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no direct connection to the

limited by huge model-space
underlying NN interaction

dimensions
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new effective interactions and IT-SM: extension of shell model
operators derived in ab initio to larger valence spaces
framework
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Valence-Space Shell Model — Overview
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in many cases:
[cv|=~0
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Importance Truncation — General Concept

m start from an initial approximation for the target state in a

subspace of My
[Wref) = Z Cs/ref) |Pv)

VEMyef

m 15t-order correction to [Wref) in MCPT defines importance
measure K, for basis states |,) & M ef
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m construct IT model space M;t:
include all basis states with |kv| > Kmin

m solve eigenvalue problem in IT model space
— improved approximation for target state
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Importance-Truncated Shell Model

CSetal., PRC93, 021301(R) (2016)
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Energy-Variance Extrapolation

Kmin [107°]
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Highlights: pfgs/,-shell nuclei ®*Zn and **Ge

m shell-model calculations for 0Zn and 4Ge not feasible in pfgs,-shell

CS et al., PRC 93, 021301(R) (2016)
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m slow convergence for ®4Ge due to strong deformation

m variance extrapolation corrects for different truncations and

yields excellent agreeement with MCSM
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Effective Interactions from Chiral Potentials

m several ab initio approaches allow for calculation of nonperturbative
effective shell-model Hamiltonians and operators from chiral
potentials: NCSM, CC-El, IM-SRG, ...

m test new effective interactions derived in IM-SRG using IT-SM and
IT-NCCI in single- and multi-shell valence spaces
K. Tsukiyama et al., PRC 85, 061304 (2012)

S. Bogner et al., PRL 113, 142501 (2014) X

m IM-SRG flow equation

e decouples inert core from
all possible excitations

e decouples states with
Ay valence nucleons from
excluded space
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IM-SRG Interactions for sd Shell
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IM-SRG Interactions for sdpf Shell
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m problems with multi-shell spaces: spurious intruders destroy
spectrum
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IM-SRG Interactions for sdpf Shell
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m problems with multi-shell spaces: spurious intruders destroy
spectrum

m removal of intruding spurious states does not lead to stable results
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Summary and Outlook

Summary

m |[T-SM extends valence-space shell model to larger valence spaces in
excellent agreement with exact results

m progress in derivation of nonperturbative effective interactions and
operators from chiral potentials in ab initio approaches

m derivation of nonperturbative effective interactions for multi-shell
valence spaces in IM-SRG challenging

Outlook

m systematic study of single- and multi-shell effective interactions and
operators from IM-SRG and CC-El

m IT-SM for island of inversion using new effective interactions
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Epilog
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