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  Neutron stars  
Neutron stars are one of the densest massive objects in the universe.  
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Usually refer to a star with a mass on the order of 1-2 solar masses, a 
radius of 10-12 km. 
The central density can reach several times the empirical nuclear 
matter saturation density (” Ғ0.16 ÆÍ ). 

A. Sedrakian, et al., PPNP 131, 104041 (2023) 



  Observations of Neutron stars 
Mass measurements 
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Figure from Vivek V. Krishnan  

The radius and mass can be measured by the NICER collaboration. 

The gravitational wave signal provides 
the astrophysical measurements of tidal 
deformabilities, masses, etc. 

B. P. Abbott, et al., PRL 119, 161101 (2017) 

Figure from NASA/Goddard Space Flight Center 

Raaijmakers, et al., ApJ 887, L22 (2019) 
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  Hyperon puzzle 
Some of the nuclear many-body approaches, such as Hartree-Fock 
and Brueckner-Hartree-Fock, predict the appearance of hyperons 
at a density of ς σ”, and a softening of the EoS, implying a 
reduction of the maximum mass.  
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Figure from D. Lonardoni 

H. Ðapo, et al., PRC 81, 035803 (2010) 

H.-J. Schulze and T. Rijken, PRC 84, 035801 (2011) 



  EoS with Hyperons from AFDMC 
ɤὔὔ)) can support ςὓṩ, but the onset of ɤ is above the 
maximum density (πȢυφ ÆÍ ). 
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D. Lonardoni, et al., PRL 114, 092301 (2015) 

Phenomenological ɤὔ ɤὔὔ potential + Auxiliary field diffusion Monte Carlo, 
no ɤɤ ɤɤὔ potential 
Only some fixed number of neutrons (ὔ=66, 54, 38) and hyperons (ὔ =1, 2, 14) 

in the simulation box used from AFDMC, the EoS of hyper-neutron matter needs 
to be parametrized 
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  EoS with Hyperons from AFDMC 
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In this work 
     The hyper-neutron matter and neutron star properties are studied by 
Nuclear Lattice Effective Field Theory with a novel auxiliary field quantum 
Monte Carlo algorithm. 
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the density operator ”ὲ is defined as 

Hamiltonian 

the parameter ί is a local smearing parameter, ί  is a nonlocal 
smearing parameter. ὅ  and ὅ  gives the strength of the two-
body interaction. ὠ  is the three-body interaction. 

where Ὥ is the spin index, Ὦ is the isospin index. The smeared 
annihilation and creation operators are defined as 
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  The Hamiltonian for nucleons 



The ὅ  couplings are determined by fitting the phase shift. 

The Galilean invariance restoration for each channel are obtained 

by tuning ὅ ȟὭ πȟρȟς with the constraint 
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  Phase shift for nucleons 
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  Nuclear Matter and light nuclei 
The couplings for three-body interaction are determined by the 
empirical value for nuclear matter. As a prediction, the compression 
modulus ὑ ςςωȢπσȢφ MeV. 

The ground state energies of several light nuclei (prediction). 



  Pure Neutron Matter (PNM) 
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NLEFT: The calculations are performed for PNM by considering up to 

232 neutrons in a box to achieve several times the saturation density 

AFDMC : AV8ΩҌ3N interaction inspired by the Urbana IX and the Illinois 

models 



ὅ ȟὅ  give the strength of the two-body interactions. ὠ  and 

ὠ  are the three-body interactions. The simulation of systems 

with both neutrons and ☻ hyperons can be achieved by using a 

single auxiliary field. 

For the hyperon-nucleon and hyperon-hyperon interactions, we 
utilize minimal interactions. The Hamiltonian is defined as, 
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  The Hamiltonian for nucleons and hyperons 



where ὥ is the temporal lattice spacing. 

A discrete auxiliary field formulation for the SU(4) interaction, 
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  Auxiliary Field for Hyper-nuclear Systems 

The two-baryon interactions, 

this potential can be rewritten in the following form, 

where                         , the simulations of systems consisting of both 

arbitrary number of nucleons and ɤί with a single auxiliary field,  



ὅ  is determined by fitting the cross section, and  ὅ  by fitting the 
chiral EFT phase shift. 
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  Scattering data with hyperons 

J. Haidenbauer, Ulf-G. Meißner, and S. Petschauer, Nucl. Phys. A 954, 273 (2016). 

Three sets of three-body forces are determined by the separation 
energies for ɤ hyper-nuclei. The * marks a prediction. 


