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Overview

Forschungsschwerpunkt ,,Kern- und Strahlungsphysik” SFB 634
GRK 410

■ UCOM Concepts and Formalism

■ Few-Body Calculations

• No-Core Shell Model (NCSM)

• Fermionic Molecular Dynamics (FMD)

■ Summary
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Motivation

Argonne V18 Deuteron Solution

MS = 0
1√
2
(
∣∣↑↓

〉
+

∣∣↓↑
〉
)

MS = ±1∣∣↑↑
〉
,

∣∣↓↓
〉

ρ
(2)
1,MS

(~r)

■ central correlations:
two-body density is suppressed at
low distances

■ tensor correlations:
angular distribution depends on
the relative spin alignments

use very large many-body
Hilbert spaces

⇒ high computational
effort

use numerically affordable
Hilbert spaces and

treat strong correlations
explicitly

or
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Central and Tensor Correlators

Central Correlator Cr

■ radial distance-dependent shift
in the relative coordinate of a nu-
cleon pair

Cr = exp(−i
A∑

i,j

gr,ij)

gr =
1

2

[
s(r) qr + qr s(r)

]

qr = 1
2

[
~r
r

· ~q + ~q · ~r
r

]

Tensor Correlator CΩ

■ angular shift, depending on the orienta-
tion of spin and relative coordinate of a
nucleon pair

CΩ = exp(−i
A∑

i,j

gΩ,ij)

gΩ =
3

2
ϑ(r)

[
(~σ1 · ~qΩ)(~σ2 ·~r) + (~r↔~qΩ)

]

~qΩ = ~q − ~r
r

qr

s(r) and ϑ(r)
encapsulate the physics of
short-range correlations.
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Correlated States
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Correlated Operators

■ application of CrCΩ is a unitary transformation:
〈
Ψ̃

∣∣ O
∣∣Ψ̃

〉
=

〈
Ψ

∣∣ C†
ΩC†

rOCrCΩ

∣∣Ψ
〉

=
〈
Ψ

∣∣ Õ
∣∣Ψ

〉

■ all observables need to be correlated consistently

Correlated Hamiltonian
C†

ΩC†
rHCrCΩ = T[1] + T̃[2] + Ṽ[2] + T̃[3] + Ṽ[3] + . . .

Correlated Hamiltonian
C†

ΩC†
rHCrCΩ = T[1] + VUCOM + V

[3]
UCOM + . . .

VUCOM

VUCOM =
∑

i,S,T

1

2

(
ṽi

ST (r)Oi + Oiṽ
i
ST (r)

)
ΠST

Oi ∈ { , q2
r,

~l 2, ~l ·~s, s12(~r,~r), ~l 2~l ·~s, s12(~l ,~l ),

s12(~qΩ,~qΩ), {~l 2s12(~qΩ,~qΩ)}H, qrs12(~r,~qΩ), . . .}
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∣∣Ψ

〉

■ all observables need to be correlated consistently

Correlated Hamiltonian
C†

ΩC†
rHCrCΩ = T[1] + T̃[2] + Ṽ[2] + T̃[3] + Ṽ[3] + . . .
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Momentum-Space Matrix Elements
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Few-Body Calculations:

No-Core Shell Model (NCSM)
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4He: Convergence
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NCSM code by P. Navrátil [PRC 61, 044001 (2000)]

VUCOM

20 40 60 80
~Ω [MeV]

-20

0

20

40

60

.
E

[M
eV

]

4He

residual state-dependent
long-range correlations

9



4He: Convergence

Vbare

20 40 60 80
~Ω [MeV]

-20

0

20

40

60

.

E
[M

eV
]

Nmax

0 2 4

6

8

10
12
14
16Eexact

NCSM code by P. Navrátil [PRC 61, 044001 (2000)]

VUCOM

20 40 60 80
~Ω [MeV]

-20

0

20

40

60

.
E

[M
eV

]

4He

residual state-dependent
long-range correlations

9-a



4He: Convergence

Vbare

20 40 60 80
~Ω [MeV]

-20

0

20

40

60

.

E
[M

eV
]

Nmax

0 2 4

6

8

10
12
14
16Eexact
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Tjon-Line and Correlator Range
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■ Tjon-line: E(4He) vs. E(3H)
for phase-shift equivalent NN-
interactions

■ change in correlator range re-
sults in shift along Tjon-line

Data points: A. Nogga et al., Phys. Rev. Lett. 85, 944 (2000)

choose correlator
with energies close to

experimental value, i.e.,
minimize net

three-body force
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6Li — Work in Progress
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Few-Body Calculations:

Fermionic Molecular
Dynamics (FMD)
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FMD Trial State

Gaussian Single-Particle States

∣∣q
〉

=
n∑

ν=1

cν

∣∣aν,~bν

〉
⊗

∣∣χν

〉
⊗

∣∣mt

〉

〈
~x
∣∣aν ,~bν

〉
= exp

[
−

(~x −~bν)2

2 aν

]

aν : complex width χν : spin orientation
~bν : mean position & momentum

Slater Determinant
∣∣Q

〉
= A

( ∣∣q1

〉
⊗

∣∣q2

〉
⊗ · · · ⊗

∣∣qA

〉)

Correlated Hamiltonian
H̃int = Tint + VUCOM [+δVc+p+ls]

Variation
〈
Q

∣∣ H̃int
∣∣Q

〉
〈
Q

∣∣Q
〉 → min

Diagonalization
in sub-space

spanned by several
(suitably chosen) Slater

determinants
∣∣Qi

〉
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Variation: Chart of Nuclei
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Variation: Chart of Nuclei
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Beyond Simple Variation

■ Projection after Variation (PAV)

• restore parity and rotational symmetry by
angular momentum projection

■ Variation after Projection (VAP)

• find energy minimum within parameter space of
parity and angular momentum projected states

• implementation via generator coordinate method
(constraints on multipole moments)

■ Multi-Configuration

• diagonalization within a set of different Slater determinants

16O
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Structure of 12C
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Structure of 12C — Hoyle State
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Summary

■ UCOM enables the use of realistic NN -interactions in
computationally affordable Hilbert spaces

■ UCOM improves convergence behavior by pre-
diagonalizing the Hamiltonian

■ input from few-body calculations (NCSM) can be used
to constrain and optimize the correlated NN -interaction
VUCOM

■ calculations using VUCOM in a wide range of methods yield
encouraging results

Forschungsschwerpunkt ,,Kern- und Strahlungsphysik” SFB 634
GRK 410
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