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Central and Tensor Correlators

Central Correlator C,. Tensor Correlator Cq
= radial distance-dependent shift = angular shift, depending on the orienta-
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s(r) and 9(r)
encapsulate the physics of
short-range correlations.
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Momentum-Space Matrix Elements
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Short- and Long-Range Correlations
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NCSM code by P. Navratil [PRC 61, 044001 (2000)]



Tjon-Line and Correlator Range
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Tjon-line: E(*He) vs. E(*H)
for phase-shift equivalent NN-
interactions

change in correlator range re-
sults in shift along Tjon-line

choose correlator with ener-
gies close to experimental
value, i.e. minimize three-
body force

Lett. 85, 944 (2000)



UCOM-Hartree-Fock

Standard Hartree-Fock
+

Matrix Elements of Correlated
Realistic NN-Interaction Vycowm

= Single-particle states are expanded in a spherical harmonic os-
cillator basis

= HF is formulated with the intrinsic kinetic energy T, = T — T
to eliminate centner of mass contributions

= Coulomb interaction is included exactly



Correlated Argonne V18
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Missing Pieces

long-range
correlations

Ab Initio Strategy

= iImprove many-body states to include long-range
correlations

= many-body perturbation theory (MPT), Coupled-Cluster
(CQ),...



Long-Range Correlations

E/A [MeV]

many-body perturbation theory: second-order energy shift gives esti-
mate for influence of long-range correlations
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Missing Pieces

long-range genuine three-body cluster
correlations three-body forces contributions
Pragmatic Approach

= phenomenological two-body correction
8V eipiis = v1(r) + Gvgq(r) G+ vrs(r) L+ S

» v;(r): Gaussian radial dependencies with fixed ranges

» 3 strengths used as parameters to fit E/A of 1¢Q, 240,
40Ca, 48Ca, 48Ni, and 2°Zr



Correlated Argonne V18 + Correction
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Charge Distributions
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Summary

= UCOM enables the use of realistic N N-interactions in
computationally affordable Hilbert spaces and calculation
schemes.

= UCOM-Hartree-Fock calculations yield finite, converged
results.

= Results including perturbation theory or a phenomenologi-
cal correction are in good agreement with experiment.



= Further improvement of the many-body model space:
Coupled-Cluster Method, ...

= Pairing effects: Hartree-Fock-Bogoliubov theory
» UCOM-RPA (— N. Paar, HK 27.4)

= Reduction (or replacement) of the phenomenological cor-
rection by implementation of three-body forces
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Supplement

UCOM / Lee-Suzuki / Viowk

Lee-Suzuki Viowk

= decoupling of P and @Q space by = decimation to low-momentum P
similarity transformation space; (Q space discarded

= Same representation as used in = USes momentum representation

many-body method » State independent

= (state dependent) = phase-shift equivalent

UuCoOM

= pre-diagonalization with respect to short-
range correlations

= N0 specific model-space or representation
= State independent

= phase-shift equivalent



Supplement

Momentum-Space Matrix Elements
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