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weak rates in stellar evolution

Type la Supernovae (accreting white dwarfs)
 e-capture controls isotopic composition
* e-capture constrains ignition density & burning front speed
« Type ll Supernovae (core collapse)
 e-capture strongly affects pre-collapse trajectory
 e-capture modifies properties of the core
* nuclei of importance: pf and sdg shell (stable & unstable)
« [-decay becomes important in later stages (neutron-rich nuclei)

» rates based on different models (independent-particle, large-scale shell-
models, Monte-Carlo shell-model) lead to large differences in stellar

evolutionary track:
—experimental tests and validation of weak rates is crucial
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ec-rate ratio of FFN/SMFA
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weak rates and charge-exchange reactions

® eclectron-capture«>AT,=+1 CE reactions
® [-decay«<>AT,=-1 CE reaction
® allowed transitions

 Fermi

« Gamow-Teller

® transitions from thermally populated
states: not accessible in experiment
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charge-exchange probes
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B(GT+)/50 keV

B(GT+)

Some spectra
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extracting Gamow-Teller strengths

isospin syminety
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...and compare with theory
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analysis
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An example in the pf-shell: e-capture on 8Nj

B(GT) normalized via T=2 analog excited via ®8Ni(°He,t) — H. Fujita et al.
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— large-scale shell model KB3G interaction

- large-scale shell model GXPF1 interaction
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Strength and comparison with theory

16 @) = SM KB3G folded
1.4 —— SM GXPF1 folded
1.2 @ “°Ni(t °He)

1 ¢ O °Ni(d’He)
0.8
08 | . t

- 0 2 4 6 8 10

_ E,(*Co) (MeV)

1.6 i—b) —  SMKB3G folded
1.4 SM GXPF1 folded
1.2 ® PNi(t,’He) folded

" AT LA SN
0.8 | Al
s} | +|i

08| F |
02 |
TS

6 8 10
E,(**Co) (MeV)

The Final Days of Burning

« EXperimental resolution is important

e Systematic error in experimental strength
normalization ~25% (interference
between AL=0 and AL=2 (both AS=1)
amplitudes: one-body transition densities

are important to estimate this (obtds by K.
Honma, error does not depend strongly on
interaction)

« Calculations with different interaction
better reproduce different parts of the
spectrum

e Summed strength ~4 for all experiments
and theory



weak rates in the stellar environment
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e-capture on °8Ni (neglected contributions from transitions from excited states)

calculations by S. Gupta
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...In more detall

* At low densities &
temperatures: rates
sensitive to details of
strength distribution

* At higher densities and
temperatures and
densities, rates become
more sensitive to mean
and width of strength
distribution

The F



... and more

Gamow-Teller strength
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data needs?

*Which nuclei are important to measure? Guidance from
astrophysicists is important.

What kind of accuracy is needed? Can we do more
than ‘just’ comparing B(GT)s?

eUnstable nuclei? If measurements become feasible,
which are the key nuclei? (Resolutions will likely be
poor ~1 MeV) (n,p) direction will likely be more difficult

than (p,n) direction. Is (p,n) sufficient to test the
Interactions?

How to extract dipole strengths?

Dmitriev, Austin, Zelevinsky Phys. Rev. C 65, 015803 (2002)
The'Final Days of Burning
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theory needs?

*|s it possible to improve interactions based on measured strength
distributions? To what extent is it needed?

*|s it helpful to make a data base of experimental strength distributions?

o Stellar evolution simulations with strength distributions produced using
KB3G and GXPF1?

* For heavier masses: test and improve large-scale shell models/QRPA

 (one-body) transition densities are needed to test systematic
uncertainties in the data: normalization of exp. B(GT) and to test details

of the response (now able to read in QRPA TDs in reaction codes — G. Colo, S.
Fracasso, R.G.T. Zegers)

*In unstable nuclei, (non-collective) low-lying dipole (forbidden weak
transitions) strength can be expected. Does it matter? (v-process,
medium enhanced v-flavor conversion just after core-
bounce—energetic v's)

The Final Days of Burning



Spin-isospin modes in unstable nuclei:charge-exchange in inverse kinematics
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counts

wavelet scale (MeV)

The fine structure of giant resonances
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