Ab-initio nuclear matter equation of state
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Introduction

GGoal: predict the emergence of nuclear properties and structure from first principles

nuclei neutron stars

R~ 10" m R~ 10*m
M ~ 10" % kg M ~ 1030 kg

Model: non-relativistic nucleons interacting with an

effective nucleon-nucleon (NN) and three-nucleon
interaction (NNN)
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QQuestion: is it possible to describe nuclei from
microscopic nuclear Hamiltonians constructed to
reproduce only few-body observables, while
simultaneously predicting properties of matter?
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Interaction: xYEFT potentials (A-less): coordinate-space, local @ NQLO, local regulators
3b LECs (CD,CE) fit to:

e “He binding energy few-body m
—

e n-a scattering phase shifts observables o cp

Method: quantum Monte Carlo (auxiliary field diffusion Monte Carlo, AFDMC)

Results: light and medium-mass nuclei
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D.L., I. Tews: very preliminary!!

7l combine constraints from:
e GW observations
quasi-universal relations

1.97 < Myax < 2.33 M,

8l combine constraints from:
e low-energy nuclear theory
e GW observations
e EM observations
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Summary 8

e Local chiral interactions fit to few-body observables can describe ground-state properties
of nuclei (at least) up to A=16 (structure and dynamics)

e The empirical saturation density and energy are reproduced within statistical and
systematic uncertainties (the latter still large and dominant)

e The symmetry energy as a function of the density is in good agreement with available
experimentally derived constraints at saturation and twice saturation density

e The pressure in (S-equilibrated matter is in agreement with constraints extracted from
gravitational waves of the neutron-star merger GW170817 by the LIGO-Virgo detection

e The neutron-star mass-radius relation is consistent with multi-source constraints

/
A l future

e Application of QMC techniques to study neutron-rich light and medium-mass nuclei:
ab-initio study of nuclei-matter correlations (nucleon skin, symmetry energy)

e Development of coordinate-space local chiral potentials with large cutoffs: reduction/

removal of regulator artifacts in nuclei and matter calculations

e Study of asymmetric nuclear matter and derivation of neutron star properties

Thank you!!



