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I examine the effect of quantum noise on entanglement.  

The source of noise could be either an attenuator or even an 

amplifier which one would presumably use in quantum 

communication protocols. I present quantitative results on 

the survival of entanglement  as a result of various types of 

quantum noise. I consider entanglement for both 

continuous variables [1] and qubits [2]. 
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Phase Insensitive Amplification

Commutation relation violation 

Individual correlations ? , Statistics of c ?



Attenuator

No mixing of annihilation, creation operators

No addition of noise photons

(perfect attenuator)



Microscopic Model N1 > N2

The Master equation in the interaction picture

Time dependent operators

Atoms relax much faster than field

The Noise operators

c : Gaussian



Nonclassical Features : Sub Poissonian Statistics and 

Squeezing survive if 

P function does not necessarily become classical 

Other measures of nonclassicality 



Quantum EntanglementQuantum Entanglement

Characterization well understood for Gaussian StatesCharacterization well understood for Gaussian States

Master Equation for AmplifierMaster Equation for Amplifier

If input state has Gaussian Wigner function, then output If input state has Gaussian Wigner function, then output 

is also Gaussianis also Gaussian



The two mode squeezed vacuum

Wigner Function

Model: Phase Insensitive Amplification



Quantum Entanglement of a Gaussian Sate

The Wigner Distribution

The elements of covariance matrix

The covariance matrix form



Two symplectic eigenvalues

The necessary and sufficient condition for     to be 

entangled

Logarithmic Negativity

Input State 



The Symmetric Case :

Entanglement survives if   



The Asymmetric case :



Entanglement Robust



Critical Value of |G| dependent



Larger Entanglement in the Input State











Non-Gaussian States more Robust against 

Quantum Noise Addition ?

Typical Non-Gaussian States :

(I) Photon added / subtracted states

,

Two mode squeezed state

(II) NOON States



NOON State Amplification

Negative eigenvalue -1/2



Fully Inverted Amplifier

Q function; motion on trajectories ( amplifiers add noise !)

Q function (Hushimi; Mehta+ Sudarshan; Kano) 

: Projection on Coherent States 

Nonclassical Nature Revealed by zeroes of Q function



Zeroes of Qout same as of Qin

Nonclassical Qout

Never factorizes !

: 2 mode photon added thermal state -- either 

mode has added photon

single mode version : Agarwal and Tara, Phys. Rev. A 46,485,92



Amplification of Photon subtracted 2 mode 

squeezed vacuum state

2-mode squeezed states

Nonclassicality Intact

Entanglement lost if 



Model: Phase sensitive amplification

Amplifier Chains



Phase sensitive Amplification

Quantum Entanglement is not degraded (r’’ > r ) if 



ConclusionsConclusions

• Entanglement in Gaussian states under Quantum noise 

addition well understood quantitatively

• Non-Gaussian states -- obtained via photon addition/ 
subtraction on Gaussian States completely Characterised

• NOON states -- Remain entangled 

quantitative measures like negativity parameter

• Results applicable to both active and passive amplifiers




