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Overview

� Fermionic Molecular Dynamics
� Projection after Variation

� Variation after Projection

� Multicon�guration Calculations

� Nucleon-NucleonInteraction

� FMD Mean-Field Calculations

� � -Nuclei: 8Be to 20Ne
� Exotics: 4He - 8He, 11Li , 14Be

� Summary and Outlook
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Fermionic Molecular Dynamics

Thomas Neff, GSI Darmstadt
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ü Gaussianwave-packetsin phase-space,
spinis free,isospinis �x ed

Dynamics
Time-dependentvariationalprinciple
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Perform Variation
FMD

Thomas Neff, GSI Darmstadt

Minimization

ü minimizeHamiltonianwith respectto all single-particlepa-
rameters

min
fqkg
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ü this is aHartree-Fockcalculationin ourparticularsingle-
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ü themean-�eldmaybreakthesymmetriesof theHamiltonian
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Angular Momentum Projection
FMD

Thomas Neff, GSI Darmstadt
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Angular Momentum Eigenstates
DiagonalizeprojectedHamiltonianfor eachJ
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mean-�eldbreaksrotationalsymmetry

ü restoresymmetryby projection

ü projectionis doneexactly
ü full K-mixing

ü performprojectionasdescribedin thetextbooksby rotatingnucleus
about3 Eulerangles
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Variation after Projection (VAP)
FMD

Thomas Neff, GSI Darmstadt

VAP vs PAV

ü Projectioncanmakeabig di� erence
ü oneshouldreallydoaVAP calculation

ü “real” VAP is verydi� cult

Our approach

ü createintrinsiccon�gurations
��� Q(ci)

�
asa functionof

constraintsCi(Q)

min
fqkg

�
H (Q) +

X

i

� i (Ci(Q) � ci)
�

; Ci(Q) = ci

ü calculateprojectedenergiesEJ
K(ci) for theconstrained

con�gurations

ü minimizeprojectedenergiesasa functionof thecon-
straints

min
fcig

EJ
K(ci)

Constraints
usecollectivedegreesof

freedom:
radius,

electricaldipolemoment,
massandchargequadrupole

moment,
octupolemoment
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Multicon�guration Calculations
FMD

Thomas Neff, GSI Darmstadt

Going beyond a singleintrinsic state
Useasetof intrinsicstates
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ü GeneralizedEigenvalueproblemfor eachangularmomentum
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Generator Coordinate
Method

considerconstraintsas
GeneratorCoordinatesfor set

of intrinsicstates

Analogiesto RPA
appropriateconstraintsallow

descriptionof oscillations
aroundthemean-�eldsolution

Spectra
necessaryfor thecalculationof

excitedstates

7



Corr elatedRealistic Interaction
NN Interaction

Thomas Neff, GSI Darmstadt
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ü centralcorrelator
shiftsdensityoutof
therepulsivecore

ü tensorcorrelator
alignsdensitywith
spinorientation

ü userealisticBonn-Aor
ArgonneV18 interactionH
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ü applycentralandtensor
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E� ectiveCorr ection
NN Interaction

Thomas Neff, GSI Darmstadt

E� ective two-body interaction

ü correlatedtwo-bodyinteractionis lackingthree-bodycor-
relationsandgenuinethree-bodyforces

ü insteadof three-bodyforceuseadditionalmomentum-and
spin-dependenttwo-bodycorrectionterm

ü �t correctiontermto bindingenergiesandradii of
“closed-shell”nuclei

24O

48Ca
sphericalnuclei

16O 40Ca

tetrahedral� -cluster
con�guration

�(1
) (r

)[
� 0

]

16O and40Caarenot
“closedshell” nuclei!
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E� ectiveCorr ection
NN Interaction

Thomas Neff, GSI Darmstadt

Result of Fit

Nucleus Eb [MeV] rcharge [fm]

4He FMD 28.34 1.69
Exp 28.30 1.68

16O FMD spherical 121.56 2.64
FMD � -cluster 126.97 2.64
Exp 127.62 2.67

40Ca FMD spherical 337.55 3.48
FMD � -cluster 342.98 3.47
Exp 342.05 3.48

24O FMD spherical 168.16 2.72
Exp 168.48

48Ca FMD spherical 415.51 3.49
Exp 416.00 3.47

�tting to spherical16O and40Ca
con�gurationswould resultin a

interactionwith abuilt-in
“e� ective � -clustering”

ü � 85%ab-initio correlated
two-bodyinteraction

ü � 15%e� ectivecorrection
term
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Nuclear Chart
FMD

Thomas Neff, GSI Darmstadt
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Nuclear Chart
FMD

Thomas Neff, GSI Darmstadt
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8Be
� -Nuclei

Thomas Neff, GSI Darmstadt

Radiusand Quadrupole Moment
asGenerator Coordinates

rcharge [fm] Q [fm2] B(E2) [e2fm4]

PAV 2.39 -6.25 9.31
VAP 2.49 -8.02 15.36
Multicon�g 2.74 -11.88 30.39
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12C
� -Nuclei

Thomas Neff, GSI Darmstadt

Eb [MeV] rcharge [fm] B(E2) [e2fm4]

V/PAV 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 39:7 � 3:3
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12C spectrum
� -Nuclei

Thomas Neff, GSI Darmstadt
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20Ne
� -Nuclei

Thomas Neff, GSI Darmstadt

Eb [MeV] rcharge [fm] B(E2) [e2fm4]

PAV 155.4 2.89 172

VAP 157.3 3.02 348

Multicon�g 158.7 3.00 320

Exp 160.6 3.00 340� 30
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20Nespectrum
� -Nuclei

Thomas Neff, GSI Darmstadt
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5He
Exotics

Thomas Neff, GSI Darmstadt

Variation
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Eb [MeV] rch [fm] rmat [fm]

PAV 1g 22.9 1.79 1.74
PAV 25.4 1.85 1.96

VAP (dipole) 26.8 2.12 2.81

Multicon�g 27.4 2.10 2.74

Exp 27.4
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6He
Exotics

Thomas Neff, GSI Darmstadt

text moresinnloses

Variation
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Eb [MeV] rch [fm] rmat [fm]

PAV 1g 22.2 1.87 1.95
PAV 26.3 1.89 2.13

VAP (quadrupole) 26.6 1.91 2.18
VAP (dipole) 27.7 1.97 2.28

Multicon�g 29.1 2.02 2.42

Exp 29.3 2:48� 0:03
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7He
Exotics

Thomas Neff, GSI Darmstadt

Variation
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Eb [MeV] rch [fm] rmat [fm]

PAV 1g 22.2 1.91 2.09
PAV 26.5 1.94 2.28

VAP (dipole) 27.7 2.07 2.56

Multicon�g 28.7 2.07 2.62

Exp 28.8
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8He
Exotics

Thomas Neff, GSI Darmstadt

Variation
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VAP (dipole) 31.1 2.06 2.54

Multicon�g 31.7 2.03 2.53

Exp 31.4 2:52� 0:03
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He Isotopes
Exotics

Thomas Neff, GSI Darmstadt
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Only thevibrationsof neutrons
againstthecoregivescorrect

bindingenergiesandradii
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11Li
Exotics

Thomas Neff, GSI Darmstadt

preliminary

Variation
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Exp 45.6 3:12� 0:16
2:78� 0:07

ü still roomfor
improvement
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14Be - �rst steps
Exotics

Thomas Neff, GSI Darmstadt

preliminary

Variation
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PAV 1g 55.7 2.57 2.74
PAV 63.2 2.51 2.85

VAP (quadrupole) 64.3 2.62 2.87

Exp 70.0 2:94� 0:09
3:10� 0:15
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Be Isotopes
FMD

Thomas Neff, GSI Darmstadt
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Summary & Outlook

Thomas Neff, GSI Darmstadt

Summary

ü consistentmany-bodyapproachfor conventionaland
exotic nuclei

ü FMD basisis �e xible enoughto describeclustering,shell
e� ectsandhalos

ü sameNN interactionbasedon realisticinteractionusedfor
all nuclei

ü importanceof VAP andmulticon�gurationcalculations

ü bindingenergiesandradii well described

ü correctB(E2)valuesusingbarecharges

Experimentaldatatakenfrom:
Audi, Wapstra,Nucl. Phys. A595 (1995)409
INDC(HUN)-033
Ozawa,Suzuki,Tanihata,Nucl. Phys. A693 (2001)32
Raman,Nestor, Tikkanen,Atomic DataandNuclearData
Tables78 (2001)1

Outlook

ü systematicstudyof light nuclei
ü otherobservables:momentumdistributions,two-body

densities,emandweaktransitions

ü “real” VAP ?

ü �ne-tune interactionwith Multicon�guration calculations
in mind

ü experimentalinputonelectromagneticpropertiesof ex-
oticshelpsa lot in pinningdown thestructure
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