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Abstract
Neutron stars are the most compact objects in the Universe. The core composition of these extremely compact objects remains a mystery. One possibility is that the corehas such high densities that matter can deconfine into quark matter. If this is the case, then neutron stars are hybrid stars: neutron stars with a quark core surrounded by ahadron crust. In this paper, we investigate this using a Bayesian approach. The quark phase of ourmodel is described by the Nambu-Jona-Lasinio (NJL) Lagrangian with someadditional interaction terms. For the hadron phase, we use the relativistic mean-field model. Furthermore, the Bayesian approach allows us to obtain numerous equationsof state satisfying some imposed constraints (such as observational data). In some sets of equations we have also imposed a constraint coming from pQCD calculations.Our results show that hybrid stars are able to satisfy the observational data. We also show that the pQCD constraint can have an effect on the results.

Equation of State
To obtain equations of state that describe a quark-hadron phase transition, weapplied theMaxwell construction. For the quark phase, we used theNambu-Jona-Lasinio (NJL) model. This is an effective theory of QCD that reproduces all the QCDsymmetries. The NJL Lagrangian can be written as
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where we added the ’t Hooft term to explicitly break the UA(1) symmetry,
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and also some interaction terms:
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We also added a constant term in the pressure in a similar way to the MIT bagmodel. The coupling (G’s) and the bag term are our free parameters (6 param-eters, in total). For the hadron phase, we obtained two equations from [1] - asoft (BMPF 220) and a stiff (BMPF 260) equation. These equations were obtainedthrough the relativistic mean field model with non-linear meson interactions [1].

Bayesian approach
For all the sets, we imposed the following:• phase transition should be around 1.4ρ0, where ρ0 = 0.16 fm−3 is the nuclearsaturation density;
•mass-radius diagram should satisfy the NICER data from PSR J0030+0451 andPSR J0740+6620;
• equations should also satisfy the Ligo-Virgo observations from GW170817.In [2], the authors noted that pQCD calculations may have an influence in theregion of neutron star density. To see how this constrains our equations, we alsoimposed this
• pQCD constraint∗.
∗This restriction is applied only for the "soft_pQCD" and "stiff_pQCD" sets.

Results
We obtained four sets in total:

with pQCD without pQCD
soft
stiff

The set of ’soft_no_pQCD’ (without pQCD constraint) is not shown here, sincethese results are similar to the set of ’soft_pQCD’ (with pQCD constraint). In theplots, the dotted lines show the hadronic equations. The mass-radius plots alsorepresent the observational data: GW170817 (gray), PSR J0030+0451 (green andpurple), and PSR J0740+6620 (yellow).

Conclusions
We conclude that:
• hybrid stars are able to satisfy the observational data;
• the pQCD calculation limits theGωω parameter, resulting in a smaller maximummass (Mmax) and a lower speed of sound inMmax.
In the future, instead of using a fixed hadronic equation, we will implement theBayesian approach also in the hadronic phase. Thiswill cover all possibilities of ourhybrid model. We also plan to compare with the pure hadronmodel to determinewhether neutron stars aremore likely to be hybrid stars ormade entirely of hadronmatter.
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