
Holography and Quantum Error 
Correction

Part II- Anti de Sitter Space



Gμν := Rμν −
1
2

gμνR

Gμν =
8πG
c3

Tμ,ν

Einstein’s Equation 

ds2 = gμνdxμdxν



 We are interested in space-times of constant 
curvature with Lorentzian signature

Cosmological principle = homogeneity and 
isotropy 



Minkowski 
Space-time

R < 0

R > 0

R = 0

In 2 dimensions



Flat spacetime

(x0, x1, ⋯x3)

ds2 = dx2
1 + dx2

2 + dx2
3 − dx2

0Metric of ambient space

A-Constant Zero curvature in 4-dimension

x1

x3

x0



Polar coordinates

x0 = t

x1 = r sin θ cos ϕ

x2 = r sin θ sin ϕ

x3 = r cos θ ds2 = dr2 + r2dθ2 + r2 sin2 θdϕ2 − dt2

ds2 = dx2
1 + dx2

2 + dx2
3 − dx2

0



x2
1 + x2

2 + x2
3 + x2

4 − x2
0 = a2

dx2
1 + dx2

2 + dx2
3 + dx2

4 − dx2
0 = ds2

de Sitter Spacetime dS4

Equation of the hyper-surface

Metric of the ambient space

B-Constant Positive curvature in 4-dimension

x2

x0

x1



de-Sitter Local Coordinates

x2
1 + x2

2 + x2
3 + x2

4 − x2
0 = a2

x2
1 + x2

2 + x2
3 = a2 + x2

0 − x2
4

x0 = r2 − a2 cosh t

x4 = r2 − a2 sinh t

x2
0 − x2

4 = r2 − a2

x2
1 + x2

2 + x2
3 = r2

(t, r, θ, ϕ)



de-Sitter Metric

ds2 = dx2
1 + dx2

2 + dx2
3 + dx2

4 − dx2
0

ds2 = − (1 −
r2

a2
)dt2 + (1 −

r2

a2
)−1dr2 + r2dΩ



Anti de Sitter Spacetime AdS4

x2
1 + x2

2 + x2
3 − x2

4 − x2
0 = − a2

ds2 = dx2
1 + dx2

2 + dx2
3 − dx2

4 − dx2
0

Equation of the hyper-surface

Metric of the ambient space

A-Constant Zero curvature in 4-dimension



x2
1 + x2

2 + x2
3 − x2

4 − x2
0 = − a2

x2
0 + x2

4 − (x2
1 + x2

2 + x2
3) = a2

x0 = a cosh ρ cos τ

x4 = a cosh ρ sin τ

x2
1 + x2

2 + x2
3 = a2 sinh2 τ

x2
0 + x2

4 = a2 cosh2 τ

Anti de Sitter local coordinates

(τ, ρ, θ, ϕ)



Anti-de-Sitter Metric

ds2 = dx2
1 + dx2

2 + dx2
3 + dx2

4 − dx2
0

ds2 = a2 sinh2 τ(dΩ2 − dρ2) − a2 cosh2 τdτ2



Duality in Physics



What is the meaning of Duality?

⟨X⟩T = ⟨X*⟩T*

T(g) ↔ T*(G)

T(G) ↔ T*(g)

T and T* are two different theories,

g and G are coupling constants,

X and X* are different observables.



An example: Duality between two classical systems

Z□(g) ∼ Z□(G)

Z = ∑
{s1,s2,⋯sN}

e−g∑⟨i, j⟩ sisj

Z□(g)
2N(cosh g)2N

=
Z□(G)
e2GN

sinh 2g sinh(2G) = 1



Another example: Duality in Ising Model

ZTriangular(g) ∼ ZHexagonal(G)



Z = ⟨0 |UN |0⟩

⟨sisj⟩ = ⟨0 | ̂σ(i) ̂σ( j) |0⟩

U = e−iĤ

Classical SystemQuantum System

H = − J∑
i

sisi+1

Z = ∑
s1,⋯sN

e−βH

⟨sisj⟩ =
1
Z ∑

s1,⋯sN

sisj e−βH

An example: Duality between a classical and a quantum system



2D Classical System

1D-Quantum System



Classical System in the BulkQuantum System at the Boundary

DistanceTime

Thermodynamic LimitVaccum State

Partition FunctionVaccum to Vaccum Amplitude

Correlation FunctionCorrelation Function

SiHeisenberg Operator ̂σ(i)

Correlation LengthEnergy Gap



AdS-CFT duality

Juan Maldacena



Gravity



Gravity



T=Conformal Field Theory
 without Gravitation

T* = Quantum Gravity

AdS/CFT Duality



M = [0,1] × S1

∂M = ∂[0,1] × S1 = {0} × S1 ∪ {1} × S1



M = AdS5 × Sk∂M = ∂(AdS5) × Sk

dim of M = 5 + k

dim of ∂M = 4

Sk

AdS5



End of part II


