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Deformed (in intrinsic Fram..
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2 important in nuclear
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Orderly pattern from first principles

Symmetry-adapted No-core Shell Model (SA-NCSM) . o . .
First-principle: light nuclei,

61 JISP16 NN low-energy dynamics

Emergence of a

simple pattern in
complex nuclei
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modes Dytrych, Launey, Draayer, et al., PRL 111 (2013) 252501
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Symplectic symmetry from first principles

First-principle: light nuclei,

low-energy dynamics
Emergence of a
simple pattern in
complex nuclei

Origi

- Symplectic symmetry -
B remaining Sp Sn S aPPrOX/mafe Symme'l'l"y
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Collective
modes

Probability (%)

Launey, Dytrych, Draayer, Prog. Part. Nucl. Phys. 89 (2016) 101
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Collective
modes

can we learn from

interactions
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Probability (%)
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symplectic symmetry?

Light & intermediate-mass nuclei

Ne-20, N2LOopt, hw=15 MeV, <2>10
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Phys. Rev. Lett. 98 (2007) 162503

0, Probability distribution (%)
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What is Symplectic Symmetry?
Formal definition

All linear canonical transformations of the single-particle phase-

space observables Nucleus with A nucleons

Xiw E A,sXip +baﬁpiﬂ
P=x,y,z

Piw — 2 CopXip + dopDip

B=x.y,2

that preserve the canonical commutation relation

(X |=108,0,,

G tors: 0= x,ix,. eometry Symplectic Model
enerafors:  Ci Xn:x ) J Rc?;eng’reel & Rowe,
PRL 38 (1977) 10

Sij = Z(xnipnj + pnixnj),
n

L;; = Z(xnipnj — Xnj Pni),
n kinematics

Kij = Z Pni Pnj
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Earlier studies ... algebraic models

Quite successful, but symmetries were assumed a priori:
Typically 1 (a few) irrep(s) + symmetry-preserving interaction
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P. Park et al., Nucl. Phys. A. 414, 93 (1984)
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Earlier studies ... algebraic models

Quite successful, but symmetries are assumed a priori:
Typically 1 (a few) irrep(s) + symmetry-preserving interaction
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no parameter adjustment
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Tobin, et al., Phys. Rev. C 89 (2014) 034312
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Efficacy of SA-NCSM: Li-6

JISP16, hw = 20 MeV
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Ab Initio Nuclear Modeling in New Domains

Symmetry-adapted No-core Shell Model
With bare NN interactions

Red Giant Stars
p-process s-proces_s_ e

X-ray
Bursts

m stable nuclide

r drip fin

(2+)
L

5.2-8.4 W.u.
Expt, Th, 4<2>

\

Expt.
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SU(3) NN interaction: keep track of x, v,

Effective JISP16
(000, 23% (000, 23%

(1M1, 5%
(02)0,
12%

(13)1, 7% %

(15)1, 9%

(11)2,
v =

° (20)0, 3%
(20)0, 4%

0,
(22)0, 5% (20)2, 3%

(33)2, 4% others, T=1, others, T=0, (22)0, 9%
24% 23%

(11)2,
4%

(04)0, 5%

(13)2, (11)2, 6%

5% _

(20)0,

SRG-N3LO (2.0)

(00)0, 23% (00)0, 22%

(02)0, 17%

(02)2,
6%

’
‘—

04)2,

.

5% ~_J
(20)0, 5%
(22)0, 7%
(24)0, 3%

(33)2, 4%/

others, T=1, others, T=0, (24)0, 4%
26% 25%

Viowk-N3LO (2.0)

(00)0, 22%  (00)0, 18%

4 0
(04)0. 5% (02)0, 16% (02)2, 8%

(04)0,
0,
(11)2, 6% 5%

(13)2, 6%

(20)0, \ (06)2,
4% 0
@20, " (20)0, 4%

(24)0, 3% (22)0, 8%

0,
(33)2, 4%] others, T=1, others, T=0, (22)2, 3%

Bare N3LO

00)0,
(04)0, 3% (00)0, 20% (13‘)%
(02)0,

0,
(02)0, 10%

(11)2, 8% 12%
(02)2,13%  (04)0, 3%

(13)1,
2%
(19)2, (13)2, 7%

3%
(20)0,
3%
(22)0,
4%
(33)1, 3%
(33)2, 5%

(35)1, 2% thers, T=1, others, T=0,
otners, =1, others, T=0,
(552%% | 19% 18%
(

(35)2, 3% 55)2, 2%

28% 23% (24)0, 4%
KDL et al., Int. J. Mod. Phys. E 24 (2015) 1530005
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Important pieces of the NN interaction

N
o
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Important pieces of the NN interaction

B Full Interaction 12c

Kinetic Energy 0 JISP16, 15 MeV
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Deformed (in intrinsic frame)...

Enegy (MeV)

NCSM
Total HO qu;avnfa

Dmax

Robert Baker, LSU

Be-8 Energy Spectrum P
JISP16 (20MeV), Nmax = <4>12 SA-NCSM |

ShcsH *  Total HO quanta |
Noax |

iy + 1
Distribution:
Zxy

Energy (MeV)

Deformation/collectivity:
important in nuclear

o wave functions

Harvey Shows, LSU

Deformation/collectivity: important

Conclusions
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Important pieces of the NN interaction
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What can we learn from symplectic symmetry?

Symplectic slice: |

one equilibrium
deformation
(“shape”)

3003038
X

PROBABILITY (%)

Single
particle

Informing the inter-nucleon
interaction...

rotations

,,'," y ‘ space orientation
@ I
Vibrations

(of the giant
resonance monopole/
quadrupole type)

Osp=112 Sn=2/25=2
W5p=32 Sn=1/2 522
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W 5p=112 Sa=1/25=1

;
Wi

@(\

Collective
modes

Simple physics: “shape” + vibrations + rotations
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