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= GT strengths in Ni and Fe Isotopes by new shell
model Hamiltonians, GXPF1J

- Electron capture rates for Ni, Fe, (Co, Mn) isotopes
at stellar environments

- Type-la supernova explosions and nucleosynthesis
>0 Ni(e‘,v)56Co

* rp-process and XRB (X-ray burst)
>>Ni(e~,v)>>Co

" Type-I11 core-collapse supernova explosions
e-capture rates on Fe Isotopes



O New shell-model Hamiltonians in fp-shell:

GXPF1: Honmaet al., PR C65 (2002); C69 (2004)

KB3:  Caurier et al., Rev. Mod. Phys. 77, 427 (2005)
O KB3G A =47-52 KB + monopole corrections
O GXPF1 A=47-66

= Spin properties of fp-shell nuclei are well described
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@®Electron-capture rate in stellar environment
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f7/2 > f5/2 e-capture rates In

J yr stellar environments
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Type-la supernova explosion

Accretion of matter to white-dwarf from binary star

— supernova explosion when white-dwarf mass > Chandrasekhar limit
— 5Nj (N=2)

— °Ni (e, v) **Co Y,=0.5— Y, <0.5 (neutron-rich)

— production of neutron-rich isotopes; more >Ni

Decrease of e-capture rate on *®Ni — less production of >8Ni.

NSE (Nuclear Statistical Equilibrium) calculation Ratio between 38Ni / 3Ni

GXPF1 1 H TIZKB3 FHHEICEEAT, EFHEDAEAKIEIC
THE(RARA—2)DT, BFARELEL,

e-capture rates:
GXPF1J < KB3G
—— Y, (GXPF1)) >Y, (KB3G) e Famiano




Problem of over-production of >8Ni

Tur AstropaysiCAL Journar Suppresent Smmms, 125:439-462. December

NUCLEOSYNTHESIS IN CHANDRASEKHAR MASS MODELS FOR TYPE la SUPERNOVAE AND
CONSTRAINTS ON PROGENITOR SYSTEMS AND BURNING-FRONT PROPAGATION

Koican Iwamoro,"* Franziska Bracawirz,” Ken'icer Nowoto,"** Nosuriko Kiseivoro,'
Hevukr Uszna? W, Rapmaes Hie? ¥ anp Freorica-Kare Toeremad +

Recetved 1999 Jantiary 11, accepled 1999 July 29

and ignition densities to put new constraints on the above key quantities. The abundance of the Fe
group, in particular of neutron-rich species like **Ca, *°Ti, 3Cr, 5*%%Fe, and *®Nj, is highly sensitive to
the electron captures taking place in the central layers. The yields obtained from such a slow central
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rp-process and X-ray burst
(p,y) & B*-decay/e-capture
50Fe(,e*v)®®Mn  OFe(e™,v)*Mn

—> °Ni (e',v)55Co
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e-capture and beta-decay
rates with KBF:

56Ni Langanke and Martinez-Pinedo,
Atomic Data and Nuclear Data
\ Tables 79, 1 (2001)
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Type-11 Core-Collapse SNe
Rates for >*Fe, >>Fe, *°Fe, >'Fe
GXPF1J vs. KBF 050

KBF

- 55 55 - 55 I
55Fc:(e ,v ) Mn Fe(e ,v) Mn 0.48 -
T T T T T 2.0 T T T T T |
ﬂ: ol o 1% GXPFIJKBF svar] [ 0sef
N = 1.6 . ] i
. . o
2t . © pY 10
- é 1.4 ¢ - P 0.44 |-
S 4l R -REY WEIE
— T T pY =10 L TP YPTPRIPI MR T
¥ |~ GXPFU ohe 5 é 1.0 04 10° 102 10" 10°
= — KBF Y10 08 T 0.50 e T
0 2 4 6 8 10 12 0 2 4 6 8 10 12 I '
Tog 0.48]- -
57 - 57 ) -
Fe(e ,v) Mn T
— 0 12t GXPF1J/KBF < BoEy 7Ee :
in 27 9 1.0+ - “Mn H
NS : ' | 25 M.
LT_] _6 . D_44m44_|_luLLLLu_hu¢u_u_uuLu_a_hum_u_Lou_|_|_hm
~ g | o2 08 10 10 10® 102 10" 100
é 10 | E 0.6 Time till core collapse (s)
TD 12 F < 0.4 . .
S My ~ 02 Langanke and Martinez-Pinedo,
RMP 75 (2003)




Rates for >*Fe, *°Fe
GXPF1J vs. KBF
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Summary
* A new shell model Hamiltonian GXPF1J well describes
the spin responses in fp-shell niclel

— new GT strengths in Ni and Fe isotopes

- GT strengths and electron capture rates in °°Ni, >°Co,

BNi , ONi are well described by GXPF1J.
Suzuki, Honma, Mao, Otsuka, Kajino, PR C83, 044619 (2011)

= Effects on Type la SNe nucleosynthesis, rp-process and
XRB, Type-I11 core-collapse SNe are discussed
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