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Collectivity in nuclei

Probability Amplitude

Valence-shell Wavefunction
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intermediate-mass nuclei (sd-shell)

Collectivity features

p.im?

@ ek e Sum rules for “He: HH and SA-NCSM benchmark
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ollectivity in nuclei o o .
from first principles? SA-NCSM+LIT (with S. Bacca):
sum rules and response functions

00 400

Preference of Nature

2. _
2N Force 3N Force 4N Force
LO

(@/A)°
| | I Il ss ss s NLO

(Q/A)?

# J=1,2,3 stat l l r +
=1,2,3 states.. .
# Sp(3.R) irreps | App!'ommafe
# Sp(3,R) with P>0. ] symplectic symmetry

L SC R 1

§|
7
6
5
4
3
2

Fundamental Physics with Electroweak Probes of Light Nuclei KD Launey mil
INT-18-2a, July 2018 Louisiana State Universit

Natures preference

Fundamental Physics with Electroweak Probes of Light Nuclei
INT-18-23a, July 2018 Louisiana State University psu




Nature's Preference
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What physics can we learn from Sp basis?

Sp (collective) basis configuration:

one equilibrium
deformation
(“shape”)

rotations All states preserve the
equilibrium shape...

Symmetry?

space orientation

Vibrations

(of the giant resonance
monopole (r?)/
quadrupole (Q) type)
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Symplectic Sp(3,R) Symmetry!
Formal definition

All linear canonical transformations of the single-particle phase-
space observables

that preserve the canonical commutation relation
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Novel Approximate Symmetry
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SA-NCSM with Sp(3,R) basis
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Collectivity features
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Collectivity features

2
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Structure of Ca-48 and Ti-48
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Treating NN and 3N in SA-NCSM

Using spectral distribution theory
(French, Hecht, Draayer,...)
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Treating NN and 3N in SA-NCSM

Using spectral distribution theory
(French, Hecht, Draayer,...)
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Merging SA-NCSM and LIT: benchmark for “He

Ground-state energy 45 RMS radii
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Baker et al., in preparation (2018) :
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Sum rules for “He: HH and SA-NCSM benchmark

Ground-state energy 45 RMS radii
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Sum rules for “He: HH and SA-NCSM benchmark

Ground-state energy 45 RMS radii
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Sum rules for “He: HH and SA-NCSM benchmark

Ground-state energy 45 RMS radii
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Efficacy of SA-NCSM
SA-NCSM, SU(3) Non-local densi’ries
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Efficacy of SA-NCSM
SA-NCSM, SU(3) Non-local densi’ries
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Total strength of inelastic longitudinal response function

CSR(q) = [ dw R, " (w, q) Zlflp )[0)[26(w — Ex + Eo)

CSR(q) — Z 4+ <0|Zezq(ll'|z—ra)|0> _ |Fe’l( )l Z2
it
" 2(Z - ) a(lal)

q [MeV/c] q [MeV/c]

Bacca, Miorelli, Hagen, J. Phys.: Conf. Series 966 (2018) 012019 rom Sonia bacca
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Total strength of inelastic longitudinal response function

CSR(q) = [ dw R, " (w, q) Zlflp )[0)[26(w — Ex + Eo)

CSR(q) — Z 4+ <0|Zezq(ll'|z—ra)|0> _ |Fe’l( )l Z2
it
" 2(Z - ) a(lal)

SA-NCSM
N3LO (EM)

q [MeV/c] q [MeV/c]

Bacca, Miorelli, Hagen, J. Phys.: Conf. Series 966 (2018) 012019 rom Sonia bacca
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SA-NCSM
NNLOsat
(2b)

q (fm=)
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SA-NCSM ~ SA-NCSM
NNLOsat ~ N3LO
(2b) (2b)

. 05 10 15 20 25
q (fm™") q (fm™")
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Conclusions

intermediate-mass nuclei (sd-shell)

Collectivity features
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Simple physics: “shape” + vibrations + rotations
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