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The lack of objects between the range from 2 to 5 M⊙ in the joint mass distribution of compact objects is called mass gap.

What is mass gap region?

L. M. de Sá et al 2022 ApJ 941 130

But 
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We look at this from a different point of view.

What could be the objects that are in the mass gap region?

For non-rotating Neutron stars, the equation of state (EOS) must be very rigid. Such EOSs contrast 
dimensionless tidal deformability (𝜦) constraints obtained from GW170817

They could be the smallest black holes or the remnants of binary mergers
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Massive Gravity

Massive Gravity is a theory of gravity which considers massive gravitons

Modified TOV equation in massive gravity

44



The most stable state of QCD 

is the strange quark matter.

Strange Quark Star
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We have considered a modified version of the Nambu-

Jona-Lasinio (MNJL) model to obtain the EOS

(Cheng-Ming Li et al, PHYSICAL REVIEW D 101, 

063023 (2020))

We have used the constraint, 𝜦1.4𝑴⊙
≲ 580

By performing the Fierz transformation on the Lagrangian interaction part, we get

The original Lagrangian and its Fierz transform are mathematically equivalent, but differ in 

the mean-field approximation.
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mean-field approximation

In mean-field approximation the dynamical quark mass 𝑴𝒊 and the modified 

chemical potential 𝝁𝒊
′ of flavor 𝒊 are obtained respectively:

Cheng-Ming Li et al, PHYSICAL REVIEW D 101, 063023 (2020)
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Quark number densities
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Charge neutrality 
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Beta equilibrium

𝜇𝑠 = 𝜇𝑑
𝜇𝑑 = 𝜇𝑢 + 𝜇𝑒

stability condition
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EOS
𝝐 = 𝝁𝒊𝒏𝒊 − 𝑷

Constraints of SQM to obtain EOS
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Cheng-Ming Li et al, PHYSICAL REVIEW D 101, 063023 (2020)

Comparison of energy density per baryon between two-flavor and three-flavor quark matter for 

𝑩
𝟏

𝟒 = 𝟏𝟏𝟕𝑴𝒆𝑽
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Comparison of energy density per baryon between two-flavor and three-flavor quark matter for 

𝑩
𝟏

𝟒 = 𝟏𝟑𝟎𝑴𝒆𝑽

Cheng-Ming Li et al, PHYSICAL REVIEW D 101, 063023 (2020)
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Results for 𝐵
1

4 = 117𝑀𝑒𝑉

EOS
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Speed of sound
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𝑩
𝟏

𝟒 = 𝟏𝟏𝟕𝑴𝒆𝑽, ⍺=0.5 , 𝑪𝟏 = 𝟏𝟎−𝟓 & 𝐝𝐢𝐟𝐟𝐞𝐫𝐞𝐧𝐭 𝐯𝐚𝐥𝐮𝐞𝐬 𝐨𝐟 𝑪𝟐

Mass – Radius diagrams
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Dimensionless tidal deformability versus the mass of the star
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𝑩
𝟏

𝟒 = 𝟏𝟏𝟕𝑴𝒆𝑽, ⍺=0.8 , 𝑪𝟏 = 𝟏𝟎−𝟓 & 𝐝𝐢𝐟𝐟𝐞𝐫𝐞𝐧𝐭 𝐯𝐚𝐥𝐮𝐞𝐬 𝐨𝐟 𝑪𝟐
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Dimensionless tidal deformability versus the mass of the star

17



𝑩
𝟏

𝟒 = 𝟏𝟏𝟕𝑴𝒆𝑽, ⍺=0.94 , 𝑪𝟏 = 𝟏𝟎−𝟓 & 𝐝𝐢𝐟𝐟𝐞𝐫𝐞𝐧𝐭 𝐯𝐚𝐥𝐮𝐞𝐬 𝐨𝐟 𝑪𝟐

Mass – Radius diagrams 18



Dimensionless tidal deformability versus the mass of the star
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Results for 𝑩
𝟏

𝟒 = 𝟏𝟑𝟎𝑴𝒆𝑽

EOS 20
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Dimensionless tidal deformability versus the mass of the star

22



𝑩
𝟏

𝟒 = 𝟏𝟑𝟎𝑴𝒆𝑽, ⍺=0.8 , 𝑪𝟏 = 𝟏𝟎−𝟓 & 𝐝𝐢𝐟𝐟𝐞𝐫𝐞𝐧𝐭 𝐯𝐚𝐥𝐮𝐞𝐬 𝐨𝐟 𝑪𝟐

Mass – Radius diagrams

23



Dimensionless tidal deformability versus the mass of the star
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Mass – Radius diagrams
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Dimensionless tidal deformability versus the mass of the star
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Conclusion

In GR, the soft EOSs give small masses for quark stars, and the 
stiff EOSs do not satisfy the constraint of tidal deformability. We 
have shown that in massive gravity, it is possible to have quark 
stars that not only cover the mass gap region objects, but also 

satisfy the constraint of tidal deformability.
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Thank you for giving time
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