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Motivation

describe mary-body properties of
S nuclearsystemin termsof a realis-
tic nucleon-nucleomteraction

mary-body state
realisticinteractionH ¢ mean- eldcalculationgwith e ectiveinteractions)
H. describebulk properties(enegies,

meson-&changephenomenologicathiral
scatteringdataanddeuterorproperties
short-rangeepulsionandtensorforce

radii) well

X notpossiblewith realisticinteractionsasnecessary
short-rangeand tensor correlationsin the mary-
body statecannotbe describedoy a single or few
Slaterdeterminants

userealisticinteractions

andincludecorrelationdoy meansof
Unitary CorrelationOperatorC

Solution

in simplemary-bodystates
(shell-model FMD) CYHC
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Unitary Transformation

Unitary Transformation

transformeigervalueproblem

H n =By n pre-diagonalization

includetypicale ects

by a unitaryoperatorC
commonto all states

~

n =C ,, Ccl=¢C
into equialenteigervalueproblem
H n =(CHC) o =En
NuclearSystem

nuclearsystemhasdi erentscales:

long-range(low-momenta)behaior — can be described
by mean- eld (Slaterdeterminant)

unitary correlatoradmixes
componentsutsidemodel

space
doesnot projecton model short-range(high-momenta)behaior — cannotbe de-
space scribedoy mean eld

» include short-rangecorrelationsby unitary transforma-
tion
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Unitary CorrelationOperator

Two-bodyCorrelations CorrelatorC

P :
» two-bodygeneratolG = . gj shouldconsere translational,
rotationalandGalilei invariance

C=e® shouldful Il cluster
_ decompositiorprinciple
ClusterExpansion

correlatecbperatorsA = CYAC areno longeroper
atorswith de nite particlenumber

» decomposeorrelatedperatoiinto irreducible Spin-IsospirDependence

k-bodyoperators _ _ _
nucleannteractionstronglydependendvn spinand

A= Al + AR 4 isospin X
. : V= Vst sT
Two-bodyApproximation &7
_ _ _ R R » di erentcorrelationsin the respectre chan-
TC2 — T[l] + T[2]’ VC2 — V[2] nels
X
rangeof correlationssmallerthan meandistance g= OsT sT
betweemucleons ST

Thomas Neff — DPG Spring Meeting 2002 IS



CentralandTensorCorrelator

o pzopr"'p o o
cC=CC
| =z r Pt pEEs P =gl b b
CentralCorrelations TensorCorrelations
n 0]
gr = 3 prS(r) + S(N)py g =#O) 2 p ) 20+ 1) 2p)

» probability densityof nucleonsin the repul-

: » for exampleadmixtureof L = 2 wavefunction
sive corestronglysuppressed

in thedeuterorinducedby thetensorforce
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Many-Body Calculations

N
T

Two-BodyDensities

cr() S=LMs=LT=0

» central and tensor
correlationsare of
equalimportance

» dramatic increase
in binding
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» central correlator
shifts density out
of repulsve core

» tensor correlator
alignsdensitywith
thespin

S 60F
g *He 160 0cg | — T
10} / Vv
< e T
99 20 | — _K \ — H
D —X
o — — —
O 0 N \ \
(: — — —
LLI _ 20 L
C
T C\,
= 60 -




UCOM versusV ok
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FMD calculations

One-BodyStates

X (x_ by
X Qg = Cexp >

b=r+iap

I . meanposition

p : meanmomentum
a: comple width

Many-Body State

Q =A q da
» antisymmetrizedh-particlestate
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Obsenables
A h i
A2 = CYCYHC C, =

» correlatedealisticinteractionn two-bodyap-

proximation
» otherobsenablescanbecorrelatedaswell

Variation
minimize Q H® Q by
variationof parametersf

single-particlestates
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