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Computational Limits of No Core Shell Model
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NCSM versus ’55 mmetry Adapted’ NCSM

---------------------------------------------
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° Inprinciple exact solutions *  Reproduce rotational energy anod ESM
*  Reproduction of binding energies transtition rates without e{-gotive charge

anol spectral features of Light nuclel Extensible: spaces; 3§4 body enabled, ete.
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Sywmmetry Adapted Theorg
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NCSM versus SA-NCSM
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Low Spiw and High Deformation Dominance

B SU(3)-scheme decomposes Nmax model space into subspaces of states
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sSywmweplectic (1p-1h, 2hm) Raising Operator
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B most important subspaces contain states
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... Structure of 15t 0t Ln 12C ...
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Sp(3,R) ) SU(3) Structure

B Sp(3.R): symmetry of the nuclear collective dynamics

6 ==>Z TniTnj mass monopole and quadrupole moments
n
9 =>Z TniPnj £ TnjPni (-) angular momentum
n (+) monopole and quadrupole deformations
6 =:>Z PniPnj quadrupole flow tensor
n
2] generators

@ quadrupole and monopole vibrations and deformations

© rotational dynamics from rigid rotor to irrotational flow

B SU(3) is a subgroup of Sp(3.R) pom—= = Symplectic basis states are labeled by (A 1) and also by S» S, S

| Symplectic Sp(3 R) symmetry matches deformed geometry [SU(3)] with the various modes of the nuclear collective dynamics
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Phystieal / Algebraie Structure

~ohQ)
A

raising operators

lowering operators

Basis states in symplectic “cone” are built over symplectic bandhead by action of raising operators
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eLL ground State with N, = &
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Binding energy for different model space cutoffs

cLi Binding Bunergy with N,
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7LL qround State with N, =
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Binding energy for different model space cutoffs
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Major rReductlons Ln Model Space

ooooooooooooooooooooooooooooooooooooooooooooo

> [12¢) < o 160

Dimension of Model Space

1012 ¢ l:
s {E| €3 0p-Oh
1010 . Jk| ~® -all Op-Oh
i ] NCSM  4E| * dominant | NCSM
sk | Op-Oh+2p-2h
10 r “ —#— NCSM
10°F SA-NCSM¥f
10} =
1 = -
hw 122w Oh(x) 4hw 8w 127w
NCSM vs SA-NCSM
model space dimension
T. Dytrych. K.D. Sviracheva, 0.009% for 12C
C. Bahri, J.P. Draayer, J.P. Vary, 0.0004% for 'O
Phys. Rev. Lett. 98 (2007) 162503 7~
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Probabilitgj Distribution: 21 and 47

(04) ‘slice’  SA-NCSM NCSM

S | ‘slice’
; III |
=
& n |
S | I | Validity
E of
'_g }Elliott’s
£ W 6o SU(3)
- 4hQ I
. , E 2hQ o 100 %
= ) 0hQ
o HN HN _m° A HE Rwm mwm Al _IT 8 ) of 0he
11 12 13 14 15 16 17 18 13 14 16
how (MeV) ho ( MeV)
Only 3 Op-Oh N,(hw) 2hw 2p-2h irreps:
» representations: 24.5(04) : most deformed ~4% (12C)
~85% 24.5(12)2: spin one states ~10% (1°0)
(65
Advances tn Nueclear Man ~body Thcorg F10 AD nitio Studies Mwalcrpbwwcd and ﬁl

_June 2011, Primosten, Croatia (Peter Ring's 70) Enhawnced bg Symmetry Cowstderations LSU



Reaching Higher / Symmetry Winnowing

20
10
%4Ge
n 16
2 10
©
e
» v
L,
8 10 v & Full space
O v A “® Spintruncation
h EEEEEEENR IIIIIIIIIIIllllIIIIIIIIIIIIIIIIIIIIIIIIIIII“lfl-l'l'i_l_/;_;‘;ivlv:lllIIII vspintruncati°n+25%MSt
o) — & deformed SU(3)
[ -A Spin truncation+10% most
Q4 08 — deformed SU(3)
®)] - Spin truncation+5% most de-
E formed SU(3)
-
Z
4
10
1
0 2 4 6 8
’ max Id ’ Id 4 / ‘/‘A’l\
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. Bmerging ‘Shell Model’ Philosophy ...

Single-Particle Shell Model .b,_o\/%k
ecé
Zv ... Mean-FLeld Theortes ... .. DFT + ’
H = T + Vv —> Microscopic Shell Model — . @
| o )
| \ ... Algebraic Theories ... .. BM +
Geometrical Collective Model \-\ Ry
¢ QP‘ <05
Potential
Energy ... uncertain / invites creativity ...
Kinetie
Energy ... certain / dictates “open-core” nature of theory ... P
A
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L /7 Algebraic Structure

Binding energy for different model space cutoffs

=27 T T T T T

—ogl —— SU(3)-scheme ]

E (MeV)

B Definition of model space:

MEDn result
(11719 .
space ~32! L L L L L
20 pa 3 1 2 3 4 Full
o) Model Space
47 restricted set of Sx Su. S (A ) 1 2 3 4
00 B (06) == [l 98.8% overiap with the ground state
11 2 (41) (82) (6 0)f 98.1% binding energy
1 0 1 G (52)(30) FH(41)
01 1 (52)(30) (41)
110 (44)
S"l‘ SU S (A ) - subspaces included in the model space 4 full 42 model space
Sp=0Sn=0 S=0 (0 0)(1 1)(0 33 0)(2 2)(1 4)4 1)(3 2){0 6)(6 0)(2 5)(5 2)(4 4)(7 1)(6 3)(@ 0)(8 2)(10 1)(12 0) Sp=0 Sn=3 5=3 (0 0)(1 1)(0 343 0)(2 2)(1 4)4 1)(3 3)0 B)6 0)(5 2)
Sp=1Sn=15=2 (0 0)(1 1)(0 3)(3 0){2 2)(1 4){4 1)(3 3)(0 B)(6 0){2 5)(5 2)(4 4)(7 1)(8 3)(0 0)(8 2)(10 1) Sp=3 Sn=0 5=3 (00)(1 1)(0 3){2 0)(2 2)(1 4)(4 1)(3 3)0 B)6 0)(52)
Sp=0Sn=15=1 (0 0)(1 1)(0 3)(3 0)(2 2)(1 4)(4 1)(3 3)(0 6)(6 0)(2 5)(5 2)(4 4)(7 1)(B 3)(@ 0)(8 2)(10 1) Sp=3 Sn=15=2 (0 0)(1 1)(0 343 0)(2 2)(1 4)(4 1)(3 3(B 0)52)
Sp=15n=0 S=1 (0 0)(1 1)(0 3)(3 0)(2 2)(1 4)(4 1)(3 3)(0 B)(6 0)(2 5)(5 2){4 4)(7 1)(B 3)(@ 0)(8 2)(10 1) Sp=3 5n=15=3 (00)(1 1)(0 3){3 0)(2 2)(1 4)(4 1)(3 3}6 0)52)
Sp=1S5n=15=0 (0 0)1 1)(0 3)(3 D)2 2)(1 4){4 1)(3 3)(0 B)(6 0)(2 5)5 2) (4 4)(7 1)(6 3)(0 0)(8 2){10 1) Sp=3 Sn=15=4 (00)(1 1)(0 343 0)(2 2)(1 4)4 1)(3 3(6 0)52)
Sp=1Sn=15=1 (0 0)(1 1)(0 33 0)22)(1 4)(4 1)(3 3)(0 B)B 0)(2 5X5 2)(4 4)(7 1)(8 32 0)(8 2)(10 1) Sp=15n=3 5=2 (00)(1 1)(0 343 0)(2 2)(1 4)(4 1)(3 3)(6 0)52)
Sp=0Sn=2 5=2 (0 0)(1 1)(0 3}3 0)22)(1 4)4 1)(3 3)(0 B)6 0)(2 5X5 2)(4 4)(7 1)(6 3} 0)(8 2) Sp=15n=3 5=3 (00)(1 1)(0 3Y3 0)(2 2)(1 4)(4 1)(3 3X6 0)52)
Sp=15n=2 S=1 (0 0)(11)(0 3}3 0)22)(1 4)4 1)(3 3)(0 B)6 0)(2 5X5 2)(4 4)(7 16 32 0)(8 2) Sp=15n=3 5=4 (0 0)(1 1)(0 343 0)(2 2)(1 4)(4 1)(3 3K6 0)52)
Sp=1Sn=25=2 (0 0)1 1)(0 3)3 0)(22)(1 4)4 1)(3 3)(0 B)6 0)(2 5K5 2)(4 4)(7 1)(6 3)(2 0)(8 2) Sp=2 Sn=3 5=1 (11403)30)22) (41)
Sp=15n=25=3 (0 0)(1 1)(0 3)(3 D)2 2)(1 4){4 1)(3 3)(0 B)(6 0)(2 5)5 2){4 4)(7 1)(6 3)(0 0)(8 2) Sp=2 Sn=3 5=2 (11¥03)30)22) (41)
Sp=2Sn=0 5=2 (0 0)1 1)(0 32 0)22)(14)4 1)(3 3)(0 B)6 0)(2 5K5 2)(4 4)(7 1(6 3)00)(82) Sp=25n=3 5=3 (11X03)30)22) (41)
Sp=2Sn=15=1 (0 0)(1 1)(0 3)(3 0)(2 2)(1 4)(4 1)(3 3)(0 B)6 0)(2 5)5 2)(4 4)(7 1)(6 3)(8 0)(8 2) Sp=2 Sn=3 S=4 (11}03)30)22) (41)
Sp=2Sn=15=2 (0 0)(1 1)(0 33 0)22)(1 4)(4 1)(3 3)(0 B)6 0)(2 5X5 2)(4 4)(7 16 3)20)(8 2) Sp=2 Sn=3 5=5 (11)03)30)22) (41)
S (0 0)(1 1)(0 3}3 0)22)(1 4)4 1)(3 3)(0 B)6 0)(2 5X5 2)(4 4)(7 16 32 0)(8 2) Sp=3 5n=2 5=1 (11X03)30)22) (41)
S (0 0)(1 1)(03)(3 0)(22)(1 4)4 1)(3 3)(0 B)6 0)(2 5K5 2)(4 4)(7 1) Sp=3 Sn=2 5=2 (11X03)30)22) (41)
S (0 0)(11)(0 33 0)22)(1 4)(4 1)(3 3)(0 B)B 0)(2 5X5 2)(4 4)(7 1) Sp=3 Sn=2 5=3 (11403)30)22) (41)
S (0 0)(1 1)(0 3)(3 0)(2 2)(1 4)(4 1)(3 3)(0 B)(6 0)(2 5)5 2)(4 4)(7 1) Sp=3 Sn=2 S5=4 (11}03)30)22) (41)
Sp: S (0 0)1 1)(0 3)20)2 2)(14)(4 1)(3 3)(0 B)E 0)(2 5)5 2)(4 4)(7 1) Sp=3 Sn=2 5=5 (11)03)30)22) (1)
Sp=25n=2 S=4 (0 0)(1 1)(0 3)(3 0)(2 2)(1 4){4 1)(3 3)(0 B)(6 0)(2 5)5 2)(4 4)(7 1)
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... Structure of 2% o1 Ln 12C ...

W Sp-0Sn=-0S-0 @ Sp-1Sn=0S=-1 O Sp=-0Sn=1S=-1 @ Sp~1Sn=15-2 W Sp=1Sn=15=-0 O Sp=-1Sn=1S=1 W remaningSpSnsS
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. Structure of 3@ ot Ln 12C ...

M Sp=0 Sn=1S=-1 W Sp-1Sn=-0S-1 O Sp-1Sn=-1S-2 [ Sp=15n=15=1
M Sp=-1Sn=2S=3 O Sp=2 Sn=15=3 MremainingSp Sn S
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... Structure of 4™ ot in 12C ...

M Sp=0 Sn=0 S=0 [@ Sp=15n=0S=1 [JSp=0Sn=1S=1 @Sp=1Sn=1S=1 M Sp=1Sn=1S=0 []Sp=1Sn=15=2 [ remainingSp Sn S
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... Structure of 5% ot Ln 12C ...

B Sp-1Sn=15=-0 @ Sp=05n=0S-0 [JSp~1Sn=1S=1 [@Sp=15n=1S-2 WSp=1Sn-0S=1 [1Sp~0Sn=1S~1 Mremaining SpSnS
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