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A@'Symme’rry-adapfed no-core shell model (SA-NCSM):
expanding the reach of ab initio models

-z SA-NCSM
= Fully ab initio (no restrictions on interactions ...NN, NNN, non-local,...)
= NCSM with SU(3)-coupled basis states (reorganization of model space)

= Model space selection (fruncation) -- physically relevant + exact center-
of-mass (CM) factorization!
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£ Ab initio SA NCSM modellng...Nﬂew domains
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ﬁ@ Ab initio SA NCSM modeling...New domains
SRG-N23fLO - , ‘ |

| ck on a e fo 0 atio
6 AO=15MeV Color code | _Half-life Decay Mode Qs Qec | Qs+ | Sn Sy Qo Sar. Sop | Qo Q 32Ne N2LOopt
| BE | (BE-LDMFit)yA | Eistex.st |Ear | E3- | Ear | Eas/Exe | B2 B(E2)s2/B(E2)20 | a(n,y) | o(n,F) | 23¢ hO=15MeV

Qp-r BE/A E2+

12 18Mg | 20M; | 21Mz |22Mg 23Mz B2 ﬁﬁ 27Mg |28Mg| 23Mg| 30Mz 31Mg|32Mg|33Mg 34Mg 35Mg 36Mg 37Mg 38Mg 33Mg [40Mg
.ﬁ 25Na |26Na| 27Na 31Na[32Na 33Na 34Na 35Na 36Na 37Na
ﬁ 23Ne 24Ne 25Ne | 26Ne|27Ne 28Ne 29Ne|30Ne|31Ne 32Ne 33Ne 3dNe

5 1 <2é>+6 ‘ Soar SHAx [eefy) ISeae) S S o e 434y 44hr dSAv |dBAv d7AY dsAr 8 1 <2>4
D24 Na : =EE .- From pro’ron —rich |[«« | 7] ot
—_— 2" ol | | = 6
%15, — ’ro neutron-rich... |-« "
w %0 2141 2441 25A1 2al||oa 5 B pr—
=
84

18Na | 19N

SA: 3x10°

Full:

Energy (MeV)

3 - ground state:

1 b A 20F  21F ZZH 24F 25F 26F 27F 28F | 29F | 30F 3] rrms(m):2.89 fm
+ 180 200 ZIMZBU 240 250 260 270 | 280 2 |
0 - 0+ - O 10N 1IN 12N 13N BCREESGIE 16] 17N 18N 18N 20N 21N 22N 23N 24N 25N (2+) +
Expt. SA—NCSM 8C ac 10cC 11C . 3C ? 15C 16C 17c 18C 18C  20¢ 21C 22¢ 23C SA' l 7 - 2
n + +
TE 8B k)3 128 138 148 158 168 178 188 138 208 21 L] O 5 % 0 i 0 - 0
SRG N3LO 4 .iﬂﬂ 11Be | 12Be | 13H 14Be 15Be 16Be ‘ | EXpt_ SA—NCSM
22M o - s st QGTMEOAN eni osLi 0L | 1L 131
. & me’l 2 SHe 6He 7He 8He 9He |10 -24Ne SRG'N3LO,
9 thZISMeV \f. 4 6 ‘ 10 12 14 18 20 22 24 26 28 2_’_- me_]
8 [ N — 1Q=15MeV
> 7 ; 20N N2LOopt 5 | \ <2>6
[ \
&8s, 0= € hQ=15MeV \
X (Yx) § ,2-—:-_—’ 10_ <2>10_ o S\ 4 2+—
N N~ 5 O 6+ 0 8.778 _____ O O g \\
N - DD T T o= |2 —
2(0 = 5 4 \\ 8_ ) — X > 3
S8, — = X 00 || &
mu |~ ﬁ 6L 1l e
2 - + =, oo T [8a} N
2 ——_— i ; 4.248 <5 N—
- 4 MO EE— 11V 52-84
+
0.0 - Wau. 4w
Expt. SA-NCSM 2+ 20 _ 1634 _ - N
Expt. SA-NCSM
SA (6*): 51x10° ob 070 —0000 _ i
Full (6%): 4.4x101 Exp SANCSM

“Reactions and Structure of Exotic Nuclet” Ab Initio SA-NCSM Modeling across the /ﬂ\
INT Workshop, March 2, 2015 Intermediate-mass Region LsU



Ab initio No-Core Shell Model

No-Core Shell Model

(NCSM)
Navratil, Vary, & Barrett,

PRL 84 (2000) 5728

Horizontal shells
(all configurations)

——

»
»

= No restrictions on interactions (NN,
NNN, non-local,...)
" Model space - limited by N,

max
= Successful descriptions up through O PN
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@ Model space for heavier nuclei
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Symme’rry-adap’red NCSM (SA-NCSM) ... Basis

Distributions of nucleon over HO shells (0hQ, 2AQ, ...; Op-Oh, 2p-2h, ...)

il \ 7 [ \m—— ]

J
N, = o o AL
<{¥Vmax e D
5 ‘

SU(3) is the exact symmetry of 3-D HO
* HO excitations in z, x, y: n, n, n, RS
* (A ) label an SU(3) configuration - related =R

to spatial deformation A=n,—n; p=n -n,
E.g.: Be-8 Op-Oh(4 0) - n,=8, n,=4, n=4

.
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AN

Op-Oh(4 0), | 4 particles in 3-D space:

Nax=0 complete basis for the shell model (all linear canonical

transformations of the 3A-particle phase space +spin/isospin)
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;@Symme’rry-adap’red NCSM (SA-NCSM) ... Basis

/ Distributions of nucleon over HO shells (0hQ, 2AQ, ...; Op-Oh, 2p-2h, ...)
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Fast basis construction! ... based on Gel'fand patterns

[...not used]

ue) © ulo) O SU@3)
quantum labels: S [f] Q (A p)
© Example:
4 nucleons in pf
P i 5 {(82)(71)&33(52)(06)(60)(33)(1 Heneaa 1)}
]
90)(63) (7 25)(52) (33 22) (03) (30
—--6-6— { S5-I - || E ) {( )(63)(71)(44)( )((52)) ((33)) ((11‘;)) ((111))( ) ( )((30)) (11)}
\ 52 [T 3 ») {(52)(06)(33>(22)<3O)}
.. followed by multi-shell coupling of SU(3) configurations
Using SU(3) coupling/recoupling coefficients ... analogous to SU(2), but outer/inner multiplicities! 7=
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SA-NCSM ... NN Interaction
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NN interaction SU(3) tensors

Effective JISP16

(00)0, 23%
. (1)1, 5%
(02)0,
12%
(11)2,
4% \

ann,

4%
4%
(20)0, 3%
(20)0, 4%

. (22)0, 5% (20)2, 3%
(33)2, 4% (22)0, 9%

(11)2,

SRG-N3LO (2.0)

(00)0, 23%

(04)0, 5%
| 02)0, 17%

(02)
(13)2, (11)2,6%&
5%_/
(20)0’ /
5%
(22)0, 7%

(24)0, 3%
(33)2, 4%

(02)2,
6%

(04)2,
5%

(20)0, 5%

(24)0, 4%

Viowk-N3LO (2.0)

(00)0, 22%
: 4)0, 59
| (04)0. 5|/° (02)0, 16%
(11)2, 6%
(1)2,6% T

(02)2, 8%

(04)0,
5%

(20)0, /
4%

(%2)2,
(272%0, (20)0, 4%
(24)0, 3% (22)0, 8%
(33)2, 4% ‘ (22)2, 3%
| (24)0, 4%

Bare N3LO

(04)0, 3% (00)0, 20%
‘ (02)0,
(11)2, 8% 12%
(04)0, 3%
(13)1,

2% \
(15)2, (13)2, 7% ;
3%

(20)0,

) “/7

3%,

(22)0,
4% ;
(33)1,3% (22)0, 5f,
(33)2, 5% (22)2, 5%
(35)1, 2%

(26)2, 3%
0,
(35)2, 3% (44)2,2% 4%

2,

4

“Reactions and Structure of Exotic Nuclei”
INT Workshop, March 2, 2015

i
Ab Initio SA-NCSM Modeling across the |l

/—\

Intermediate-mass Region LsU



- @ SA-NCSM ... Hamiltonian

/SA—NCSM:

* SU(3)-coupled basis - fast construction (Gel'fand patterns)

* NN interaction SU(3) tensors - generated once per interaction

* Hamiltonian -
« Wigner-Eckart theorem ... reduced matrix elements (rmef)
* Decoupling to single-shell tensors Tnn,nn, -> Tn, x Tnnn,
« Important pieces of information ... single-shell rme’s

Important pieces of information (memory requirement)

SA-NCSM
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INFORMATION REDUCTION A
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Ab Initio SA-NCSM ... The unique feature
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£ Ab Initio SA-NCSM ... The unique feature
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,7@/Symme’rry-guided selected model space

oLi
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/@ Li-6: Electron scattering off g.st. °Li

NmaX=<6> 12 (full up to 6AL; selected configurations in 8-12 1)
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@ Symmetry-guided selec’red model space
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Symmetry-guided selected model space

NCSM:
Dependence on N,
(horizon’ral increase)

SA-NCSM:
Dependence on
deformation cutoff
(vertical increase)

\

12C
. \(largest bandhead
~ \ deformation first) (JISP16, hQ=20 MeV)
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Going beyond - Symplectic basis

w

Multi-shell
\ symplectic slice
M Vertical (symplectic) slices

...are not mixed by:
Kinetic energy

D,
n2m

Horizontal shells
(all configurations)

Harmonic oscillator E mw’r;
potential energy no D

——

Orbital angular momentum

L= E r xXp,
Quadrupole momentum

Qi' = Enrnirnj

»
»

..based on the Symplectic model
Rosensteel & Rowe, PRL 38 (1977) 1%
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Symmetry-guided selected model space

' NCSM:
Dependence on N,

(horizontal increase)

SA-NCSM:
Dependence on
deformation cutoff

(vertical increase)
/ largest bandhead
eForma’rlon first)

Klne’rlc energy
(diagonal in a symplectic slice
+analytic matrix elements)

Tail of wavefunctions
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Ne Isotopes **Ne
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0 Ab initio modeling...
2 New domains
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4@ Ab initio SA-NCSM ... the Hoyle state

2 ' Symplectic
Predominant Bandheads
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Neutron-rich He-10
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4@ Ab Initio SA-NCSM ... The unique feature
*L- 1 gwj (JISP16, Hi2=20 MeV, N,.,=10)

Summary

First-principle:

factorization

*The SA-framework: ab (initio + equal
NCSM + efficient (physically relevant) T e
organization of space + exact CM

light nuclei, low-lying states
Emergence of a
simple pattern in
complex nuclei
<— Highest 5p|n

L,ar or Deformation

Large deformation

G Chartof Nuciides
[toec]

nucieus for information

/ﬁ Ab mmo SA-NCSM modeling...New domains
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ultra-large shell-model spaces
.. ab initio descriptions for sd
(pf) shells/larger model spaces

Ne Isotopes
@/sz opt, MQ—ISM\/&“, <2510, .

13 HO shells
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*With a view toward studies of reactions,
informed by ab initio SA-NCSM structure calculations A
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