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Status of Ab-initio calculations of nuclei, from QCD to the neutron star
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Most nuclei are deformed
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Quadrupole deformation of the nuclear ground states
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Many-body correlations in the atomic nuclei, Coupled-cluster method
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Reference state

: Particle-hole excitation on top of the reference
e.g., HF mean field
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Reference state = New Vacuum (void particle-hole excitations)
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The nuclei have a deformed mean-field (multi-reference)
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Static correlation (non-dynamic) and dynamic correlation
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Static correlation Dynamic correlation

A few state coupled to the
reference, but individually, have

big contribution to correlation Many states, small
eneray. contribution individually, large

contribution in total

Scales exponentially Polynomial scale
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* Limited to A< 18 Challenge to Coupled cluster



Dynamic correlations in CC

All dynamic correlations, three-particle-three-hole

Can be renormalized to CCSD

Dynamic correlations from 3p3h can be replaced by a short-range three-body force
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We get CCSDT energy on CCSD level with renormalized CC



The tailored coupled cluster method, static correlations

inactive particle

Static correlation,
configuration interaction
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Dynamic correlations,
CC size-extensive, polynomial scale
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“Static correlations in nuclear many-body system”, ZH Sun, GH, TP, in preparing.



Ssummary

* We find, Dynamic correlations from high-order particle-
hole excitations, can be efficiently captured by
renormalized CC (short-range three-body)

e Static correlation are responsible for the spontaneous
symmetry breaking, failure of CC. efficient approach
still desired for the ab-initio calculation of the whole
nuclei chart

Work in progress

* Find ansatz in nuclear physics that can be solve on quantum
computer (QC)

e TCC(static correlations) is not suit for QC, for the large
dimension

* Working on CC-GCM, to treat the multi-reference nuclei and
port to QC

Thanks !



