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Motivation

describebasicpropertiesof nuclear
.= systemin termsof arealistic
nucleon-nucleomteraction

Many-Body State
realisticinteractionH 4 mean- eldcalculationgwith e ectiveinteractions)
He (Slaterdeterminant )

meson-&changgBonn), describebulk propertiedenegies,radii) well
phenomenologlc.a(lé\rgonne), T 8 realistic interactionsinduce short-rangedcentral
reproducescatteringlataanddeuteron andtensorcorrelations Slaterdeterminantgannot
properties describethese
featureshort-rangedepulsionand
strongtensorforce

userealisticinteractions

andincludecorrelationswvith
unitary correlationoperatoiC

Ansatz

in simplemary-bodystates
(shell-model FMD) CYHC



Unitary Transformation

Unitary Transformation

transformeigervalueproblem

H n =E1 n “pre-diagonalization”

includetypicale ects

with theunitaryoperatoiC
commonto all states

‘n =C ,; Cl=¢
into theequialenteigervalueproblem
H n =(CHC) n =En
NuclearSystem

: : thenuclearsystemhasdi erentscales:
unitary correlatoradmixes y

component$rom outside long range(low momenta)- canbedescribedy
themodelspace |, mean- eld (Slaterdeterminant)
_ short-range(high momenta)— cannotbe describedby
doesnot projecton e 2l
modelspace (i includeshort-rangecorrelationsby unitary transformati-

on



The Unitary CorrelationOperator

Two-Body Correlations CorrelatorC
i two-bodygenerator shouldconsenre translational,
- X rotationalandGalilei invariance
— 16, = .
C=e 7 G= - Gij clusterdecompositiorprinciple
1<) shouldbeful lled
ClusterExpansion

) Spin-IsospirDependence
correlatedoperatorsA = CYAC areno longerope-

ratorswith de nite particlenumber nuclearinteractionstrongly dependon spin and
) L : isospin
U decomposeorrelatedbperatorinto irreducible P _ X
k-bodyoperators V= Vst sT
ST
A = AT+ A2l 4 . L .
A=A A U di erentcorrelationsin the respectre chan-
: : nels
Two-BodyApproximation X
g-= OsT ST
fc2 = T 4+ T2 yC2 = i2 ST

U correlatednteractionin two-bodyspace
8 correlationrangeshouldbe smallerthan .
ST

) o igsT
meandistanceof nucleons V= € Vsrée ST
ST



Centraland TensorCorrelations

" P zopr +p o o
cC=CC
| p=3rPtprrs P =gl b of
CentralCorrelations TensorCorrelations
n 0]
g = 3 prS(r) + S(r)py g =#r)3( 1p ) 20)+3( 11 2p)

U probabilitydensityshiftedoutof therepulsve tensorforce admixesotherangulamomenta
core
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CentralCorrelations

realisticinteractiondhave short-rangeepulsion

U probability densityof nucleonsn therepul-
sive corestronglysuppressed
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RadialShift

U correlatorshiftsnucleonsout of core
radial shift generatedby radialmomentump,

r 1 _ _
O ) éprs(r)"'s(r)pr’ pr—T F @

CorrelationFunction

use correlation function R (r) insteadof shift
function s(r)

1_Z R (r) d . =
= L)’ (r) r 9(r)
CorrelatedMNVave function

RO(r) X;R (r)f

X;r ¢ = _Rr(r)p—



Kinetic Enegy

Potential

CentrallyCorrelatednteraction
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TensorCorrelations

U tensorforceadmixeshigher Perpendicula&hift

angulamTmomenta
U correlatoralignsdensitywith spin

S=1:T=0 2001 AV perpendiculashift generatedby s(r;p )
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Kinetic Enegy

Potential

zi cos O(R.(r))

TensorCorrelatednteraction

1, 1 1, 1

. y Y . rol Lo 2 -
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TensorCorrelatednteraction

TensorCorrelatedOperators D=3 D2 D) (1 22
og . _ . 1 A
I BakerCampbell-Hausdor S2(p 1P )= 2%82(p ip )+ s2ll) 58P
dac =e’ae " =éa L =g
g;pr =i p#Ar) +#ADP S2Arip )
45 3 i
g 9P = 2#%0) (18+61) 1+ I s+ Ssu(l;))
truncatedopera-
tor space
g; 1 =0
g ;sof;f) =i#(r) 24 1 18l s+ 3s,(f;f)
g;ls =i#(r) sap ip)
g ;12 =i#(r) 25200 ;p ) i use in HF or
g :so(ll) = i#(r) 750 :p ) Erl\l/ISD calculati-

g :S2p ;p ) = i#(r) (9612 + 108) 1 + (3612 + 153)l s+ 15s5(I;)



Determinatiorof Correlator

determinatiorof R. (r) und#(r) by variationalprinciple

: ST ST
&%!Q(r) trial C%/Cy HC Cr trial

CentralCorrelations TensorCorrelations
0.25r AV18 f AV18
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U correlatordependonly weaklyonthe U limit therangeof thecorrelator

trial state
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Many-Body Calculations

Many-Body Trial States

Slaterdeterminanpf harmonicoscillatorstates
‘He = (19*
160 — (15)4(1p)12
Vca = (19*1p)*%(29)*(1d)*°

Talmi Transformation

harmonicoscillatorallows separatiorof relative andcm motion
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two-bodydensities

Many-Body Calculations

X [fm]

U bothcentral
andtensor
correlationsare
essentiafor
binding

x [fm] x [fm]

S 1)) S=LMs=1LT=0

centralcorrelator
shiftsdensity
outof the
repulsve core

tensorcorrelator
alignsdensitywith
spinorientation
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Ep [MeV]
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Many-Body Calculations- BenchmarkAV8'

Binding Enegy Contritutionsto the Binding Enegy
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ref: PRC64 (2001)044001
U extremelysimpletrial state,only oneSlaterdeterminant

U big cancelationbetweerkinetic andpotentialenengy,
thereforebindingenepy very sensitve



ArgonneV18

Bonn-A

Many-Body Calculations- ArgonneV18 andBonn-A
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simulation of three-
body contributionsby a
three-body delta force

(ri re) (re rj)



k H& k ; k V k [fm]

Interactionin MomentumSpace

Z
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BonnA Interactionin MomentumSpace

barepotential

correlatednteraction



A(k)=A [fm?]

NucleonMomentumbDistributions
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U correlationganducehigh-momentuntomponents
U contributionsof tensorcorrelationsvery big
U di erentcorrelatorrangeselevantespeciallyatthe fermi surface



preliminary

No-CoreShellModel - MTV andATS3M

MTV -“He ATS3M - “*He
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1 useOXBASH shellmodelcode

oscillatorparameter = =
calculationdrom 0 to 6~ possible

ref: PRC52 (1995)2885



preliminary

No-CoreShellModel - AV8'’

ArgonneV8' - *He
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useOXBASH shell-modekode
calculationdrom O to 6~ possible

enegy bene ts morefrom enlagedmodel-spacéor short-rangeaorrelator
bindingenepgy dependdesson oscillatorparametefor largermodelspaces
radii increasavith enlagedmodel-spaces
cornvergenceshouldbetestedwith largermodel-spaces



FMD Calculations

Fermionic Interaction

singleSlaterdeterminant
|;‘|e — |:|C2 + |:|correction

Q =A o A : i
U antisymmetrizedh-bodystate H®? = CYCYHC C, =
Molecular (i HC2 — correlatedinteractionin two-bodyap-
proximation
GaussiatWavepaciets (i Hecorrection _ adjustedon doubly magic nuclei
X (X b;)? (compensatefor missingthree-bodycontri-
xq = Gep 2a i i butions of the correlatedinteractionand ge-
' nuinethree-bodyforces)
Dynamics
VariationalPrinciple
7 A i% H O Varlatlf)n
dt —— =0 minimize Q H® Q by
Q variationof the parametersf

thesingle-particlestates



FMD Matrix Elements

One-BodyMatrix Elements Two-Body Matrix Elements
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— = > a Ok: 0 o Om; On  aOmkOni
Q Q K;I;m;n

Q ol Q

~

= a O g ok

Gaussiarintegrals

(X1 X2)?
2

G(X1 Xo) =exp

32 ﬁlmn
exp
kimn T 2( kKimn T )

axb;aby G ambm; anbn = RamRin

alam  &lan | _amb’ +albm  alb” +ab,

+ Kimn = aﬁ"'am a|?+an

aﬁ+am a|?+an, Ran = akbk ambm

Kimn —



FMD NuclearChart
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Selected\luclei

intrinsically
deformednuclei

sphericahuclei
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Summary

SummaryandOutlook

U unitarycorrelationoperatoicandescribeshort-rangeentraland
tensorcorrelations
U unitarycorrelatomprovidescommonow-momentuninteraction

U correlatednteractioncanbeusedin mary-bodymethods
(HF, shellmodel,FMD)

U otherobsenablescanbecorrelatecaswell

i

8 longrangeof tensorcorrelationshasto beaddressed

FeldmeierNe , Roth,SchnackNP A632(1998)61
Ne , FeldmeierNP A (acceptedor publication),nucl-th020713

U usecorrelatednteraction— with short-rangedensorcorrelator
in shellmodelcalculationswith con guration mixing

U use correlatedinteractionwith long-rangedtensor correlator
andthree-bodycontritutions(approximationsin simplemary-
bodystategHF, FMD)

Outlook

8 genuinethree-bodyforces are neededin addition for a suc-
cessfuldescriptionof nuclei
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