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What we will delve into…

1. The problem of quantum gravity and classical BH 
2. Set up the effective framework 
3. Thermodynamics 
4. Examples 
5. Asymptotic expansions 
6. Conclusions and outlooks



The problem of Quantum Gravity
Quantization of General Relativity is a rather difficult task
Numerous approaches String theory, LQG, ASG, CDT, EFT…

Seeking for universal underlying structures

Swampland program

3
Astrophysical observations and advances

Quantum gravity

Particle physics

Compatibility conditions



Classical Black Hole recap
Static and Spherically Symmetric (SSS) spacetime

<latexit sha1_base64="VFqMsuXSxf6Mi7cmnRErmAhRp40="></latexit>

ds2 = gµ⌫dx
µdx⌫ = �h(r)dt2 +

dr2

f(r)
+ r2d✓2 + r2 sin2 ✓ d'2

4

Schwarzschild: vacuum solution to Einstein equations
<latexit sha1_base64="bG+Jmt2Jwo1C0AmY+eO9v4cfPoQ=">AAACKXicjVDJSgNBEO1xjXGLevTSGAQ9GDLB7SKIHvSiKJpESEKoaStJY89Cd40QhvkSP8Gv8Konbyp48kecGYOoKPgORdV7VVTVcwIlDZXLz9bQ8Mjo2HhuIj85NT0zW5ibrxk/1AKrwle+vnDAoJIeVkmSwotAI7iOwrpztZ/q9WvURvreOfUDbLnQ9WRHCqCEahc2eit6daeThXbTBeppNzqL09pea3Y0iKjCDz6V4/gojnTcLhTtUjkD/zspsgFO2oXX5qUvQhc9EgqMadjlgFoRaJJCYZxvhgYDEFfQxUaSeuCiaUXZezFfDg2QzwPUXCqekfh1IgLXmL7rJJ3pmeanlpK/aY2QOtutSHpBSOiJdBFJhdkiI7RMfEN+KTUSQXo5culxARqIUEsOQiRkmBiZ/58ftUrJ3ixtnq4Xd/cGzuTYIltiK8xmW2yXHbITVmWC3bA7ds8erFvr0XqyXj5ah6zBzAL7BuvtHSn2pjs=</latexit>

h(r) = f(r) = fS(r) = 1� 2GNM

r

Dimensionless quantities:

reference mass-scale 

        
<latexit sha1_base64="tgbO3Amywh3PRpRKX2w7IKrjkdY=">AAAB/nicjVBNS8NAFNzUr1q/qh69LBbBU0lEqseiFy9CBfsBTSib7Wtdutksuy9CCQV/hVc9eROv/hUP/heT2IOKgnMaZubxhgm1FBZd980pLSwuLa+UVytr6xubW9XtnY6NE8OhzWMZm17ILEihoI0CJfS0ARaFErrh5Dz3u7dgrIjVNU41BBEbKzESnGEm+ZcDP2J4Y6K0NRtUa17dLUD/JjUyR2tQffeHMU8iUMgls7bvuRqDlBkUXMKs4icWNOMTNoZ+RhWLwAZp0XlGDxLLMKYaDBWSFiJ8vUhZZO00CrNk3tD+9HLxN6+f4Og0SIXSCYLi+SMUEopHlhuRjQF0KAwgsrw5UKEoZ4YhghGUcZ6JSbZO5X97dI7qXqPeuDquNc/my5TJHtknh8QjJ6RJLkiLtAknmtyTB/Lo3DlPzrPz8hktOfObXfINzusHEm+WXg==</latexit>

MP

<latexit sha1_base64="FaTAdgmNQofqemrjIiZTbXwWZOE="></latexit>

(
z := MPr

� := M/MP

<latexit sha1_base64="a3osZZKfsLpnUnhas3QXL0HzLzM=">AAAB9HicjVA9SwNBFHwXv2L8ilraLAbBKlxEomXQxjKK+YDkCHubl7hkb+/YfRcIR/6BrVZ2Yuv/sfC/eHemUFFwqmFmHm8YP1LSkuu+OYWl5ZXVteJ6aWNza3unvLvXtmFsBLZEqELT9blFJTW2SJLCbmSQB77Cjj+5zPzOFI2Vob6lWYRewMdajqTglEo3/WRQrtSqbg72N6nAAs1B+b0/DEUcoCahuLW9mhuRl3BDUiicl/qxxYiLCR9jL6WaB2i9JG86Z0ex5RSyCA2TiuUifr1IeGDtLPDTZMDpzv70MvE3rxfT6NxLpI5iQi2yRyQV5o+sMDKdANlQGiTiWXNkUjPBDSdCIxkXIhXjdJPS//Zon1Rr9Wr9+rTSuFgsU4QDOIRjqMEZNOAKmtACASO4hwd4dKbOk/PsvHxGC87iZh++wXn9AEgMkfg=</latexit>

{
<latexit sha1_base64="ixVQkl2xJrbADDXZxDNuGhCBHHM="></latexit>

1� 2�

z
GNM

2
P = 1� 2�

z
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<latexit sha1_base64="P116QGH4nJyHBYZSDIgASAnfc18=">AAAB83icjVC7SgNBFL3rM8ZX1NJmMAhWYVckWgZtLBMwD0iWMDu5iUNmH8zcEcKSL7DVyk5s/SAL/8XdNYWKgqc6nHMu93CCRElDrvvmLC2vrK6tlzbKm1vbO7uVvf2Oia0W2BaxinUv4AaVjLBNkhT2Eo08DBR2g+lV7nfvUBsZRzc0S9AP+SSSYyk4ZVLLG1aqXs0twP4mVVigOay8D0axsCFGJBQ3pu+5Cfkp1ySFwnl5YA0mXEz5BPsZjXiIxk+LonN2bA2nmCWomVSsEPHrRcpDY2ZhkCVDTrfmp5eLv3l9S+MLP5VRYgkjkT8iqbB4ZISW2QLIRlIjEc+bI5MRE1xzItSScSEy0WaTlP+3R+e05tVr9dZZtXG5WKYEh3AEJ+DBOTTgGprQBgEI9/AAj451npxn5+UzuuQsbg7gG5zXDx/4kUg=</latexit>

1

<latexit sha1_base64="SsK+GdsyC1JmpCSBPdTbeirLrhI=">AAACA3icjVBNS8NAFNzUr1o/GvXoZbEI9VJSkeqx6MVjRfsBbQib7WtdutmE3Rehhh79FV715E28+kM8+F9MYg8qCs5pmJnHG8aPpDDoOG9WYWFxaXmluFpaW9/YLNtb2x0TxppDm4cy1D2fGZBCQRsFSuhFGljgS+j6k7PM796ANiJUVziNwA3YWImR4AxTybPLI28QMLzWQXI5q94eeHalXnNy0L9JhczR8uz3wTDkcQAKuWTG9OtOhG7CNAouYVYaxAYixidsDP2UKhaAcZO8+Izux4ZhSCPQVEiai/D1ImGBMdPAT5NZSfPTy8TfvH6MoxM3ESqKERTPHqGQkD8yXIt0EaBDoQGRZc2BCkU50wwRtKCM81SM04lK/9ujc1irN2qNi6NK83S+TJHskj1SJXVyTJrknLRIm3ASk3vyQB6tO+vJerZePqMFa36zQ77Bev0Ac3SXlA==</latexit>

fS(z)

<latexit sha1_base64="78O3AVoaA/r9dZa/ORc9OtyeI+k=">AAAB83icjVC7SgNBFL0bXzG+opY2g0GwChuRaBm0sUzAPCBZwuzkJg6ZfTBzR4hLvsBWKzux9YMs/Bd31xQqCp7qcM653MPxYyUNue6bU1haXlldK66XNja3tnfKu3sdE1ktsC0iFemezw0qGWKbJCnsxRp54Cvs+tPLzO/eojYyCq9pFqMX8Ekox1JwSqXW3bBcqVXdHOxvUoEFmsPy+2AUCRtgSEJxY/o1NyYv4ZqkUDgvDazBmIspn2A/pSEP0HhJXnTOjqzhFLEYNZOK5SJ+vUh4YMws8NNkwOnG/PQy8Tevb2l87iUyjC1hKLJHJBXmj4zQMl0A2UhqJOJZc2QyZIJrToRaMi5EKtp0ktL/9uicVGv1ar11WmlcLJYpwgEcwjHU4AwacAVNaIMAhHt4gEfHOk/Os/PyGS04i5t9+Abn9QORv5GR</latexit>

z
<latexit sha1_base64="SdYRPNXz1jiCbNcMiuUGAsBx6TY=">AAAB9XicjVC7SgNBFJ2NrxhfUUubwSBYhV2RaBm0SRnRPCBZwt3JTRwy+2DmrhKXfIKtVnZi6/dY+C/urilUFDzV4ZxzuYfjRUoasu03q7CwuLS8Ulwtra1vbG6Vt3faJoy1wJYIVai7HhhUMsAWSVLYjTSC7ynseJPzzO/coDYyDK5oGqHrwziQIymAUunybtAYlCtO1c7B/yYVNkdzUH7vD0MR+xiQUGBMz7EjchPQJIXCWakfG4xATGCMvZQG4KNxk7zqjB/EBijkEWouFc9F/HqRgG/M1PfSpA90bX56mfib14tpdOomMohiwkBkj0gqzB8ZoWW6AfKh1EgEWXPkMuACNBChlhyESMU4HaX0vz3aR1WnVq1dHFfqZ/NlimyP7bND5rATVmcN1mQtJtiY3bMH9mjdWk/Ws/XyGS1Y85td9g3W6wfhSpJM</latexit>zH

<latexit sha1_base64="SdYRPNXz1jiCbNcMiuUGAsBx6TY=">AAAB9XicjVC7SgNBFJ2NrxhfUUubwSBYhV2RaBm0SRnRPCBZwt3JTRwy+2DmrhKXfIKtVnZi6/dY+C/urilUFDzV4ZxzuYfjRUoasu03q7CwuLS8Ulwtra1vbG6Vt3faJoy1wJYIVai7HhhUMsAWSVLYjTSC7ynseJPzzO/coDYyDK5oGqHrwziQIymAUunybtAYlCtO1c7B/yYVNkdzUH7vD0MR+xiQUGBMz7EjchPQJIXCWakfG4xATGCMvZQG4KNxk7zqjB/EBijkEWouFc9F/HqRgG/M1PfSpA90bX56mfib14tpdOomMohiwkBkj0gqzB8ZoWW6AfKh1EgEWXPkMuACNBChlhyESMU4HaX0vz3aR1WnVq1dHFfqZ/NlimyP7bND5rATVmcN1mQtJtiY3bMH9mjdWk/Ws/XyGS1Y85td9g3W6wfhSpJM</latexit>zH

<latexit sha1_base64="K3IeQjNrBrTsSI4SJUznZvKwre8=">AAAB+XicjVA9SwNBFNzzM8avqKXNYhAsJFxEomXQJmVE8wHJEd5tXuKSvb1j950QjvwIW63sxNZfY+F/8e5MoaLgVMPMPN4wfqSkJdd9cxYWl5ZXVgtrxfWNza3t0s5u24axEdgSoQpN1weLSmpskSSF3cggBL7Cjj+5zPzOHRorQ31D0wi9AMZajqQASqXOcJBcHzdmg1K5WnFz8L9Jmc3RHJTe+8NQxAFqEgqs7VXdiLwEDEmhcFbsxxYjEBMYYy+lGgK0XpLXnfHD2AKFPELDpeK5iF8vEgisnQZ+mgyAbu1PLxN/83oxjc69ROooJtQie0RSYf7ICiPTHZAPpUEiyJojl5oLMECERnIQIhXjdJji//Zon1SqtUrt6rRcv5gvU2D77IAdsSo7Y3XWYE3WYoJN2D17YI9O4jw5z87LZ3TBmd/ssW9wXj8AoeOT1Q==</latexit>

dS,H

<latexit sha1_base64="uqc7aUsguOfLlkl1kHEDTkhF/yg=">AAAB+nicjVC7SgNBFJ31GeMramkzGITYhF2RaBm0sYxoHpAs4e7kJg6ZfTBzV4hrfsJWKzux9Wcs/Bd31xQqCp7qcM653MPxIiUN2fabNTe/sLi0XFgprq6tb2yWtrZbJoy1wKYIVag7HhhUMsAmSVLYiTSC7ylse+OzzG/foDYyDK5oEqHrwyiQQymAUqkz6CeX08rtQb9Udqp2Dv43KbMZGv3Se28QitjHgIQCY7qOHZGbgCYpFE6LvdhgBGIMI+ymNAAfjZvkfad8PzZAIY9Qc6l4LuLXiwR8Yya+lyZ9oGvz08vE37xuTMMTN5FBFBMGIntEUmH+yAgt0yGQD6RGIsiaI5cBF6CBCLXkIEQqxukyxf/t0TqsOrVq7eKoXD+dLVNgu2yPVZjDjlmdnbMGazLBFLtnD+zRurOerGfr5TM6Z81udtg3WK8fUbiUNg==</latexit>

dS(z)

<latexit sha1_base64="RYBmjO/tgSTFY4MLzn68GC/sXkk="></latexit>

dS(z) = MP

Z z/MP

0
ds =

Z z

0

dz0p
|fS(z0)|

SSS Event horizon = Killing horizon 

We want an invariant (physical) quantity

The radial proper distance

<latexit sha1_base64="aaNEK1wjhFIqkT+gOWIS+G1/xTw="></latexit>

fS(zH) = 1� 2�

zH
= 0 =) zH = 2�

<latexit sha1_base64="tgtpHGUHWCiqpTNFfqm9lzmRbnc="></latexit>

lim
z!1

dS(z)
⇠ z

<latexit sha1_base64="gk1so2x/84PvulthS+hNLxrKBrU=">AAACFXicbVC7TsNAEDzzJrwMlDQHERI0kY1QoIygoQRBACk20fmygRN3Z+tujRSs1HwCX0ELFR2ipabgX7BNkIAw1WhmV7M7USKFRc97d0ZGx8YnJqemKzOzc/ML7uLSqY1Tw6HJYxmb84hZkEJDEwVKOE8MMBVJOIuu9wv/7AaMFbE+wV4CoWKXWnQFZ5hLbXe10w4UwyujsuP+RZAYoWDjdpMGGNNA6C722m7Vq3klqP9NhpQqGeCw7X4EnZinCjRyyaxt+V6CYcYMCi6hXwlSCwnj1+wSWjnVTIENs/KVPl1PLcujEzBUSFqK8HMjY8ranoryyeJs+9crxP+8Vord3TATOkkRNC+CUEgogyw3Iu8IaEcYQGTF5UCFppwZhghGUMZ5LqZ5aZW8D3+ojyFyulXz67X60Xa1sTdoZoqskDWyQXyyQxrkgBySJuHkjjyQR/Lk3DvPzovz+jU64gx2lskvOG+fYNefIA==</latexit>

d0S(z) ! 1

<latexit sha1_base64="zCe7WTggtNsA8wp/aFUZRfvdhXE="></latexit>

(Kt)µ = �0µ =) (Kt)µ(Kt)µ|z=zH = 0

<latexit sha1_base64="78O3AVoaA/r9dZa/ORc9OtyeI+k=">AAAB83icjVC7SgNBFL0bXzG+opY2g0GwChuRaBm0sUzAPCBZwuzkJg6ZfTBzR4hLvsBWKzux9YMs/Bd31xQqCp7qcM653MPxYyUNue6bU1haXlldK66XNja3tnfKu3sdE1ktsC0iFemezw0qGWKbJCnsxRp54Cvs+tPLzO/eojYyCq9pFqMX8Ekox1JwSqXW3bBcqVXdHOxvUoEFmsPy+2AUCRtgSEJxY/o1NyYv4ZqkUDgvDazBmIspn2A/pSEP0HhJXnTOjqzhFLEYNZOK5SJ+vUh4YMws8NNkwOnG/PQy8Tevb2l87iUyjC1hKLJHJBXmj4zQMl0A2UhqJOJZc2QyZIJrToRaMi5EKtp0ktL/9uicVGv1ar11WmlcLJYpwgEcwjHU4AwacAVNaIMAhHt4gEfHOk/Os/PyGS04i5t9+Abn9QORv5GR</latexit>

z
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Setting up the framework
1. Upgrade  to a physical scale that governs the transition quantum-classical


2. Dependence on the new scale in all new quantities

MP

<latexit sha1_base64="148yZeK+4cbRgj1J+iw2/mgTIqo="></latexit>

fS(z) f(z, u,MP) = 1� 2�

z
e�(z,u,MP)

spurious scale to compensate the physical scale

Physical quantities must be independent on 
<latexit sha1_base64="lP2Hy2Zy4VFhfhfKDz9T/nQo3Sk=">AAAB83icjVC7SgNBFL3rM8ZX1NJmMAhWYVckWgZtLBMwD0iWMDu5iUNmH8zcEcKSL7DVyk5s/SAL/8XdNYWKgqc6nHMu93CCRElDrvvmLC2vrK6tlzbKm1vbO7uVvf2Oia0W2BaxinUv4AaVjLBNkhT2Eo08DBR2g+lV7nfvUBsZRzc0S9AP+SSSYyk4ZVLLDitVr+YWYH+TKizQHFbeB6NY2BAjEoob0/fchPyUa5JC4bw8sAYTLqZ8gv2MRjxE46dF0Tk7toZTzBLUTCpWiPj1IuWhMbMwyJIhp1vz08vF37y+pfGFn8oosYSRyB+RVFg8MkLLbAFkI6mRiOfNkcmICa45EWrJuBCZaLNJyv/bo3Na8+q1euus2rhcLFOCQziCE/DgHBpwDU1ogwCEe3iAR8c6T86z8/IZXXIWNwfwDc7rB4n0kYw=</latexit>

u

must preserve the same coordinate transformations of 
<latexit sha1_base64="DMApiVdUEAjSkVicldIQBy7vDHY=">AAAB83icjVC7SgNBFJ31GeMramkzGASrsCsSLYM2lgmYByRLuDu5iUNmH8zcEcKSL7DVyk5s/SAL/8XdNYWKgqc6nHMu93CCRElDrvvmLC2vrK6tlzbKm1vbO7uVvf2Oia0W2BaxinUvAINKRtgmSQp7iUYIA4XdYHqV+9071EbG0Q3NEvRDmERyLAVQJrXGw0rVq7kF+N+kyhZoDivvg1EsbIgRCQXG9D03IT8FTVIonJcH1mACYgoT7Gc0ghCNnxZF5/zYGqCYJ6i5VLwQ8etFCqExszDIkiHQrfnp5eJvXt/S+MJPZZRYwkjkj0gqLB4ZoWW2APKR1EgEeXPkMuICNBChlhyEyESbTVL+3x6d05pXr9VbZ9XG5WKZEjtkR+yEeeycNdg1a7I2EwzZPXtgj451npxn5+UzuuQsbg7YNzivH3KTkX0=</latexit>

f
<latexit sha1_base64="rgZd7Q9+YHlOlIE+mQ9JtvSUBA4=">AAAB/nicjVBNS8NAFNzUr1q/qh69LBbBU0lEqseiF48V7Qc0oWy2r3Xp7ibsvgglFPwVXvXkTbz6Vzz4X0xiDyoKzmmYmccbJoylsOi6b05pYXFpeaW8Wllb39jcqm7vdGyUGA5tHsnI9EJmQQoNbRQooRcbYCqU0A0n57nfvQVjRaSvcRpDoNhYi5HgDDPJHw18xfDGqPRqNqjWvLpbgP5NamSO1qD67g8jnijQyCWztu+5MQYpMyi4hFnFTyzEjE/YGPoZ1UyBDdKi84weJJZhRGMwVEhaiPD1ImXK2qkKs2Te0P70cvE3r5/g6DRIhY4TBM3zRygkFI8sNyIbA+hQGEBkeXOgQlPODEMEIyjjPBOTbJ3K//boHNW9Rr1xeVxrns2XKZM9sk8OiUdOSJNckBZpE05ick8eyKNz5zw5z87LZ7TkzG92yTc4rx8/KZZ6</latexit>

fS
Deformation function can only depend on physical quantities: we chose proper distance

<latexit sha1_base64="Mo+aCPoh9v+3n1YUTgyaAJ8vU3k="></latexit>

f(z, u,MP) = 1� 2�

z
v(u,MP)(z)

<latexit sha1_base64="HebC5R+z9WZTqGcTyy8CGjYq8y0=">AAACEHicjZC7SgNREIbPeo3xFrXU4mAQkiZkRaJliI1lBHOBbAizJ5PkkLMXzpkV4pLGR/ApbLWyE1vfwMJ3cTemUFHwr4bvn2FmfjdU0lC5/GYtLC4tr6xm1rLrG5tb27md3aYJIi2wIQIV6LYLBpX0sUGSFLZDjeC5Clvu+Dz1W9eojQz8K5qE2PVg6MuBFEAJ6uUOnPpIOjU5LDgDDSK2p3G/cFOcpqjYy+XtUnkm/neRZ3PVe7l3px+IyEOfhAJjOnY5pG4MmqRQOM06kcEQxBiG2ElKHzw03Xj2xZQfRQYo4CFqLhWfQfw6EYNnzMRzk04PaGR+ein8zetENDjrxtIPI0JfpItIKpwtMkLLJB7kfamRCNLLkUufC9BAhFpyECKBUZJX9n95NI9LdqVUuTzJV2vzZDJsnx2yArPZKauyC1ZnDSbYLbtnD+zRurOerGfr5bN1wZrP7LFvsl4/AEAHnEg=</latexit>

�
⇣ 1

d(z)

⌘ <latexit sha1_base64="DdVuz8NSOZx9IH707kWIB5le9b8="></latexit>

X ⌘ d(z) :=

Z z

0

dz0p
|f(z0)|

<latexit sha1_base64="aVCyL46l9qc/MBNfusSdrXVLhDU=">AAACI3icjVC7TgJREL3rE/GFWtrcSEygQTAGbUyINpaYCJLwyuxlgBvvPnLvLAlu9jP8BL/CVis7Y2PBv7iLFGI08VQz58zkzBzbV9JQsfhhLSwuLa+sptbS6xubW9uZnd268QItsCY85emGDQaVdLFGkhQ2fI3g2Apv7bvLRL8doTbSc29o7GPbgYEr+1IAxVQ3czTqhLmWAzQUoMJGlI/mOn7OsRO2qkOZ6+Xu8/mom8mWCsUp+N9Fls1Q7WYmrZ4nAgddEgqMaZaKPrVD0CSFwijdCgz6IO5ggM24dMFB0w6nj0X8MDBAHvdRc6n4lMTvGyE4xowdO55MjjY/tYT8TWsG1D9rh9L1A0JXJEYkFU6NjNAyTgx5T2okguRy5NLlAjQQoZYchIjJII4w/b886seFUrlQvj7JVi5myaTYPjtgOVZip6zCrliV1ZhgD+yJPbMX69F6td6s96/RBWu2s8fmYE0+AZEvo8M=</latexit>

v(X )(X ) = e�(d(z))
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3. Same procedure for the temporal component

<latexit sha1_base64="5O/SFN4fub9mJX6DhjPB4N4we5E="></latexit>

h(z) = 1� 2�

z
e 

�
1

d(z)

�

4. General SSS of a quantum deformed metric
<latexit sha1_base64="0JYBOX1yZo137kRlcoj3T1ovJVQ="></latexit>

M2
Pds

2 = �h(z)M2
Pdt

2 +
dz2

f(z)
+ z2d✓2 + z2 sin2 ✓ d'2

quantum corrections are embedded into 2 independent functions of the physical distance
<latexit sha1_base64="A33MkT1cHSxszT820RyCYG7GPpI="></latexit>

�
⇣ 1

d(z)

⌘
and  

⇣ 1

d(z)

⌘

5. Asymptotic flatness recovered
<latexit sha1_base64="uMFXF2ZL572eC30OtpQT38sulOo=">AAACC3icjVDLSsNQEL2pr1pfURcu3FwsQt2URKS6EYpuXEawD2hCubmdtpfePLh3IpTQT/Ar3OrKnbj1I1z4LyaxCxUFDwzMnDPDzBw/lkKjZb0ZpYXFpeWV8mplbX1jc8vc3mnrKFEcWjySker6TIMUIbRQoIRurIAFvoSOP7nM9c4tKC2i8AanMXgBG4ViKDjDjOqbe64zFrRmHdFzamXhOroo+2bVrlsF6N9Jlczh9M13dxDxJIAQuWRa92wrRi9lCgWXMKu4iYaY8QkbQS9LQxaA9tLigRk9TDTDiMagqJC0IOHrRMoCraeBn3UGDMf6p5aTv2m9BIdnXirCOEEIeb4IhYRikeZKZM4AHQgFiCy/HKgIKWeKIYISlHGekUlmVeV/frSP63aj3rg+qTYv5s6UyT45IDVik1PSJFfEIS3CyYzckwfyaNwZT8az8fLZWjLmM7vkG4zXDzZtl5U=</latexit>

�(0) = 0 =  (0)

Setting up the framework
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a. Implicit definition of the metric functions
<latexit sha1_base64="rJEoOF8QZ27Wyv2EZuzz0NiI2uU="></latexit>

f(z) = 1� 2�

z
e�(1/d(z)) with d(z) =

Z z

0

dz0p
|f(z0)|

previously it was addressed with an approximation
<latexit sha1_base64="gmLaqsWyUbPhzgma0lSdX0yh3NU=">AAACDXicjZBNS8NAEIY39avWr6gn8bJYhHopqUj1WPTisaL9gKaUzWZaF3eTsDsRaij+BH+FVz15E6/+Bg/+F5PYg4qC72l43hlm5vUiKQw6zptVmJmdm18oLpaWlldW1+z1jbYJY82hxUMZ6q7HDEgRQAsFSuhGGpjyJHS8q5PM71yDNiIMLnAcQV+xUSCGgjNM0cDe8is3e9Q1QlF/4CqGl1ol55MUDuxyrerkon8XZTJVc2C/u37IYwUBcsmM6dWcCPsJ0yi4hEnJjQ1EjF+xEfTSMmAKTD/JX5jQ3dgwDGkEmgpJcwhfJxKmjBkrL+3MjjQ/vQz+5vViHB71ExFEMULAs0UoJOSLDNcizQaoLzQgsuxyoCKgnGmGCFpQxnkK4zSs0v/yaO9Xa/Vq/eyg3DieJlMk22SHVEiNHJIGOSVN0iKc3JJ78kAerTvryXq2Xj5bC9Z0ZpN8k/X6Aeyimwo=</latexit>

d(z) ⇠ dS(z)

Need to build a self-consistent approach and regularity conditions

b. Problems with the derivatives at the horizon
<latexit sha1_base64="pNk10eVO1Kz65UEX2cKjAzBI/Wg="></latexit>

df(z)

dz

���
z=zH

⇢ dd(z)

dz

���
z=zH

=
1p

|f(zH)|
! 1

Two issues

<latexit sha1_base64="pNk10eVO1Kz65UEX2cKjAzBI/Wg="></latexit>

df(z)

dz

���
z=zH

⇢ dd(z)

dz

���
z=zH

=
1p

|f(zH)|
! 1

<latexit sha1_base64="8UoVTMtHPwXHwSTCjtrtvK4ogWg=">AAAB+XicjVA9SwNBFNyLXzF+RS1tFoNgFe5EomXQxjKC+YDkCHubl7hkb2/ZfSuEIz/CVis7sfXXWPhfvDtTqCg41TAzjzdMpKWw6PtvXmlpeWV1rbxe2djc2t6p7u51bOIMhzZPZGJ6EbMghYI2CpTQ0wZYHEnoRtPL3O/egbEiUTc40xDGbKLEWHCGmdQdWKct4LBaC+p+Afo3qZEFWsPq+2CUcBeDQi6Ztf3A1ximzKDgEuaVgbOgGZ+yCfQzqlgMNkyLunN65CzDhGowVEhaiPD1ImWxtbM4ypIxw1v708vF37y+w/F5mAqlHYLi+SMUEopHlhuR7QB0JAwgsrw5UKEoZ4YhghGUcZ6JLhum8r89Oif1oFFvXJ/WmheLZcrkgBySYxKQM9IkV6RF2oSTKbknD+TRS70n79l7+YyWvMXNPvkG7/UDZ3KUUw==</latexit>�
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Self-consistent approach

<latexit sha1_base64="ag3PkTFdFx9KZNFDuyeMwegx5fA=">AAAB+nicjVC7SgNBFL3rM8ZX1NJmMAixCRuRaBMI2lhGMA9IljA7uYlDZh/M3BWSNT9hq5Wd2PozFv6Lu2sKFQVPdTjnXO7huKGShmz7zVpYXFpeWc2t5dc3Nre2Czu7LRNEWmBTBCrQHZcbVNLHJklS2Ak1cs9V2HbHF6nfvkVtZOBf0yREx+MjXw6l4JRInWnNrg1K06N+oVgp2xnY36QIczT6hffeIBCRhz4JxY3pVuyQnJhrkkLhLN+LDIZcjPkIuwn1uYfGibO+M3YYGU4BC1EzqVgm4teLmHvGTDw3SXqcbsxPLxV/87oRDc+cWPphROiL9BFJhdkjI7RMhkA2kBqJeNocmfSZ4JoToZaMC5GIUbJM/n97tI7LlWq5enVSrJ/Pl8nBPhxACSpwCnW4hAY0QYCCe3iAR+vOerKerZfP6II1v9mDb7BePwB+g5Ow</latexit>

z = 0 = d(z)
Center of the BH

possible singularity

<latexit sha1_base64="bcfvwbQOlOB3fiv9QjXznDsg/Sg=">AAACC3icjVC7SgNBFJ2Nr7i+ohYWNoPBEJuQFYk2gaBNygjmAdllmZ29iYOzD2buCknIJ/gVtlrZia0fYeG/uFlTqCh4qsM553LvPV4shcZq9c3ILSwuLa/kV8219Y3NrcL2TkdHieLQ5pGMVM9jGqQIoY0CJfRiBSzwJHS9m4uZ370FpUUUXuEoBidgw1AMBGeYSm5hrzSm9bHbpLZtlqhfTulR3XebbqFoVaoZ6N+kSOZouYV32494EkCIXDKt+1Y1RmfCFAouYWraiYaY8Rs2hH5KQxaAdibZA1N6mGiGEY1BUSFpJsLXiQkLtB4FXpoMGF7rn95M/M3rJzg4cyYijBOEkM8WoZCQLdJcibQZoL5QgMhmlwMVIeVMMURQgjLOUzFJqzL/10fnuGLVKrXLk2LjfN5MnuyTA1ImFjklDdIkLdImnEzJPXkgj8ad8WQ8Gy+f0Zwxn9kl32C8fgC3bpiI</latexit>z = zH

d(zH) = dH

Event horizon

singularity-free

<latexit sha1_base64="78O3AVoaA/r9dZa/ORc9OtyeI+k=">AAAB83icjVC7SgNBFL0bXzG+opY2g0GwChuRaBm0sUzAPCBZwuzkJg6ZfTBzR4hLvsBWKzux9YMs/Bd31xQqCp7qcM653MPxYyUNue6bU1haXlldK66XNja3tnfKu3sdE1ktsC0iFemezw0qGWKbJCnsxRp54Cvs+tPLzO/eojYyCq9pFqMX8Ekox1JwSqXW3bBcqVXdHOxvUoEFmsPy+2AUCRtgSEJxY/o1NyYv4ZqkUDgvDazBmIspn2A/pSEP0HhJXnTOjqzhFLEYNZOK5SJ+vUh4YMws8NNkwOnG/PQy8Tevb2l87iUyjC1hKLJHJBXmj4zQMl0A2UhqJOJZc2QyZIJrToRaMi5EKtp0ktL/9uicVGv1ar11WmlcLJYpwgEcwjHU4AwacAVNaIMAhHt4gEfHOk/Os/PyGS04i5t9+Abn9QORv5GR</latexit>

z

<latexit sha1_base64="bKhSp8qq5cU8+HiDmBtbt8bnljw=">AAACFnicjZA7TwJBFIVn8YXra9XSZgKRYEPAGLQk2lhiIo+EJWR2uOCE2dnNzF0TIPT+BH+FrVZ2xtbWwv/i7kqBRhNPdfOde3NmjhdKYbBcfrcyS8srq2vZdXtjc2t7x9nda5og0hwaPJCBbnvMgBQKGihQQjvUwHxPQssbXSR+6xa0EYG6xnEIXZ8NlRgIzjBGPSdXmFAXA+oKNcAxdV27QPvFydEC7Dn5Sqmciv495Mlc9Z7z4fYDHvmgkEtmTKdSDrE7ZRoFlzCz3chAyPiIDaETj4r5YLrT9C8zehgZFkeHoKmQNIWweDFlvjFj34s3fYY35qeXwN+8ToSDs+5UqDBCUDwJQiEhDTJci7gkoH2hAZElLwcqFOVMM0TQgjLOYxjFrdn/66N5XKpUS9Wrk3ztfN5MlhyQHCmSCjklNXJJ6qRBOLkjD+SRPFn31rP1Yr1+rWas+c0++Sbr7RPttp2T</latexit>

z ! 1
d(z) ! 1
Asymptotic region

flat space

Near horizon region

Series expansion close to the event horizon

<latexit sha1_base64="VgxVxgdBjNlvPph92SXayaLXbEM=">AAACBnicdVDLTgJBEJz1ifha8ehlIjHBmJBdRISDCdELR0zkkQAhs0MDE2Yfmek1IuHuV3jVkzfj1d/w4L+4i5io0TpVV3Wnu8sJpNBoWW/GwuLS8spqYi25vrG5tW3upOraDxWHGvelr5oO0yCFBzUUKKEZKGCuI6HhjC5iv3ENSgvfu8JxAB2XDTzRF5xhJHXNVC9ze3jW61boEW2roR9VXTNtZUvFk2LeplbWmiEmuULpOE/tuZImc1S75nu75/PQBQ+5ZFq3bCvAzoQpFFzCNNkONQSMj9gAWhH1mAu6M5ndPqUHoWbo0wAUFZLORPg+MWGu1mPXiTpdhkP924vFv7xWiP1iZyK8IETweLwIhYTZIs2ViEIB2hMKEFl8OVDhUc4UQwQlKOM8EsMopWSUx9fT9H9Sz2XtQrZwmU+Xz+fJJMge2ScZYpNTUiYVUiU1wskNuScP5NG4M56MZ+Pls3XBmM/skh8wXj8Ajd6XfA==</latexit>

d(z) = dH + ⇢(z)

<latexit sha1_base64="mTqXUKvNsOT8qtkjvZn4SRgVMlo=">AAACHnicjVDLSgNBEJz1bXxFPXoZDEJUCFkR9SKIXjwqGA1k49I76cQhs7PLTK8Ql/yDn+BXeNWTN/GqB//F3ZiDioJ1Kqqq6e4KYiUtVatvzsjo2PjE5NR0YWZ2bn6huLh0bqPECKyJSEWmHoBFJTXWSJLCemwQwkDhRdA9yv2LazRWRvqMejE2Q+ho2ZYCKJP84sZN2TNX0fr+jX/MN7lnk9BP9b7bv/SkblOPg695nrjMwiW3Uh2A/01KbIgTv/jutSKRhKhJKLC24VZjaqZgSAqF/YKXWIxBdKGDjYxqCNE208FPfb6WWKCIx2i4VHwg4teJFEJre2GQJUOgK/vTy8XfvEZC7b1mKnWcEGqRLyKpcLDICiOzspC3pEEiyC9HLjUXYIAIjeQgRCYmWXuF//VxvlVxdyo7p9ulg8NhM1Nsha2yMnPZLjtgx+yE1Zhgt+yePbBH5855cp6dl8/oiDOcWWbf4Lx+AJi7ocI=</latexit>

z(⇢) = zH +
1X

n=1

an⇢
n

<latexit sha1_base64="7HmlKwbiAJcHiwetu2/dHYAi/pc="></latexit>

2�e�
�

1
dH+⇢

�
=

1X

n=0

⇠n⇢
n and 2�e 

�
1

dH+⇢

�
=

1X

n=0

✓n⇢
n

What is the minimal set of input parameters?
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Self-consistent approach
Consistency of the distance framework

<latexit sha1_base64="eQ/j1VKnk9L0CKPfO1Ygc7azXY4="></latexit>

d(z) =

Z z

0

dz0p
|f(z0)|

! d⇢

dz
=

1p
f(z)

<latexit sha1_base64="9PB+8ktLH+p+zqm7UpX7JgA2tvM="></latexit>

⇠0 = zH(1� a21) ⌘ zH

⇠1 = a1(1� a21 � 4zHa2)

⇠2 = a2(1� a21)� [zH(6a1a3 + 4a22) + 4a21a2]

<latexit sha1_base64="bGrSB9vC8i2xRmSbjZKNb3nHdcQ=">AAAB93icjVBNS8NAFNz4WetX1aOXxSJ4KolI9SIUvXisYNpCW8rL9rUu3WzC7otQQn+DVz15E6/+HA/+F5PYg4qCcxpm5vGGCWIlLbnum7OwuLS8slpaK69vbG5tV3Z2WzZKjEBfRCoynQAsKqnRJ0kKO7FBCAOF7WBymfvtOzRWRvqGpjH2QxhrOZICKJN8GHjn7qBS9WpuAf43qbI5moPKe28YiSRETUKBtV3PjamfgiEpFM7KvcRiDGICY+xmVEOItp8WZWf8MLFAEY/RcKl4IeLXixRCa6dhkCVDoFv708vF37xuQqOzfip1nBBqkT8iqbB4ZIWR2QrIh9IgEeTNkUvNBRggQiM5CJGJSTZL+X97tI5rXr1Wvz6pNi7my5TYPjtgR8xjp6zBrliT+Uwwye7ZA3t0ps6T8+y8fEYXnPnNHvsG5/UDjEGSnQ==</latexit>

a1 = 0
<latexit sha1_base64="Th3qYAesSQb5XOoHLd/T125Xo/Y=">AAACDnicjVDLSgNBEJz1GeMr6k0vg0GJB8NuCOpFEL14jGAekA1L76QTh8w+mOkVNQT8BL/Cq568iVd/wYP/4ibmoKJgnYqqarq7/FhJQ7b9Zk1MTk3PzGbmsvMLi0vLuZXVmokSLbAqIhXphg8GlQyxSpIUNmKNEPgK637vZOjXL1EbGYXndB1jK4BuKDtSAKWSl1vPulfSK20fglcqOLvlG++Up3THdbNeLu8U7RH43yTPxqh4uXe3HYkkwJCEAmOajh1Tqw+apFA4yLqJwRhED7rYTGkIAZpWf/TDgG8lBijiMWouFR+J+HWiD4Ex14GfJgOgC/PTG4q/ec2EOgetvgzjhDAUw0UkFY4WGaFlWg7yttRIBMPLkcuQC9BAhFpyECIVk7Stf/ZRKxWdveLeWTl/dDxuJsM22CYrMIftsyN2yiqsygS7ZffsgT1ad9aT9Wy9fEYnrPHMGvsG6/UDN5GZRw==</latexit>

⇠2 = a2(1� 4zHa2)

<latexit sha1_base64="4SwZC88xYkyyQ53FgNwoR0JpY48=">AAACHnicjVDLSgNBEJyN7/iKevQyGARRDNkg0YsgevGoYB6QDUvvpBMHZx/O9Ipx2X/wE/wKr3ryJl714L+4iTmoKFinpqqL6i4vUtJQufxm5cbGJyanpmfys3PzC4uFpeW6CWMtsCZCFeqmBwaVDLBGkhQ2I43gewob3sXRQG9coTYyDM6oH2Hbh14gu1IAZZRb2MyDW+H73OlqEInNt7hjLjUl9rZd5TfuMXeupVtJ06SSuoWiXSoPwf8eimyEE7fw7nRCEfsYkFBgTMsuR9ROQJMUCtO8ExuMQFxAD1vZGICPpp0Mf0r5emyAQh6h5lLxIYlfHQn4xvR9L9v0gc7NT21A/qa1YurutRMZRDFhIAZBJBUOg4zQMisLeUdqJILB5chlwAVoIEItOQiRkXHWXv5/fdQrJbtaqp7uFA8OR81Ms1W2xjaYzXbZATtmJ6zGBLtl9+yBPVp31pP1bL18ruaskWeFfYP1+gHnFaAj</latexit>

a2 =
1 +

p
1� 16zH⇠2
2<latexit sha1_base64="I3nwZvZdxjvynjZuhzEHLOUJ19Q=">AAAB/nicdVDLSgNBEJz1GddX1KOXwaB4CrsxxuQgBL14jGAekF3C7KQTh8w+mOkVQwj4FV715E28+ise/Bd31wgqWqeiqpuuLi+SQqNlvRlz8wuLS8u5FXN1bX1jM7+13dJhrDg0eShD1fGYBikCaKJACZ1IAfM9CW1vdJ767RtQWoTBFY4jcH02DMRAcIaJ5JjOrejZB6eW45i9fMEq1qrH1bJNraKVISWlSu2oTO2ZUiAzNHr5d6cf8tiHALlkWndtK0J3whQKLmFqOrGGiPERG0I3oQHzQbuTLPOU7seaYUgjUFRImonwfWPCfK3HvpdM+gyv9W8vFf/yujEOqu5EBFGMEPD0EAoJ2SHNlUjKANoXChBZmhyoCChniiGCEpRxnohx0k7ax9fT9H/SKhXtSrFyWS7Uz2bN5Mgu2SOHxCYnpE4uSIM0CScRuScP5NG4M56MZ+Plc3TOmO3skB8wXj8AwqqU6Q==</latexit>

⇠1 = 0
<latexit sha1_base64="JshMhZ5gVeAOfaOIxPYxpC/Hbws="></latexit>

⇠2  1

16zH

<latexit sha1_base64="mc7QVXGXyDEey6XmuLHmS7Mg4RA="></latexit>

ap =
1

1� 4p zHa2

h
⇠p + zH

p�1X

n=3

(p� n+ 2)nanap�n+2 +
p�2X

n=2

nX

m=2

(n�m+ 2)map�naman�m+2

i

Iterative relation for 
<latexit sha1_base64="k9FxxplY2z4fvjBDGXwEMWUX18s=">AAAB+nicjVA9SwNBFNzzM8avqKXNYhCswp1KtAzaWEYwH5Ac4d3mJS7Z2zt33wkh5k/YamUntv4ZC/+Ld2cKFQWnGmbm8YYJYiUtue6bMze/sLi0XFgprq6tb2yWtrabNkqMwIaIVGTaAVhUUmODJClsxwYhDBS2gtF55rdu0VgZ6Ssax+iHMNRyIAVQKrVj3h3iDT/qlcpexc3B/yZlNkO9V3rv9iORhKhJKLC247kx+RMwJIXCabGbWIxBjGCInZRqCNH6k7zvlO8nFijiMRouFc9F/HoxgdDacRikyRDo2v70MvE3r5PQ4NSfSB0nhFpkj0gqzB9ZYWQ6BPK+NEgEWXPkUnMBBojQSA5CpGKSLlP83x7Nw4pXrVQvj8u1s9kyBbbL9tgB89gJq7ELVmcNJphi9+yBPTp3zpPz7Lx8Ruec2c0O+wbn9QO/NZPZ</latexit>

p � 3
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Regularity conditions
Investigate the behavior of invariant quantities at the horizon

Ricci scalar
<latexit sha1_base64="MzDlqHvVeQtl1QbPwZCdpBPosZs="></latexit>

R =
fh(2)

h
+

f(h(1))2

2h2
� (zf (1) + 4f)h(1)

2zh
� 2(zf (1) + f � 1)

z2

Consistency of power series expansion in     of      requires constraints
<latexit sha1_base64="nX14TbwIodHHpzxogRZoxQRUCbg=">AAAB9nicjVA9SwNBFNyLXzF+RS1tFoNgFS4i0TJoYxnBfEByhHebl2TJ3t6x+04MR/6CrVZ2YuvfsfC/eHemUFFwqmFmHm8YP1LSkuu+OYWl5ZXVteJ6aWNza3unvLvXtmFsBLZEqELT9cGikhpbJElhNzIIga+w408vM79zi8bKUN/QLEIvgLGWIymAMqlvJuGgXKlV3Rz8b1JhCzQH5ff+MBRxgJqEAmt7NTciLwFDUiicl/qxxQjEFMbYS6mGAK2X5F3n/Ci2QCGP0HCpeC7i14sEAmtngZ8mA6CJ/ell4m9eL6bRuZdIHcWEWmSPSCrMH1lhZDoC8qE0SARZc+RScwEGiNBIDkKkYpyuUvrfHu2Taq1erV+fVhoXi2WK7IAdsmNWY2eswa5Yk7WYYBN2zx7Yo3PnPDnPzstntOAsbvbZNzivH9UVkto=</latexit>

⇢
<latexit sha1_base64="xNnb/lYUsrUt4jmFYU5IuAQi++Q=">AAAB83icjVC7SgNBFJ2NrxhfUUubwSBYhY1ItAzaWCZgHpAs4e7kJhky+2DmjhCWfIGtVnZi6wdZ+C/urilUFDzV4ZxzuYfjx0oact03p7Cyura+UdwsbW3v7O6V9w86JrJaYFtEKtI9HwwqGWKbJCnsxRoh8BV2/dl15nfvUBsZhbc0j9ELYBLKsRRAqdSaDsuVWtXNwf8mFbZEc1h+H4wiYQMMSSgwpl9zY/IS0CSFwkVpYA3GIGYwwX5KQwjQeEledMFPrAGKeIyaS8VzEb9eJBAYMw/8NBkATc1PLxN/8/qWxpdeIsPYEoYie0RSYf7ICC3TBZCPpEYiyJojlyEXoIEIteQgRCradJLS//bonFVr9Wq9dV5pXC2XKbIjdsxOWY1dsAa7YU3WZoIhu2cP7NGxzpPz7Lx8RgvO8uaQfYPz+gF1sZF/</latexit>

h
<latexit sha1_base64="fBZqksqLUIZvn1EjULcWc4fbmGs=">AAAB/nicdVBNSwJRFH1jX2ZfVss2jyRoJTNmpotAatPSID9ARe48r/rwzQfv3QlEhH5F21q1i7b9lRb9l2bMoKLO6nDOvdxzjxsqaci236zU0vLK6lp6PbOxubW9k93da5gg0gLrIlCBbrlgUEkf6yRJYSvUCJ6rsOmOLxO/eYvayMC/oUmIXQ+GvhxIARRLnQ6NkKDnnHOb97I5O18pn5aLDrfz9hwJKZQqJ0XuLJQcW6DWy753+oGIPPRJKDCm7dghdaegSQqFs0wnMhiCGMMQ2zH1wUPTnc4zz/hRZIACHqLmUvG5iN83puAZM/HceNIDGpnfXiL+5bUjGpS7U+mHEaEvkkMkFc4PGaFlXAbyvtRIBEly5NLnAjQQoZYchIjFKG4nE/fx9TT/nzQKeaeUL10Xc9WLRTNpdsAO2TFz2BmrsitWY3UmWMju2QN7tO6sJ+vZevkcTVmLnX32A9brB5TPlWw=</latexit>

✓1 = 0

<latexit sha1_base64="DuAN5YEyCi+TqLJql9r09Y8C4H8="></latexit>

✓2  1 +
p
1� 16zH⇠2
8zH

Not enough to avoid singular terms in the Ricci scalar
<latexit sha1_base64="rk3Z6OdYVr03vjHpb35+XG8YjfU="></latexit>

R =
(1 + 3

p
1� 16zH⇠2)✓3 + 2⇠3

(1 + 3
p
1� 16zH⇠2)(1� 8zH✓2 +

p
1� 16zH⇠2)

⇢�1 +O(⇢0)

<latexit sha1_base64="ug4W3KzucDix/69F/RApmKIsr2c="></latexit>

⇠3 = �1

2

�
1 + 3

p
1� 16zH⇠2

�
✓3
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Summing up the constraints

<latexit sha1_base64="I3nwZvZdxjvynjZuhzEHLOUJ19Q=">AAAB/nicdVDLSgNBEJz1GddX1KOXwaB4CrsxxuQgBL14jGAekF3C7KQTh8w+mOkVQwj4FV715E28+ise/Bd31wgqWqeiqpuuLi+SQqNlvRlz8wuLS8u5FXN1bX1jM7+13dJhrDg0eShD1fGYBikCaKJACZ1IAfM9CW1vdJ767RtQWoTBFY4jcH02DMRAcIaJ5JjOrejZB6eW45i9fMEq1qrH1bJNraKVISWlSu2oTO2ZUiAzNHr5d6cf8tiHALlkWndtK0J3whQKLmFqOrGGiPERG0I3oQHzQbuTLPOU7seaYUgjUFRImonwfWPCfK3HvpdM+gyv9W8vFf/yujEOqu5EBFGMEPD0EAoJ2SHNlUjKANoXChBZmhyoCChniiGCEpRxnohx0k7ax9fT9H/SKhXtSrFyWS7Uz2bN5Mgu2SOHxCYnpE4uSIM0CScRuScP5NG4M56MZ+Plc3TOmO3skB8wXj8AwqqU6Q==</latexit>

⇠1 = 0
<latexit sha1_base64="JshMhZ5gVeAOfaOIxPYxpC/Hbws="></latexit>

⇠2  1

16zH

<latexit sha1_base64="fBZqksqLUIZvn1EjULcWc4fbmGs=">AAAB/nicdVBNSwJRFH1jX2ZfVss2jyRoJTNmpotAatPSID9ARe48r/rwzQfv3QlEhH5F21q1i7b9lRb9l2bMoKLO6nDOvdxzjxsqaci236zU0vLK6lp6PbOxubW9k93da5gg0gLrIlCBbrlgUEkf6yRJYSvUCJ6rsOmOLxO/eYvayMC/oUmIXQ+GvhxIARRLnQ6NkKDnnHOb97I5O18pn5aLDrfz9hwJKZQqJ0XuLJQcW6DWy753+oGIPPRJKDCm7dghdaegSQqFs0wnMhiCGMMQ2zH1wUPTnc4zz/hRZIACHqLmUvG5iN83puAZM/HceNIDGpnfXiL+5bUjGpS7U+mHEaEvkkMkFc4PGaFlXAbyvtRIBEly5NLnAjQQoZYchIjFKG4nE/fx9TT/nzQKeaeUL10Xc9WLRTNpdsAO2TFz2BmrsitWY3UmWMju2QN7tO6sJ+vZevkcTVmLnX32A9brB5TPlWw=</latexit>

✓1 = 0

<latexit sha1_base64="DuAN5YEyCi+TqLJql9r09Y8C4H8="></latexit>

✓2  1 +
p
1� 16zH⇠2
8zH

<latexit sha1_base64="ug4W3KzucDix/69F/RApmKIsr2c="></latexit>

⇠3 = �1

2

�
1 + 3

p
1� 16zH⇠2

�
✓3

Self consistency

Divergence-free Ricci scalar at the event horizon
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Hawking temperature
We are now able to compute physical quantities defined at the event horizon
Time-like Killing vector is needed to define the surface gravity

Which is related to the Hawking temperature
<latexit sha1_base64="T3qpCigCIjQn1sZSjF+/FPkY3kg="></latexit>

TH :=


2⇡
=

1

4⇡

q
f (1)

H
h(1)

H

<latexit sha1_base64="/UCWmMF2PnwIwP6uqs4BEFmU/I4="></latexit>

TH =

p
1� 8zH✓2 +

p
1� 16zH⇠2

4
p
2⇡zH

Achieved in a universal form expressing the power series expansions

<latexit sha1_base64="13Rk4crsVk+Yp2L/d/2U8yyeEu8="></latexit>

2 = � 1

2M2
P

rµ(K
t)⌫rµ(Kt)⌫ |z=zH dimensionless
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Entropy

Coarse grained definition of entropy from the first law of thermodynamics
<latexit sha1_base64="x/sFmo4NsvhFGZ8RlPY2/Ezt8ls=">AAACJXicjZDPSsNAEMY3/q31X9Wjl8Ui1EtpRKoXoeilR0WrhaaUyXaqi5tN2J0IJeQ5fASfwquevIngQXwVk1pBRcHvNPy+GWbm8yMlLdVqL87E5NT0zGxhrji/sLi0XFpZPbNhbAS2RKhC0/bBopIaWyRJYTsyCIGv8Ny/Osz982s0Vob6lIYRdgO40HIgBVCGeiX3ZJ97UhP3BgZE4gVAlyZI+qknLmWanPY+STOt5Ggr7ZXKbrU2Ev+7KLOxjnqlV68fijhATUKBtR23FlE3AUNSKEyLXmwxAnEFF9jJSg0B2m4yei3lm7EFCnmEhkvFRxC/TiQQWDsM/KwzP9T+9HL4m9eJabDXTaSOYkIt8kUkFY4WWWFklhnyvjRIBPnlyKXmAgwQoZEchMhgnIVY/F8eZ9tVt16tH++UGwfjZApsnW2wCnPZLmuwJjtiLSbYDbtj9+zBuXUenSfn+aN1whnPrLFvct7eAX+IphE=</latexit>

S =

Z
d�

TH(�)

The integral is to be performed once the dependence of the parameters on the mass is given

<latexit sha1_base64="N7+UI8DYQymf/5pXtkh5z7beCys=">AAACN3icjZDLTgJBEEV7fCK+UJduOhIT3BAwBl0S2bDERB4JQyY1TQEdeh501xiR8EF+gl/hVhbGnXHrHzggJko08a4q51alqq4bKmkol5tYS8srq2vriY3k5tb2zm5qb79mgkgLrIpABbrhgkElfaySJIWNUCN4rsK62y9N/foNaiMD/5qGIbY86PqyIwVQjJxU6c4pZ2zRkyfcHgwiaPP2IrBvpXO6gKiHBF/USaXz2dxM/O8izeaqOKlnux2IyEOfhAJjmvlcSK0RaJJC4ThpRwZDEH3oYjMuffDQtEazZ8f8ODJAAQ9Rc6n4DOL3iRF4xgw9N+70gHpm0ZvC37xmRJ2L1kj6YUToi+kikgpni4zQMk4ReVtqJILp5cilzwVoIEItOQgRwyiONfm/PGqn2XwhW7g6Sxcv58kk2CE7YhmWZ+esyMqswqpMsHv2yJ7YxHqwXqxX6+2zdcmazxywH7LePwAnSKqF</latexit>

zH(�) dH(�) ⇠2(�) ✓2(�)
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An example
Bonanno-Reuter Black Hole framework: Asymptotically Safe Gravity

Idea: promote the Newton coupling to a running scale-dependent coupling
<latexit sha1_base64="RfXVbQOstjx2UBJhY3SgQX3zyus="></latexit>

GN ! G(k) =
G(k = 0)

1 + !G(k = 0)k2
scale identification

<latexit sha1_base64="lOsSq2BoKWQJaHXTJX1YWbhnmXA=">AAACFXicjVC7TsNAEDzzDOEVoKQ5iJBCEyUIAQ0SgoYyIPKQYitaXzZwyvmhuzUCLNd8Al9BCxUdoqWm4F+wTQpAIDHVaGZXOztuqKShWu3NGhufmJyaLswUZ+fmFxZLS8stE0RaYFMEKtAdFwwq6WOTJCnshBrBcxW23eFR5rcvURsZ+Gd0HaLjwbkvB1IApVKvtDas3Gzu2wMNIravZBL3e7YHdKG9+PA0Sb2kVyrXq7Uc/G9SZiM0eqV3ux+IyEOfhAJjuvVaSE4MmqRQmBTtyGAIYgjn2E2pDx4aJ85fSfhGZIACHqLmUvFcxK8bMXjGXHtuOpnFND+9TPzN60Y02HNi6YcRoS+yQyQV5oeM0DLtCHlfaiSCLDly6XMBGohQSw5CpGKUllb8Xx+trWp9p7pzsl0+OBw1U2CrbJ1VWJ3tsgN2zBqsyQS7ZffsgT1ad9aT9Wy9fI6OWaOdFfYN1usHWBOfHw==</latexit>

k(z) =
⇠

dBR(z)

The corresponding metric functions
<latexit sha1_base64="yBc2DVOZ1kfSMZ06khAwsiREh98=">AAACJHicjVC7SgNREL3rM8bXqqXNxSBoYdgNojYB0cYyilEhG8LsddZcvPvw3lnBLPsbfoJfYauVnVhY6Le4iSlUFDzFMHPODDNz/ERJQ47zao2Mjo1PTJamytMzs3Pz9sLiiYlTLbApYhXrMx8MKhlhkyQpPEs0QugrPPUv9/v66TVqI+PomG4SbIdwEclACqCC6thOsNZbr3eL4OFVKq950Mn2jvKi5nXu8g3uBRpEVuOe6Mo86+Udu+JWnQH430mFDdHo2G/eeSzSECMSCoxpuU5C7Qw0SaEwL3upwQTEJVxgq0gjCNG0s8FnOV9NDVDME9RcKj4g8etEBqExN6FfdIZAXfNT65O/aa2Ugp12JqMkJYxEfxFJhYNFRmhZWIb8XGokgv7lyGXEBWggQi05CFGQaeFh+X9+nNSq7lZ163Czsrs3dKbEltkKW2Mu22a77IA1WJMJdsvu2QN7tO6sJ+vZevlsHbGGM0vsG6z3DxenouA=</latexit>

f(z) = h(z) ⌘ fBR(z) = 1� 2�

z

<latexit sha1_base64="HHdyMyAQXforA+YerX+OQhx1uAA=">AAAB+HicjVC7SgNBFJ2NrxhfUUubwSBYhV2RaBm0sYxgHpCs4e7kJhkz+2DmrhCX/IOtVnZi699Y+C/urilUFDzV4ZxzuYfjRUoasu03q7CwuLS8Ulwtra1vbG6Vt3daJoy1wKYIVag7HhhUMsAmSVLYiTSC7ylse5PzzG/fojYyDK5oGqHrwyiQQymAUqmF173GWPbLFadq5+B/kwqbo9Evv/cGoYh9DEgoMKbr2BG5CWiSQuGs1IsNRiAmMMJuSgPw0bhJ3nbGD2IDFPIINZeK5yJ+vUjAN2bqe2nSBxqbn14m/uZ1YxqeuokMopgwENkjkgrzR0Zomc6AfCA1EkHWHLkMuAANRKglByFSMU53Kf1vj9ZR1alVa5fHlfrZfJki22P77JA57ITV2QVrsCYT7Ibdswf2aN1ZT9az9fIZLVjzm132DdbrBxPhk4k=</latexit>

e�
<latexit sha1_base64="CMVP7w8Bqv8KnQJKA5NU7mI/p6s=">AAACKXicjZBNS8NAEIY3ftb6VfXoZbEIilAa8eso9eJRxarQ1DLZTuvS3STsTkQN+SX+BH+FVz15U8GTf8Sk9qCi4Huafd4ZZvb1IyUtVasvztDwyOjYeGGiODk1PTNbmps/sWFsBNZFqEJz5oNFJQOskySFZ5FB0L7CU7+3l/unl2isDINjuo6wqaEbyI4UQBlqlTa9jgGRuGni8jX++fBCjV3g3pU8X0+TdsvTQBdGJ7WjdOVmNWNpq1R2K9W++N9FmQ100Cq9ee1QxBoDEgqsbbjViJoJGJJCYVr0YosRiB50sZGVAWi0zaT/vZQvxxYo5BEaLhXvQ/w6kYC29lr7WWd+qf3p5fA3rxFTZ6eZyCCKCQORLyKpsL/ICiOz3JC3pUEiyC9HLgMuwAARGslBiAzGWZDF/+Vxsl5xtypbhxvl3dogmQJbZEtshblsm+2yfXbA6kywW3bPHtijc+c8Oc/O62frkDOYWWDf5Lx/ADSgps4=</latexit>

1

1 + !⇠2

dBR(z)2

Self-consistency would require
<latexit sha1_base64="J5tkytzQDVnyhD3FqP+AOTVVfSY="></latexit>

dBR(z) =

Z z

0

dz0p
|fBR(z0)|

<latexit sha1_base64="5FvC6aoyLbGBvOO0/VX2VImabuw="></latexit>

⇠1 = ✓1 =
4�!⇠2dBR,H

(!⇠2 + d2BR,H
)2

6= 0
<latexit sha1_base64="X2vnX8dk9ARvHAhq2p+SEsnSl/Y="></latexit>

dBR(z) =
⇣ z3

z + 9
2�

⌘1/2

approximation

regular at the origin, not on the horizon
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Two more examples
Hayward Black Hole framework: effective regular BH

<latexit sha1_base64="p6yxOBhOWxEPdXjBAzjHiwjqsjY="></latexit>

f(z) = h(z) ⌘ fHay(z) = 1� 2�

z

<latexit sha1_base64="HtiN6UkvAAnpdHErMapTWXQok5g=">AAACEnicjVC7SgNREL0bXzG+opaCXAxCbEIiEi2DNpYRzAOSNczeTOIldx/cOxsISzo/wa+w1cpObP0BC//F3TWFEQVPNXPODGfmOIGShsrldyuzsLi0vJJdza2tb2xu5bd3msYPtcCG8JWv2w4YVNLDBklS2A40gusobDmji0RvjVEb6XvXNAnQdmHoyYEUQDHVy++Pb6Ji1wW6FaCi9vRoOtf18oVKqZyC/10U2Az1Xv6j2/dF6KJHQoExnUo5IDsCTVIonOa6ocEAxAiG2IlLD1w0dpT+MeWHoQHyeYCaS8VTEr9vROAaM3GdeDK50fzUEvI3rRPS4MyOpBeEhJ5IjEgqTI2M0DIOCHlfaiSC5HLk0uMCNBChlhyEiMkwTiz3vzyax6VKtVS9OinUzmfJZNkeO2BFVmGnrMYuWZ01mGB37IE9sifr3nq2XqzXr9GMNdvZZXOw3j4BDOSd5A==</latexit>

v(X )(X )
<latexit sha1_base64="9UukFEghfGPMptjLKcOurEv3LIM=">AAACD3icjVA9SwNBEN3zM8avqGWaxSAIQkiiREvRxjKCiUIuhrl1Epfs3h27c4IeV/gT/BW2WtmJrT/Bwv/i3ZlCRcFXDMN7M7yZ54VKWqrV3pyJyanpmdnCXHF+YXFpubSy2rFBZAS2RaACc+aBRSV9bJMkhWehQdCewlNvdJjpp1dorAz8E7oOsadh6MuBFEAp1S+V3YEBEd+cbydZ2Wq4Q9AaXHEpk36pUq/WcvC/mwobo9UvvbsXgYg0+iQUWNut10LqxWBICoVJ0Y0shiBGMMRu2vqg0fbi/ImEb0QWKOAhGi4Vz0n8uhGDtvZae+mkBrq0P7WM/E3rRjTY68XSDyNCX2RGJBXmRlYYmaaD/EIaJILscuTS5wIMEKGRHIRIySiNq/i/PDqNar1ZbR7vVPYPxskUWJmts01WZ7tsnx2xFmszwW7ZPXtgj86d8+Q8Oy+foxPOeGeNfYPz+gGhVpyW</latexit>

z3

z3 + 2��

<latexit sha1_base64="jFsIQHMi/U1/3kwWNlUqP5rEZw4=">AAACG3icjZC7SgNBFIZnvcZ4W7W0GQyiVdhViTZC0MYygrlAEsLZyUkyZPbCzFkxhDyCj+BT2GplJ7YWFr6Lu0nACwr+1c/3n8OZ+b1ISUOO82bNzM7NLyxmlrLLK6tr6/bGZsWEsRZYFqEKdc0Dg0oGWCZJCmuRRvA9hVWvf57m1WvURobBFQ0ibPrQDWRHCqAEtey9xo1sufyUN6iHBBOboMNPlFqnZefcvDMW/9vk2FSllv3eaIci9jEgocCYuutE1ByCJikUjrKN2GAEog9drCc2AB9Nczj+0IjvxgYo5BFqLhUfQ/y6MQTfmIHvJZM+UM/8zFL4W1aPqXPSHMogigkDkR4iqXB8yAgtk6aQt6VGIkhfjlwGXIAGItSSgxAJjJPqsv/ro3KQdwv5wuVRrng2bSbDttkO22cuO2ZFdsFKrMwEu2X37IE9WnfWk/VsvUxGZ6zpzhb7Juv1AxUdnoo=</latexit>

⇠1 = ✓1 = ⇠3 = ✓3 = 0

<latexit sha1_base64="6HG8GkWxHhViW7v0J7pumDMVVkE="></latexit>

⇠2 = ✓2 =
6��3z3

H
(z3

H
� 4��)

(2��+ z3
H
)4

Dymnikova Black Hole framework: regular BH with effective EMT
<latexit sha1_base64="zhdMazcffzQSWWEaQmgoYg2poo0="></latexit>

f(z) = h(z) ⌘ fDymn(z) = 1� 2�

z

<latexit sha1_base64="HtiN6UkvAAnpdHErMapTWXQok5g=">AAACEnicjVC7SgNREL0bXzG+opaCXAxCbEIiEi2DNpYRzAOSNczeTOIldx/cOxsISzo/wa+w1cpObP0BC//F3TWFEQVPNXPODGfmOIGShsrldyuzsLi0vJJdza2tb2xu5bd3msYPtcCG8JWv2w4YVNLDBklS2A40gusobDmji0RvjVEb6XvXNAnQdmHoyYEUQDHVy++Pb6Ji1wW6FaCi9vRoOtf18oVKqZyC/10U2Az1Xv6j2/dF6KJHQoExnUo5IDsCTVIonOa6ocEAxAiG2IlLD1w0dpT+MeWHoQHyeYCaS8VTEr9vROAaM3GdeDK50fzUEvI3rRPS4MyOpBeEhJ5IjEgqTI2M0DIOCHlfaiSC5HLk0uMCNBChlhyEiMkwTiz3vzyax6VKtVS9OinUzmfJZNkeO2BFVmGnrMYuWZ01mGB37IE9sifr3nq2XqzXr9GMNdvZZXOw3j4BDOSd5A==</latexit>

v(X )(X )
<latexit sha1_base64="lg3wUbxuOtRVbfivX45GDtm9vrY=">AAACF3icjVC7TgJBFJ3FF+ILtbSZSEywAHfRoCXRxhITeSS8MjtcYMLsIzN3TWDDB/gJfoWtVnbG1tLCf3F3pVCjiac6Oefc3HuP7Uuh0TTfjNTC4tLySno1s7a+sbmV3d6pay9QHGrck55q2kyDFC7UUKCEpq+AObaEhj2+iP3GDSgtPPcaJz50HDZ0xUBwhpHUy+bathjmqUULFLphYdo9Piq1+UjQac/slmaxexilrKKZgP5NcmSOai/73u57PHDARS6Z1i3L9LETMoWCS5hl2oEGn/ExG0Iroi5zQHfC5JkZPQg0Q4/6oKiQNBHh60TIHK0njh0lHYYj/dOLxd+8VoCDs04oXD9AcHm8CIWEZJHmSkQtAe0LBYgsvhyocClniiGCEpRxHolBVFvmf33US0WrXCxfneQq5/Nm0mSP7JM8scgpqZBLUiU1wsktuScP5NG4M56MZ+PlM5oy5jO75BuM1w+54Z1k</latexit>�
1� e�z3/2�z2

0
�

<latexit sha1_base64="G01yxOyB3Fx3QR/d1Z1iZcLxYDI="></latexit>

⇠2 = ✓2 =
3e�z

3
H
/�z

2
0

4z40

�
2�z20(e

z
3
H
/2�z2

0 � 1)� 3z3
H

�<latexit sha1_base64="jFsIQHMi/U1/3kwWNlUqP5rEZw4=">AAACG3icjZC7SgNBFIZnvcZ4W7W0GQyiVdhViTZC0MYygrlAEsLZyUkyZPbCzFkxhDyCj+BT2GplJ7YWFr6Lu0nACwr+1c/3n8OZ+b1ISUOO82bNzM7NLyxmlrLLK6tr6/bGZsWEsRZYFqEKdc0Dg0oGWCZJCmuRRvA9hVWvf57m1WvURobBFQ0ibPrQDWRHCqAEtey9xo1sufyUN6iHBBOboMNPlFqnZefcvDMW/9vk2FSllv3eaIci9jEgocCYuutE1ByCJikUjrKN2GAEog9drCc2AB9Nczj+0IjvxgYo5BFqLhUfQ/y6MQTfmIHvJZM+UM/8zFL4W1aPqXPSHMogigkDkR4iqXB8yAgtk6aQt6VGIkhfjlwGXIAGItSSgxAJjJPqsv/ro3KQdwv5wuVRrng2bSbDttkO22cuO2ZFdsFKrMwEu2X37IE9WnfWk/VsvUxGZ6zpzhb7Juv1AxUdnoo=</latexit>

⇠1 = ✓1 = ⇠3 = ✓3 = 0



17

A minimal model
We provide a model abiding by the constraints

<latexit sha1_base64="s33TqesRu+QuYEr3nfdt6b7LYDo="></latexit>

�
⇣ 1

dH + ⇢

⌘
⌘  

⇣ 1

dH + ⇢

⌘
= � 3�2

2d2
H

+
⇢2(dH + 3⇢)�2

2d2
H
(dH + ⇢)3

such that
<latexit sha1_base64="Q3pW4czGKTbs4OBm06RfNSw6K7g="></latexit>

�(1)
H

= 0 , �(2)
H

= �2 and �(n)
H

= 0 for n � 3

The event horizon and the Hawking temperature are easily computed
<latexit sha1_base64="el7dRH/LoL49NiKxtWXIKxIe6aw="></latexit>

zH = 2�e�3�2/2d
2
H and TH =

1

8⇡zH

h
1 +

⇣
1� 8z2

H
�2

d4
H

⌘1/2i

The entropy can be computed by extracting the leading contributions in the large mass limit
<latexit sha1_base64="Q7+xvxrWCAa8gFZnwZZ9MhAnI7o="></latexit>

S = 4⇡�2
h
1�

3⇡2
� 16

3⇡2�2
log(�2) +O(��4)

i
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Asymptotic expansions

<latexit sha1_base64="78O3AVoaA/r9dZa/ORc9OtyeI+k=">AAAB83icjVC7SgNBFL0bXzG+opY2g0GwChuRaBm0sUzAPCBZwuzkJg6ZfTBzR4hLvsBWKzux9YMs/Bd31xQqCp7qcM653MPxYyUNue6bU1haXlldK66XNja3tnfKu3sdE1ktsC0iFemezw0qGWKbJCnsxRp54Cvs+tPLzO/eojYyCq9pFqMX8Ekox1JwSqXW3bBcqVXdHOxvUoEFmsPy+2AUCRtgSEJxY/o1NyYv4ZqkUDgvDazBmIspn2A/pSEP0HhJXnTOjqzhFLEYNZOK5SJ+vUh4YMws8NNkwOnG/PQy8Tevb2l87iUyjC1hKLJHJBXmj4zQMl0A2UhqJOJZc2QyZIJrToRaMi5EKtp0ktL/9uicVGv1ar11WmlcLJYpwgEcwjHU4AwacAVNaIMAhHt4gEfHOk/Os/PyGS04i5t9+Abn9QORv5GR</latexit>

z

<latexit sha1_base64="3TUilKeo9wOOpoL/LIybz71cL7s="></latexit>

f(z) = 1� 2�

z

⇣
1 +

1X

n=1

!n

d(z)n

⌘ <latexit sha1_base64="0YTZYWxl9zyaGMNk9Av/wnbrfEQ="></latexit>

h(z) = 1� 2�

z

⇣
1 +

1X

n=1

�n
d(z)n

⌘

<latexit sha1_base64="VgxVxgdBjNlvPph92SXayaLXbEM=">AAACBnicdVDLTgJBEJz1ifha8ehlIjHBmJBdRISDCdELR0zkkQAhs0MDE2Yfmek1IuHuV3jVkzfj1d/w4L+4i5io0TpVV3Wnu8sJpNBoWW/GwuLS8spqYi25vrG5tW3upOraDxWHGvelr5oO0yCFBzUUKKEZKGCuI6HhjC5iv3ENSgvfu8JxAB2XDTzRF5xhJHXNVC9ze3jW61boEW2roR9VXTNtZUvFk2LeplbWmiEmuULpOE/tuZImc1S75nu75/PQBQ+5ZFq3bCvAzoQpFFzCNNkONQSMj9gAWhH1mAu6M5ndPqUHoWbo0wAUFZLORPg+MWGu1mPXiTpdhkP924vFv7xWiP1iZyK8IETweLwIhYTZIs2ViEIB2hMKEFl8OVDhUc4UQwQlKOM8EsMopWSUx9fT9H9Sz2XtQrZwmU+Xz+fJJMge2ScZYpNTUiYVUiU1wskNuScP5NG4M56MZ+Pls3XBmM/skh8wXj8Ajd6XfA==</latexit>

d(z) = dH + ⇢(z)

Convergence criteria
<latexit sha1_base64="6PWtseNpdgDpAyrZSSJR6KX3Z5c="></latexit>

lim sup
n!1

|!n|1/n  dH and lim sup
n!1

|�n|1/n  dH

Rescale the coefficients
<latexit sha1_base64="QY+e7FweZCl6g4AmziorjD4ITgI="></latexit>

!n = !nd
n

H
and �n = �

n
dn
H

<latexit sha1_base64="/6Ng3TvsJ4t6OLzY0bNo2NsxiVE="></latexit> 1X

n=1

!n =
1X

n=1

�
n
=

zH
2�

� 1Horizon constraint
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Asymptotic expansions

Regularity of derivatives

<latexit sha1_base64="NOBi0uVWyqzYQzGyrxn+D9eX5VI="></latexit>

1

2�

1X

p=0

⇠p⇢
p = 1 +

1X

n=1

!n

⇣ 1X

k=0

�
� ⇢

dH

�k⌘n

<latexit sha1_base64="mfBGifXNtRx/3VBu+L+yb6MTEfQ="></latexit>

⇠0 = 2�
⇣
1 +

1X

n=1

!n

⌘
⌘ zH

<latexit sha1_base64="GpXCD+amJNoV5f8qd/AmBot+P98="></latexit>

⇠p =
2�

p!(�dH)p

1X

n=1

!n

(n+ p� 1)!

(n� 1)!
<latexit sha1_base64="rssCvz1wnc3tpL9Dt/vv6/Epvug="></latexit>

⇠1 = 0 = ⇠3 !
1X

n=1

n!n = 0 =
1X

n=1

n2(n+ 3)!n

<latexit sha1_base64="spUOf8Y+iJheeX2l6WvKcrYXoko="></latexit>

✓1 = 0 = ✓3 !
1X

n=1

n�n = 0 =
1X

n=1

n2(n+ 3)�n

<latexit sha1_base64="5K9n8xCoO0TMB3tANTRD/PYyvUE="></latexit>

⇠2 !
1X

n=1

n2!n  d2
H

16zH�

<latexit sha1_base64="ch/9mFwzfgZ4TcUhAaV4qHQS+H0="></latexit>

✓2 !
1X

n=1

n2�
n
 d2

H

8zH�

�
1 +

p
1� 8zH⇠2

�

<latexit sha1_base64="78O3AVoaA/r9dZa/ORc9OtyeI+k=">AAAB83icjVC7SgNBFL0bXzG+opY2g0GwChuRaBm0sUzAPCBZwuzkJg6ZfTBzR4hLvsBWKzux9YMs/Bd31xQqCp7qcM653MPxYyUNue6bU1haXlldK66XNja3tnfKu3sdE1ktsC0iFemezw0qGWKbJCnsxRp54Cvs+tPLzO/eojYyCq9pFqMX8Ekox1JwSqXW3bBcqVXdHOxvUoEFmsPy+2AUCRtgSEJxY/o1NyYv4ZqkUDgvDazBmIspn2A/pSEP0HhJXnTOjqzhFLEYNZOK5SJ+vUh4YMws8NNkwOnG/PQy8Tevb2l87iUyjC1hKLJHJBXmj4zQMl0A2UhqJOJZc2QyZIJrToRaMi5EKtp0ktL/9uicVGv1ar11WmlcLJYpwgEcwjHU4AwacAVNaIMAhHt4gEfHOk/Os/PyGS04i5t9+Abn9QORv5GR</latexit>

z
<latexit sha1_base64="VgxVxgdBjNlvPph92SXayaLXbEM=">AAACBnicdVDLTgJBEJz1ifha8ehlIjHBmJBdRISDCdELR0zkkQAhs0MDE2Yfmek1IuHuV3jVkzfj1d/w4L+4i5io0TpVV3Wnu8sJpNBoWW/GwuLS8spqYi25vrG5tW3upOraDxWHGvelr5oO0yCFBzUUKKEZKGCuI6HhjC5iv3ENSgvfu8JxAB2XDTzRF5xhJHXNVC9ze3jW61boEW2roR9VXTNtZUvFk2LeplbWmiEmuULpOE/tuZImc1S75nu75/PQBQ+5ZFq3bCvAzoQpFFzCNNkONQSMj9gAWhH1mAu6M5ndPqUHoWbo0wAUFZLORPg+MWGu1mPXiTpdhkP924vFv7xWiP1iZyK8IETweLwIhYTZIs2ViEIB2hMKEFl8OVDhUc4UQwQlKOM8EsMopWSUx9fT9H9Sz2XtQrZwmU+Xz+fJJMge2ScZYpNTUiYVUiU1wskNuScP5NG4M56MZ+Pls3XBmM/skh8wXj8Ajd6XfA==</latexit>

d(z) = dH + ⇢(z)
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Asymptotic expansions
Hawking temperature in the large mass limit

<latexit sha1_base64="I3Qjc63YylNpzu6KFT1h45TAA+U="></latexit>

lim
�!1

1X

n=1

nr!n = 0 = lim
�!1

1X

n=1

nr�n 8r 2 N
<latexit sha1_base64="tDMzhQDo94dxUS7ogAxpui1wJZI="></latexit>

TH =
1

8⇡�

h
1� 1

⇡2

1X

n=1

�
4n2(!n + �n) + ⇡2!n

�
+ . . .

i

Two types of leading corrections to the entropy

<latexit sha1_base64="tdnECSqEoAZ+P4hd9Q+DHZnuTgA=">AAACEXicjVDLSgNBEJyNrxhfUY8iDAYhQgi7ItGj6MVjBKNCNoTesY2DM7PrTK8QFk9+gl/hVU/exKtf4MF/cRNzUFGwTkVVNd1dUaKkI99/8wpj4xOTU8Xp0szs3PxCeXHp2MWpFdgSsYrtaQQOlTTYIkkKTxOLoCOFJ9Hl/sA/uUbrZGyOqJ9gR0PPyHMpgHKpW16thrHGHnSDWtgDrXOywUODV1W/5m90y5Wg7g/B/yYVNkKzW34Pz2KRajQkFDjXDvyEOhlYkkLhTSlMHSYgLqGH7Zwa0Og62fCNG76eOqCYJ2i5VHwo4teJDLRzfR3lSQ104X56A/E3r53S+U4nkyZJCY0YLCKpcLjICSvzfpCfSYtEMLgcuTRcgAUitJKDELmY5oWV/tfH8WY9aNQbh1uV3b1RM0W2wtZYlQVsm+2yA9ZkLSbYLbtnD+zRu/OevGfv5TNa8EYzy+wbvNcP6GmbXg==</latexit>

(!1, �1) 6= (0, 0)

<latexit sha1_base64="reCDD+k7K3lBSVX9pYP868Ljzco=">AAACD3icjVDLSgNBEJyNrxhfUY+5DAYhgRB2RaIXIejFYwTzgCSE3kknDs7sLjO9Qgg5+Al+hVc9eROvfoIH/8VNzEFFwToVVdV0d/mRkpZc981JLSwuLa+kVzNr6xubW9ntnYYNYyOwLkIVmpYPFpUMsE6SFLYig6B9hU3/+mzqN2/QWBkGlzSKsKthGMiBFECJ1MvmCp1Q4xB6XqkzBK0TUuQnvOCW3GIvm/fK7gz8b5Jnc9R62fdOPxSxxoCEAmvbnhtRdwyGpFA4yXRiixGIaxhiO6EBaLTd8eyJCd+PLVDIIzRcKj4T8evEGLS1I+0nSQ10ZX96U/E3rx3T4Lg7lkEUEwZiuoikwtkiK4xM2kHelwaJYHo5chlwAQaI0EgOQiRinNSV+V8fjYOyVylXLg7z1dN5M2mWY3uswDx2xKrsnNVYnQl2y+7ZA3t07pwn59l5+YymnPnMLvsG5/UDkO+aBw==</latexit>

(!1, �1) = (0, 0)
<latexit sha1_base64="UEFGq7GiyBXeRPVnXVclCVuKcpE=">AAACEnicjVDLSgNBEJyNrxhfUY+CDAYhgRB2RdRj0ItHBaNCNoTeSScOmZldZ3oFCd78BL/Cq568iVd/wIP/4ibmoKJgnYqqarq7okRJR77/5uUmJqemZ/Kzhbn5hcWl4vLKqYtTK7AhYhXb8wgcKmmwQZIUnicWQUcKz6L+wdA/u0LrZGxO6DrBloaekV0pgDKpXVwvh7HGHrS3qmEPtM5IhYcGL3nZr/qVdrEU1PwR+N+kxMY4ahffw04sUo2GhALnmoGfUGsAlqRQeFMIU4cJiD70sJlRAxpdazD644Zvpg4o5glaLhUfifh1YgDauWsdZUkNdOF+ekPxN6+ZUnevNZAmSQmNGC4iqXC0yAkrs4KQd6RFIhhejlwaLsACEVrJQYhMTLPGCv/r43SrFuzUdo63S/X9cTN5tsY2WJkFbJfV2SE7Yg0m2C27Zw/s0bvznrxn7+UzmvPGM6vsG7zXD0uem4o=</latexit>

(!2, �2) 6= (0, 0)

<latexit sha1_base64="osIlpzOvkS2sngf7394CD0K1bXE=">AAACHHicjZC7SgNREIbPxluMt6ilzcEgRISQiKhl0CZlBGOEbAizJxMdcvbiObOCLHkFH8GnsNXKTmwFC9/F3ZhCRcG/Gr5/hpn5vUiT5Wr1zclNTc/MzuXnCwuLS8srxdW1MxvGRmFLhTo05x5Y1BRgi4k1nkcGwfc0tr3hcea3r9FYCoNTvomw68NFQANSwCnqFcv9XkO6lny8km5E0lWXJHek6wNfDgwMk3BUzth2r1iqVapjyb+Lkpio2Su+u/1QxT4GrDRY26lVI+4mYJiUxlHBjS1GoIZwgZ20DMBH203GH43kVmyBQxmhkaTlGOLXiQR8a298L+3MLrU/vQz+5nViHhx2EwqimDFQ2SImjeNFVhlKo0LZJ4PMkF2OkgKpwAAzGpKgVArjNLvC//I4263U9iv7J3ul+tEkmbzYEJuiLGriQNRFQzRFSyhxK+7Fg3h07pwn59l5+WzNOZOZdfFNzusH4t+g1g==</latexit>

dH ' ⇡�+ o(�)
<latexit sha1_base64="vJ7jQ3ajIzhe2sWRT2sN7oe4PMw="></latexit>

S = 4⇡�2
⇣
1 +

8�1 + 2(4 + ⇡2)!1

⇡3�
+

↵

�2
log(�) . . .

⌘
1.

2.
<latexit sha1_base64="hhEIbDFWYPNPgyTfBQqJaiN1XR0="></latexit>

S = 4⇡�2
⇣
1 +

(16�2 + (16 + ⇡2)!2)2

⇡4�2
log

�
⇡4�2 � 16�2 � (16 + ⇡2)!2

�
+ . . .

⌘



21

Further results

i. We can demand that the metric must be infinitely times differentiable
<latexit sha1_base64="7StOIxxx37bns/NJAYZ35NzJovI="></latexit>

f (n)
H

, h(n)
H

! ✓2p+1 = 0 = ⇠2p+1 for p 2 N0

ii. Regularity constraints can be applied also at internal horizons



22

Conclusions
input

<latexit sha1_base64="WDuydrUcEroJ1FD5Wj9rsKTUj/4=">AAACGXicjVDLSgNBEJyNrxhfqx69DAbBg4SNSPQY9OIxgnlAdg2zk07SZPbBTG8ghHyJXvU/vIlXT/6GX+BuzMGIgnUqqrqpovxYoSHHebdyS8srq2v59cLG5tb2jr271zBRoiXUZaQi3fKFAYUh1AlJQSvWIAJfQdMfXmV+cwTaYBTe0jgGLxD9EHsoBaVSx7bhzq0N8IS7PGMGO3axXHJm4H+TIpuj1rE/3G4kkwBCkkoY0y47MXkToQmlgmnBTQzEQg5FH9opDUUAxpvMmk/5UWIERTwGzVHxmQjfPyYiMGYc+OllIGhgfnqZ+JvXTqh34U0wjBOCUGZBhApmQUZqTCcB3kUNRCJrDhxDLoUWRKCRCylTMUk3WgiMB2OD0kwL/xupcVoqV0qVm7Ni9XI+V54dsEN2zMrsnFXZNauxOpNsxB7YI3uy7q1n68V6/TrNWfOffbYA6+0Tk8mgKQ==</latexit>

e�, e 

<latexit sha1_base64="ZqyeVBXJoSSYglhXtuGnZVtZPL4=">AAACCnicjVBLSgNBFOzxG+Mv6tJNYxBchRmR6DLoJsuI5gPJEHo6L0mTnp6m+40QhtxAt3oPd+LWS3gNT+DMmIURBWtVVL2iHhVoKSy67ruztLyyurZe2Chubm3v7Jb29ls2ig2HJo9kZDoBsyCFgiYKlNDRBlgYSGgHk6vMb9+BsSJStzjV4IdspMRQcIapdDPo1/ulsldxc9C/SZnM0eiXPnqDiMchKOSSWdv1XI1+wgwKLmFW7MUWNOMTNoJuShULwfpJ/uqMHseWYUQ1GCokzUX4nkhYaO00DNLLkOHY/vQy8TevG+Pwwk+E0jGC4lkRCgl5keVGpBsAHQgDiCz7HKhQlDPDEMEIyjhPxTgdZaFQj6dWcDsr/m+k1mnFq1aq12fl2uV8rgI5JEfkhHjknNRInTRIk3AyIg/kkTw5986z8+K8fp0uOfPMAVmA8/YJCRybLg==</latexit>

dH

<latexit sha1_base64="bqTAmdu9faNLVhxKe1fDzeHpRYQ=">AAACJHicjVA9SwNBEN3z2/gVtUyzGAQLCYlItBRtLCOYRMiGY26dJIt7e8funBiOK/wz2ur/sBMLG3+Ev8BLTKGi4Kse783wZl4Qa+WoWn31pqZnZufmFxYLS8srq2vF9Y2WixIrsSkjHdmLABxqZbBJijRexBYhDDS2g6uTkd++RutUZM5pGGM3hL5RPSWBcskvlkQqbpRvuMh2ueAi5YIGSOAbkfnFcq1SHYP/TcpsgoZffBeXkUxCNCQ1ONepVWPqpmBJSY1ZQSQOY5BX0MdOTg2E6Lrp+ImMbycOKOIxWq40H4v4dSOF0LlhGOSTIdDA/fRG4m9eJ6HeYTdVJk4IjRwFkdI4DnLSqrwd5JfKIhGMLkeuDJdggQit4iBlLiZ5Xd8C48HQKemywv9Kau1VavVK/Wy/fHQ8qWuBldgW22E1dsCO2ClrsCaT7Jbdswf26N15T96z9/I5OuVNdjbZN3hvH6ztpPU=</latexit>

{⇠n}, {✓n}

<latexit sha1_base64="ZgWv4bAkPwNPsWe8cWoI7/yE+Ow=">AAACJ3icjZDNSgMxFIUz/tb6V3UpSLAILqS0ItVl0Y1LBatCU8qd9LYGk8yQ3BHKMDtfRrf6Hu5El76CT+C0dqGi4FldvnMvJzlhrJWnavU1mJicmp6ZLcwV5xcWl5ZLK6vnPkqcxKaMdOQuQ/ColcUmKdJ4GTsEE2q8CK+Phv7FDTqvIntGgxjbBvpW9ZQEylGntCFSERnsQ8dyke1wwUXKRR+MyYnIOqVyrVIdif89lNlYJ53Su+hGMjFoSWrwvlWrxtROwZGSGrOiSDzGIK+hj618tGDQt9PRPzK+lXigiMfouNJ8BPHrRQrG+4EJ800DdOV/ekP4m9dKqHfQTpWNE0Irh0GkNI6CvHQqLwh5VzkkguHLkSvLJTggQqc4SJnDJG/sW2B8NfBK+qz4v5LOdyu1eqV+ulduHI7rKrB1tsm2WY3tswY7ZiesySS7ZffsgT0Gd8FT8By8fK5OBOObNfZNwdsHA9KmKA==</latexit>

{!n}, {�n}

distance function
<latexit sha1_base64="XFTac0KwjtK+9da+7UKkrU43Wag=">AAACG3icjVDLTgJBEJzFF+IL8ehlIjHBCwFj0CPRi0dM5JGwhPQODUyYnd3M9Bpxw6foVf/Dm/Hqwd/wC1yQgxhNrFOlqivVKS9U0lKp9O6klpZXVtfS65mNza3tnexurmGDyAisi0AFpuWBRSU11kmSwlZoEHxPYdMbXUz95g0aKwN9TeMQOz4MtOxLAZRI3WzOjaGruTtx3cxdwTXD4KibzZeLpRn43yTP5qh1sx9uLxCRj5qEAmvb5VJInRgMSaFwknEjiyGIEQywnVANPtpOPPt9wg8jCxTwEA2Xis9E/J6Iwbd27HvJpQ80tD+9qfib146of9aJpQ4jQi2mRSQVzoqsMDIZBXlPGiSC6efIpeYCDBChkRyESMQoWWmhMByOrRR2kvnfSI3jYrlSrFyd5Kvn87nSbJ8dsAIrs1NWZZesxupMsFv2wB7Zk3PvPDsvzuvXacqZZ/bYApy3T1guoRo=</latexit>

{an}
z(⇢)

<latexit sha1_base64="JE8ZBpJ/+XNkcGOJwE09iRpxEjQ=">AAACG3icjVDLSsNAFJ3UV42vWpduBotQNyUVqS6LblxWsA9oQphMb9uhk0mYuRFr6KfoVv/Dnbh14W/4Baa1CysKntXhnHs4lxPEUhh0nHcrt7S8srqWX7c3Nre2dwq7xZaJEs2hySMZ6U7ADEihoIkCJXRiDSwMJLSD0cXUb9+ANiJS1ziOwQvZQIm+4AwzyS8U3TTwFXUnrmu7ehiV7478QqlacWagf5MSmaPhFz7cXsSTEBRyyYzpVp0YvZRpFFzCxHYTAzHjIzaAbkYVC8F46ez3CT1MDMOIxqCpkHQmwvdEykJjxmGQXYYMh+anNxV/87oJ9s+8VKg4QVB8WoRCwqzIcC2yUYD2hAZENv0cqFCUM80QQQvKOM/EJFtpoTAejo3gZmL/b6TWcaVaq9SuTkr18/lcebJPDkiZVMkpqZNL0iBNwskteSCP5Mm6t56tF+v16zRnzTN7ZAHW2ydaUaEb</latexit>

{bn}
⇢(z)

physical quantities

Curvature
<latexit sha1_base64="po5p7Oh7nlUr7B+CpRYmc2IhQmg=">AAACCHicjVBLSgNBFOzxG+Mv6tJNYxBchRmR6DLoxmUi5gPJEHo6L0mTnp6m+40QhlxAt3oPd+LWW3gNT+DMmIURBWtVVL2iHhVoKSy67ruztLyyurZe2Chubm3v7Jb29ls2ig2HJo9kZDoBsyCFgiYKlNDRBlgYSGgHk6vMb9+BsSJStzjV4IdspMRQcIap1Ljpl8pexc1B/yZlMke9X/roDSIeh6CQS2Zt13M1+gkzKLiEWbEXW9CMT9gIuilVLATrJ/mjM3ocW4YR1WCokDQX4XsiYaG10zBIL0OGY/vTy8TfvG6Mwws/EUrHCIpnRSgk5EWWG5EuAHQgDCCy7HOgQlHODEMEIyjjPBXjdJKFQj2eWsHtrPi/kVqnFa9aqTbOyrXL+VwFckiOyAnxyDmpkWtSJ03CCZAH8kienHvn2XlxXr9Ol5x55oAswHn7BI5JmmE=</latexit>

R

<latexit sha1_base64="KR00zxXmA3ar7eFdGiW6dIMStPY=">AAACE3icjVDLSsNAFJ3UV62vqks3g0VwVRKR6rLopssKfUETymR62w6dJMPMjVBCPkO3+h/uxK0f4G/4BSaxCxUFz+pyzrmcw/GVFAZt+80qrayurW+UNytb2zu7e9X9g56JYs2hyyMZ6YHPDEgRQhcFShgoDSzwJfT9+XWu929BGxGFHVwo8AI2DcVEcIYZ5XZGbsBwpoOklY6qNaduF6B/HzWyRHtUfXfHEY8DCJFLZszQsRV6CdMouIS04sYGFONzNoVhdoYsAOMlReeUnsSGYUQVaCokLUj4+pGwwJhF4GfOvKH5qeXkb9owxsmll4hQxQghz4NQSCiCDNciGwPoWGhAZHlzoCKknGmGCFpQxnlGxtk63wLVbGEEN2nlfyP1zupOo964Oa81r5ZzlckROSanxCEXpElapE26hBNF7skDebTurCfr2Xr5tJas5c8h+Qbr9QOr7J9V</latexit>

TH

Hawking

temperature

Entropy
<latexit sha1_base64="xPEZjzP2TEeU+S7FQ7PiiRM7shA=">AAACCHicjVBLSgNBFOzxG+Mv6tJNYxBchRmR6DLoxmWC5gPJEHo6L0mTnp6m+40QhlxAt3oPd+LWW3gNT+DMmIURBWtVVL2iHhVoKSy67ruztLyyurZe2Chubm3v7Jb29ls2ig2HJo9kZDoBsyCFgiYKlNDRBlgYSGgHk6vMb9+BsSJStzjV4IdspMRQcIap1Ljpl8pexc1B/yZlMke9X/roDSIeh6CQS2Zt13M1+gkzKLiEWbEXW9CMT9gIuilVLATrJ/mjM3ocW4YR1WCokDQX4XsiYaG10zBIL0OGY/vTy8TfvG6Mwws/EUrHCIpnRSgk5EWWG5EuAHQgDCCy7HOgQlHODEMEIyjjPBXjdJKFQj2eWsHtrPi/kVqnFa9aqTbOyrXL+VwFckiOyAnxyDmpkWtSJ03CCZAH8kienHvn2XlxXr9Ol5x55oAswHn7BI/tmmI=</latexit>

S

regularity

consistency se
rie

s 

re
ve

rs
io

n
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Conclusions
1. We introduced a model-independent framework to describe effective 

quantum black holes deformations with physical quantities


2. Although universal, we obtained non-trivial conditions on the admissible 
deformations


3. Determine self-consistently physical quantities that are defined at the event 
horizon, i.e. the universal form of the Hawking temperature

Outlooks
1.  Extend the definition of scheme (EMD) to local invariants, i.e. Ricci and Kretschmann scalars


2.  Generalize the deformation to other black hole solutions, i.e. Reissner–Nordström, Kerr, regular 
BHs, other dimensions, AdS, holography, etc… 


3. Phenomenology, i.e. QNM and GWs, shadow, precession, astroparticles, etc…
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Mange tak! 🇩🇰 
Thank you! 🇬🇧 
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