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Fully self-consistent theory provides
a direct connection between

\ effective interactions

and excitation phenomena
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1. Collective Excitation Phenomena In the
Relativistic Framework based on
Density-dependent Interactions
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TRECATIVISTIC MEAN FIELD THEORY
& =

(JP, T)=(0%,0)

system of Dirac nucleons coupled to the exchange mesons
and the photon field through an effective Lagrangian.

(JP, T)=(1-,0) (JP,T)=(1",1)

Sigma-meson: attractive Omega-meson: short- Rho-meson:
scalar field range repulsive field isovector field

- THE LAGRANGIAN DENSITY: Ly e, o, wh, g, AH]

An effective density dependence Density dependent meson-nucleon
introduced via a non-linear potential: couplings (phenomenological):

Qi(p) — Qi(Psat)fz'(a:) TW-99

U(o) = %m?,aQ -+ %203 —+ %304

file) = afigiy:  i=ow
9p(p) = gp(psat) € (x—1)
NL1 NL-Z2 NL3 T = p/psat DD-ME1
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~ad- Derived from the time-dependent RHB equation in the limit of ismall
oscillations around the RHB ground state generalized density
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’*‘ Collective mode: protons coherently oscillate against neutrons
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Already at moderate
proton-neutron
asymmetry, PDR peak
IS obtained above the
neutron emission
threshold

Implications for
the observation of
the PDR in (g,9)
experiments
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2 .Collective Excitation Phenomena based on
Realistic Nucleon-Nucleon Interactions
within the Unitary Correlation Operator
Method (UCOM)




L\*a Realistic nucleon-nucleon interactions are determined
] ~from the phase-shift analysis of nucleon-nucleon scattering

\, ] ]
T*i strong repulsive core at small distances ~ 0.5 fm

300 ! I ! I ! | ! 1 ! I ' ! | ! I ' | ! 1 ! I
- (d) -

200

1 Very large or infinite
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| Interaction (relative
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* Short-range central and tensor correlations are included in
the simple many body states via unitary transformation

ats: L \‘P> *’\m B
(P10 ") = (WICTOC W) = (¥[O¥)
‘F ‘F

UNCORRELATED CORRELATED
OPERATOR OPERATOR

>* Instead of correlated many-body states, the correlated
operators are employed in nuclear structure models of finite nuclei

R. Roth et al., Nucl. Phys. A 745, 3 (2004)

T. Neff et al., Nucl. Phys. A 713, 311 (2003)
R. Roth et al., Phys. Rev. C 72, 034002 (2005)
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TWO-BODY DENSITY
FULLY SUPPRESSED
AT SMALL PARTICLE
DISTANCES

CENTRAL CORRELATIONS
N—

Spin-projected two-bod
density of the deuteron
for AV18 potential

ANGULAR DISTRIBUTION
DEPENDS STRONGLY ON
RELATIVE SPIN ORIENTATION

TENSOR CORRELATIONS




C = CqC,

— o 12i<j8Qj 1 2i<j8rij Potential

Argonne V18<40

|

Central

gr = %[S(r)qr +4rs(M] = correlator C,

go = H(r)spa(r,qq) —

|

Tensor
Correlator C,

O =cC’ocC
— Ol 4 Bl2]

Two-Body Approximation
ms

3-Nucleon

Interaction
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Fermionic

Correlation functions

are constrained by the
energy minimization in
the two-body system

!

Additional constraints
necessary to restrict
the ranges of the
correlation functions

fﬁ(r)rzdr =1

(S=1,T=0)
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Hartree-Fock

Molecular No-core
Dynamics Shell Model

Random Phase
Approximation
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AHC? = T 4 TR VR = T+ vigcom

\*} Closed operator expression for the correlated interaction
Vcom 1IN two-body approximation

3*} Correlated interaction and original NN-potential are
phase shift equivalent by construction

34~ Central and tensor correlations are essential to obtain
bound nuclear system

* Momentum-space matrix elements of the correlated
interaction V.o are similar to low-momentum interaction V

low-k




NO-CORE SHELL MODE
CALCULATIONS USING
1 Vyeoy POTENTIAL

7 R. Roth et al, nucl-th/05050
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CANCELLATION OF
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T*T Nucleons are moving in an average single-particle potential

h |¢nljm> = Enlj |¢nljm>

f\*‘ Expansion of the single-particle state in harmonic-oscillator basis

.
|¢nljm> = D( % |uafljm>

* Matrix formulation of Hartree-Fock equations as a generalized
eigenvalue problem

[ / [ [
[Zﬁh;é)D(g) Evi s N(ﬁDu)]

VD = St sargr Ny ,>D(1:J:)D(,ﬁ, ((alj, l’]’)J|~|(ﬁlJ= BUJ)DA

3\ Restrictions on the maximal value of the major shell quantum

number N,,,x=12 and orbital angular momentum |,,,=8
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m many-body perturbation theory: second-order energy shift gives esti-
mate for influence of long-range correlations
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