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The Equation of State (EoS) of Nuclear Matter at high densities, and The Equation of State (EoS) of Nuclear Matter at high densities, and 

particularly that of neutron stars, resists ab initio Quantum Chromodynamics particularly that of neutron stars, resists ab initio Quantum Chromodynamics 

(QCD) computations due to the notorious sign problem of Lattice Gauge (QCD) computations due to the notorious sign problem of Lattice Gauge 

Theory at finite chemical potential. A quantum computer deploying QCD Theory at finite chemical potential. A quantum computer deploying QCD 

in canonical quantization should be able to make substantial progress. We in canonical quantization should be able to make substantial progress. We 

set some basic goals for a future quantum computer to predict the EoS, set some basic goals for a future quantum computer to predict the EoS, 

and thus the basic static observables of the star (mass, radius and tidal and thus the basic static observables of the star (mass, radius and tidal 

deformability, for example). We then develop the basic theory to address deformability, for example). We then develop the basic theory to address 

the canonical Hamiltonian in Weyl (time-axial) gauge expressed in normal the canonical Hamiltonian in Weyl (time-axial) gauge expressed in normal 

modes, together with the squared Gauss operator G² necessary to execute modes, together with the squared Gauss operator G² necessary to execute 

energy minimization algorithms restricted to the physical Fock subspace. energy minimization algorithms restricted to the physical Fock subspace. 

\r\nFinally, we deploy our particle-quantum register encoding of a generic \r\nFinally, we deploy our particle-quantum register encoding of a generic 

field theory to demonstrate QCD at finite chemical potential for a few (three-field theory to demonstrate QCD at finite chemical potential for a few (three-

four) particles with a modest number of momentum modes, by simulating four) particles with a modest number of momentum modes, by simulating 

the quantum computer on a classical cluster. This opens the possibility for the quantum computer on a classical cluster. This opens the possibility for 

effective quantum computers to constrain the microscopic physics of neutron effective quantum computers to constrain the microscopic physics of neutron 

stars simultaneously to the operation of third--generation gravitational wave stars simultaneously to the operation of third--generation gravitational wave 

detectors such as the Einstein Telescope, providing more detailed predictions detectors such as the Einstein Telescope, providing more detailed predictions 

than has been possible until now.than has been possible until now.
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