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Motivation

describe basic properties of nu-
S clearsystemin termsof a realistic
nucleon-nucleomteraction

Alm

realisticinteractionH mary-body state

4 mean- eldcalculationgwith e ectiveinteractions)
He describebulk properties(enepies,

radii) well

8 notpossiblewith realisticinteractionsasnecessary
short-rangeand tensor correlationsin the mary-
body statecannotbe describedy singleSlaterde-
terminant

meson-gchangephenomenologicathiral
scatteringdataanddeuterorproperties
short-rangeepulsionandtensorforce

userealisticinteractions

andincludecorrelationdy meansof
Unitary CorrelationOperatoIC

Solution

in simplemary-bodystates
(shell-model FMD) CYHC



Unitary Transformation

Unitary Transformation

transformeigervalueproblem
H An = Ep An
by a unitaryoperatorC

~

n =C n; C =gy
into equivalenteigervalueproblem

H , =(CHC) , =E, .

NuclearSystem

nuclearsystemhasdi erentscales:

long-range (low-momenta) behaior —
canbedescribedy mean- eld
(Slaterdeterminant)

short-rangghigh-momentapehaior —
cannotbe describedy mean eld

U includeshort-rangeorrelationsy
unitarytransformation

pre-diagonalization

includetypical
e ectscommonto
all states

unitary correlator
admixes
componentsutside
modelspace

doesnot projecton
modelspace



Unitary CorrelationOperator

Two-bodyCorrelations

unitary correlator should describe
short-rangeentralandtensorcorre-
lations

U two-bodygeneratolG

C=e'©

ClusterExpansion

correlatedoperatorsA = CYAC are

nolongeroperatorsvith de nite par
ticle number

U decomposecorrelated operator
Into irreduciblek-bodyoperators

A= Al 4 A2 4
Two-bodyApproximation

TC2 = TMI 4+ T2
ez = Y12

range of correlationssmaller than
meandistancebetweemucleons

CorrelatorC

should consere transla-
tional andGalilei invariance
should consere invariance
underrotations

shouldful Il clusterdecom-
positionprinciple

Spin-IsospirDependence

nuclearinteraction strongly de-

pendenbn spinandisospin
X

V= VsT ST
ST

U di erentcorrelationsin the

respectre channels
X

g-= Ost sT
ST

U correlatednteractionn two-
bodyspace
" i
U= egST
ST

igsT
VsT€ ST



CentralCorrelations

realisticinteractionshave short-rangeepulsion Radial Shift

U probability densityof nucleonsn therepul-

sive corestronglysuppressed U correlatorshiftsnucleonsout of core

radial shift generatedby radialmomentump,
|
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CentrallyCorrelatednteraction
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Determinatiorof Correlator

correlatorprovidesadditionaldegreesof freedom
U useRitz variationalprinciple
_ ) 0.20f
min CYHC S' '
fCaf] 19 QL F oas
N
: - :
samecorrelatorfor all nuclei % = oo}
e : |
U minimize in two-body systemwith constant ;: sl
trial function '
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TensorCorrelations

Tensorinteraction Deuteror5=1,T =0

tensorinteractionis anessentiatomponenin re-  deuterorhasL = 2 admixturedueto tensorforce
alisticinteractions

8 withouttensorforceno boundnuclei rd = @ LA = @ (211
Tensoroperator 0.5

521 =3( 19 20) (1 2 a0
couplesspinsandtherelative spatialorientationof 0_35
nucleons [

02|
8 correlationsbetweenthe orientation of the ;
spinsandthe relative orientationof nucleons 0.1; W(r)
cannotbe describedy single Slaterdetermi- i
nant ==




TensorCorrelator

tensor correlatorc is scalar operatorthat

connectd. = O andL = 2 states
shouldnot shift radially but only perpendicu-
lar to relative orientation

U decomposenomentunoperator
P=prtp
rr

@ ;

r

) r rill
) v T

U generatowith radially dependentensorcor-
relationfunction

g ) #0) 2 1P ) 20+ 2 10 2P )

1
(1 z)z(p r+rp)
U ...somealgebra ..
rc d =cos 3p§#(r) u(r) (01)1
+ sin 3p§#(r) u(r) (21)1

DeuteronCorrelator
deuterorcorrelatorc  shouldmaptrial state
u(r
rd = ¥ (01)1
ontofull deuterorsolution

d =c d =e" d

DeuteronCorrelationFunction
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BonnA —#(r)

Many-Body Calculations

Doubly Magic Nuclei

doubly magic nuclei “He, 10 and“°Ca de-
scribedby a single correlatedSlaterdetermi-
nantof harmonicoscillatorstates
expectationvaluesof two-bodyoperatorsan
beevaluatedusingTalmi coe cients
onc® -
X
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Correlatedwo-bodywave function

tensorcorrelatorconnectonly L = J 1 with
L=J 1states
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Kinetic Enegy

Potential

1 o2 O(R.(r))

Correlatednteraction
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Results:ArgonneV8'
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BenchmarkTestcalculationof a
FourNucleonBoundState
nucl-th0104057

U apparently
long-rangeensor
correlatomeeded

(reference Py ad-
mixture of 13:9%
obtainedwith corre-
lator )

U two-body
approximation not
good enough for
long-range tensor
correlator

U higher order terms
in clusterexpansion
missing



Results:ArgonneV18 andBonnA
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UCOM versusVigwk
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Outlook

Summary& Outlook

UCOM candescribeshort-rangeentralandtensorcorrelations

UCOM provides a methodto separatethe short-range(low-
momentumandlong-rangg high-momentumphysics

U correlatedealisticinteractioncanbe usedin mary-bodycalcu-
lations(HF, FMD, shell-model)

8 problematids long rangeof tensorcorrelations

Summary

usecorrelatedinteraction— with short-ranggensorcorrelator
—in shell-modelcalculationsvherecon guration mixing takes
careof long-rangecorrelations

include (approximately}hree-bodycontributionstogethemwith

long-rangedensorcorrelatorand usecorrelatedinteractionin
FMD calculations

genuinethree-bodyinteractionsandrelationto three-bodycon-

tributions(!

GFMC calculations)



Fermionic
Q =CA « da
Unitary CorrelatorC

antisymmetrizedh-particlestate

Molecular

FMD

Z

Dynamics

VariationalPrinciple

dt

Qid H Q

~

Q

~

Q

Equationsof motion

=1
>

0
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FMD nuclearchart— correlatedBonnA (+ corrections)
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