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KRB R AATT i AR AE 24 i it BRI SE 8 oh e B R AR u-d QM. ARSEBLAEZ A EIRG RIH, QM Y
FAAETS S R B AR RE PR AR, BB SQM 82 u-d QM, FEP R TEAE. B AHE AR
B VAT, HAPYE T RER A SR/ MEZNT 930 MeV (930 MeV J2 *°Fe Ji P2V Tfigh). H
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Fig. 1. Stability window of u-d quark matter within the enhanced perturbative QCD model.
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Fig. 2. Averaged energy per baryon as functions of baryon number density with different model parameters.
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Fig. 3. Equation of state as functions of baryon number density with different model parameters.
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Fig. 4. Curves of sound velocity as functions of baryon number density with different model parameters.
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Fig. 5. The running coupling constant and particle chemical potentials as functions of baryon number
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Fig. 6. Mass-radius relations for u-d quark star, in which the black solid dots indicate the maximum mass.
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M/R fREIEE, XATAR RE 7 MEEREN. SLhtb, RRUTEPTRZIYE P = Kp' i
HAIRE K, HEACREFEAHORERBIE S, AU RARGERE. XRY, WRAE RSO +
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Fig. 7. Compactness curves of u-d quark star as functions of star mass, in ‘which the black solid dots

indicate the maximum mass.
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JERREEST I REVEZ SR, AL S R ST i B RS UE 2 AR E.

4 %

EABFFE T, FATET EpQCD #i8, RGHAT u-d QM MEERE . RS, s, IFahe
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Abstract

Recent studies have revealed that two-flavor u-d quark matter may serve as the true ground state of
quantum chromodynamics (QCD). Meanwhile, a growing number of supermassive compact stars have been
detected observationally, which brings severe challenges to explaining the internal matter composition of
these compact objects. In this work, we systematically explore the parameter stability window of u-d quark
matter within the enhanced perturbative QCD (EpQCD) model, and further investigate the structural

properties of u-d quark stars under the framework of gravity’s rainbow theory.
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By constructing a well-defined renormalization subtraction point, the EpQCD model successfully
eliminates the thermodynamic inconsistency plaguing conventional perturbative QCD, and partially in-
corporates the global effect of quark confinement into the theoretical framework. As a quantum gravity
candidate, gravity’s rainbow theory can effectively modify gravitational interactions inside compact stars
via tuning rainbow function parameters, which provides a feasible theoretical scheme to account for ex-
tremely massive compact stars.

The left panel illustrates the stability window of u-d quark matter, while the right panel displays the
mass-radius relation of u-d quark stars derived from gravity’s rainbow. The stability diagram indicates
that the green stable parameter region is far narrower than the forbidden and phase-transition zones, yet
absolute stable u-d quark matter is still theoretically achievable. Selecting representative parameters from
the stable region, we compute the equilibrium structure of u-d quark stars and find that the maximum
stellar mass rises monotonically with the rainbow function parameter ¥. Under the limit of standard
general relativity (£ = ¥ = 1), the maximum mass of a u-d quark star reaches 2.34 M. Notably, when
3 = 1.2, the peak mass climbs to approximately 2.8 My, consistent with the mass range of the compact
companion in the GW190814 gravitational-wave event. Our results provide a novel perspective to interpret
the intrinsic nature of ultra-massive compact stars, and advance our physical insights into the low-energy

regime of quantum gravity.

Keywords: Quark matter, Quark star, Equation of state, Gravity’s rainbow
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