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1. Introduction

The development of a theory of quantum gravity faces a challenge arising
from the fundamentally different ways the two theories describe physical
systems. Quantum mechanics operates on discrete, probabilistic principles,
while general relativity is a continuous, deterministic theory. The generalized
uncertainty principle is a modified version of the Heisenberg uncertainty
principle that incorporates quantum gravitational corrections for systems with
strong gravity. At the Planck scale, the effects of quantum gravity become
significant. At this scale, the impact of quantum mechanics and gravity are
expected to be equally important. In white dwarfs, the degeneracy pressure
provides the necessary support against gravitational collapse; however, it has
been shown that the generalized uncertainty principle, in the presence of a
minimum length, negates the Chandrasekhar limit and allows white dwarfs to
grow to any size, which contradicts astrophysical observations. This paper
introduces a new formalism to recover the Chandrasekhar limit and resolve

the discrepancy between theory and observation.

2. Methodology
This paper refines the relationship between degeneracy pressure and density
in white dwarfs using an alternative form of the uncertainty principle that
includes the maximum length. It addresses this problem using the extended
uncertainty principle (EUP) while considering the maximum length. The
effects of the maximum length on the total energy and electron degeneracy
pressure in white dwarfs are investigated. It is observed that the size of white
dwarfs appears smaller due to the mass-radius relationship, which is consistent
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with observational data. In the second part of the paper, we introduce the
formalism of the generalized uncertainty principle. The contradiction related
to the size of white dwarfs in theory and observational data is discussed in the
third part. The fourth part is dedicated to using the generalized uncertainty
principle with the maximum length to resolve the discrepancy between theory
and astrophysical observations.

3. Results and Discussion

The Chandrasekhar limit is a fundamental constraint on the maximum mass
that a white dwarf can have. In this paper, we review the findings of previous
studies that suggest the Generalized Uncertainty Principle (GUP) with a
positive parameter predicts the existence of white dwarfs of infinite size,
which is contrary to observations. In other words, the strange phenomenon in
this case is that the radius of white dwarfs seems to increase dramatically as
their mass increases. This phenomenon suggests that gravitational collapse
into a black hole may not occur. One suggested approach to address these
inconsistencies is to allocate a negative value to the GUP parameter. The
innovative methodology outlined in this paper leverages the Extended
Uncertainty Principle (EUP) with a defined maximum length, leading to a
notable correlation with astrophysical observational data.

4. Conclusion

According to the Generalized Uncertainty Principle in the presence of
maximum length, it is observed that as the mass of a white dwarf increases,
its radius decreases, which is consistent with observations. It is also noted that
with increasing density in a white dwarf, the degeneracy pressure increases to
prevent gravitational collapse. Recent research on the sign change of the GUP
and EUP parameters has been presented, suggesting that by considering the
role of the cosmological constant in the uncertainty principle, the issue of sign
change appears to be more acceptable. Given that the cosmological constant
can take both negative and positive values, this consideration is meaningful
from both a physical and geometric perspective and has important
consequences.

Keywords: Generalized Uncertainty Principle, Quantum  Gravity,
Chandrasekhar Limit, White Dwarfs, Maximum Length.
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Fig. 1 Radius versus mass plot for a white dwarf, showing that its size decreases as
its mass increases. (The axes of the plots are in terms of the solar radius Rg =
6.960 x 10%m, and the solar mass Mg = 1.98892 x 10°%kg.)
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Fig. 2 Radius versus mass plot for a white dwarf with GUP correction. Initially, the
size of the white dwarf decreases with increasing mass, then it recovers and can
grow to an unlimited size. (The axes of the plots are in terms of the solar radius

Re = 6.960 X 10®m and the solar mass Mg = 1.98892 x 103%kg.)
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Fig. 3 Radius versus mass plot of a white dwarf incorporating the Generalized
Uncertainty Principle (GUP) correction with a negative parameter. (The axes of the
plots are in terms of the solar radius Rg = 6.960 X 10®m and the solar mass Mg =
1.98892 x 10%%kg.)
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Fig. 4 Radius versus mass diagram of a white dwarf with EUP correction. (The axes
of the plots are in terms of the solar radius Rg = 6.960 X 108m and the solar mass
Mg = 1.98892 x 103%kg.)
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Fig. 5 Pressure p versus density p for a white dwarf (red diagram for the standard
state and green (dashed line) considering EUP).
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