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3 Fermionic Molecular Dynamics
o

Fermionic
Slaterdeterminant
Q =A o1 Ja

U antisymmetrized\-body state

Molecular

single-particlestates
X X b2 )
X q = G exp ( 2al) H \/

U Gaussiamwave-pacletsin phase-space,
spinis free,isospinis x ed

Dynamics
U non-orthogonabasis there- Time-dependentariationalprinciple
fore computinge ortscales 7
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FMD

Perform Variation

Minimization

U minimize Hamiltonianwith respecto all single-particlepa-
rameters

QH Tem Q
fakg Q Q

U thisis aHartree-Bck calculationin our particularsingle-
particlebasis

U themean- eld maybreakthe symmetrief the Hamiltonian

intrinsically

~__deformednuclei

\spherlcahuclel/
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3 How to Improve ?
[

Projection After Variation (PAV)

U mean- eldmaybreaksymmetrieof Hamilto- X X
_hian . . Q HPyxo Q cko= Ex Q Piko Q ko
U restoreinversionandrotationalsymmetryby KO KO

. : ; J
parity andanguIaFmomenturrprOJectlonPM K

Variation After Projection (VAP)

U e ectof projectioncanbelarge

U performVAP applyingconstraints onradius,
dipole moment,quadrupolanomentor oc-
tupolemomentandminimizetheenegy in the
projectedenepy surface

Multicon guration Calculations

U diagonalizeHamiltonianin a setof projected
intrinsic states
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The Nucleon-Nucleoninteraction

Realistic Interactions E ective Interactions

U reproducescatteringdataanddeuteron U with e ectiveinteractionanary propertiesof
properties nuclearsystemdik e enegies,radii, spectra

i meson-gchanggBonn), canbedescribedsuccessfully

phenomenologicgArgonne), -PT U mary-bodystatesusedwith e ective interac-

U repulsive core andtensorforceinduce tionscannotdescribeheshort-rangeorrela-
strong short-range correlationsin mary- tionsinducedby realisticinteractions
bodystate

derive e ectiveinteraction from realistic interaction

by explicitly includingcorrelationswith unitary correla-
tion operator C=C,C

correlatednteraction

Ansatz

H = CYCYHC,C

doesnot connecto highermomentaandcanbe useddi-
rectlyin simplemodelspacegmean- eld,shell-model)
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NN Interaction

Corr elatedRealistic Interaction

U centralcorrelator
shiftsdensityout of
therepulsve core

U tensorcorrelator
alignsdensitywith
spinorientation

two-body densities

S 60F
S ol He 160 “Ca — T
$ _/_ _/_ - V
(i bothcentral o 20 :K—/ \ —_— H
andtensor o) ol—'— — — —
correlationsare Q \ N \ — —
essentiafor v -20 | &’—\ ___
binding C o\ — \ —
-40} o _ \
-60 L —
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E ectivetwo-body interaction

0

NN Interaction

E ective Correctionto the Interaction

correlatedwo-bodyinteractionis lackingthree-bodycor-
relationsandgenuinethree-bodyforces

insteadof three-bodyforce useadditionalmomentum-
dependen@ndspin-orbittwo-bodycorrectionterm

t correctiontermto bindingenegiesandradii of
“closed-shell’nuclei

altogetheia 15% correctionto the ab-initio two-bodypo-
tential

160 and*°Caarenot

wdshell” nW

D) [ ol
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FMD

Nuclear Chart
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FMD

Nuclear Chart
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-Nuclei

SBe

Multicon g

Y

[MeV]

-40.0F
-45.0F
-50.0

-55.0

constraints

Ep [MeV]  rehame [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
8
Be
+ -40.6
4 4 4+ 41.0
463 4+ -45.4
4* -47.7
ot -49.6
o* -51.0
+ -52.7
0 + -53.5
o 548 2% -54.2 2
ot -57.2 0" =202
Variation PAV VAP Multiconf Exp
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-Nuclel :
constraints

12C

VIPAV VAP Ep [MeV]  rehage [fm]  B(E2) [€2fm?]
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
\\// . .
VAP Exp 92.2 2.47 397 33
+ 4+_
3F—
-70.0F
4r— 4'—
45— R —
. -75.0F e
Multicon g § o e— o
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Variation VAP Multiconfig (4) Multiconfig (25) Exp
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-Nuclei

20Ne

constraints

Ep [MeV]  rehame [fM]  B(E2) [e?fm*]
PAV 1554 2.89 172
VAP 157.3 3.02 348
Multicon g 158.7 3.00 320
EX 160.6 3.00 340 30
VAP | P
-140.0¢
. o pamm—
. 145.0 e
Multicon g |
3F—
-150.0F . [E——
4 — N
4 —
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Exotics

"He

Variation

107t

Ep [MeV]  ren [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

E o = q02)
> E/ ]
10%} E
— total E
5l —__neutron ]
10*F __ proton 3
5 o 5 o 2 a4 g
x [fm] r [fm]
VAP dipole constraint
1 He |
o
10"t
E o = 107}
> E/ ]
10°} ]
— total 3
5l —__ neutron ]
10*F __ proton 3
5 o 5 o 2 a4 g
x [fm] r [fm]
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Exotics

SHe

Variation

107t

E 0 ,:i 102
> =
10°%
— total
-5k — neutron
10*F __ proton
5 6 5 0 2 21
x [fm] r [fm]
VAP quadrupole constraint
1 *He |
5L 1
10"+
E 0 ,:i 1024
> =
103%
— total
-5k —_ neutron
10*F __ proton
5 0 5 o 2 4
x [fm] r [fm]

Ep [MeV]  ren [fm] I'mat [fM]
PAV 19 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 29.3 248 0:.03
VAP dipole constraint
| | *He X! He |
ol ,
107
E 0 510-2,
) 10%F
— total
-5r —__neutron
10*F __ proton
5 6 0 2 4 é 8
x [fm] r [fm]
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Exotics

He

Ep [MeV]  ren [fm]  rmat [fm]
PAV 19 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

Variation
1 He |
°
10"
E o = 107/
> E/ ]
10°L
— total 1
5l —__neutron ]
10*F __ proton 3
5 0 5 o 2 a4 8
x [fm] r [fm]
VAP dipole constraint
1F He |
°r
10"+
E o = 102]
> E/ ]
10°}
— total 1
5l —__ neutron ]
10*F __ proton 3
5 0 5 o 2 a4 8
x [fm] r [fm]
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LB EXxotics

g S
4 °He
Variation By MeV] o [fm]  ma[fm]
| oo e 1 "He | PAV 1g 253  1.93 2.17
- | PAV 29.8 1.95 2.34
E o < 10} VAP (dipole) 31.1 2.06 2.54
o o Multicon g 31.7 2.03 2.53
10°L — proton
" Exp 31.4 252 0:03
5 X[?m] 5 0 2 rl[lfm] 6 8

1F *He |
5l E
10"+
£ o = 107|
> =
103%
— total
S .| — neutron
10" — proton
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Exotics

He Isotopes

[MeV]
25.0 PAV
26.0 1+ VAP
27.0 + — qguadrupole Multiconf
]
28.0 T dipole Experiment
———
29.0 L I
30.0 T
31.0 +
32.0
*He "He “He "He ®He

zero-point oscillations of the
soft-dipolemodeessentiafor
descriptionof bindingenepies
andradii
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Exotics

16C

Variation Ep [MeV]  rcharge [fM]  Imatter [fM]
1 IGC
5,
- PAV 105.0 2.49 2.60
E o = 107 Exp 110.8 2:70 0:03
Tt 2:76 0:06
-5k :noeﬁtron
10*F __ proton
5 0 5 0 2 4 6 8
x [fm] f[fm] Ex [MeV]  B(E2) [é’fm*]
PAV 1.29 4.6
5l Exp 1.77 3:15 0:95
_ _ GlobalBestFit! 1.77 82 14
£ o £
> > 1 Ramaretal, Atomic DataandNuclearDataTables78 (2001)1

U calculatedB(E2) consistentvith
anomalouslyong lifetime of 2*
statemeasuret RIKEN

Imai etal, PRLin print
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Summary & Outlook

Summary

U consistentmary-bodyapproacHor corventionaland
exotic nuclei

U FMD basisis e xible enoughto describeclustering shell
e ectsandhalos

U sameNN interactionbasedn realisticinteractionusedfor
all nuclel,Ne , FeldmeierNuc. Phys. A713 (2003)311

U importanceof VAP andmulticon guration calculations
U bindingenegiesandradii well described

U correctB(E2) valuesusingbarechages

Experimentablatatakenfrom:

Audi, WapstraNucl. Phys. A595(1995)409
INDC(HUN)-033
Ozawa, Suzuki, TanihataNucl. Phys. A693 (2001)32

RamanNestor Tikkanen,Atomic DataandNuclear
DataTables78(2001)1
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; Summary & Outlook

Summary

U consistentmary-bodyapproacHor corventionaland
exotic nuclei

U FMD basisis e xible enoughto describeclustering shell
e ectsandhalos

U sameNN interactionbasedn realisticinteractionusedfor
all nuclel,Ne , FeldmeierNuc. Phys. A713 (2003)311

U importanceof VAP andmulticon guration calculations

U bindingenegiesandradii well described

. Outlook
U correctB(E2) valuesusingbarechages

U systematicstudyof light nuclei
U otherobsenables:momentundistributions,two-
Experimentabatataken from: bodydensitiesemandweaktransitions

Audi, WapstraNucl. Phys. A595 (1995)409 i1 “real” VAP ?
INDC(HUN)-033

Ozawa, Suzuki, TanihataNucl. Phys. A693 (2001)32 U ne-tuneinteractionwith Multicon guration calcula-
RamanNestor Tikkanen,Atomic DataandNuclear

DataTables78 (2001)1 tionsin mind
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