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Lipkin model: its physical motivation in atomic nuclei
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VALIDITY OF MANY-BODY APPROXIMATION METHODS
FOR A SOLVABLE MODEL

(I). Exact Solutions and Perturbation Theory
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Abstract: In order to test the validity of various techniques and formalisms developed for treating
many-particle systems, a model is constructed which is simple enough to be solved exactly in
some cases, but yet is non-trivial. The construction of such models is based on the observation



Lipkin model: exactly solvable ?
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For a set of N 2-level systems:
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Lipkin model: exactly solvable ?
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Lipkin model: exactly solvable ?
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It simulates the Mean-field and quantum phase transition

behaviour between
degenerated
energy levels -O= o=+1
between the Fermi

surface
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Phase-space Husimi distribution

SU(2) coherent states Hartree-Fock states are coherent SU(2) algebra
1
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What can be done with it: firstly test many-body approximate theories

== 5=l » Original Lipkin-Meshkov-Glick papers (pert. th.)
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Enr/(eN)

Lipkin model to test many-body dynamics methods

N=40 particles
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Lipkin model to test many-body dynamics methods .
Benchmarking phase-space method for fermions
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Lipkin model to test many-body dynamics methods .

Benchmarking phase-space method for fermions

Fluctuations
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Success of the Phase-space method for toy models

Collective phase-space  Quantum fluctuations

/\—) I . . . .
Applications to toy Hamiltonians
» Extension to superfluid systems: pairing model
l @ TDHFB with fluctuations

Lacroix, Gambacurta, Ayik, Yilmaz, PRC C 87, 061302(R) (2013)

» Mapping initial fluctuations with complex

Hubbard model Initial correlations
Yilmaz, Lacroix, Curecal, PRC C 90, 054617 (2014).

» Application to Hubbard (1D,2D,3D) model:
g better than non-equilibrium 2-body green func.

Lacroix, Hermanns, Hinz, Bonitz, PRB90 (2014)

Equivalent to simplified un-truncated
BBGKY hierarchy
Lacroix, Tanimura, Ayik, EPJA52 (2016)
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Extensions of the Lipkin model: the Agassi model = Lipkin + Pairing
(slide adapted from L. Robledo-ESNT workshop 2023)

Pairing term Monopole-monopole term
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The HFB ground state has three quantum phases, corresponding to each term




Extensions of the Lipkin model: the Agassi model = Lipkin + Pairing

Pairing term Monopole-monopole term
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Extensions of the Lipkin model: 3-level Lipkin model
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Some interesting physics case » SU(3) symmetry

Quark symmetries

1 2m 3 Neutrino flavors oscillations
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Extensions of the Lipkin model: neutrino oscillations
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PHYSICAL REVIEW D 84, 065008 (2011)
Invariants of collective neutrino oscillations

Y. Pehlivan,"">* A.B. Balantekin,>" Toshitaka Kajino,>** and Takashi Yoshida**
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One-body Two-body

- Like a set of interacting neutrino beams



Extensions of the Lipkin model: neutrino oscillations

Exact versus Phase-space solution
Exact solution still doable for 2 beams but much more demanding
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Extensions of the Lipkin model: neutrino oscillations

Exact versus Phase-space solution
Exact solution still doable for 2 beams but much more demanding
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Quantum computing the Lipkin model

Encoding the Lipkin model on a
gquantum register
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g = Number of qubits

Fermions-to-qubit: Jordan Wigner

ADAPT-VQE results
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Quantum computing the Lipkin model

Encoding the Lipkin model on a
gquantum register

J-scheme (compact)
+parity encoding

SU(2) encoding
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Solving the Lipkin model with using 2 qubits only with hybrid quantum-classical method

Classical post processing

Quantum Subspace expansion
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Some final highlights

Quantum Phase transitions

Role of
Symmetries
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