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3 Fermionic Molecular Dynamics
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Fermionic
Slater determinant
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U antisymmetrized\-body state

Molecular

single-particle states
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X b ;
X q — G eXp ( 2all) ] ) \/

U Gaussian wave-packets in phase-space,
spin is free, isospin is xed

Dynamics
U non-orthogonal basis, there- Time-dependent variational principle
fore computing eort scales 7
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Simple FMD

Perform Variation

Minimization
U minimize Hamiltonian with respect to all single-particle
parametersy
~QH T Q
min
fakg Q Q

U this is a Hartree-Fock calculation in our particular single-
particle basis

U the mean- eld may break the symmetries of the Hamiltonia

intrinsically
deformed nuclej
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. L]
3 How to Improve ?
[

Projection After Variation (PAV) 23+ 1% )
) . Puk = —x5~ d&° Dux ( )R()
U mean- eld may break symmetries of 8
Hamiltonian « X
U restore inversion and rotational symmetry by 3 3 ]
parity and angular-momentum projectigg, o Q HPio Q ko= Ei y Q Pikko Q Cke

Variation After Projection (VAP)

U e ectof projection can be large
U perform Variation after Parity Projection

U perform VAP by applyingconstraints on
radius dipole moment,quadrupolenoment or
octupolemoment and minimize the energy in
the projected energy surface

Multicon guration Calculations

U diagonalizeHamiltonian in a set of projected
intrinsic states
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NN Interaction

Correlated Realistic Interaction Vycowm

U central correlator C,

shifts density out of
the repulsive core

z [fm]

U tensor correlator C

aligns density with
Spin orientation

two-body densities
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NN Interaction

Correlated Realistic Interaction Vycowm

U central correlator C,

shifts density out of
the repulsive core

z [fm]

U tensor correlator C

aligns density with
Spin orientation

two-body densities

T + Vycom = CyC¥ (T + V) CrC

IS an e ective interaction that no longer
connects to high-momentum states

U very similar to theVq, k by Kuo,

\\)\Sd]:\\/enk and Bogner

U both central
and tensor

correlations are
essential for
binding

energi
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NN Interaction

E ective Correction to the Interaction

E ective two-body interaction

U correlated two-body interaction is lackitigree-body
correlationsand genuine¢hree-body forces

D) [ ol

U instead of three-body force use additionamentum-
dependen@ndspin-orbittwo-body correction term

U tcorrection term to binding energies and radii of “closed-
shell” nuclei (He, °0, 4°Ca), €40, 34Si, “®Ca)

U altogether about 45% correction to theb-initio potential

160 and*°Ca are not

“closed shell” nuclei !
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FMD
Nuclear Chart
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FMD
Nuclear Chart

Variation
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-Nuclei

SBe

Multicon g

Y

radius and quadrupole constraints

Ep [MeV]  reharge[fm]  B(E2) [e*fm]
PAV 52.7 2.39 9.31
VAP 54.8 2.49 15.36
Multicon g 57.2 2.74 30.39
Exp 56.5
[MeV_] 8 Be
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-Nuclei

12C

guadrupole and octupole constraints

Ep [MeV]  rcharge[fm]  B(E2) [e?fm?]
VIPAV 84.7 2.33 -
VAP -cluster 80.4 2.66 56.3
VAP 91.9 2.38 24.7
Multicon g 93.4 2.50 40.0
Exp 92.2 2.47 39 33
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intrinsic nucleon densities of VAP states
radial densities from multicon guration
calculations
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E Helium Isotopes
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E Helium Isotopes
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Summary & Outlook

Summary

0

consistent many-body approach for conventional and
exotic nuclei

FMD basis is exible enough to describe clustering, she
e ects and halosye , Feldmeier, Nuc. PhysA738C (2004) 357

same eective NN interaction based on realistic interac-
tion used for all nucleiye , Feldmeier, Nuc. Phys713 (2003) 311

importance of VAP and multicon guration calculations
binding energies and radii well described

correctB(E2) values using bare charges

Experimental data taken from:

Audi, Wapstra, Nucl. PhysA595 (1995) 409
INDC(HUN)-033
Ozawa, Suzuki, Tanihata, Nucl. Phys693 (2001) 32

Raman, Nestor, Tikkanen, Atomic Data and Nuclear
Data Tableg¥8(2001) 1
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Summary & Outlook

Summary

0

consistent many-body approach for conventional and
exotic nuclei

FMD basis is exible enough to describe clustering, she
e ects and halosye , Feldmeier, Nuc. PhysA738C (2004) 357

same eective NN interaction based on realistic interac-
tion used for all nucleiye , Feldmeier, Nuc. Phys713 (2003) 311

importance of VAP and multicon guration calculations

binding energies and radii well described

_ Outlook
correctB(E2) values using bare charges

U systematic study of light nuclei

Experimental data taken from: body densities, spectroscopic factors, electromag-
Audi, Wapstra, Nucl. PhysA595 (1995) 409 netic and weak transitions
INDC(HUN)-033 i “real” VAP ?

U other observables: momentum distributions, two-

Ozawa, Suzuki, Tanihata, Nucl. Phys693 (2001) 32

Raman, Nestor, Tikkanen, Atomic Data and Nuclear
Data Tableg¥8(2001) 1
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