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3 Fermionic Molecular Dynamics
o

Fermionic
Slaterdeterminant
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U antisymmetrized\-body state
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28,
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FMD

Perform Variation

Minimization

U minimize Hamiltonianwith respecto all single-particlepa-
rameters

QH Tem Q
min
fakg Q Q

U thisis aHartree-Bck calculationin our particularsingle-
particlebasis

U themean- eld maybreakthe symmetrief the Hamiltonian

intrinsically

~__deformednuclei
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\spherlcahuclel/
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FMD

Angular Momentum Projection

Projection Operator |

mean- eld breaksrotationalsymmetry

?
Pl = 57 d® Dyx ( )R() (i restoresymmetryby projection
\ /
ProjectedMatrix Elements
Z
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U performprojectionasdescribedn thetextbooksby rotatingnucleus

\mit')—ou\tsEulerangles
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R(C) Q

Angular Momentum Eigenstates |

DiagonalizeprojectedHamiltonianfor eachJ ) .
U full K-mixing

U projectionis doneexactly
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LN FMD
d Variation after Projection (VAP)

VAP vs PAV

U Projectioncanmake abigdi erence
U oneshouldreally doa VAP calculation

_ _ Constraints
U “real” VAPisverydi cult :
usecollective degreesof
freedom:
Our approach radius
electricaldipole moment,
U createntrinsic con gurations Q(c;) asafunctionof massandchage quadrupole
constraintsCi(Q) moment,
X octupolemoment

min H (Q) + i (G(Q) «a) ; Gi(Q)=¢

fokg i

U calculateprojectedenegies E&(ci) for the constrained
con gurations

U minimize projectedenegiesasa functionof thecon-
straints

. J _
min Ey (c)
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FMD

Multicon guration Calculations

Going beyond a singleintrinsic state
Useasetof intrinsic states

U GeneralizeEigervalueproblemfor eachangulamTmmomentum
X

X
o) — b
Q@ HPJKKO Q® Cf< ) = Ei Q@ pJK <o Q® C& )
b;K® b;KO

Generator Coordinate
Method

considerconstraintas
GeneratoCoordinatedor set
of intrinsic states

Analogiesto RPA

appropriateconstraintsallow
descriptionof oscillations
aroundthe mean- eld solution

Spectra
necessaryor the calculationof

excited states
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NN Interaction

Corr elatedRealistic Interaction

U centralcorrelator
shiftsdensityout of
therepulsve core

U tensorcorrelator
alignsdensitywith
spinorientation

two-body densities

S 60F
& 4 16 40 4 — T
(i userealisticBonn-Aor <§£ w| N€ © o Ca_/ —
ArgonneV18 interactionH — — — o
20 ==— | —
U applycentralandtensor \ H
correlator 0 ‘\_\_ \ A A
U obtaincorrelatedwo-body 20F (T - \
interaction C Q’_ \ —
H = CYC/HC,C foruse 40T C — \
with Slaterdeterminants 6ol — |
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NN Interaction

E ective Correction

E ectivetwo-body interaction

U correlatedwo-bodyinteractionis lackingthree-bodycor-
relationsandgenuinethree-bodyforces

D) [ ol

U insteadof three-bodyforce useadditionalmomentum-and
spin-dependentvo-bodycorrectionterm

U t correctiontermto bindingenepgiesandradii of
“closed-shell’nuclei

160 and*°Caarenot \
\ “closedshell” nuclei! : :
T~ / __Sphericahuclei

tetrahedral -cluster
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NN Interaction

E ective Correction

Result of Fit
Nucleus Eb [MeV]  Ichage [fM]
“He FMD 28.34 1.69
Exp 28.30 1.68
160
FMD -cluster 126.97 2.64
Exp 127.62 2.67
40Ca
FMD -cluster 342.98 3.47
Exp 342.05 3.48
240 FMD spherical 168.16 2.72
Exp 168.48
“8Ca FMD spherical 415.51 3.49
Exp 416.00 3.47

tting to sphericaf®O and*°Ca
con gurationswouldresultin a
interactionwith a built-in

Qctive -clustering”

U  85%ab-initio correlated
two-bodyinteraction

U 15%e ective correction
term
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FMD

Nuclear Chart
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FMD

Nuclear Chart
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-Nuclei

SBe

\ Radius and Quadrupole

Moment
as Generator Coordinates
VAP

Fecharge [fM]  Q[fm?]  B(E2) [e*fm*]
PAV 2.39 -6.25 9.31
VAP 2.49 -8.02 15.36
Multicon g 2.74 -11.88 30.39
] [MeV] 8
Multicon g : Be
-40.0- 4 -40.6 " 41.0
_
-45.0F a* -45.4
I -46.3
4* -47.7
- + -49.6
-50.0} 2 . 510
\ - ’ 548 2F 5442 2" =
\ ‘ -55.0f 0 '
- o . ot -56.5
Variation PAV VAP Multiconf Exp
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® -Nuclei

4 12C
PAV Ep [MEV]  Tenare [fM]  B(E2) [E2fm]
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

Multicon g
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-Nuclei

12C spectrum

[MeV]
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® -Nuclei
o
 20Ne

Variation Ep [MeV]  repage [f[Mm]  B(E2) [€2fm?]
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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-Nuclei

*ONe spectrum

20
[MeV] Ne
-140.0
3i
li
-145.0F
31
-150.0} 1%
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-155.0f Pre—
o* N ot
2 "
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-160.0F
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Variation PAV VAP Multiconfig Exp
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Exotics

"He

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

Variation
1k 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
1k 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
[ )

¥ SHe

Variation Eo[MeV] ren[fm]  Fg[fm]
| 1 He | PAV 1g 22.2 1.87 1.95
101l ] PAV 26.3 1.89 2.13
g 0 5010'2* VAP (quadrupole) 26.6 1.91 2.18
00l o VAP (dipole) 27.7 1.97 2.28
5L :noeﬁ ron
10} proton | Multicon g 291  2.02 2.42
* m ° ot im0 ° Exp 29.3 2:48 0:03
VAP quadrupole constraint VAP dipole constraint
| | | ] 1 6He | 1 6He
5t 5L
10t 10t
E 0 glo'z— E 0 510'2—
) 103 - 1031
— total i — total
-5k —__ neutron ] -5r —_ neutron
10*F __ proton 3 ] 10*F __ proton
5 0 5 o 2 4 6 8 5 0 5 o 2 4 & 8
x [fm] r [fm] 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

26.0 1

27.0 1

28.0 1

29.0 1

30.0 1

31.0 1

32.0

PAV
VAP
—— quadrup0|e Multiconf
]
dipole Eerriment
.
“He *He °He He 8He

Only thevibrationsof neutrons
acpinstthe coregivescorrect
bindingenegiesandradii
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Exotics

preliminary

Ep [MeV] leh [fM] Imat [fm]

PAV 19 37.6 2.35 2.50
PAV 41.9 2.31 2.57
VAP (dipole) 42.7 2.34 2.73
Exp 45.6 312 016
2:78 0:.07

Variation
i 1 7
o
107E
E o = q02)
> E/ ]
10°h
— total 1
5p — neutron ]
10*F __ proton 3
5 6 5 0 é 4 é
x [fm] r [fm]
VAP dipole constraint
llLi : lll_i E
oV ] 1F E
sl O°
10%:
E o = 102]
> E/ ]
10°h
— total 1
5l —__ neutron J
10*F __ proton 3
5 6 5 0 é 4 é
x [fm] r [fm]

U still roomfor
improvement
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Exotics

14Be- rst steps

preliminary

Variation Ep[MeV]  ran[fm]  onag [fm]
| L “Be | PAV 1g 55,7 2.57 2.74
il ] PAV 63.2 2.51 2.85
E o < 10} VAP (quadrupole) 64.3 2.62 2.87
o 107 ol Exp 70.0 2:94 0:09
10*: _ proton 310 0:15

5 0 5 0 é 4 6 8

x [fm] r [fm]

VAP electric quadrupole constraint
" f | i
ooV Be 17 14Be E 5L
5 0.0 ] z |
10-1? 3
E o O ] 2 10-2; E ol
> 5 S >
01 10°L 7
.0; F — total I
S 00 ] ,[ — neutron 5
1 10"¢ — proton I
5 0 5 0 2 PR 8 5 0 5 5 0 5
x [fm] r [fm] X [fm] x [fm]
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FMD

Be lsotopes

‘Be-n
51 g 51 1 51 1
£ of 1 £ of : £ of £
> > > >
5t g 5t 1 s 1
51 g 5¢ 1 51 1
£ of 1 £ of : £ of £
> > N N
s g 5t 1 5t 1
51 g 5h 1 51 1
£ o 1 £ o ] £ o 1 &
> > N N
5t g 5t 1 5t 1
51 g 5¢ 1 5¢ 1
£ o 1 £ o ] £ o 1 &
> > > >
51 g 5t 1 5t 1
5 0 5 5 0 5 5 0 5 5 0 5
x [fm] X [fm] x [fm] X [fm]
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Summary & Outlook

Summary

0

consistenmary-bodyapproacHor conventionaland
exotic nuclei

FMD basisis e xible enoughto describeclustering shell
e ectsandhalos

samelNN interactionbasedn realisticinteractionusedfor
all nuclei

importanceof VAP andmulticon guration calculations
bindingenegiesandradii well described

correctB(E2) valuesusingbarechages

Experimentablatatakenfrom:

Audi, WapstraNucl. Phys. A595 (1995)409
INDC(HUN)-033

Ozawa, Suzuki, TanihataNucl. Phys. A693(2001)32
RamanNestor Tikkanen,Atomic DataandNuclearData
Tables78(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 nuclei

U importanceof VAP andmulticon gurationcalculations

U bindingenegiesandradii well described

U correctB(E2)valuesusingbarechage: Outlook

U systematicstudyof light nuclei
U otherobserables:momentundistributions,two-body

Experimentabatataken from: densitiesemandweaktransitions
Audi, WapstraNucl. Phys. A595 (1995)409
INDC(HUN)-033 u “real” VAP ?

Ozawa, Suzuki, TanihataNucl. Phys. A693(2001)32

RamanNestor Tikkanen,Atomic DataandNuclearData .. . . . . . .
Tables78 (2001)1 U ne-tuneinteractionwith Multicon guration calculations

in mind
U experimentainputon electromagnetipropertief ex-
oticshelpsalot in pinningdown the structure

Thomas Neff, GSI Darmstadt
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