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I. Overview of the Ab Initio Shell Model with a Core
Approach
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Ab-initio shell model with a core

A.F Lisetskiy,"" B. R. Barrett,' M. K. G. Kruse,' P. Navratil,” I. Stetcu,” and J. P. Vary*
' Department of Physics, University of Arizona, Tucson, Arizona 85721, USA
*Lawrence Livermore National Laboratory, Livermore, California 94551, USA
3 Los Alamos National Laboratory, Los Alamos, New Mexico 87545, USA
YDepartment of Physics and Astronomy, lowa State University, Ames, lowa 50011, USA
(Received 20 June 2008; published 10 October 2008)

We construct effective two- and three-body Hamiltonians for the p-shell by performing 12/£2 ab initio no-core
shell model (NCSM) calculations for A = 6 and 7 nuclei and explicitly projecting the many-body Hamiltonians
onto the 0k £2 space. We then separate these effective Hamiltonians into inert core, one- and two-body contributions
(also three-body for A = 7) and analyze the systematic behavior of these different parts as a function of the mass
number A and size of the NCSM basis space. The role of effective three- and higher-body interactions for A = 6
is investigated and discussed.

DOIL: 10.1103/PhysRevC.78.044302 PACS number(s): 21.10.Hw, 21.60.Cs, 23.20.Lv, 27.20.4+n

P. Navratil, M. Thoresen and B.R.B., Phys. Rev. C 55, R573 (1997)



FORMALISM
1. Perform a large basis NCSM for a core + 2N system, e.g., 18"F.

2. Use Okubo-Lee-Suzuki transformation to project these results
into a single major shell to obtain effective 2-body matrix elements.

3. Separate these 2-body matrix elements into a core term, single-
particle energies and residual 2-body interactions, i.e., the standard
input for a normal Shell Model calculation.

4. Use these values for performing SM calculations in that shell.



II. Results: a.) sd-shell nuclei



Phys. Rev. C 91, 064301 (2015)

Ab 1nitro effective interactions for sd-shell valence nucleons

E. Dikmen,'2-* A. F. Lisetskiy,2:T B. R. Barrett,2- P. Maris,® ¥ A. M. Shirokov %5 % and J. P. Vary®: **

! Department of Physics, Suleyman Demirel University, Isparta, Turkey
“Department of Physics, University of Arizona, Tucson, Arizona 85721
I Department of Physics and Astronomy, Towa State University, Ames, Towa 50011
jskobeftsyr_t Institute of Nuclear Physics, Lomonosov Moscow State University, Moscow 119991, Russia
?Pacific National University, 136 Tikhookeanskaya st., Khabarovsk 680035, Russia
(Dated: February 3, 2015)

We perform ab initic no core shell model calculations for A = 18 and 19 nucler in a 4A€2, or
Nmax = 4. model space using the effective JISP16 and chiral N3LO nucleon-nucleon potentials and
transform the many-body effective Hamiltonians into the 0i{} model space to construct the A-body
effective Hamiltomans in the sd-shell. We separate the A-body effective Hamiltonians with 4 = 18
and A = 19 into inert core. one- and two-body components. Then, we use these core. one- and
two-body components to perform standard shell model caleulations for the 4 = 18 and A4 = 19
systems with valence nucleons restricted to the sd-shell. Finally, we compare the standard shell
model results in the 0/£) model space with the exact no core shell model results in the 4/ model
space for the A = 18 and A = 19 systems and find good agreement.

ArXiv: Nucl-th 1502.00700
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Input: The results of N max =4 and hw = 14 MeV NCSM calculations

TABLE II: Proton and neutron single-particle energies (in
MeV) for JISP16 effective interaction obtained for the mass

of A =18 and A = 19,

TABLE III: Proton and neutron single-particle energies (in
MeV) for chiral N3LO effective interaction obtained for the

mass of 4 =18 and 4 = 19,
A=18 A=19 A =18 A=19
Ecore = —115.529 Eeore = —115.319 Eeore = —118.460 Eeore = —118.306
3 1 5 3 1 5 3 ; T : 3 T : 3
Js 2 2 2 2 2 2 Ji 3 o 3 3 3 P
er| -3.068 -2270 6.262] -3.044 -2.248  6.289 | -3638  -3.042 3763] -3.625 -3031 3.770
Fff’ . 0.603 1.398  9.748 0.627 1.419 9.77: F_J:f . 0.044 0.690 7.299 0.057 0.700 7.307

A=18
Coupled Cluster, E core: -130.462
Idaho NN N3LO + 3N N2LO

IM-SRG, E core: -130.132
Idaho NN N3LO + 3N N2LO

A=19

-130.056 from G.R. Jansen

et al. PRL 113,
142502 (2014)

-129.637  from H. Hergert

private comm.



No-Core Shell-Model Approach

« Next, add CM harmonic-oscillator Hamiltonian

Defines a basis (i.e. HO) for evaluating V..
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II. Results: b) Fluorine isotopes



Effects of 3NFs on single-particle energies
vs effects of 3NFs on TBMEs

i

(16 x 15)/2=120
terms in the sum
over core nucleons

16 terms in the sum
over core nucleons



Survey of the Fluorine 1sotopes

1. Calculate the Fluorine isotopes using the same set of effective TBME:s,
which are very weakly A-dependent, e.g., those determined from the
N3LO NN interaction, to test how well they reproduce data trends.

2. Approximate the effect of 3NFs by replacing our theoretical single-
particle energies with the theoretical ones obtained in the IM-SRG

calculations of S.R. Stroberg et al. ™

3. Compare our results for the F 1sotopes with those obtained with the
IM-SRG approach™ using an EFT N3LO NN plus N2LO NNN

interaction and with experiment.

* S.R. Stroberg et al., arXiv Nucl-th 1511.02802 (2015)
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II. Results: ¢) Effective Interaction Comparisons:
i) N3LO (E&M)
ii.) JISP16
iii.) DJ16
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Points of Interest

1. The Monopole Term
2. The A-Dependence

3. Handcrafted Improvements
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[II. SUMMARY AND OUTLOOK

1. The interactions and approaches used in this study reproduced
the gross trends and features of the experimental data for the

Fluorine 1sotopes studied so far.
2. Replacing our theoretical s.p. energies with those obtained in the

IM-SRG calculations of Stroberg et al. to approximate the effects
of a NNN interaction, in general, improved the agreement with
experiment.

3. The overall, reasonable agreement with experiment obtained using
the IM-SRG approach with an EFT N3LO NN and N2LO NNN
suggests that the trends 1n our results should continue to improve
as we improve the interactions used and increase the size of our

model space for our NCSM calculations.

4. Of the three eff. Interactions: N3LO, JISP16 and DJ16; DJ16 1s
the most robust and closest to USDB 1n structure with adjustment.

OUTLOOK: Extend our calculations to other nuclei in the sd-shell to
study charge dependence. Also study the hw dependence of our results.






Effective Hamiltonian for NCS

Solving He — Eo V() in “infinite space” 2n+l =450
A, "'2 A,a=2  a=2 relative coordinates

P+Q=1; P-model space; Q-excluded space;

: 5
EA D UQHE,QUL;F Eiap ﬂU
0 Eiag
*h'rxur'.l x :fl :,E'ff —
H ' —

Two ways of convergence:
1) For P —1 andfixed a: Hef

A =2

2)Fora— A and fixed P: H# —H
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_Effective Hamiltonian for SSI
Hc'ulate the Shell Model 2-

Two ways of convergence:

1) For P —1 andfixed a: H°*",__, — H,: previous slide

2) For a, > A and fixed P: H*" = —H,

P.+Q=P; P, -small model space; Q, -excluded space;

A,
HNl,maXaNma}c . Uafl Py Nmax Ua'l I

A a1 A ,a1,P1
\/ at, P1 1 A1 \/ 01, '511 5

Valence Cluster Expansion

N, ... =0 space (p-space); a,=A +a, a, -orderofcluster;

A_. - number of nucleons in core; a, - order of valence cluster;

U W e E : A, A+k
A (11 T V
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Preliminary Results

TABLE I: The single-particle energies (in MeV) used in the
standard shell model calculations of F isotopes. (n) and (p)
represent neutron and proton, respectively.

i : 2 :
JISP16.4—1z (*7O) : (n) -3.068 -2.270 6.262
JISP16.4—15 ('"F) : (p) 0.603 1.398 0.748
USDA -3.0612 -3.9436 1.9798
USDB -3.2079 -3.9257 XTI
IM-SRG (*"0) : (n) -3.089 -4.643 2.040  gex
IM-SRG (Y"F) : (p) 0.255 -0.909 6.035

* B.A. Brown & W.A. Richter, PRC 74, 034315
”‘(Q%Oﬁ) Stroberg, et al., arXiv Nucl-th 1511.02802
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