. Bender, et al., others) —entire region in nuclear chart
e DF3+QRPA (l. Borzov, et al.)
o etc.

p | Macroscopic approach
e Gross theory (GT) (T. Tachibana, K. Takahashi, M.Yamada, et al.)

— light nuclei, double beta decay

Microscopic

Macroscopic

L>global calculation, half-life, delayed neutron, decay heat, neutrino, etc.
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Nuclear B-decay and delayed neutron

Schematic view of beta-decay
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Strength function of beta-decay
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Nuclear beta-decay and gross theory

Overview of gross theory
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Cachibana et al., Proc. ENAM95 (1995)—>GT2

_/

4

H.K.,S. Chiba, Energy Procedia 71, 228 (2015)



@

Component of beta-decay calculation
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@ Examples of the gross theory

T1/2 Systematics of neutron-rich nuclei
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@ Improvement of the gross theory
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Microscopic treatment has not been done in the gross theory.
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Single-particle level
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@ [Method| Improvement of the gross theory ax®

Matrix element of gross theory

Fone—particle level densities in the gross theory X - g
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JEstimates single-particle spin-parity of nuclei only for small deformed one.

oin and parity: Woods-saxon potential?. Defamation: the KTUY mass model!)

1)H. Koura et al., PTP 113 (2004), 2)H. Koura et al., NPA 671 (2000)

(2)If the parities of neutron and proton is different (+ and -, or - and +)
—suppress the components of the allowed transition without the matrix element
of |Mac-c(E)|?




@  Theoretical models of masses and single-particle levels Gx¥

Ground-state masses: spherical-basis model |\ | Single-particle levels: Modified Woods-
(KTUY) Saxon pot.
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@ |Results]

1 :Half-lives (Local)
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Thursday’s Afternoon at Morus: R648 by T.Yoshida

‘Analysis of reactor-neutrino spectra fully based on the gross theory -+’
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@ Vi

Conclusion

® Gross theory of beta-decay is improved on the nuclear structure:
Parity-mismatching is considered for the allowed transition

¥

(0 Discrepancies of half-lives from experiments are systematically improved )

CO Programming codes is developed as a project on delayed neutron study )

) 4

® Beta decay and accompanying processes are calculated with various versions of the
gross theory.

4 )




