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Non-Hermitian Holography. Outlook

• Non-Hermitian PT-symmetric QM 

refractive index distribution nðzÞ ¼ n0 þ n1 cosð2!zÞ þ
in2 sinð2!zÞ for jzj<L=2. This grating is embedded in a
homogeneous medium having a uniform refractive index
n0 for jzj> L=2 (see Fig. 1). Here n1 represents the peak
real index contrast and n2 the gain and loss periodic
distribution. In practice, these amplitudes are small, e.g.,
n1, n2 % n0. The grating wave number ! is related to its
spatial periodicity ! via ! ¼ "=! and in the absence of
any gain modulation (n2 ¼ 0) the periodic index modula-
tion leads to a Bragg reflection close to the Bragg angular
frequency !! ¼ c!=n0 (where c is the speed of light in
vacuum). In this arrangement, a time-harmonic electric
field of frequency ! obeys the Helmholtz equation:

@2EðzÞ
@z2

þ!2

c2
n2ðzÞEðzÞ ¼ 0: (1)

For jzj & L=2, Eq. (1) admits the solution E'
0 ðzÞ ¼

E'
f expðikzÞ þ E'

b expð'ikzÞ for z <'L=2 and Eþ
0 ðzÞ ¼

Eþ
f expðikzÞ þ Eþ

b expð'ikzÞ for z > L=2 where the wave

vector k ¼ n0!=c. The amplitudes of the forward and
backward propagating waves outside of the grating domain
are related through the transfer matrix M:
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M21 M22
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E'
b
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: (2)

The transmission and reflection amplitudes for left (L)
and right (R) incidence waves, can be obtained from the
boundary conditions Eþ

b ¼ 0 (E'
f ¼ 0) respectively, and

are defined as tL ( Eþ
f

E'
f
, rL ( E'

b

E'
f
; (tR ( E'

b

Eþ
b
; rR ( Eþ

f

Eþ
b
).

These can be expressed in terms of the transfer matrix
elements as follows [16,17]

tL ¼ tR ¼ t ¼ 1

M22
; rL ¼ 'M21

M22
; rR ¼ M12

M22
:

(3)

While the transmission for left or right incidence is the
same, this is not necessarily the case for the reflection.
From the above relations one can deduce the form of the
scattering matrix S [17] in terms of theM-matrix elements.
For PT -symmetric systems, the eigenvalues of the
S matrix either form pairs with reciprocal moduli or they

are all unimodular. In the latter case the system is in the
exact PT phase while in the former one it is in the broken-
symmetry phase [12,16]. For the complex periodic struc-
ture considered here, the transition from one phase to
another (spontaneousPT -symmetry breaking point) takes
place when n1 ¼ n2 [22].
To analyze this structure we decompose the electric field

inside the scattering domain EðzÞ, in terms of forward
EfðzÞ and backward EbðzÞ traveling envelopes as

EðzÞ ¼ EfðzÞ expðikzÞ þ EbðzÞ expð'ikzÞ: (4)

Next we employ slowly varying envelopes for the field,
i.e., EfðzÞ ¼ EfðzÞ expði#zÞ and EbðzÞ ¼ EbðzÞ expð'i#zÞ,
where # ¼ !' k is the detuning. Substituting these ex-
pressions in Eq. (1), and keeping only synchronous terms
while eliminating second order corrections in n1, and n2,
we can then express the field at a point z inside the sample
in terms of the field at z ¼ 'L=2. For k ) ! close to the
Bragg point, we get

EfðzÞ
EbðzÞ

! "
¼ eiz#$̂3ÛeiL#$̂3=2

Efð' L
2Þ

Ebð' L
2Þ

 !
(5)

where Û ¼ cos½%ðzþ L=2Þ+1̂' i sin½%ðzþ L=2Þ+$̂ , ê, $̂
are the Pauli matrices, and the unit vector ê is defined

as ê ¼ ð1=%Þð'kn2=2n0;'ikn1=2n0;#Þ, while % ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
#2 ' k2ðn21 ' n22Þ=4n20

q
. By imposing continuity of the

field at z ¼ -L=2, Eq. (5) becomes equivalent to Eq. (2).
The transmission T ( jtj2 and reflection coefficients
RL ( jrlj2 and RR ( jrrj2 are in this case

T ¼ j%j2
j%j2cos2ð%LÞ þ #2j sinð%LÞj2 (6)

RL ¼ ðn1 ' n2Þ2k2=4n20
#2 þ j% cotð%LÞj2 ; RR ¼ ðn1 þ n2Þ2k2=4n20

#2 þ j% cotð%LÞj2 :

For n2 ¼ 0 one recovers the standard scattering features of
periodic Bragg structures. Namely, RL ¼ RR, while close
to the Bragg point # ¼ 0 the reflection (transmission)
becomes unity (zero) (in the large L limit), see Fig. 2.
Instead, if n2 ! 0, an ‘‘asymmetry’’ in the left (right)
reflection coefficient starts to develop [22]. We would
like to note that the PT arrangement considered here is
fundamentally different from that encountered in distrib-
uted feedback lasers (DFBs) [23]. In DFB systems both
the index and gain and loss profile vary in phase and thus
no PT -symmetry breaking is possible.
At n1 ¼ n2, this asymmetry becomes most pronounced.

Even more surprising is the fact that at the Bragg point
# ¼ 0, the transmission is identically unity, i.e., T ¼ 1,
while the reflection for left incident waves is RL ¼ 0 (see
Fig. 2). This is a direct consequence of the PT nature of
this periodic structure. At the same time, the reflection for
right incident waves grows with the size L of the sample as

FIG. 1 (color online). Unidirectional invisibility of a
PT -symmetric Bragg scatterer. The wave entering from the
left (upper figure) does not recognize the existence of the
periodic structure and goes through the sample entirely unaf-
fected. On the other hand, a wave entering the same grating from
the right (lower figure), experiences enhanced reflection.
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Figure 2 | Phase diagram and finite-size spectrum. (a) Ground-state phase diagram of the PT-symmetric many-body lattice Hamiltonian. The MI and TLL
phases are separated by the BKT transition (blue curve with filled circles) and PT-symmetry breaking (red line with filled triangles). The point where the two
boundaries merge defines the SSCP (open circle). (b) Typical low-energy excitation spectrum in the lattice model. The three lowest levels in the Sz¼0

sector (red, green and yellow curves from the lowest), and the lowest excitation energy to the Sz¼±4 sector (blue curve) are plotted. Here Sz¼
PN

m¼1 Ŝz
m

is the total magnetization. The energy difference dE between the two coalescing levels (for example, red and green) obeys the square-root scaling (inset)
and closes at the PT-symmetry breaking point. The BKT transition point corresponds to a crossing of appropriate levels (red and blue). We set the
parameter hs¼0.1 for both (a,b). In (a), the plotted data are obtained through extrapolation to the thermodynamic limit, while the data in b are obtained for
N¼ 16 and "D¼0.735. The plotted variables are dimensionless since we set J¼ 1.
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Figure 3 | Anomalous enhancement of superfluid correlation in the PT-broken quantum critical phase. (a) Critical decay of the correlation function

Re½hŜþr Ŝ"0 i%. (b) TLL parameter K as a function of the distance r, giving the critical exponent of the correlation function, hŜþr Ŝ"0 i / 1=rð Þ1=ð2KÞ. The exponent
is extracted by the linear fitting of the correlation function in the log-log plot around the distance r. The parameters are set to be "D¼0.61, hs¼0.1 and
g¼0.08, and w denotes the dimension of the matrix product state that controls the accuracy of the iTEBD simulation.
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Figure 4 | Experimental set-up of a PT-symmetric many-body system in ultracold atoms. (a) 1D ultracold atoms in a PT-symmetric optical lattice. Real
(blue curve) and imaginary (red curve) parts of a complex potential are created by a pair of far-detuned and weak near-resonant standing waves.
An imaginary potential results from a near-resonant light (red arrow) on atoms whose excited state has fast decay modes. The two periodic potentials are
displaced from each other by one half of the lattice spacing so that the system possesses PT symmetry. (b) Mapping to a PT-symmetric lattice model that
reproduces the same critical behaviour as the continuum model. Atoms are strongly localized by a deep optical lattice that does not affect the universal
critical behaviour. The real and the imaginary parts of the complex potential introduce the on-site potentials ±hs and imaginary hopping terms ±ig.
A lattice site occupied (not occupied) by a hard-core boson is represented by the up (down) spin.
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• non-Hermitian PT-symmetric holography

• Modulated (non-Hermitian) configurations 

applications in optics, many body systems (cold atoms), quantum simulation, …



PT-symmetric QM. 2 state Hamiltonian

A B

ψA,B = e−iEtH = (E 0
0 E)

[Bender’97]



PT-symmetric QM. 2 state Hamiltonian

A

B
Γ

Γ

H = (E − i Γ 0
0 E + i Γ) ψA,B = e−(iE ± Γ) t



PT-symmetric QM. 2 state Hamiltonian

A

B
Γ

Γ

g

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
⇒



PT-symmetric QM. Dirac fermions

Mass term: ℒmass = M [ψ†γ0(1 − γ5)ψ] + M̄ [ψ†γ0(1 + γ5)ψ]
.  Define ℒmass = ℒ†

mass ↔ M = M̄* M =
1
2

(mr + i mi)

Non-Hermitian ‘rotation’:    w/ M → eiαM , M̄ → e−iαM̄ α = iβ

➥ℒmass → ℒnH = mr cosh β ψ†γ0ψ − mi sinh β ψ†γ0γ5ψ

Holography: complex operator  where 𝒪 ∼ Ψ(r) Ψ |boundary = M



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) − m2 Ψ̄Ψ + v (Ψ̄Ψ)2]

Ψ(z) ∼ OΨ

Ψ ∼ M → Ψ ∼ M e−θ

Ψ̄ ∼ M → Ψ ∼ M eθ

Dyson map:  w/ imaginary phaseU(1)

[Gubser&Rocha’08]



Holography w/ non-Hermitian boundary conditions

UV  boundary conditions (r ∼ 0) (m2 = − 2)

Ψ = M r + vr2 + o(r3)

Ψ̄ = M r + vr2 + o(r3)

Ψboundary → eiα Ψboundary

Ψ̄boundary → e−iα Ψboundary

α = iβ

S = ∫ dd+1x −g [R − 2Λ + F2 +
1
2

gab (DaΨ D̄bΨ̄ + a ↔ b) − m2 Ψ̄Ψ + v (Ψ̄Ψ)2]

Holographic Dyson map:



Holography w/ non-Hermitian boundary conditions
UV  non-Hermitian boundary conditions (r ∼ 0) (m2 = − 2)

Ψ = M e−β r + … = (1 − ξ) s r + …

Ψ̄ = M eβ r + … = (1 + ξ) s r + …
Ψ(z) ∼ OΨ

Pseudo-Hermitian regimen:  ξ < 1

Exceptional point:  ξ = 1
non-Hermitian regime:  ξ > 1

e2β =
1 + ξ
1 − ξ

M = 1 − ξ2



Non-Hermitian Holography  [1912.06647]

Ψ ∼ s (1 − ξ) r

Ψ̄ ∼ s (1 + ξ) r

Pseudo-Hermitian domain walls: ξ < 1

x=0

x=0.9

x=0.999

x=0.9999

0.010 0.100 1 10 100 1000
z1.00

1.02

1.04

1.06

1.08

1.10

u

  to  domain wallsT = 0 AdS4 AdS4



Non-Hermitian Holography  [1912.06647]

Holographic dyson map  ( )ξ < 1

x=0

x=0.9

x=0.999

x=0.9999

0.010 0.100 1 10 100 1000
z1.00

1.02

1.04

1.06

1.08

1.10

u

Ψ(r) → eβ Ψ(r)
Ψ̄(r) → e−β Ψ(r)

Bulk action invariant under

➥
Ψ ∼ s (1 − ξ) r

Ψ̄ ∼ s (1 + ξ) r ∼ Ψ ∼ s 1 − ξ2 r

Ψ̄ ∼ s 1 − ξ2 r

Pseudo-Hermitian Hermitian



Non-Hermitian Holography  [1912.06647]

Ψ ∼ s (1 − ξ) r

Ψ̄ ∼ s (1 + ξ) r
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Non-Hermitian Holography  [1912.06647]

Real geometries up to xc > 1

Finite Temperature

(unstable solutions)

Ψ(z) ∼ OΨ

Black brane  geometry  ⟹ T/s ≠ 0

Ψ ∼ s (1 − ξ) r

Ψ̄ ∼ s (1 + ξ) r



Non-Hermitian Holography  [1912.06647]

Real geometries up to xc > 1

Finite Temperature

Ψ ∼ s (1 − ξ) r

Ψ̄ ∼ s (1 + ξ) r
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Two new (unstable) solutions
[see also Xian et al’23]



Non-Hermitian Holography  [1912.06647]

Real geometries up to xc > 1

Finite Temperature

Ψ ∼ s (1 − ξ) r

Ψ̄ ∼ s (1 + ξ) r

1 < ξ < ξc ⟹ Im(ωQNM) > 0
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Non-Hermitian inhomogeneous holography  

Space dependent non-Hermitian deformation

[Ashida et al ’17]
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Figure 2 | Phase diagram and finite-size spectrum. (a) Ground-state phase diagram of the PT-symmetric many-body lattice Hamiltonian. The MI and TLL
phases are separated by the BKT transition (blue curve with filled circles) and PT-symmetry breaking (red line with filled triangles). The point where the two
boundaries merge defines the SSCP (open circle). (b) Typical low-energy excitation spectrum in the lattice model. The three lowest levels in the Sz¼0

sector (red, green and yellow curves from the lowest), and the lowest excitation energy to the Sz¼±4 sector (blue curve) are plotted. Here Sz¼
PN

m¼1 Ŝz
m

is the total magnetization. The energy difference dE between the two coalescing levels (for example, red and green) obeys the square-root scaling (inset)
and closes at the PT-symmetry breaking point. The BKT transition point corresponds to a crossing of appropriate levels (red and blue). We set the
parameter hs¼0.1 for both (a,b). In (a), the plotted data are obtained through extrapolation to the thermodynamic limit, while the data in b are obtained for
N¼ 16 and "D¼0.735. The plotted variables are dimensionless since we set J¼ 1.
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Figure 3 | Anomalous enhancement of superfluid correlation in the PT-broken quantum critical phase. (a) Critical decay of the correlation function

Re½hŜþr Ŝ"0 i%. (b) TLL parameter K as a function of the distance r, giving the critical exponent of the correlation function, hŜþr Ŝ"0 i / 1=rð Þ1=ð2KÞ. The exponent
is extracted by the linear fitting of the correlation function in the log-log plot around the distance r. The parameters are set to be "D¼0.61, hs¼0.1 and
g¼0.08, and w denotes the dimension of the matrix product state that controls the accuracy of the iTEBD simulation.
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Figure 4 | Experimental set-up of a PT-symmetric many-body system in ultracold atoms. (a) 1D ultracold atoms in a PT-symmetric optical lattice. Real
(blue curve) and imaginary (red curve) parts of a complex potential are created by a pair of far-detuned and weak near-resonant standing waves.
An imaginary potential results from a near-resonant light (red arrow) on atoms whose excited state has fast decay modes. The two periodic potentials are
displaced from each other by one half of the lattice spacing so that the system possesses PT symmetry. (b) Mapping to a PT-symmetric lattice model that
reproduces the same critical behaviour as the continuum model. Atoms are strongly localized by a deep optical lattice that does not affect the universal
critical behaviour. The real and the imaginary parts of the complex potential introduce the on-site potentials ±hs and imaginary hopping terms ±ig.
A lattice site occupied (not occupied) by a hard-core boson is represented by the up (down) spin.
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Ψ ∼ s (1 − ξ(x)) r

Ψ̄ ∼ s (1 + ξ(x)) r➥ Non-Hermitian modulated BCs

New PT-breaking quantum critical points PT-symmetric induced invisibility 

refractive index distribution nðzÞ ¼ n0 þ n1 cosð2!zÞ þ
in2 sinð2!zÞ for jzj<L=2. This grating is embedded in a
homogeneous medium having a uniform refractive index
n0 for jzj> L=2 (see Fig. 1). Here n1 represents the peak
real index contrast and n2 the gain and loss periodic
distribution. In practice, these amplitudes are small, e.g.,
n1, n2 % n0. The grating wave number ! is related to its
spatial periodicity ! via ! ¼ "=! and in the absence of
any gain modulation (n2 ¼ 0) the periodic index modula-
tion leads to a Bragg reflection close to the Bragg angular
frequency !! ¼ c!=n0 (where c is the speed of light in
vacuum). In this arrangement, a time-harmonic electric
field of frequency ! obeys the Helmholtz equation:

@2EðzÞ
@z2

þ!2

c2
n2ðzÞEðzÞ ¼ 0: (1)

For jzj & L=2, Eq. (1) admits the solution E'
0 ðzÞ ¼

E'
f expðikzÞ þ E'

b expð'ikzÞ for z <'L=2 and Eþ
0 ðzÞ ¼

Eþ
f expðikzÞ þ Eþ

b expð'ikzÞ for z > L=2 where the wave

vector k ¼ n0!=c. The amplitudes of the forward and
backward propagating waves outside of the grating domain
are related through the transfer matrix M:

Eþ
f

Eþ
b

 !
¼ M11 M12

M21 M22

! "
E'
f

E'
b

! "
: (2)

The transmission and reflection amplitudes for left (L)
and right (R) incidence waves, can be obtained from the
boundary conditions Eþ

b ¼ 0 (E'
f ¼ 0) respectively, and

are defined as tL ( Eþ
f

E'
f
, rL ( E'

b

E'
f
; (tR ( E'

b

Eþ
b
; rR ( Eþ

f

Eþ
b
).

These can be expressed in terms of the transfer matrix
elements as follows [16,17]

tL ¼ tR ¼ t ¼ 1

M22
; rL ¼ 'M21

M22
; rR ¼ M12

M22
:

(3)

While the transmission for left or right incidence is the
same, this is not necessarily the case for the reflection.
From the above relations one can deduce the form of the
scattering matrix S [17] in terms of theM-matrix elements.
For PT -symmetric systems, the eigenvalues of the
S matrix either form pairs with reciprocal moduli or they

are all unimodular. In the latter case the system is in the
exact PT phase while in the former one it is in the broken-
symmetry phase [12,16]. For the complex periodic struc-
ture considered here, the transition from one phase to
another (spontaneousPT -symmetry breaking point) takes
place when n1 ¼ n2 [22].
To analyze this structure we decompose the electric field

inside the scattering domain EðzÞ, in terms of forward
EfðzÞ and backward EbðzÞ traveling envelopes as

EðzÞ ¼ EfðzÞ expðikzÞ þ EbðzÞ expð'ikzÞ: (4)

Next we employ slowly varying envelopes for the field,
i.e., EfðzÞ ¼ EfðzÞ expði#zÞ and EbðzÞ ¼ EbðzÞ expð'i#zÞ,
where # ¼ !' k is the detuning. Substituting these ex-
pressions in Eq. (1), and keeping only synchronous terms
while eliminating second order corrections in n1, and n2,
we can then express the field at a point z inside the sample
in terms of the field at z ¼ 'L=2. For k ) ! close to the
Bragg point, we get

EfðzÞ
EbðzÞ

! "
¼ eiz#$̂3ÛeiL#$̂3=2

Efð' L
2Þ

Ebð' L
2Þ

 !
(5)

where Û ¼ cos½%ðzþ L=2Þ+1̂' i sin½%ðzþ L=2Þ+$̂ , ê, $̂
are the Pauli matrices, and the unit vector ê is defined

as ê ¼ ð1=%Þð'kn2=2n0;'ikn1=2n0;#Þ, while % ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
#2 ' k2ðn21 ' n22Þ=4n20

q
. By imposing continuity of the

field at z ¼ -L=2, Eq. (5) becomes equivalent to Eq. (2).
The transmission T ( jtj2 and reflection coefficients
RL ( jrlj2 and RR ( jrrj2 are in this case

T ¼ j%j2
j%j2cos2ð%LÞ þ #2j sinð%LÞj2 (6)

RL ¼ ðn1 ' n2Þ2k2=4n20
#2 þ j% cotð%LÞj2 ; RR ¼ ðn1 þ n2Þ2k2=4n20

#2 þ j% cotð%LÞj2 :

For n2 ¼ 0 one recovers the standard scattering features of
periodic Bragg structures. Namely, RL ¼ RR, while close
to the Bragg point # ¼ 0 the reflection (transmission)
becomes unity (zero) (in the large L limit), see Fig. 2.
Instead, if n2 ! 0, an ‘‘asymmetry’’ in the left (right)
reflection coefficient starts to develop [22]. We would
like to note that the PT arrangement considered here is
fundamentally different from that encountered in distrib-
uted feedback lasers (DFBs) [23]. In DFB systems both
the index and gain and loss profile vary in phase and thus
no PT -symmetry breaking is possible.
At n1 ¼ n2, this asymmetry becomes most pronounced.

Even more surprising is the fact that at the Bragg point
# ¼ 0, the transmission is identically unity, i.e., T ¼ 1,
while the reflection for left incident waves is RL ¼ 0 (see
Fig. 2). This is a direct consequence of the PT nature of
this periodic structure. At the same time, the reflection for
right incident waves grows with the size L of the sample as

FIG. 1 (color online). Unidirectional invisibility of a
PT -symmetric Bragg scatterer. The wave entering from the
left (upper figure) does not recognize the existence of the
periodic structure and goes through the sample entirely unaf-
fected. On the other hand, a wave entering the same grating from
the right (lower figure), experiences enhanced reflection.
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Non-Hermitian inhomogeneous holography  

Ψ ∼ s (1 − ξ(x)) z

Ψ̄ ∼ s (1 + ξ(x)) z

Space dependent non-Hermitian deformation

in asymptotically AdS black brane geometry ( )T/s ≈ 0.30

[see also Landsteiner&Morales-Tejera’22]



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

Real geometries dual to non-Hermitian states
T/s ≈ 0.30



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

Ψ ∼ s (1 − ξ(x)) z

Ψ̄ ∼ s (1 + ξ(x)) z

Ax = −
i
2

∂x log ( 1 − ξ(x)
1 + ξ(x) )

∼ Ψ ∼ s 1 − ξ(x)2 z

Ψ̄ ∼ s 1 − ξ(x)2 z

PT-symmetric

[see also Chernodub&Millington’97]

Hermitian



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  
non-Hermitian  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


• Modulated pseudo-Hermitian and non-Hermitian solutions


• QNMs (stability) and transport


• Finite charge density and spontaneous symmetry breaking


• …




