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Fermionic Molecular Dynamics

DPG Spring Meeting, 8 Mar 2004
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ü Gaussianwave-packetsin phase-space,
spinis free,isospinis �x ed
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Perform Variation
FMD
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Minimization

ü minimizeHamiltonianwith respectto all single-particlepa-
rameters
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How to impr ove?
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Projection After Variation (PAV)

ü mean-�eldmaybreaksymmetriesof
Hamiltonian

ü restoreinversionandrotationalsymmetryby
parityandangular-momentumprojectionP

�
J�

MK

Variation After Projection (VAP)

ü e� ectof projectioncanbelarge
ü performVAP by applyingconstraintson

radius, dipolemoment,quadrupolemomentor
octupolemomentandminimizetheenergy in
theprojectedenergy surface

Multicon�guration Calculations

ü diagonalizeHamiltonianin asetof projected
intrinsicstates
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NN Interaction
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ü central correlator
shiftsdensityoutof
therepulsivecore

ü tensorcorrelator
alignsdensitywith
spinorientation

ü bothcentral
andtensor
correlationsare
essentialfor
binding

ü plenarytalk by RobertRoth
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E� ectiveCorr ection to the Interaction
NN Interaction
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E� ective two-body interaction

ü correlatedtwo-bodyinteractionis lackingthree-body
correlationsandgenuinethree-bodyforces

ü insteadof three-bodyforceuseadditionalmomentum-
dependendandspin-orbittwo-bodycorrectionterm

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

ü altogethera15% correctionto theab-initio two-bodypo-
tential

24O

48Ca16O 40Ca

�(1
) (r

)[
� 0

]

16O and40Caarenot
“closedshell” nuclei!
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Nuclear Chart
FMD

DPG Spring Meeting, 8 Mar 2004

Variation

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

2

4

6

8

10

12

14

16

18

20

H2 H3

He3 He4 He5 He6 He7 He8

Li5 Li6 Li7 Li8 Li9 Li10 Li11

Be7 Be8 Be9 Be10 Be11 Be12 Be13 Be14

B8 B9 B10 B11 B12 B13 B14 B15 B16 B17

C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20

N12 N13 N14 N15 N16 N17 N18 N19 N20 N21 N22

O13 O14 O15 O16 O17 O18 O19 O20 O21 O22 O23 O24

F16 F17 F18 F19 F20 F21 F22 F23 F24 F25 F26

Ne17 Ne18 Ne19 Ne20 Ne21 Ne22 Ne23 Ne24 Ne25 Ne26 Ne27 Ne28

Na20 Na21 Na22 Na23 Na24 Na25 Na26 Na27 Na28 Na29 Na30 Na31

Mg20Mg21Mg22Mg23Mg24Mg25Mg26Mg27Mg28Mg29Mg30Mg31Mg32Mg33Mg34

Al24 Al25 Al26 Al27 Al28 Al29 Al30 Al31 Al32 Al33 Al34 Al35 Al36

Si22 Si24 Si25 Si26 Si27 Si28 Si29 Si30 Si31 Si32 Si33 Si34 Si35 Si36 Si37 Si38 Si39

P27 P28 P29 P30 P31 P32 P33 P34 P35 P36 P37 P38 P39 P40 P41

S29 S30 S31 S32 S33 S34 S35 S36 S37 S38 S39 S40 S41 S42 S43 S44

Cl31 Cl32 Cl33 Cl34 Cl35 Cl36 Cl37 Cl38 Cl39 Cl40 Cl41 Cl42 Cl43 Cl44 Cl45

Ar32 Ar33 Ar34 Ar35 Ar36 Ar37 Ar38 Ar39 Ar40 Ar41 Ar42 Ar43 Ar44 Ar45 Ar46 Ar47

K35 K36 K37 K38 K39 K40 K41 K42 K43 K44 K45 K46 K47 K48 K49

Ca36 Ca37 Ca38 Ca39 Ca40 Ca41 Ca42 Ca43 Ca44 Ca45 Ca46 Ca47 Ca48 Ca49

1 Gaussianper
single-particlestate

- 0.5 0 0.5 1 1.5 2

(E � Eexp)=A [MeV]

2 4 6 8 10 12 14 16

2

4

6

8

10

12

H2 H3

He3 He4 He5 He6 He7 He8

Li5 Li6 Li7 Li8 Li9 Li10 Li11

Be7 Be8 Be9 Be10 Be11 Be12 Be13 Be14

B8 B9 B10 B11 B12 B13 B14 B15 B16 B17

C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20

N12 N13 N14 N15 N16 N17 N18 N19 N20 N21 N22

O13 O14 O15 O16 O17 O18 O19 O20 O21 O22 O23 O24

Ne20

Mg24

2 Gaussiansper
single-particlestate

7



Nuclear Chart
FMD

DPG Spring Meeting, 8 Mar 2004

Variation
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12C
� -Nuclei
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quadrupole and octupoleconstraints

dummytext

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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PAV 1g 22.2 1.87 1.95
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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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DPG Spring Meeting, 8 Mar 2004

Variation + Projection only

Variation
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Eb [MeV] rcharge [fm] rmatter [fm]

PAV 1g 99.1 2.52 2.88
PAV 105.0 2.49 2.60

Exp 110.8 2:70� 0:03
2:76� 0:06

E2+ [MeV] B(E2) [e2fm4]

PAV 1.29 4.6

Exp 1.77 3:15� 0:95

GlobalBestFit1 1.77 82� 14

1 Ramanetal, Atomic DataandNuclearDataTables78 (2001)1

ü calculatedB(E2)consistentwith
anomalouslylong lifetime of 2+

statemeasuredatRIKEN
Imai etal, PRL in print
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Be Isotopes
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Variation
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Summary & Outlook
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Summary

ü consistentmany-bodyapproachfor conventionaland
exotic nuclei,Ne� , Feldmeier, nucl-th/0312130

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

ü sameNN interactionbasedon realisticinteractionusedfor
all nuclei,Ne� , Feldmeier, Nuc. Phys. A713 (2003)311

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 DataandNuclear
DataTables78 (2001)1

Outlook

ü systematicstudyof light nuclei
ü otherobservables:momentumdistributions,two-

bodydensities,emandweaktransitions

ü VariationafterParity Projection

ü Variationafter(approximated)AngularMomentum
Projection?

ü �ne-tune interaction

14



Summary & Outlook

DPG Spring Meeting, 8 Mar 2004

Summary

ü consistentmany-bodyapproachfor conventionaland
exotic nuclei,Ne� , Feldmeier, nucl-th/0312130

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

ü sameNN interactionbasedon realisticinteractionusedfor
all nuclei,Ne� , Feldmeier, Nuc. Phys. A713 (2003)311

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 DataandNuclear
DataTables78 (2001)1

Outlook

ü systematicstudyof light nuclei
ü otherobservables:momentumdistributions,two-

bodydensities,emandweaktransitions

ü VariationafterParity Projection

ü Variationafter(approximated)AngularMomentum
Projection?

ü �ne-tune interaction

14-a


	1 - Title
	2 - Fermionic Molecular Dynamics
	3 - Perform Variation
	4 - How to improve ?
	5 - Correlated Realistic Interaction
	6 - Effective Correction to the Interaction
	7 - Nuclear Chart
	8 - 12C
	9 - 6He
	10 - 8He
	11 - He Isotopes
	12 - 16C
	13 - Be Isotopes

