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Unitary Correlation
Operator Method (UCOM)




Motivation

Argonne V18 Deuteron Solution

Mg =0 Mg = %1

a central correlations:
(1L + [11) 1), [41)

two-body density is suppressed at
low distances

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

use very large many-body use numerically affordable
Hilbert spaces or Hilbert spaces and
= high computational treat strong correlations

effort explicitly



Central and Tensor Correlators

Central Correlator C,. Tensor Correlator Cq
= radial distance-dependent shift = angular shift, depending on the orienta-
In the relative coordinate of a nu- tion of spin and relative coordinate of a
cleon pair nucleon pair
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s(r) and ¥(r)
encapsulate the physics of
short-range correlations.
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Correlated Interaction

Correlated Hamiltonian

H = TN + Vycom + V[[%OM == oo

= closed operator representation  of Vycom
In two-body approximation

= usable with arbitrary many-body basis

= Vucowm IS phase-shift equivalent to the un-
derlying bare nucleon-nucleon interaction

= Vucowm IS pre-diagonalized in momentum
space, i. e. high-momentum components
are decoupled (similar to Vigw-k)




No-Core Shell Model (NCSM)
Calculations




*He: Convergence
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NCSM code by P. Navratil [PRC 61, 044001 (2000)]



*He: Convergence
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Tjon-Line and Correlator Range

A8 e | " Tjon-line : E_(4He)_vs. E(*H)
Nijm Il A" for phase-shift equivalent NN-
Nijm | & - interactions
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Data points: A. Nogga et al., Phys. Rev. Lett. 85, 944 (2000)



Tjon-Line and Correlator Range

-24L this Viscom A8 e | " Tjon-line : E(*He) vs. E(*H)
is used in the Nijm Il A" for phase-shift equivalent NN-
-25 following Nijm| & - interactions

= change of Cqn-correlator range
results in shift along Tjon-line
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Tjon-Line and Correlator Range
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» Tjon-line : E(*He) vs. E(*H)
for phase-shift equivalent NN-
Interactions

= change of Cqn-correlator range
results in shift along Tjon-line

minimize net
three-body force
by choosing correlator
with energies close to
experimental value



°Li: NCSM + UCOM for p-Shell Nuclei

NCSM calculations by P. Navratil (LLNL)
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19B: Benchmarking Vycowm
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calculations by P. Navratil — preliminary
= Stable spectrum from ~ 4Aw

s F, in good agreement with experiment



19B: Benchmarking Vycowm
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Summary & Outlook




= UCOM treats short-range central and tensor correlations
explicitly

= improved convergence through pre-diagonalization
= minimize net three-body forces

= few-body calculations (NCSM) can be used to constrain
and optimize Vycowm

= Vucow IS suited for a wide range of many-body methods:
NCSM, FMD, HF, MBPT, RPA, ...

= “Universal” phase-shift equivalent N IN-interaction!



Outlook

= systematic NCSM study of p-shell Nuclei

= construction & inclusion of simple three-nucleon forces
(encouraging early results)

= reactions & resonances In Fermionic Molecular Dynamics
(UCOM-FMD)

= further & extended applications: pairing (HFB), etc.



(In)Famous Last Words...

My Collaborators
= R. Roth, N. Paar, P. Papakonstantinou, A. Zapp

Institut fir Kernphysik, TU Darmstadt

n [. Neff

NSCL, Michigan State University

= H. Feldmeier

Gesellschaft fur Schwerionenforschung (GSlI)

Recent References

m R. Roth, H. Hergert, P. Papakonstantinou, T. Neff, and H. Feldmeier, Phys. Rev.
C72, 034002 (2005)

m R. Roth, P. Papakonstantinou, N.Paar, H. Hergert, T. Neff, and H. Feldmeier, nucl-
th/0510036, accepted for publication in Phys. Rev. C

m http://crunch.ikp.physik.tu-darmstadt.de/tnp/



Optional / Appendices




Momentum-Space Matrix Elements

pre-diagonalization
of Hamiltonian

Vucom

AV18




UCOM-FMD Approach

Gaussian Single-Particle States
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Structure of 2C
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Structure of *C — Hoyle State
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