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FMD - Hilbert Space
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Fermionic
Slater determinant
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➼ antisymmetrized A-body state

Molecular
single-particle states
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➼ Gaussian wave-packets in phase-space,
spin is free, isospin is �xed

Antisymmetrization

➼ Hilbert space contains
shell-model, clusters, halos,
scattering states

Dynamics in Hilbert space
spanned by one or several non-orthogonal
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variational principle ! Q(a) = f q(a)
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Nucleon-Nucleon Potential
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E�ective two-body interaction

➼ correlated 2-body interaction bH
�

= C
�

yH
�

C
�

= T
�

+ V
� UCOM

treats short range repulsive and tensor correlations

➼ additional small 2-body correction (momentum-dependent
and spin-orbit) to make up for 3-body forces and
long range tensor correlations

➼ �t correction term to binding energies and radii of
�closed-shell� nuclei

➼ altogether a 15% correction to the ab-initio V
� UCOM
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16O and 40Ca are not
�closed shell� nuclei !
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Projection to restore Symmetries
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Projection After Variation (PAV)

➼ mean-�eld may break symmetries of Hamiltonian
➼ restore inversion, translational and rotational symmetry

by projection on
� parity
� linear momentum
� angular-momentum

➼ projected state
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Variation After Projection (VAP)

➼ e�ect of projection can be large
➼ perform Variation after Parity Projection PAV�

➼ perform PAV� by applying constraints on
radius, dipole moment, quadrupole moment or
octupole moment and minimize the energy in the
projected energy surface (GCM)

➼ perform true VAP
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Multi-Con�guration Mixing
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➼ most general projected state for multi-con�guration calcu lations
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➼ task: �nd a set of intrinsic states
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; a = 1; : : : ;N
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that describe the physical situation well

Multi-con�guration calculations
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➼ diagonalize Hamiltonian in this set of nonorthogonal projected intrinsic states
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➼ energy levels EJ�
n and eigenstates
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describing nuclear many-body system
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FMD - Variation, PAV�, Multicon�g.
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12C
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E [MeV] rcharge [fm] B(E2) [e2fm4]

V/PAV -81.4 2.36 -

PAV� -88.5 2.51 36.3

Multicon�g(4) -92.2 2.52 42.8
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12C excited 0+ and 2+ states
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0+
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12C Hoyle State in Electron Scattering
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� calculate formfactors,
center-of-mass treated
properly, formfactor is a
A-body operator

F(q) =
X

i



	a

��� eiq�(x
� i�X

�
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�

� compare to experiment
in Distorted Wave Born
Approximation

� �-cluster and �BEC�
calculated with mod.
Volkov interation

M. Chernykh, P. von Neumann-

Cosel, A. Richter et al. submitted

to PRL

�BEC� formfactors: Y. Funaki et al. EPJA 28(2006)259 and pri vate communication
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Helium Isotopes
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dipole and quadrupole constraints
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Helium Isotopes
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Exp: Ozawa,Suzuki,Tanihata, NPA693(2001)32; Raman,Nestor,Tikkanen, Atomic Data and Nucl. Data Tables 78(2001)1
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Helium Isotopes - Multi-Con�guration Mixing
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Hilbert space for 6He con�guration mixing
states created with dipol constraint

                              

zero-point oscillations of the
soft-dipole mode essential for
description of binding energies

and radii

Exp: Ozawa,Suzuki,Tanihata, NPA693(2001)32; Raman,Nestor,Tikkanen, Atomic Data and Nucl. Data Tables 78(2001)1
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