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MOTIVATION

Proposal QG:

1) String theory

2) Loop quantum gravity

Quantization of 
space-time in 
Planck Scale

Minimal length
ℓ𝑝

Incompatible with 
HUP & LC 

Phenomenologically viable

QG EFFECT BECOMES 
SIGNIFICANT

THE PROBLEM

➢The standard theoritical framework must be modified



MODIFICATION OF UNCERTAINTY PRINCIPLE

HUP → GUP

ො𝑥, Ƹ𝑝 = 𝑖ℏ ො𝑥, Ƹ𝑝 = 𝑖ℏ 1 +
𝛽

ℏ2
Ƹ𝑝2

Δ𝑥Δ𝑝 ≥
ℏ

2
Δ𝑥Δ𝑝 ≥

ℏ

2
1 +

𝛽

ℏ2
Δ𝑝 2

*

* Kempf, A., Mangano, G., Mann, R.B.: Phys. Rev. D 52(2), 1108–1118 (1995)

▪ To resolve the incompatibility: HUP -> GUP
▪ Using QGUP model proposed by Kempf-Mangano-Mann (1995)

Correction term -> model-
dependent



MODIFICATION OF UNCERTAINTY PRINCIPLE

Δ𝑥𝑚𝑖𝑛 ≈ 𝛽 = ℓ𝑝 𝛽0

➢What we expect from using GUP framework?

➢ In HUP: we can theoretically  measure position as precisely as we want by increasing the photon energi

➢ In GUP: Planck scale give us the maximum precision to measure particle position



For 𝛽 ≪ 1, we possibly 
expands in first order
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GUP EFFECT ON NUCLEAR MATTER

EoS of NM modified by GUP

without GUP correction terms



GUP EFFECT IN NUCLEAR MATTER

• Binding energy formula: 𝐸/𝐴 =
𝜀𝑁

𝜌𝑁
𝑀𝑁

• Light green & light blue area: constraints from 𝜒EFT with different parametrization (Lonardoni et al. 2020)

• GUP correction becomes 
significant as the nucleon 
density increases

• From PNM: the most 
appropriate 𝛽 compared with 
the constraint is 𝛽 = 1.5 ×
10−7, 𝛽 = −1.5 × 10−7, and 
the area that lies between.



GUP EFFECT IN NUCLEAR MATTER

❑ NM give us the acceptable range of 𝛽: −1.5 × 10−7 ≤ 𝛽 ≤ 1.5 × 10−7

❑ However, NM itself can not determine the precise sign of 𝛽

• Light blue area: LIGO & others observation (Lonardoni et al. 2020; Tsang et al. 2024)
• Light red area: HIC experiments (Tsang et al. 2024; Danielewicz 2002)



𝜀(𝑃)

GUP EFFECT IN EOS OF NEUTRON STARS

Neutron stars requires leptons to maintain beta 
stability and charge neutrality 

Our previous selected 𝛽 remains consistent with 
the constraint

Fitting function with selected 𝛽



𝐻 𝐸/𝐸𝑝 = 1 − 𝜂(𝐸/𝐸𝑝)
2= 1 − 2𝛽0(𝐸/𝐸𝑝)

2

𝐿 𝐸/𝐸𝑝 = 1

GUP EFFECT ON PHYSICAL PROPERTIES OF SLOW ROTATING 
NEUTRON STARS

Slow-rotating approach allows us to treat NS space-time geometry as static, 
simplifying calculation significantly.

Static neutron stars metric modified by Rainbow Gravity

• Connecting GUP & RG through their dispersion relation

• There are 2 crucial parameter now: 𝜷 and 𝑿 = 𝑬/𝑬𝒑

NICER upper mass 
constraint

Only the 
combination of 
𝜷 = 𝟏. 𝟓 × 𝟏𝟎−𝟕 & 
𝑿 = 𝑬/𝑬𝒑 
produces mass-
radius profile that 
satisfies the upper 
mass constraint: 
RESOLVE THE SIGN 
ISSUE OF 𝜷 



GUP EFFECT ON PHYSICAL PROPERTIES OF SLOW ROTATING 
NEUTRON STARS

𝜔 ≪ Ω

Redifinition 𝜔 → ෝ𝜔 = Ω𝐿 − 𝜔𝐻 Moment of inertia constraint is not as 
restrictive as the mass-radius constraint 
we saw earlier. 



1. Nuclear matter give us the range of GUP parameter: −1.5 × 10−7 ≤ 𝛽 ≤ 1.5 × 10−7,

2. The physical properties from slow-rotating neutron stars favor negative 𝛽,

3. The characteristic of minimal length, appears as Δ𝑥𝑚𝑖𝑛, can not be reach in negative range of 𝛽.

CONCLUSION

Main source: M. H. Al Ghifari, H. S. Ramadhan, H. Alatas, A. Sulaksono, Gen. Rel. Grav. 57, 121 (2025). 
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