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Background I: Varying couplings 
➔ We assume a dynamical scalar field that when coupled to a specific sector of the 

Lagrangian, inducing spacetime variations of couplings (e.g. fine structure constant).
Eleni Anna Kolonia

➔ The couplings run in space-time according to the respective Grand Unified Theory (GUT). 
We consider a broad class of GUT and a dilaton-type scalar field.

➔ Model is parameterized by:  

➔ We consider 3 different types of GUT, namely the 
◆ Unification (R=36, S=160) 
◆ Dilaton (R=109.4, S=0)
◆ UV- Cutoff (R=−183, S=22.5) models.
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Background II: Compact Objects
➔ Compact Objects: white dwarfs, neutron stars 
➔ Degeneracy pressure:
➔ Tolman-Oppenheimer-Volkov (TOV) equations: 

➔ Equations of State (EoS):
◆ .  where 

➔ Mass-Radius relation for polytrope:
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White Dwarfs: The Hows 

➔ Define couplings as such:
➔ Assume that QCD scale varies and Planck masses (or Planck units) are fixed
➔ Substitute electron and nucleonic masses with couplings (in Planck units)
➔ Taylor expand the Mass Radius relation 
➔ Perturbation terms 𝑥 will be functions of GUT parameters

+ +

non relativistic relativistic
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White Dwarfs: The Results
               Unification                 Dilaton              UV-Cutoff

            (R=36, S=160)    (R=109.4, S=0) (R=-183, S=22.5)
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ZTF J1901+1458 mass measurement    indicates that a 
Dilaton-UV Cutofff model with negative α variation at the      level is 

unlikely.



➔ By considering the α variation as a free parameter we recover the following 
bounds, based on initial assumptions: 

Unification: 0＜ ≤ 0.0045
Dilaton:    0＜ ≤ 0.0032
UVCutoff: -0.0020＜ ≤ 0

White Dwarfs: The Results
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Neutron Stars: The Hows

➔ In the non relativistic and relativistic limit, we know the Mass-Radius relation to 
the couplings.

➔ Linear interpolation - extrapolation leads to:

➔ BUT: This method implies polytropic EoS → What about numerical EoS 
(COMPOSE)

+
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➔ Numerical EoS:     tables from 
COMPOSE database

➔ Discretize and fit a polytrope into each 
of the steps 

➔ Tests with discretization
➔ Result: EoS parametrized by 

(phenomenological) polytropic 
parameters

➔ Standard solvers aren’t enough - 
custom algorithm 
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Neutron Stars: The Hows



Model Radius (1.4 Sol.M) Max Mass (Sol.M) Use case

SLy4 11.7 km 2.05 Compact stars; soft 
EoS

FSU2R 12.4 km 2.1-2.3 Neutron-rich matter

DD2 13.2 km 2.42 Heavy stars; stiffer 
EoS
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Neutron 
Stars: 
The Results

SLY4   FSU2R DD2
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What we learned

➔ Observable Deviations in Mass-Radius Relation:  Even small variations in α 
can cause noticeable changes in the mass-radius curves of white dwarfs and 
neutron stars, which could be measurable with precise astrophysical data.

➔ Compact Stars as Precision Probes:  White dwarfs and neutron stars can act as 
sensitive astrophysical laboratories for testing the constancy of fundamental 
physical constants over cosmic time and space.

➔ Complementary to Other Methods:  This approach offers an independent test of 
varying-constant theories, complementary to cosmological or atomic clock 
experiments.
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Thank you!
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