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SU(3) symmetry-adapted approach

Motivation:

© identification of the important collective correlations P> model space truncation

© computational methods of the group theory in NCSM calculations
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Construction of SU(3) symmetry-adapted basis in NCSM

Step 1

I Generate distributions of nucleons over HO shells for a given Nmax model space

Step 2 Step 3

I for each set of nucleons in a HO shell determine I decompose each U(N) irrep into a complete set of SU(3) irreps
antisymmetric representations of U(N)xU(2)
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Construction of SU(3) symmetry-adapted basis in NCSM

Number of "seed" representations in NCSM model spaces
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© just asingle state from each "seed" needs to be constructed in order to calculate matrix elements of a realistic interaction in
SU(3)-scheme

© Complete Nmax basis constructed by inter-shell coupling of "seeds”



Construction of SU(3) symmetry-adapted basis in NCSM

W SU(3) coupling (A1 p1) x (A2 p2) = {p™(X w)} . similar to coupling of angular momenta but certain resulting irreps occur multiple times
I x(11) = {00@O03)ell)ell) s 22)®30)

Complete NCSM basis constructed by SU(3) and spin couplings of the "seed" irreps
Step 1 Step 2

B for a given distribution of protons/neutrons obtain “seed” irreps [ perform SU(3)xSU(2) inter-shell coupling
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NCSM model space in SU(3) scheme

B SU(3)-scheme decomposes Nmax model space into subspaces of states 6 Li Sx S, S ()\ ,LL)
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B Low spin components dominate

I2C J=0 ground state

B And there is a certain pattern in dominant SU(3) quantum labels (A 1)
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I2C J=0 ground state

Action of a raising operator that has (2 0) SU(3) tensorial character
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I2C J=0 ground state

—— P Action of a raising operator that has (2 0) SU(3) tensorial character

Projection of the ground state into Sx Su (A u)S subspaces
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Symme'l'ry of the many-body collective dynamics

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

6 :>Z LT mass monopole and quadrupole moments
n
9 :>Z TniPnj + TnjPni  (-) angular momentum
n (+) monopole and quadrupole deformations
6 :>Z Dl quadrupole flow tensor
n

21 generators

© quadrupole and monopole vibrations and deformations
© rotational dynamics from rigid rotor to irrotational flow

M SU(3) is a subgroup of Sp(3,R) nnm=== "= Symplectic basis states are labeled by (A 1) and also by Sx S, S

B symplectic Sp(3,R) symmetry matches deformed geometry [SU(3)] with the various modes of the nuclear collective dynamics



Symme'rry of the many-body collective dynamics

4hf) 4p-4h
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IBEM) raising operators

lowering operators

Basis states in symplectic “cone” are built over symplectic bandhead by action of raising operators



I2C J=0 ground state
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B most important subspaces contain states
of the three leading Sp(3 R) irrep

B Significant contribution from the
most deformed 2p-2h Sp(3,R) irrep
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IZC ground state — binding enerqy in SU(3)-scheme

Binding energy for different model space cutoffs
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é6Li J=1 ground state Nmax=6

Projection of the ground state into Sx Su (A 1)S subspaces
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6Li ground state — binding enerqgy in SU(3)-scheme

Binding energy for different model space cutoffs
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i J=3/Z ground state

Projection of the ground state into Sx S, (A 1)S subspaces
.5p=1|’2 Sn=0 3=1/2 l]5p=1|’2 Sn=1 5=312 |:|5p=a|’2 Sn=1 53=5{2 .5p='||'2 Sn=2 3=32 .5p=a|'2 Sn=0 5=312
|:|5p=3|’2 Sn=1 5=1/2 .Sp=3|’2 Sn=1 5=3/2 |:|5p=3|’2 En=2 5=1/2 .5p=3|'2 Sn=2 5=3/2 D5p=‘1|'2 Sn=2 5=5&/2
W Sp=1/2 Sn=1 5=1/2 ESp=32 5n=2 53=52 W Sp=32 5n=2 53=Ti2
0.0180
0.0160 ﬁm
0.0140 -
?_'- 0.0120
:_T% 0.0100
-§ 0.0080
B pooso
0.0040
0.0020
I T Y 1 l]__
(oo (11) (03) (30 22) (14) 1) (33) (6 0) (52) 71 (20
0.0380
0.0300 4m
?_._ 0.0280
Z oo B most important subspaces contain states
g oo of the leading Sp(3,R) irrep
0.0100
a'uom . . . . .
sooe L - ko . . B most important spin components have similar deformations
(1) o2z) 21 (13) (& 0) 32) 51) (7o)
01400
0.1200 -2m
I?:u 0.1000
E 0.0800
k)
S 00500
= 0.0400
0.0200 I (11) (03) (30) (22)(14)(41)(33)(52)(71) (90) 6AL
0.0000 _ — . _ -
o1) (20) (12) (31) (50)
07
os | ORQY (10) (21) (13) (32)(51)(7.0) 4ns2
= 05 I
g 04
2w (12) (31) (50) 250
02 I
o1 (30) 0AL2
’ [u_o] (1) (30) > Leading 5P(3,R) ir‘r‘ep
SU(3) labels




i J=3/Z ground state

Binding energy for different model space cutoffs
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4 X )

Sp=3/2Sn=2S=3/2 (0 0)(1 1)(0 3)(3 0)(2 2)(1 4)(4 1)(3 3)(6 0)(5 2)(7 1)(9 0
Sp=3/2 Sn=2S=5/2 (0 0)(1 1)(0 3)(3 0)(2 2)(1 4)(4 1)(3 3)(6 0)(5 2)(7 1)(9 0
Sp=3/2Sn=2S=7/2 (0 0)(1 1)(0 3)(3 0)(2 2)(1 4)(4 1)(3 3)(6 0)(5 2)(7 1)(9 0




Conclusion & Outlook

methods for evaluation of a realistic NN interaction in SU(3)-scheme developed and validated

B we have tested SU(3) and spin based truncation scheme which keeps ability to decouple the center-of-mass exactly

B Our results reaffirm the importance of the symplectic symmetry

B Outlook:

© Implement evaluation of three-body interactions in SU(3)-scheme

© Effective interactions for SU(3)-scheme model space

© Inclusion of the symplectic configurations for large model spaces
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