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Compact stars in NMDC theory

• Title: “Observational constraints on the maximum masses of 
white dwarfs, neutron stars, and exotic stars in non-minimal 
derivative coupling gravity”

• M.D. Danarianto, I. P., A. Suroso, B.E. Gunara, A. Sulaksono, 
Physics of the Dark Universe 48 (2025) 101919

https://doi.org/10.1016/j.dark.2025.101919


Compact stars in NMDC theory

• Modified gravity: 
• Nonminimal Derivative Coupling (NMDC) from Cisterna et al. [Phys. Rev. 

D 92 (4) (2015) 044050]



•  



E. Babichev, C. Charmousis, JHEP 08 (8) 

(2014) 106, arXiv:1312.3204.



The EoS input here

𝜌 = 𝜌 𝑃

EoS (equation of 

state) comes form 

nuclear matter 

models



EoS

• Commonly in the form of polynomial of pressure 𝑃 produced by making 
a plot of 𝜌 vs 𝑃 then use polynomial fitting

• Most common form is Polytropic type
• 𝑃 = 𝐾𝜌1+1/𝑛 or 𝜌 = 𝐾𝑃𝑛/(𝑛+1) 
• 0.5 < 𝑛 < 1 for NS, 𝑛 = 1.5 for low mass WD, 𝑛 = 3 for high mass WD

• Star’s matter used here are
• White dwarf (WD): Hamada-Salpeter EoS
• Neutron star (NS): Parameterized high-density EOS: PAL6, SLy, MS1
• Quark star (QS): MIT-bag and color-flavor locked EoS: MIT-Bag, CFL16, CFL5



Boundary conditions

𝑄∞ comes from looking at 𝑄 from 
observer at infinity

 This is from boundary condition 
𝑏 𝑅 = 𝑓 𝑅 = 1 − 2𝐺𝑀/𝑅
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• Consistent with the Newtonian limit of this theory, which shows 
that the theory would approach standard Newtonian gravity as 
|Q∞| → 0.

• Mass might exceed the super-Chandrasekhar supernova masses.
• Note on the scalar field in WD solution:

• found a similar pathology on HS EoS around a small value of |Q∞|≤0.1-0.2
• 𝐹′2 < 0 for 𝑟 < 𝑅 in some |Q∞| in the  η= −1 case only
• this range is inside the observational WD bounds and coincides with the 

GR M-R curve
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for NS

• In contrast to WD, the mass and radius modifications are more 
sensitive in high-density stars

• The small |Q∞| → 0 does not revert to the GR—has a slightly lower 
mass than GR in high-density regions

• Softer EoS can achieve higher mass, while stiffer EoS can 
simultaneously result in even greater mass—EoS’s effect is more 
pronounced

• Note on the scalar field in NS solution:
• the problem of negative F′2 arises on all NS structures calculated in the  

η= −1 case—no problem for η= +1 case.
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for QS

• Like NS, |Q∞| → 0 does not revert to the GR —has a slightly lower 
mass

• Note that the quark stars are calculated without defining the 
existence of the crust. If the crust is considered, the overall radius 
would be slightly increased.

• Note on the scalar field in QS solution:
• Similar to NS, the 𝐹′2 solution for η = −1 case also has a negative 

component in almost all calculated QS EoS
• except the MIT-Bag model for | Q∞ | ≳ 0.15 at the very high central 

pressure.
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• Similar pattern happens in some modified gravity theories:
• Eddington-inspired Born Infeld (EiBI)—QS and NS
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A pattern of matter EoS compared to some 
modified gravity theories
• EoS gives more significant deviation than the modified gravity 

theory NMDC
• Similar pattern happens in some modified gravity theories:

• Eddington-inspired Born Infeld (EiBI)—QS and NS
• Serrano–Liska gravity—QS 
• Serrano-Liska gravity—RMF model+Generalised Uncertainty Principle 

(GUP) by Kempf–Mangano–Mann
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Conclusions

• EoS choice gives more significant deviation than some modified 
gravity theory

• This pattern happens in some modified gravity theories:
• Eddington-inspired Born Infeld (EiBI)—QS and NS
• Serrano–Liska gravity—QS 
• Serrano-Liska gravity—RMF model+GUP (Kempf–Mangano–Mann)
• NMDC—WD, NS, QS

• Extension to ultracompact object (& overcoming Buchdhal limit) is 
hard to reach using the usual Nuclear Matter
• toy models for the star matter: constant density & Tolman VII

• B. N. Jayawiguna, IP, A. Sulaksono, H. S. Ramadhan, Phys. Rev. D 106, 104020 (2022)

https://doi.org/10.1103/PhysRevD.106.104020
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