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Gain-Loss System

® Coupled mode theory for

» Coupled optical waveguides subject
to gain/loss

» Coupled active/lossy ring resonators
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Gain-Loss System

(PT symmetric it 7 = 7L =7)



Mean-field dynamics

L)

When PT symmetric:
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Fully guantum dynamics
T

H=ga ac+aral).




Fully guantum dynamics

H=ga ac+aral).

Local Bath Local Bath

p=—ilH, p]+2vL (&L pal %{CLLCLLW}> +27¢ (&EP&G §{&G&E,p})

Focus on Gaussian states! (e.g. a coherent state is Gaussian)
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Looking for quantumness

In the correlations! ® Most famous Quantum
Correlation (QC):

ECLG /\ < Entanglement
’ et 00) + [11)
V2

However...

NO Entanglement!
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Looking for quantumness

e ‘_S:q_l_/ ______________ | S, = amount of uncertainty about 1

E Sa St before we “look at it”
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Classical Corr.
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Asymmetric!

mismatch (purely quantum!) Quantum Discord: DGL =/ — CGL
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Correlations Dynamics

Initial state: PT symmetric case:
Po — ‘Ozg><ag| X ‘QKL><04L‘ (totally uncorrelated) ,YG — W/L — fy
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Correlations Dynamics

Initial state:

po = |acNoc| & lapXar]

(totally uncorrelated)

PT symmetric case:
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Correlations Dynamics

Initial state:

po = |acNoc| & lapXar]

(totally uncorrelated)

PT symmetric case:
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Correlations Dynamics

Initial state: PT symmetric case:
Po = ‘Oég><OéG| X ‘OzL><ozL‘ (totally uncorrelated) Yo =YL =7
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Correlations Dynamics

Initial state: PT symmetric case:
Po — ‘&G><Oég| X ‘QKL><04L‘ (totally uncorrelated) fyG — W/L — fy
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Physical mechanism

Generation of Quantum Discord

LOSS ap) ® |ag) = [nag) ® |ag) n <1
Purity
3 3 unaffected
COUPLING ar) ® |ag) — |ar) ® |ag)
Purity diminished.
GAIN aglag| — /dza/G P(O/G)lalc"Xa/G' Supe)ll’Position of

non orthogonal states

Combined action: generally discordant state
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Physical mechanism

Long-time correlations dynamics: an entropic argument
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® Competition of local and global
entroples

® Unbroken Phase:
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Physical mechanism

Long-time correlations dynamics: an entropic argument
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® Competition of local and global
entroples

® Broken Phase:
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asymptotic finite discord



Correlations Dynamics

Initial state:

po = |acNoc| & lapXar]

® Beyond balanceo
gain/loss

® |+|I: vanishing Discord

® |+]||I+]|V: finite mutual
information

® |||+]V: stable dynamics
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mutual information

quantum discord

o
—
o1 __O

O
-
N

-

o
a1 |
o

o

RN
o
ol

O
O
5

)

10



Take-home messages

® Quantum critical behavior of
Exceptional Point detected by
Quantum Discord

® Finite Quantum Correlations in PT
Broken Phase

® Creation of Quantum Correlations:
Gailn

® | ong-time behavior: competition of
local and global entropies
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