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Quantum Monte Carlo

Method: why Quantum Monte Carlo?

1.

Solve the many-body problem for strongly correlated systems in a non-

perturbative fashion (exact, ab-initio)

ii. Bare interactions + controlled approximations + uncertainty quantification

iii. Accurate description of ground-state properties
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Nuclear Hamiltonians

Model: non-relativistic nucleons interacting with an effective two-body (NN) and three-
body (NNN) nucleon force
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Hypernuclear Hamiltonians

Model: non-relativistic baryons interacting with an effective two-body (BB) and three-

body (BBB) baryon force
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Hypernuclear Hamiltonians 6

Idea: revisit the problem of the hyperon-nucleon interaction using Quantum Monte Carlo
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Hypernuclear Hamiltonians

Idea: revisit the problem of the hyperon-nucleon interaction using Quantum Monte Carlo
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Results: Hypernuclei

AFDMC: A-hypernuclei
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Results: Hypernuclei

AFDMC: A-hypernuclei
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Results: Hypernuclei

AFDMC: A-hypernuclei
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Results: Hypernuclei

AFDMC: A-hypernuclei
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Results: Hypernuclei 12

AFDMC: A-hypernuclei

D. L. and F. Pederiva, arXiv:1711.07521
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Results: Hypernuclei

AFDMC: A-hypernuclei
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Results: Hypernuclei 14

AFDMC: A-hypernuclei
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Results: Hypernuclei

AFDMC: A-hypernuclei
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relevant in NS
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Results: Neutron Star Matter

AFDMC: A-hypermatter
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Cr=1: preliminary results!
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Results: Hypernuclei & Neutron Star Matter 19

Note: the energy contribution of a many-body force is scheme (and scale) dependent
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phenomenological potentials
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Results: Hypernuclei & Neutron Star Matter 20

Note: the energy contribution of a many-body force is scheme (and scale) dependent

B, [MeV]

AFDMC: Argonne + Urbana
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G-Matrix: ESC0O8 - MPa
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Results: Neutron Star Matter 21

Note: the energy contribution of a many-body force is scheme (and scale) dependent

AFDMC: Argonne + Urbana G-Matrix: ESC0O8 + MPa
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Summary 22
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Quantum Monte Carlo calculations are feasible for medium-mass hypernuclei, and
the accuracy of numerical predictions is comparable to that of currently available
experimental data.

Phenomenological potentials developed in a pion exchange model with nucleons and
lambdas as explicit degrees of freedom can describe the ground-state physics of
hypernuclei in a wide mass range and for different hyperon orbits.

A sensitivity study suggests the possibility to investigate the nucleon-isospin
dependence of the three-body hyperon-nucleon-nucleon force in the medium-mass
region of the hypernuclear chart using QMC methods.

Future hypernuclear experiments on medium-mass targets (and others) will provide
the opportunity to develop more accurate many-body hypernuclear interactions,
crucial for the prediction of neutron star properties and for the solution of the
hyperon puzzle.

Thank you!!




