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Introduction

Generalized uncertainty principle (GUP):  An approach to quantum 

gravity based on modifications to the algebra 

Inspired by other methods, e.g., noncommutative geometry, etc.

Yet no systematically derived black hole metric in GUP until now

One reason: There is no extension of GUP to field theories

Must derive interior GUP metric, then extend to full spacetime:
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Needs applying an improved scheme from LQG 
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1. Modify the algebra as 

2. Solve the EoM of the interior                 

3. Replace the solutions in the interior metric: interior GUP metric

4. Analytically extend the metric           to obtain full spacetime GUP-

modified effective metric 
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Asymptotic Issues of GUP-Modified metric

Serious issues with asymptotics:

Classical limits are fine:

And similar to                                           Kretschmann falls off as[Ashtekar, Olmedo, Singh, PRD 98, 126003 (2018)]
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We borrow this improved scheme from LQG into GUP

which means

In our model it becomes
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2. Replace the solutions in the interior metric: interior GUP metric

3. Analytically extend the metric           to obtain full spacetime GUP-

modified effective metric 



GUP-Modified Improved Metric

Result: first GUP BH metric derived until now

where now our dimensionful quantum parameters are

Fragomeno, Gingrich, Hergott, SR, Vienneau,

 On arXiv next week!



GUP-Modified Improved Metric

Result: first GUP BH metric derived until now

Reality of the metric on                dictates
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Now, the classical limit is fine
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Correct Classical/Asymptotic Limits

Also, there is a minimum radius of the 2-spheres

but there is no bounce (e.g., a       behavior): remnant 
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and based on     and 
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Kretschmann and Singularity

The Kretschmann scalar is

Its asymptotic expansion and limits are precisely what they should be



Masses

The ADM , Kumar, and Misner-Sharp-Hernandez (MSH) masses match 

and are equal to the parameter      in the metric 

 



PG Coordinates and Infalling Observer

In PG coordinates, the velocity of the infalling observer remains finite
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Null Raychaudhuri equation is everywhere regular 
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Expansion and Raychaudhuri Equation

• Null expansion,

• Raychaudhuri equation,

• Kretschmann scalar 

all are everywhere regular 

Singularity resolution! 



Summary

• We derived the first full spacetime metric of a GUP-inspired BH

• The usual analytic extension of interior metric does not work

• We borrowed the well-known improved scheme from LQG

• Extension of this improved GUP interior metric works perfectly

• All the correct classical and asymptotic expansions and limits

• Regular: no singularity

• One horizon, remnant

• Future: study stability, add matter, phenomenology, …
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