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Equations of motion in Schwarzschild coordinates 
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• The asymptotic region 

• Asymptotically flat solution 

• Corrections start at ҧ𝑟−6

• Power series converges in the exterior 

B. Holdom ‘06
C. De Rham, J. Francfort & J. Zhang ‘20
B. Knorr & A. Platania ‘22

Local solutions to the field equations
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• The asymptotic region 

• Asymptotically flat solution 

• Corrections start at ҧ𝑟−6

• Power series converges in the exterior 

Local analysis at spatial infinity 

B. Holdom ‘06
C. De Rham, J. Francfort & J. Zhang ‘20
B. Knorr & A. Platania ‘22

3819



Local analysis at the horizon 
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Numerical integration 

Our numerical integration follows Schwarzschild solution closely 
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• Local analysis of solutions at ҧ𝑟 = 0:

• Analysis is very complicated! 

• Non-linearity of equations lead to many solutions branches 

• Preliminary result:

All curvature invariants are finite 

B. Holdom ’02, arXiv:020219
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Local analysis at the core



Observational features

• Thermodynamics

The temperature of the BH is defined as

Surface gravity in conformal-to-Kundt coordinates
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Observational features

• Thermodynamics

For 𝜆 > 0 → T 𝜆 > 𝑇𝑆𝑐ℎ

For 𝜆 > 0 → 𝑟 𝜆 < 𝑟𝑆𝑐ℎ
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T 𝜆 > 𝑇𝑆𝑐ℎ
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Observational features

• Entropy

Wald entropy formula                                           Wald formalism  

4 𝛿𝐻+ = 𝑇𝛿𝑆
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Observational features

• Entropy

Wald entropy formula 
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Applied to our case

- An explicit expression

- If 𝜆 = 0 one recovers the standard expression for Schwarzschild BHs.

- For smaller black holes the deviation from 𝑆 =
𝐴

4𝐺
is larger

- Applications of Wald formalism 𝛿𝐻+ = 𝛿𝐻∞ to (re)derive the first law of 
thermodynamics 

Fan & Lu ‘15
Feng, Liu, Lu & 
Pope ‘15
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Conclusions 

• Key results 

• Present and future work

New class of spherically symmetric BH solutions generated 
by the inclusion of the Goroff-Sagnotti counterterm that expels 
Schwarzschild from the solution space

Asymptotically flat, static and spherically symmetric solutions 
are still determined in terms of the asymptotic mass. 

𝑇 𝜆 > 𝑇𝑆𝑐ℎ & 𝑟 𝜆 < 𝑟𝑆𝑐ℎ

Extension of the numerical integration below the horizon

Further studies of thermodynamic properties of this black hole 
(entropy, free energy, specific heat)

Including angular momentum?
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Thank you for your attention!
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