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PT-symmetric QM. 2 state Hamiltonian

A B

ψA,B = e−iEtH = (E 0
0 E)

[Bender’97]



PT-symmetric QM. 2 state Hamiltonian
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H = (E − i Γ 0
0 E + i Γ) ψA,B = e−(iE ± Γ) t



PT-symmetric QM. 2 state Hamiltonian
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H = (E − i Γ g
g E + i Γ) λ± = E ± g2 − Γ2

Eigenvalues



PT-symmetric QM

H = (E − i Γ g
g E + i Γ) λ± = E ± g2 − Γ2

PT-symmetric phase: |g | > Γ

PT-broken phase: |g | < Γ

Exceptional point: g = Γ



PT-symmetric QM

T(H) = (E + i Γ g
g E − i Γ)

PT-symmetric phase: |g | > Γ

PT-broken phase: |g | < Γ

P = (0 1
1 0)

P T(H) P = H



PT-symmetric QM. Pseudo-hermitian H

[H, PT] = 0 , PT |ψ⟩ = eiϕ |ψ⟩ , PT λ |ψ⟩ = λ* |ψ⟩

H is pseudo-Hermitian (it has real eigenvalues)

η : H ⟶ h = ηHη−1 , h = h†Dyson map:

⟨ψ | ψ̃⟩ρ ≡ ⟨ψ |ρ ψ̃⟩ ⇒ ⟨ψ |Hψ̃⟩ρ = ⟨Hψ | ψ̃⟩ρ

➥ metric ρ = η† η ⇔ ρ H† = H

[Mostafazadeh’02, ’03, ’20; Fring ’22]

[ ➥  ](PT)2 = 1



PT-symmetric QM. Pseudo-hermitian H

H2( ⃗g) = E 𝕀 + ⃗g ⋅ ⃗σ ⟺ H′ 2( ⃗g′ ) = D( ⃗α )†H2( ⃗g) D( ⃗α )

 rotation  SU(2) D( ⃗α ) = ei ⃗α⋅ ⃗σ/2 ⇒  Dyson map:  η( ⃗β) = D(−i ⃗β)

E.g. ⃗g = (g′ ,0,0) , ⃗α = (0,iβ,0) ⟹ HnH = E + g′ (cosh βσ1 + i sinh βσ3)

Eigenvalues  λ± = E ± g′ cosh2 β − sinh2 β

Exceptional point  {
β → ∞

g′ → e−βg̃
⇒



Non-Hermitian Holography

Complex scalar field   in  geometry:  Ψ ∼ AdS Ψ |boundary = M ,

∼ ℒ = … + M̄ ⟨O⟩ + M ⟨O†⟩Ψ(z) ∼ OΨ



Non-Hermitian Holography

Complex scalar field   in Ψ ∼ AdS

S = ∫ dd+1x −g [R − 2Λ + F2 +
1
2

gab (DaΨ D̄bΨ̄ + a ↔ b) + …]

Ψ(z) ∼ OΨ

Ψ ∼ M → Ψ ∼ M e−θ

Ψ̄ ∼ M → Ψ ∼ M eθ

Dyson map:  w/ imaginary phaseU(1)

[Gubser&Rocha’08]



Non-Hermitian Holography  [1912.06647]

Ψ ∼ s (1 − ξ)

Ψ̄ ∼ s (1 + ξ)
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PT-symmetric phase:  ξ < 1

PT-broken phase:  complex backgroundsξ > 1 ⇒

∼ ξ = 0

Pseudo Hermitian for ξ < 1



Non-Hermitian Holography  [1912.06647]

Ψ ∼ s (1 − ξ)

Ψ̄ ∼ s (1 + ξ)

Real geometries up to xc > 1
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Non-Hermitian inhomogeneous holography  

Ψ ∼ s (1 − ξ(x))

Ψ̄ ∼ s (1 + ξ(x))

Space dependent non-Hermitian deformation

in asymptotically AdS black brane geometry T/s ≈ 0.30

See Landsteiner&Morales-Tejera’22 for non-Hermitian quenches 

[Chernodub&Millington’97]



Non-Hermitian inhomogeneous holography  
Ψ ∼ s (1 − ξ(x)) , Ψ̄ ∼ s (1 + ξ(x)) ⟹ ⟨Im (Jx)⟩ ≠ 0

Real geometries support PT-broken solutions
T/s ≈ 0.30



Non-Hermitian inhomogeneous holography  
PT-symmetric (pseudo-Hermitian) phase: gauging the Dyson map

Ψ ∼ s (1 − ξ(x))

Ψ̄ ∼ s (1 + ξ(x))

Ax = −
i
2

∂x log ( 1 − ξ(x)
1 + ξ(x) )

∼ Ψ ∼ s 1 − ξ(x)2

Ψ̄ ∼ s 1 − ξ(x)2

PT-symmetric



Non-Hermitian inhomogeneous holography  
PT-symmetric (pseudo-Hermitian) phase: gauging the Dyson map

Ψ ∼ s (1 − ξ(x)) , Ψ̄ ∼ s (1 + ξ(x)) , Ax = −
i
2

∂x log ( 1 − ξ(x)
1 + ξ(x) )

⟨Jx⟩ = 0

T/s ≈ 0.30



Non-Hermitian inhomogeneous holography  
PT-broken  vs PT-symmetric geometry⟨Im(Jx)⟩ ≠ 0

T/s ≈ 0.30



Non-hermitian holography
Overview & To do

• (Minimal) Holographic model of nH PT-symmetric theories


• Exhibits PT-symmetric and PT-broken phases


• Explore parameter space: T/s, amplitude of modulation ( ? )…


• Study stability of solutions (correlators?)


• H-nH-H junction


• Add charge, look for other phases


• Symmetry breaking

∃ ξmax




