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Overview

« UCOM Concepts and Formalism
« Few-Body Calculations
e No-Core Shell Model (NCSM)

e Fermionic Molecular Dynamics (FMD)

= Summary
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angular distribution depends on
the relative spin alignments

use numerically affordable
Hilbert spaces and
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Central and Tensor Correlators

Tensor Correlator Cq

= angular shift, depending on the orienta-
tion of spin and relative coordinate of a

Central Correlator C,.

= radial distance-dependent shift
In the relative coordinate of a nu-

cleon pair nucleon pair
A A
Cr = exp(—i »  8.i;) Cq = exp(—i Y _gq,ij)
irj i,
]- 3 — — — g — —
g =5 5(r) 9, + q, s(1)] 8o = () (F1- ) (G2 T) + (< dgq)]

s(r) and ¥(r)
encapsulate the physics of
short-range correlations.
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Correlated States
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Correlated Operators

= application of C,.Cgq is a unitary transformation:
(¥]0 |¥) = (] C{LCIOC,Cq [¥) = (¥]0|w)

= all observables need to be correlated consistently

Correlated Hamiltonian
CLCIHC, Cq = T + Vycom + V2o + - - -

Vucom

1, . .
Vocou = Y 5 (95r(r)0s + 01 (r)) Hsr

i,S,T

O; € {1, qi, T29 Tga s12(T, T), T2T'§a 512(T7T)7

512(dqsda), {17512(dg, do) }as 9-512(F, dg)s - -



Momentum-Space Matrix Elements
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Momentum-Space Matrix Elements

pre-diagonalization
of Hamiltonian
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Few-Body Calculations:
No-Core Shell Model (NCSM)
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NCSM code by P. Navratil [PRC 61, 044001 (2000)]
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Tjon-Line and Correlator Range
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°Li — Work in Progress

NCSM calculations @ LLNL by P. Navratil
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NCSM calculations @ LLNL by P. Navratil
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Few-Body Calculations:

Fermionic Molecular
Dynamics (FMD)



FMD Trial State

Gaussian Single-Particle States

n
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Slater Determinant
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Correlated Hamiltonian
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Beyond Simple Variation

» Projection after Variation (PAV)

e restore parity and rotational symmetry by
angular momentum projection

= Variation after Projection (VAP)

e find energy minimum within parameter space of
parity and angular momentum projected states

e implementation via generator coordinate method
(constraints on multipole moments)

« Multi-Configuration

e diagonalization within a set of different Slater determinants



Structure of 12C
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Structure of 1C — Hoyle State
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Summary

» UCOM enables the use of realistic N N-interactions in
computationally affordable Hilbert spaces

= UCOM improves convergence behavior by pre-
diagonalizing the Hamiltonian

= Input from few-body calculations (NCSM) can be used
to constrain and optimize the correlated IN [N -interaction

Vucom

= calculations using Vycowm in a wide range of methods yield
encouraging results
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