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Overview

= Introduction

- The Unitary Correlation Operator Method (UCOM)
= Ground-state properties
- Hartree-Fock and Perturbation Theory
= Collective excitations
- RPA and beyond: Extended RPA and Second RPA
- The UCOM Hamiltonian as an effective interaction

= Summary



Introduction

Correlated realistic interactions Viycoum

= Short-range central and tensor correlations (SRC) de-
scribed by a unitary correlation operator C' = CqC,

= Introduce SRC to uncorrelated A-body state or an operator
of interest

(B|0]F) = (¥|CTOC|W) = (¥|0|w)

realistic NN interaction — correlated interaction

= Same for all nuclei
= Phase-shift equivalent to the original NN interaction

= Suitable for use within simple Hilbert spaces



Introduction

expectation value of Hamiltonian (with AV18) for Slater de-
terminant of harmonic oscillator states
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Introduction

Use of the Vycom In many-body
calculations across the nuclear chart:

= Ground state properties and excited states of closed-
shell nuclei:

- Hartree-Fock calculations
- Second-order perturbation theory

- Versions of the RPA: Standard, Extended, Second
RPA

= ...and open-shell ones:

- Hartree-Fock-Bogolyubov, Quasi-particle RPA...

= In what follows, a UCOM Hamiltonian based on the
Argonne V18 NN interaction is used
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Ground-State Properties




UCOM-HF

Standard Hartree-Fock

= Ground state approximated by a single Slater determinant

HEF) = A{[¢1) @ |p2) @ - -+ |da)}

= Single-particle states are expanded in a H.O. basis

6i) = 3o Diale) 5 |e) = |n, ((3)jm, 3my)

= Expansion coeff’s D,, determined by minimizing the energy

Eyp = (HF|Hyo|[HF) = 152 (630|Te1 + Vicomléid;)



UCOM-HF + PT

LRC: extending the
model space

Second-order perturbation theory

= Binding-energy correction:

OCC unocc /L] |H1nt | ab> |2
— 3 Hin — Tre %
Zze—keb—ez—e] : ¢ 1+ Vucom

1,7 a,b

= Modified density matrix and occupation numbers

[1 Modified charge radii



UCOM-HF + PT
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UCOM-HF + PT

O I I
I A
2 Ca

1 1
(@))

T T

|

E/A [MeV]
| ¢ | IN

o

4

1 1
(@)

T T

]

E/A [MeV]
D

116 120 124 128 132

A

100 104 108 112



Missing Pieces

long-range

genuine three-body cluster

correlations three-body forces contributions

Beyond Hartree-Fock

= residual long-range correla-
tions are perturbative

= mostly long-range tensor cor-
relations

= easily tractable within MBPT,
Cl, CC,...

Net Three-Body Force

= small effect on binding ener-
gies for all masses

= cancellation does not work for
all observables

= construct simple effective
three-body force



UCOM-HF + PT

Three-body force - In progress
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Collective Excitations:
RPA and beyond




Standard RPA

= Vibration creation operator:
Qb = S X0l = YO 5 QuRPA) =0 5 Qf[RPA) = |v)
= Standard RPA - the RPA vacuum is approximated by the HF ground state:
(RPA|...|RPA) — (HF|...[HF) ; O, — dlay,

= RPA equations in ph—space:

(5 ) (57) == ()

Aphprhy = OppOnpr(ep—€n)+Hpp oy 3 Bpnprny = Hppr oy 3 H = Hine = Tra+Vucoum

| Self-consistent HF+RPA: spurious state and sum rules



Standard RPA

Isoscalar monopole response
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Standard RPA

Isovector dipole response
Npax = 12
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Standard RPA

Isoscalar quadrupole response
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Beyond Standard RPA

The HF+RPA method is based mainly on the
following approximations:

[1 Coupling to higher order excitations
(np — nh) is neglected

Second RPA

[1 The ground state does not deviate much
from the HF ground state

Renormalized RPA,
“Extended” RPA, ...



Extended RP A [Catara et al.: PRB58(98)16070;

Voronov et. al.. Phys.Part.Nucl.31(00)904]

= Vibration creation operator:
Qb = > W X0 = 3 YO 5 QuRPA) =0 ; QI|RPA) = |v)
= Excitations are built on the RPA vacuum. In general,
Oph = D Nphp' a;,ah/
= ERPA is formulated in the natural-orbital basis:
Opp, — D;hl/QaLah ;. Dy =np —ny,
ERPA equations: solved iteratively
A B X7 X7
(5 5 ) ()=~

B 1/2 ~1/2 . N1/2 41)2
Aphprhr = Onw €y — Oppr€nn + 1D ph Dp’h’H hp' b5 Bphph = Dph D % Hppy pyy

eij = D /0 Hik jk



Extended RPA
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Second RPA

= Vibration creation operator: Includes 2p2h configurations

T _ T T
Qy - zphX;hOph o thYpVhOPh + zp1h1p2h2 Xpylhlp2h2 Op1h1p2h2

-2 y O
p1hipahaY prhipahs ~ P1hip2he

= The SRPA vacuum is approximated by the HF ground state:

(SRPA|...|SRPA) — (HF|...|HF)
= SRPA equations in ph & 2p2h—space:

[ A As| B0 ) [ Xx) [ xv )
Ay A | 0 0 X" XV

BT 0 | —AT A, Y Y
\ 00 A Ay S\ Y \ V")
Aph,P/h’ — 5pp’5hh’(€P_€h)+th’,ph’ 3 Bph,p’h’ — Hhh’,pp’ ; H = Hint — Trel—’_VUCOM

Aio: interactions between ph and 2p2h states
Ags: 5p1p’1 5h1h’1 5p1p’1 5h1h’1 (epl + €py — Chy — €h2)




Second RPA - Preliminary
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Summary

Nuclear collective excitations
using the Vycowm

= Standard RPA
- GMR properties well reproduced
- GDR, GOQR centroids overestimated
- Properties of the Vycom as an “effective interaction”
s “Extended” RPA
- Small effect of explicit ground-state correlations
= Second RPA
- Preliminary results show sizable effect of extended space

[1 Role of residual long-range correlations and three-body terms
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n T. Neff
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= H. Feldmeier

Gesellschaft fur Schwerionenforschung (GSI)

References and further information
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