Cl + EDF methods for nuclear
structure



Motivation

A To provide reliable theoretical predictions of
nuclear properties for :

a) nuclel outside of standard model spaces
(Ex: 42Si)

b) nuclel inside standard model spaces that
are significantly affected by orbits outside
the model space (Ex: island of inversion
region)
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The Case of #4Si

A Very exotic recently observed nucleus

A Interesting due to evolution of N=28 shell
structure away from stability

A Outside of standard model spaces
A Simple approximations:

- use model space of sd shell for protons and pf
shell for neutrons with USDB interaction for
protons and GXPF1 for neutrons

- use spdf model space with truncation
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Progress

A USDA/B interactions created in 2006 due in
part to experimental interest in exotic nuclel
In the sd shell

A 608 energy levels in the fit- more due to
experimental progress in 20 years

A Many new levels were far from valley of
stability, resulting in better agreement for
exotic nuclel



USDB Ground State Energies

22 T | T I T I T I T | T I T I T
- 20 B
o0 F— 1.5 —
- 1.0
18 +— 0.5 —
- 0
Legend: é 16 [~ 05 m
i L 1.0 .
EthI Eexp %
(MeV) s 14 15 18 N
..é. B -
o
12 [~ ]
10 [~ ]
I —
6 1 | L1 | L1 | L1 | L
6 8 10 12 14 16 18 20 22

Neutron Number



Method

A Combination of Configuration Interaction (Cl) and Energy
Density Functional (EDF) methods

A Select a target nucleus and model space

A Use Skyrme Hartree Fock to calculate BE, SPE spectra, and
radial wavefunctions

A Renormalize NN interaction (N3LO or Argonne V18) usmg )
G-YI 0 NRE A VWIGKINRARWA 2INBIFGG & (N
with a sharp cutoff in momentum space

A Convert low-k interaction into TBME for a Cl calculation
ACAYR GO2NNBfF OA2Y beBweSQIH & ¢ 1
result and closed-configuration Cl result

A Find uncorrelated SPEs by calculating single particle states
relative to the target nucleus



Application to 34S

A Best target for calculations in the island of inversion
Zzegion; also provides starting point for calculations of
Si

A Model space is sd shell plus pf neutron orbits (10 orbits
total)

Aa@dt 261¢ aAAYATIFNAGE OGNFya
the N3LO interaction to third order in perturbation
theory up to 8i -

A Harmonic oscillator wavefunctions and SPEs used for
renormalization

A Skyrme interaction with a tensor force (skxtb) chosen
for Hartree Fock calculations




Method for Cl calculation

A 1stiteration: use TBME and HF SPEs as input,
truncate space by filling A~-d;,, and not
allowing A-f.,, excitations

A Do not reproduce experimental level schemes,
even in 1p/1h states

A Know that different Skyrme interactions result
In SPEs that vary by ~ 1 MeV ¢ any specific
choice does not produce reliable SPEs for use
In Cl calculation



Fitting Procedure

A Treat SPEs as parameters
A Fit to 27 states in 32-36Sj, 337 35p 31.32)\q 365

A Use singular value decomposition method to
derive best fit SPEs in the highly correlated
system

A Account for truncated orbits Ex: Af;,,
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Fitting Procedure ||

A One extra parameter, an overall normalization of the
Interaction, also included to improve E, of 2* states in
2p/2h nuclel

A Needed to account for the spread of the wavefunction
for loosely bound neutrons -> HO wavefunctions are
not sufficient

A Iterative fit run again to find new SPEs
A Rms of 27 levels in the fit: 256 keV
A 34Sj Correlation Energy: -1.993MeV

A Interaction then used to calculate nuclei of recent
experimental interest in or near the island of inversion
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Region of Inversion from fit to 34Si
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3IMg Modified* Level Scheme
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Breakdown of 3tMg States
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32Mg Level Scheme

+ |

Do
==
——
L e

N (3.4) -
4000 —
= =
3500 . 3 -
R 143 -
23000 (1.3) — =
32500 = = 4
2 I ]
52000 |- . -
S i ]
1500 —
g [ - 2
11000 f 2+ - - -
500 |- -

0 - - - — 0 —

B Exp Theory ]

%2Mg Level Scheme



34P Level Scheme
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Due to Discussion: S°Na
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Application to #4Si

A Three approaches:
A 1. Calculation using fit to 34Si

A 11. Calculation using 42Si as target nucleus with the
same model space used for 34Si, reproducing HF
Spes

A 1ll. Same as Il., except that the spes are modified
such that spes satisfy
34Si(fit)-34SI(HF) = 42Si(fit)-*2Si(HF)

a S &2 fsEedbgset &©n behavior for a more
stable iIsotope where experimental data exists



Evolution of SPEs in Si

Si single particle energies

9 r'IE‘LlrtrE}ﬂ!%; ~
C protons .
4 :_ I—I—'_'_'_'_'_'_._' f',_ _:
_1 :_ 7:::2‘_:\_‘::::‘? F:l1.-r_ _:
— - F:':_\_j -—
> - fom 7
s -6 n Ay
S 1z
g | -
w -11 | —
- — . . o 5 1
16 [ E
: S4 -
21 Aary -]
C dee

-26 34Gj fit 348 42Gj 428 it

HF skxtb HF skxtb



425 Level Schemes
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Conclusions

A New hybrid method combines EDF and Cl methods to
produce reliable estimates of nuclear properties in a
greater region of the nuclear chart than standard shell
model spaces

A Method itself is general (can get interaction for any model
space for any closed-subshell nucleus), although
application is still limited by mass due to the use of Cl
calculations in the final step of the procedure

A Improvements are still possible (e.g. using more realistic
wavefunctions) and will be implemented soon, hopefully
providing more accurate results

A Other possible applications: %8Ni region, neutron-rich
AaZzZuzlLJSa gAUK %% XX H~”



Other Regions of Interest for Hybrid
Method
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Renormalization Procedure
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