
  

𝑅2 -gravity quark stars
from perturbative QCD*

José C. Jiménez,  Juan M. Z. Pretel, Eduardo S. Fraga, 
Sergio E. Jorás  and Ribamar R. R. Reis

We investigate the structure of quark stars in the framework of   
gravity using an equation of state for cold quark matter obtained from 
perturbative QCD, parametrized only by the renormalization scale. We show that a 
considerably large range of the free parameter   , within and even beyond the 
constraints previously reported in the literature, yield non-negligible 
modifications in the mass and radius of stars with large central mass densities. 
Besides, their stability against baryon evaporation is analyzed through the 
behavior of the associated total binding energies for which we show that these 
energies are slightly affected by the modified gravity term in the regime of high 
proper (baryon) masses

* JCAP07(2022)017,  arXiv:2112.09950



  

Motivations

● Inflation

● Large-curvature behaviour

● Dense cores: quark stars ?

● Degeneracy with EoS



  

Modified Einstein Equations

Extra degree of Freedom:
 Einstein Frame  Scalar Field→

 → Jordan Frame  Physical Interpretation→



  

Metric
Static and Sperically symmetric

Astrophysical Mass*:

* “Neutron star masses in R2 gravity”, Fulvio Sbisà et al., Physics of the Dark Universe 27 (2020) 100411

Surface Mass*:



  

Modified TOV equations



  

Curvature Fluid



  

Curvature Fluid



  

Stefan-Boltzmann gas (3 massless quarks)

Chemical potential

Dimensionless renormalization scale parameter

Quark Matter
E. S. Fraga, A. Kurkela, and A. Vuorinen, Astrophys. J.Lett. 781, L25 (2014), arXiv:1311.5154 [nucl-th].



  

Quark Matter
E. S. Fraga, A. Kurkela, and A. Vuorinen, Astrophys. J.Lett. 781, L25 (2014), arXiv:1311.5154 [nucl-th].



  

Quark Matter
E. S. Fraga, A. Kurkela, and A. Vuorinen, Astrophys. J.Lett. 781, L25 (2014), arXiv:1311.5154 [nucl-th].

= FKVX



  

Equation of State

SB

FKV4

FKV32

FKV3 FKV2 FKV1

APR
pQCD : FKV [X]
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Modified TOV + Quark Matter =

= Standard TOV + Curvature Fluid + Quark Matter 

Ingredients
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Modified TOV + Quark Matter =

= Standard TOV + Curvature Fluid + Quark Matter 
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surface at

leaks out of the star !

astrophysical mass
(at infinity)
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Leaking curvature
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Numerical Results
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Numerical Results
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APR
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Conclusions
● Nonperturbative treatment

● Larger effect in Rc and in msur (~zsur)

● Negligible effects in (astrophysical) mass and radius from 
 modifications in GR for FKVX. 

● Stability?

● Hybrid stars? 
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