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1. Electron Capture Reactions in NI Isotopes
- GT strengths In NI and Fe 1sotopes by GXPF1
- Electron capture reactions in steller environments

2. Beta Decays of N=126 Isotones and r-Process
Nucleosynthesis

- Half-lives of the isotones with GT+FF transitions
- Implications on the 3" peak of the r-process
nucleosynthesis



1. Electron Capture Reactions on Ni Isotopes
@ GT Strengths in Ni and Fe Isotopes

New shell-model Hamiltonians in fp-shell: GXPF1, KB3G

GXPF1: Honma et al., PR C65, 061301 (2002); C69, 034335 (2004)
KB3: Caurier et al., Rev. Mod. Phys. 77, 427 (2005)

O KB3G A=47-52 KB + monopole corrections
O GXPF1 A=47-66
- More attraction for T=0 m.e. than G-matrix
- E(1p3/2) — E(0f7/2) ~ 3 MeV cf. ~ 2 MeV for KB3, FPD6

E(2+) B(E2) Ca: New magic number
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fp-shell
B(GT) for 58N

Exp: Fujita et al.
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®Neutral current reaction on 56Nj *Ni-> " Cop
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Synthesis of Mn In Population Il Star
*Ni(v,v'p)®Co, *Co(e’,v)*Fe(e”,v)>Mn
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@®Electron-capture rate in steller environment
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Electron-capture rate on °°Ni

N, v 1>%co

GXPF1: 30% reduction at T,>4
Enhancement at T,<2
compared to KB3G
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2. R-Process Nucleosynthesis and
Beta Decays of N=126 Isotones
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Figure 18. The Agure shows the range of r-process paths, defined by their waiting point nucle.
After decay o stabality the abundance of the r-process progenitors produce the observed solar
r-process abundance disinbution. The r-process paths run generally through neotron-nch nocle
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the ETFS1 mode] and special treatment of shell guenching [79] has been adopted {courtesy of Kratz
and Schatz).



Structure of N=126 Isotones

Z=64-72 (A=190-198): proton-hole states of 2%8Pb

= Shell-model calculations:
Kuo-Herling G + mod.

Steeretal., PR C78, 061302 (2008)
Ryndstrom et al., NP A512, 217 (1990)

Energy levels of Z=77-81 nuclei well described

PHYSICAL REVIEW C 78, 061302(R) (2008)
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Beta Decays of N=126 Isotones
Z=64-72 (A=190-198)

= Shell-model calculations:

Kuo-Herling G + mod. Steeretal., PR C78, 061302 (2008)
Ryndstrom et al., NP A512, 217 (1990)

Energy levels of Z=77-81 nuclei well described
GT (1%) + FF (first-forbidden: 0-, 1-, 2-) transitions
O(")=g,0t_ A(s™)=In2/t="1/8896(s)
0(0)=0, 2P+ 2%ioirlt | =[COF(Z w)pw(w, -w)’dw
C(w) =K, +Kw+K_ /w+K,w

K.: T, [Fxd]'" \=012)

o) =[g, P - % (g,0xr —ig,rlt.
m 2R

0(2_) = I?/%[er]i ps + C{it_ Ve, O  Warburton et al., Ann.Phys.

187 (1988)



Resuts thus far: SM (GT), QRPA, CQORPA etc.
Theoretical half-lives prediction: N=126 scattered
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Shell Model calculations
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r-process nucleosynthesis

Constant Entropy Wind Model

Mys=2.0Mgyy

Rys=10 km

S=400 kg (v, €, €%)

dm/dt=1.1x10° M,

To=(Tog-Tuo)eXP(-t/T)+T g
Ty=9, T,=1

Ye_ini:O.4O

(a) = 0.053 s
(b) 1=0.16 s
Half-lives:

—— Standard (Moller et al.)
Modified



Summary

 Successful description of GT strengths in fp-shell
nuclei by new shell model Hamiltonians; GXPF1

 Fragmented GT strength in NI isotopes

— Decrease of e-capture rates in *°Ni, °8Ni
Isotopes In steller environment at T4 >3 compared
to KB3G

Capture rates depend sensitively on the
distribution of the GT strength at low excitation
energies; e.g. Increase of rates in ®°Ni



- Shell model calculations for beta-decay half-lives
Including both GT and FF transitions

— Very short half-lives for beta decays of N=126
Isotones, waiting point nuclel for the r-process

— The 3" peak of the r-process element
abundances is shifted toward larger mass number

region.
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