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— The purpose of this poster—

Elucidating a microscopic mechanism of the hadron-quark crossover in massive neutron star Is one of the most important
subjects In nuclear astrophysics. In analogy with the BEC-BCS crossover well-established in condensed-matter physics, we
discuss the role of tripling fluctuations (three-quark correlations) in the hadron-quark crossover. Considering tripling
fluctuations within the phase-shift representation of three-body propagators, we investigate their impact on equation of state as
well as momentum distributions of quarks and baryon-like clusters.
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Theoretical approaches to nuclear equation of state (EOS)

K — w plane for positive (bound state) and negative (scattering state) contributions of fluctuations
Conventional nuclear EOS = Effective theory of nucleons Interpolated EOS based on the hadron-quark crossover “Strong cancellation”
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Result 1: Exotic baryon momentum distribution
Tripling fluctuation theory can reproduce the baryon momentum distribution in quarkyonic matter model
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Toward the many-body theory of hadron-quark crossover:

Lesson from the BEC-BCS crossover physics
In the case of the BEC-BCS crossover, the mean-field theory (BCS-Eagles- Result 2: Peaked speed of sound

Peaked speed of sound is induced by suppressed baryon momentum distributions at low momenta

Leggett theory) 1s “qualitatively” valid at T = 0.

Mean field = Superfluid/superconducting order parameter A 2, _ 1 (an

-1 Momentum distributions Squared speed of sound
¢ =2 (3)

Y. Ohashi, HT, and P. van WYk, Prog. Part. Nucl. Phys. 111, 103739 (2020).

In the case of the hadron-quark crossover, the mean-field theory i1s INVALID*
and we need to consider fluctuations

Nozieres-Schmitt-Rink (NSR) approach to pairing fluctuations
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P. Noziéres, and S. Schmitt-Rink, J. Low Temp. Phys. 59, 195 (1985).

= Theory for “tripling” fluctuations is needed
*Exception at weak coupling: S. Akagami, HT, and K. lida, Phys. Rev. A 104, L041302 (2021).
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Summary

We have explored a possible microscopic mechanism of the hadron-quark crossover
In analogy with the condensed-matter theory of the BEC-BCS crossover well

Toy model for the demonstration of tripling fluctuations

Total Hamiltonian: H = 1’-}0 + [73 Short-range three-body interaction
(involving quantum anomaly with asymptotic freedom)

Vs = VT @i o) Wiyy)

Kinetic Hamiltonian of 1D three-color fermions

_ 92 established in cold atomic physics. The tripling fluctuation theory for baryon-cluster
A, = 2 l/)‘r <__x _ ,u) U, J. Drut, et al., PRL 120, 243002 (2018). ] ] ]
e 2m Three-body (baryon) binding energy formation can explain both peaked speed of sound and exotic baryon momentum
u:chemical potential m: mass - N? 2V3n distributions expected in the crossover regime.
a =r,g b: color 1/Ja Y, fermionic field operator o E €Xp mV

Future perspective: Application to more realistic systems relevant to neutron star matter
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