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Motivation

A
im

describe many-body properties of
nuclearsystemin termsof a realis-
tic nucleon-nucleoninteraction

realisticinteractionH
�

� meson-exchange,phenomenological,chiral
� scatteringdataanddeuteronproperties
� short-rangerepulsionandtensorforce

many-bodystate
��� �

�

4 mean-�eldcalculations(with e� ectiveinteractions)

�

��� H� e�

��� �
�

describebulk properties(energies,
radii) well

8 notpossiblewith realisticinteractionsasnecessary
short-rangeand tensorcorrelationsin the many-
body statecannotbe describedby a singleor few
Slaterdeterminants

S
ol

ut
io

n

userealisticinteractions

andincludecorrelationsby meansof
UnitaryCorrelationOperatorC

�

in simplemany-bodystates
(shell-model,FMD)



�

���C
�

yH� C
�

��� �
�

Thomas Neff – DPG Spring Meeting 2002

2



UnitaryTransformation

UnitaryTransformation

transformeigenvalueproblem

H�
��� 	̂ n

�
= En

��� 	̂ n
�

by a unitaryoperatorC
�

��� 	̂ n
�

= C
�

��� 	 n
�
; C

�
� 1 = C

�
y

into equivalenteigenvalueproblem

Ĥ�
��� 	 n

�
= (C

�
yH� C

�
)
��� 	 n

�
= En

��� 	 n
�

pre-diagonalization

includetypical e� ects
commonto all states

NuclearSystem

nuclearsystemhasdi� erentscales:

� long-range(low-momenta)behavior – can be described
by mean-�eld(Slaterdeterminant)

� short-range(high-momenta)behavior – cannot be de-
scribedby mean�eld

ü include short-rangecorrelationsby unitary transforma-
tion

unitarycorrelatoradmixes
componentsoutsidemodel

space
��� 	 n

�

doesnotprojectonmodel
space
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UnitaryCorrelationOperator

Two-bodyCorrelations

ü two-bodygeneratorG
�

=
P

i< j g
�

i j

C
�

= e� iG
�

CorrelatorC
�

shouldconserve translational,
rotationalandGalilei invariance

shouldful�ll cluster
decompositionprinciple

ClusterExpansion

correlatedoperatorsÂ� = C
�

yA� C
�

areno longeroper-
atorswith de�nite particlenumber

ü decomposecorrelatedoperatorinto irreducible
k-bodyoperators

Â� = Â�
[1] + Â�

[2] + � � �

Two-bodyApproximation

T̂�
C2 = T̂�

[1] + T̂�
[2], V̂

�
C2 = V̂

�
[2]

rangeof correlationssmaller than meandistance
betweennucleons

Spin-IsospinDependence

nuclearinteractionstronglydependentonspinand
isospin

v
�

=
X

S;T

v
� ST�

� ST

ü di� erentcorrelationsin the respective chan-
nels

g
�

=
X

ST

g
�

ST�� ST
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CentralandTensorCorrelator

C
�

= C
� 
 C

� r

p = pr + p


pr = 1
2

n
r
r

�
r
r p

�
+

�
p r

r

�
r
r

o
; p
 = 1

2r

n
l � r

r � r
r � l

o

CentralCorrelations

g
�

r = 1
2
�
pr s(r) + s(r)pr

	

ü probability densityof nucleonsin the repul-
sivecorestronglysuppressed
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o

ü for exampleadmixtureof L = 2 wavefunction
in thedeuteroninducedby thetensorforce
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Many-Body Calculations
Tw
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ü central correlator
shifts density out
of repulsivecore

ü tensor correlator
alignsdensitywith
thespin
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ü central and tensor
correlationsare of
equalimportance

ü dramatic increase
in binding
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UCOM versusVlowk



klm

��� Ĥ�
[2]

��� k0l0m0�
= i l i l

0
M

Z
d3x Y?
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x
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FMD calculations

One-BodyStates



x

��� q
�

=
X

i

ci exp
�
�

(x � bi)2

2ai

� ��� � i
�



��� � i

�

b = r + iap
r : meanposition
p : meanmomentum
a : complex width

Many-BodyState

��� Q
�

= A
�

� ��� q1
�


 � � � 

��� qA

��

ü antisymmetrizedA-particlestate

Observables

Ĥ�
C2 =

h
C
�

y
r C�

y

 H� C

� 
 C
� r

iC2

ü correlatedrealisticinteractionin two-bodyap-
proximation

ü otherobservablescanbecorrelatedaswell

Variation

minimize



Q
��� Ĥ�

C2
��� Q

�
by

variationof parametersof
single-particlestates
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