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Jvovvaien

describebasicpropertiesof nuclear
£ systemin termsof a realistic
nucleon-nucleonmnnteraction

Many-Body State
realistic interactions H 4 mean- eld calculations(with e ective interactions)
_ He (Slaterdeterminant )

reproducescatteringdataand deuteron describebulk properties(enepies, radii) well
properties 8 realisticinteractionsinduceshort-rangectentral
meson-gchange(Bonn), andtensorcorrelations Slaterdeterminantsannot
phenomenologicalArgonne), -PT describethese
featureshort-rangedepulsionand
strongtensorforce

userealisticinteractions

andinclude correlationswith
unitary correlationoperatorC

Ansatz

in simple mary-body states
(shell-model FMD) CYHC
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Unitary Transformation

Unitary Transformation
transformeigervalue problem

~ ~

H n =En

“pr e-diagonalization

with the unitary operatorC includetypicale ects
commonto all states

~

n =C n; ct=¢c

into the equialenteigervalue problem

H n :(CyHC) n =En n

Nuclear System
the nuclearsystemhasdi erentscales:

unltarycorrgatoradrppgs long range(low momenta)- canbe describedoy
componentirom outside mean- eld (Slaterdeterminant)
themodelspace
doesnot projecton
modelspace

short-rangdhigh momenta)- cannotbe describedoy
mean- eld

U includeshort-rangecorrelationsby unitary transforma-
tion
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; The Unitary Corr elation Operator

Two-Body Correlations Correlator C
(i two-bodygenerator shouldconsere translational,
X rotationaland Galilei invariance

C=e'S G= Oij clusterdecompositiomprinciple
<i wcjbeful led
Cluster Expansion

correlatedoperatorsA = CYAC areno longer
operatorswith de nite particle number

Spin-lsospin Dependence
nuclearinteractionstrongly dependsn spin and

isospin X
U decomposeorrelatedoperatorinto irreducible V= VsT sT
k-body operators S
A= Al + A2l 4 U di erentcorrelationsin the respectre chan-
nels
Two-Body Approximation X
g-= OsT sT
TC2 = T + T2 vC2 = 2 ST

U correlatedinteractionin two-bodyspace
8 correlationrangeshouldbe smallerthan

meandistanceof nucleons

~ i i
0= egST Vsre Ost -

ST
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Central Correlations
O = % Prs(r) + S(r)pr

U probability densityshifted out of the repul-

sive core
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Determination of Corr elator

determinatiorof s(r) und#(r) by variationalprinciple

g ST ST
\ s(?;!qfr(]r) trial C¥Cy HC C (i /

Central Correlations Tensor Corr elations
0.25r AV18 f AV18
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. 0.06+
' 0.15¢
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U correlatordependsonly weakly on the (i correlationrangehasto be restricted
trial state
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two-body densities

Many-Body Calculations

U centralcorrelator
shifts densityout of
the repulsve core

U tensorcorrelator
alignsdensitywith
spin orientation

< 60F
% 40 | *He
<
0 bothcentral & 201 =K
andtensor D 0 l— —
correlationsare 0 \
essentiafor ) 200 (T
binding C,
a0k
_ 60 L
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Many-Body Calculations

Benchmark AV8'

Binding Energy Contrib utions to the Binding Energy

\ “He
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ref. PRC64 (2001) 044001J

U extremelysimpletrial state,only one Slaterdeterminant

U big cancelationdetweenkinetic and potentialenegy,
Wding enegy very sensitve /
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Other Observables

NucleonMomentum Distrib utions

Bonn-A ArgonneV18

1.¢ 1.p
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> y 12 ' 4
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U correlationsinducehigh-momentunctomponents
U contrilutions of tensorcorrelationsvery big

Wrelatorrangesrelevant especiallyat the fermi surface
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Kim AP 1A% =i®'M  &®x Y2 (0)jikq) x AP X jio(kK%) Yiarp(X)
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AV18 Interaction in Momentum Space
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MTV Interaction

No-Core Shell Model Calculations
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AVS8' Interaction

No-Core Shell Model Calculations

preliminary
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o ; . c
3 Fermionic Molecular Dynamics
o

Fermionic Interaction

single Slaterdeterminant
|:|e — |:|CZ + |:|correction

Q =A o da

U antisymmetrizedA-body state

__h i
A2 = CICYHC C,

i HC2 — correlatedinteractionin two-body

Molecular approximation
GaussianWVavepaclets
X (x b) (i Heorrection _ adjustedon doubly magic nuclei
X g = G exp ' (compensatefor missingthree-bodycon-

i 28, tributions of the correlatedinteractionand
genuinethree-bodyforces)

Dynamics
VariationalPrinciple
Z A d ge A iati
i Qis He Q o Varlatlf)n
— = L o
A A minimize Q H® Q by

variationof the parametersf
the single-particlestates
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FMD

Nuclear Chart
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L FMD
W Selected\uclei

D)L ol

\spherlcahucly

intrinsically

~__deformednuclei
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'} FMD
d Multicon guration Calculations

Include rotations (i Diagonalize Hamiltonianin a setof FMD states
0 7 (1) % 0 o)
i e ] — [ ]
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; Summary and Outlook

U unitary correlationoperatorcan describeshort-rangecentral
andtensorcorrelations
U unitary correlatorprovides commonlow-momentuminteraction

M5:1

U correlatedinteractioncanbe usedin di erentmary-body
methods(HF, shellmodel, FMD)

U otherobsenableshave to be correlatedaswell Ms=0

Summary

U no-coreshell modelcalculationsfor light nuclei
U FMD calculationswith modi ed interactionfor heavier nuclei

U studyfurther obsenables(GT quenching.,...)

U investicate three-bodycorrelationsand genuinethree-body
forces

Multicon guration calculationswith FMD

Outlook

U clusterstructurein nuclei and excited states
U exotic nuclei, halos,...

http://theory.gsi.de/~tneff/tneff.html
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