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Introduction

Unitary Correlation Operator Method

■ realistic interaction induces correlations:

• central correlations: two-body den-
sity is suppressed at low distances

• tensor correlations: angular distri-
bution depends on the relative spin
alignments

■ treat short-range correlations explicitly
by unitary transformation

■ correlated interaction VUCOM is phase-
shift equivalent to the underlying bare
nucleon-nucleon interaction
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Motivation

Results with VUCOM

.
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■ binding energies:
good agreement

→ HK 27.4, HK 27.5

■ charge radii:
systematically too small

⇒ repulsive
three-body interaction
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Three-Body Interaction

Contact Interaction

■ repulsive three-body interaction

→ increased charge radii

→ decreased binding energies

→ increased tensor correlation volume

■ simplest ansatz: contact interaction

V3 = C3 δ(3)(~x1 − ~x2) δ(3)(~x1 − ~x3)

■ calculation of matrix elements in harmonic-
oscillator basis
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Three-Body Interaction

Matrix Elements in Harmonic-Oscillator Basis
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Results
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Hartree-Fock Results

0

2

4

6

. (E
−

E
ex

p
)/

A
[

M
eV

]

2

3

4

5

.

R
ch

[
fm

]

4He
16O

24O
34Si

40Ca
48Ca

48Ni
56Ni

78Ni
88Sr

90Zr
100Sn

114Sn
132Sn

146Gd
208Pb

I
(10)
ϑ [ fm3]

0.09

0.20

C3 [ MeV fm6]

0

2500

strength of three-body
interaction:

C3 = 2500 MeV fm6

increased tensor
correlation volume:
I

(10)
ϑ = 0.20 fm3

8



Hartree-Fock Results
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Hartree-Fock Results
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Collective Excitations: 40Ca
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Collective Excitations: 40Ca
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Collective Excitations: 90Zr
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Many-Body Perturbation Theory

Energy Corrections for the Two-Body Interaction
.
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� perturbation theory

for 2b-interaction
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Many-Body Perturbation Theory

Energy Corrections for the Two- plus Three-Body Interaction
.
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■ no convergence

⇒problems of contact interaction
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Summary & Outlook

Summary

■ three-body contact interaction

⇒ improved results:

• charge radii & charge density distributions

• single-particle spectra

• collective excitations

■ problem: contact interaction

Outlook

■ renormalize the contact interaction

■ finite-range three-body interaction
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Epilogue...
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