Non-Hermitian Holography
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Non-Hermitian Holography. Outlook

* Non-Hermitian PT-symmetric QM

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

* non-Hermitian P T-symmetric holography

* Modulated (hon-Hermitian) configurations



PT-symmetric QM. 2 state Hamiltonian

IBender’97]

B

E 0 —i
H:(O E) WYap = € i



PT-symmetric QM. 2 state Hamiltonian

7 (E—zF 0 ) l/fA,B=e—(iEiF)t



PT-symmetric QM. 2 state Hamiltonian

[

Eigenvalues

. E—1l 2
Nl be=Ex,[g"-T"



PT-symmetric QM

E—1l1 g
H = ,
g EbirE

PT-symmetric phase: |g| > 1

PT-broken phase: g B

Exceptional point: po |



PT-symmetric QM

(B4l g
T(H)"( g E—iF)
PT(H)P=H

PT-symmetric phase: |g| > 1

PT-broken phase: lo| < T

(

0 1
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PT-symmetric QM. Pseudo-hermitian H

[Mostafazadeh’02, 03, '20; Fring °22]

[H,PT1=0, PT|y)=e?\y), PTAly)=1*%|y)

[= (PT)" = 1]
H is pseudo-Hermitian (it has real eigenvalues)

Dyson map: n:H—>h=nH77_1, h=nh'
w metric p = 77?77 < ,OHT S

wlym, =wlpy = (w|Hy), = (Hy| ),



PT-symmetric QM. Pseudo-hermitian H
H)(g) = El + g -6 < H;(g) = D(@) ' Hy(g) D(@)
SU(2) rotation D( @) = g Dyson map: ;7(,5) = D(—iﬁ)

Eg g =(2,0,0), a = (0,if,0) = H_ = E + g'(cosh o, + isinh fo;)

Eigenvalues 1, = E * g’y/cosh? f — sinh? 3

. . p — o0
Exceptional point =
g —e’g



PT-symmetric QM. Dirac fermions

Massterm: &£ ... = M [l/ﬂy()(l — ;/5)1//] + M [I/JTJ/O(l o+ VS)W]

— o

11dSS

7

1MAdSS

RS = M* DefineM=%(m,,+imi)

Non-Hermitian ‘rotation”; M — e “M, M — e M w/ a = if

8301 08es

bgmass 53 gnH — M, COShﬁV/TyOl//_ Hi; Sinhﬂl// FasEsasE g

Holography: complex operator © ~ Y(r) where ¥ |, S M



Non-Hermitian Holography

Complex scalar field ¥ in ~ AdS geometry: W], S M,

~ P =...+MO)+M(O"




Non-Hermitian Holography

Complex scalar field ¥ in ~ AdS

Dyson map: U(1) w/ imaginary phase

] £i5ies _ :
A= [ddﬂx\/—g [R Se: 2A+F2+5gab (DalPDb‘P-FCl = b) = mZTT+v(‘I’T)2

[Gubser&Rocha’08]



Holography w/ non-Hermitian boundary conditions

1 Y & £
= Jdd“x\/—g [R = 2A+F2+5g“b (Da\PDb\P-l-Cl = b) 3s mz‘P‘P+v(‘P‘{’)2

UV (r ~ 0) boundary conditions (m* = — 2)

i 2 3 i
VY=Mr+vr + 0(7” ) leoundary zzciilc leoundary

q

-oeEeist o) 3 T —1ix
Y=Mr+vr + O(V ) ‘Pboundary 5l leoundary

Holographic Dyson map: a = i



Holography w/ non-Hermitian boundary conditions

UV (r ~ 0) non-Hermitian boundary conditions (m? = — 2)

V= Me Pr+...=(0=Esr+ ...

WY =Melr+..=(+8sr+...

:1+c§
5

s
M=\/1—§2

62'5

Pseudo-Hermitian regimen: & < 1

Exceptional point: & = 1

non-Hermitian regime: & > 1



Non-Hermitian Holography 11912.06647]

Pseudo-Hermitian domain walls: & < 1

I'= 0 AdS, to AdS, domain walls

Y~s(=08)r
P os(l+Er

0010 0100 1 10 100 1000




Non-Hermitian Holography 11912.06647]
Holographic dyson map (& < 1)

0.010 0.100 1

Y(r) — e’ ¥(r)
Bulk action invariant under  _
P(r) » e PW(r)

Pseudo-Hermitian Hermitian

P os(l=8r P o~osq/1—E2r
S NS £
Y~s(l+Er ‘IJNS\/I—fzr




Non-Hermitian Holography 11912.06647]

S

080 085 090 0.9 1.00 1.05 1.10

Y ~os(1—&)r
Pocll g
Pseudo Hermitian for & < 1 -0 005

PT-symmetricphase: £ <1 ~~ ¢£=0

Im(Q)

PT-broken phase: £ > 1 = complex backgrounds



Non-Hermitian Holography 11912.06647]
Finite Temperature

Black brane geometry — T/s #0
Y~s(l=98r

P ~s(l4+Er

Real geometries up to x. > 1
(unstable solutions)



Non-Hermitian Holography (ie120ee471  Finite Temperature

Y~s(l=9°8r — T=0

TM=1/2

T/M = 2/3

‘PNS(l-l-cf)l” — T/IM =1

Real geometries up tox. > 1

adaiocii cel | bt
Pseudo-Hermitian phase  Exceptional point: AdS, Two new (unstable) solutions

[see also Xian et al’23]



Non-Hermitian Holography (ie120ee471  Finite Temperature

Im(w)

‘PNS(I —5)7” - TIM = 1/2

0.4 T/M = 2/3

Prs+8r

0.2

0.1

e

9510
~0.1

Real geometries up tox. > 1

i fc — Im(wgny) > 0



Non-Hermitian inhomogeneous holograpny

Space dependent non-Hermitian deformation

[Ashida et al ’17] [Linet al "11]

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

sl o)y

Y~s(+EEX)r

w» Non-Hermitian modulated BCs



Non-Hermitian inhomogeneous holograpny

Space dependent non-Hermitian deformation

¥~ sl =c))z

¥~ s (1 + &)z

in asymptotically AdS black brane geometry (7/s ~ 0.30)

[see also Landsteiner&Morales-Tejera’22]



Non-Hermitian inhomogeneous holograpny

P ~s(l—Ex), ¥ ~s(l+Ex) st (Im(J,)) # 0

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



Non-Hermitian inhomogeneous holograpny

PT-symmetric (pseudo-Hermitian) phase: gauging the Dyson map
[see also Chernodub&Millington’97]

P I-symmetric Hermitian
Y~s(l=Ex))z ‘PNS\/l—f(X)zZ
: N .
Y~s(l+EX))z P ~sall=Ex)z
A= i.axlog ( i §(X)>

2 1 + &(x)



Non-Hermitian inhomogeneous holograpny

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

w : sEsatiecss (1—5(}6))
~Ss(l—=E&Xx), Y ~s(l+E&X), Ax——aﬁxlog

I + &(x)

<]x> 5 O

T/s ~ 0.30



Non-Hermitian inhomogeneous holograpny

non-Hermitian (Im(J/,)) # 0 vs P I-symmetric geometry

T/s ~ 0.30



Non-hermitian holography
Overview & To do

* (Minimal) Holographic model of nH PT-symmetric theories
 Exhibits PT-symmetric and P I-broken phases
 Modulated pseudo-Hermitian and non-Hermitian solutions
 QNMs (stability) and transport

* Finite charge density and spontaneous symmetry breaking
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