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Quantum backreaction

Coupled system: metric + ⟨QFT⟩

Very hard to solve simultaneously

Perturbative backreaction: limited insight

𝐺𝜇𝜈 𝑔𝛼𝛽 = 8𝜋𝐺⟨𝑇𝜇𝜈 𝑔𝛼𝛽 ⟩ 

classical Einstein tensor & metric quantum matter renorm stress tensor
(many fields)



Quantum backreaction

Exact backreaction:

2D models: CGHS/RST, JT+CFT

Holographic reformulation



Solving QFT with Holography
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review: Holographic thermal field theory on curved spacetimes

Marolf+Rangamani+Wiseman 2013

CFT on black hole background – holographically

∂AdScft



gravity on boundary dynamical

 wall boundary 
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CFT on dynamical geometry – holographically

∂AdSBrane
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CFT on dynamical geometry – holographically

cft
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Tanaka 2002

RE+Fabbri+Kaloper 2002

CFT on dynamical black hole – holographically

cft



Black droplets on a brane
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Slicing AdS

AdS slicing

AdSd+1

AdSd



Braneworlds

Karch-Randall: AdS branes

Brane

keep

cut out

& paste to copy: 2-sided brane, ℤ2 orbifold

Randall+Sundrum 1999

Karch+Randall 2000



Black hole on a brane
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Exact Holographic

3D Quantum Black Holes



Black hole on the brane from AdS C-metric

𝑑𝑠2 =
ℓ2

ℓ + 𝑥𝑟 2
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𝑑𝑟2
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 𝐺 𝑥 = 1 − 𝜅𝑥2 − 𝜇𝑥3

Pleba ƴnski + Demia ƴnski  1976

RE+Horowitz+Myers 1999



Adapted coordinates

AdS4
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brane at  𝒙 = 𝟎



Quantum BTZ metric

3D metric induced on brane at 𝒙 = 𝟎

𝑑𝑠2 ቚ
𝑏

= −
𝑟2
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RE+Fabbri+Kaloper 2002

RE+Frassino+Way 2020



Quantum BTZ metric

ℓ = 0 : BTZ black hole

ℓ > 0 : quantum-corrected BTZ
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Small AdS3 quantum black holes

𝑑𝑠2 = −
𝑟2

ℓ3
2 − 8𝒢3𝑀 − ℓ

𝐹(𝑀)

𝑟
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ℓ = 0 : conical defect

ℓ > 0 : small black hole = dressed cone

Casimir energy on a cone dresses conical singularity

Quantum Cosmic Censorship

−
1

8𝐺3
< 𝑀 < 0 



dS3 quantum black holes

𝑑𝑠2 = − 1 −
𝑟2

ℓ3
2 − ℓ

𝜇

𝑟
𝑑𝑡2 +
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1 −
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𝜇
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𝒓 = 𝑹𝟑

𝜙

ℓ = 0 : (conical defect in) dS3

ℓ > 0 : black hole in dS3

RE+Pedraza+Svesko+Tomašević+Visser 2022



Quantum-backreacted black hole and CFT stress tensor

can be described exactly and in detail

Efficient use of holography to solve a hard quantum problem

The take away (1): Holographic backreaction works



Holographic duals of evaporating black holes

RE+Luna+Suzuki+Tomašević+Way 2023
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Black hole coupled to CFT radiation – holographically



Black string in AdSD

𝑧

Schw-AdSD-1



Braneworld

Black string/Funnel Double droplet

Single droplet Bulk black hole



Large D help

•

•

•

𝑥

𝑚(𝑡, 𝑥)

𝑝(𝑡, 𝑥)

RE+Suzuki+Tanabe 2013, 2015



Some static phases

Black string/Uniform funnel

= =



Bulk black hole

Double droplet

= =

= =

Black holes @ large D = gaussian blobs 



Dynamic play



Collapse on the brane



Evaporation



Evaporation





Holographic black hole evaporation

How and Why



What makes holographic dual evaporation possible?

•

•

•



r0< LAdS

small AdS black hole
hotter when smaller
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The take away (2): Classicalization of Hawking evaporation

•

•



Conclusions



Quantum Black Holes as Braneworld Holograms

•

•

•

•

•



Thank you
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