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Open Quantum System: 
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Quantum Correlations

Entanglement-Separability Paradigm

Information theoretic measures

Ent of formation,  
Logarithmic negativity 

Discord 
Work deficit

Quantum mutual information: Two inequivalent definitions

I(⇢AB) = S(⇢A) + S(⇢B)� S(⇢AB)

J(⇢AB) = S(⇢B)� S(⇢B|A)

D(⇢AB) = I(⇢AB)� J(⇢AB)
S(⇢B|A) =

X

k

pkS(⇢
k
AB)

A Bera, T Das, D Sadhukhan, S Singha Roy, ASD, U Sen, ROPP  81, 024001 (2018)
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Entanglement usually decays and dies.. 
Yu & Eberly, Science (2009)

Dynamics under noisy channels

However other quantum correlation can freeze! 
Mazzola et. al., PRL (2010),  
Aaronson et. al., PRA (2013), 
Cianciaruso et. al., Sci. Rep. (2015) 
T. Chanda, AK. Pal, A. Biswas, ASD, U. Sen, PRA 2015

Surprising!!!!!

Quantum correlations are robust! 
Werlang et. al., PRA (2009)

Play with the initial state 
Maziero et. al., PRA (2009)
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Freezing of Discord and Its Allies

• Initial two qubit state: 

• Independent local environments act on each qubit

• Evolution:

• Bit-flip (BF), phase-flip (PF), bit-phase-flip channels



Initial state ! Bell diagonal (BD) state

Universal for (almost) all the discord-like measures…  
Aaronson et. al., PRA (2013), Cianciaruso et. al., Sci. Rep. (2015)

Freezing of Discord and Its Allies



Initial state ! Bell diagonal (BD) state

Two sets of conditions: 
1. 
2.  

Universal for (almost) all the discord-like measures…  
Aaronson et. al., PRA (2013), Cianciaruso et. al., Sci. Rep. (2015)

Freezing of Discord and Its Allies



General two-qubit state (upto LU):

Discord is hard to compute!!! 
No analytical closed form!!!

Freezing of Discord and Its Allies



BD state + magnetization in x direction:

Closed form can be found for all 
(almost) parameter values

T Chanda, T Das, D Sadhukhan, A K Pal, ASD, U Sen, PRA 92, 062301 (2015)
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BD state + magnetization in x direction:

Freezing of Discord and Its Allies

BF channel
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Two sets of conditions: Necessary and sufficient

Freezing

Freezing of Discord and Its Allies

|c11| = 0.6
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Universality no longer exists…  
One-way quantum work deficit… 

Work deficit Discord

Different phase diagram  
Different set of conditions

T Chanda, A K Pal,  A Biswas, ASD, U Sen, PRA 91, 062119 (2015)

Freezing of Discord and Its Allies
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Freezing of entanglement?

ASD, Sen, & Lewenstein PRA (Rap. Comm.) 70, 060304 (2004)
Apollaro, Cuccoli, Franco, Paternostro, Plastina, & Verrucchi, 

NJP 12, 083046  (2010) 
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Freezing at the beginning of the dynamics?



1. Proper choice of system as well as environment

Scale-invariant freezing of entanglement, 
T. Chanda, T. Das, D. Sadhukhan, A. K. Pal, A. Sen(De), U. Sen, arXiv:1610.00730 (2016)
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Repetitive quantum interaction

Freezing at the beginning of the dynamics?

1. Proper choice of system as well as environment
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Quantum master equation: 

where… 



Freezing at the beginning of the dynamics?

1. Proper choice of system as well as environment

Chanda, Das, Sadhukhan, Pal, ASD, & Sen, PRA 94, 042310 (2016)

⇢23

Periodic boundary condition

Quantum spin model

L



Motivation: Quantum information perspective 

 Study fundamental properties by using quantum info or vice-versa.



Motivation: Quantum information perspective 

 Study fundamental properties by using quantum info or vice-versa.

Potential candidate for realising quantum computer

M. Lewenstwein, A. Sanpera, V. Ahufinger, B. Damski, ASD, and U. Sen, Adv. Phys. 56, 243 (’06).

L. Amico, R. Fazio, A. Osterloh, and V.Vedral, Rev.Mod. Phys. 80, 517 (’08).



Potential candidate for realising information processing tasks 

One-way quantum computer by using Ising chain:  
Cluster state preparation, followed by single qubit 

measurement leads to gate implementation; fidelity of 
gates =1
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Potential candidate for realising information processing tasks 

One-way quantum computer by using Ising chain:  
Cluster state preparation, followed by single qubit 

measurement leads to gate implementation; fidelity of 
gates =1

Gate implementations possible in 
 disordered model; fidelity=0.85

State Transmission
Initially spin chain is in its ground state 
in an external magnetic field. Alice and Bob are 
at opposite ends of the chain. Alice
places the quantum state she wants to communicate 
on the spin nearest to her. After a while, Bob receives
 this state with some fidelity on the spin nearest to him.

ASD, U. Sen, V. Ahufinger, HJ. Briegel, A. Sanpera, & M. Lewenstein
Phys. Rev. A 74, 062309 (2006)

S. Bose, PRL 91, 207901 (2003)



Implementation: Proposals

Optical Lattices



Implementation: Proposals

Optical Lattices



Implementation: Proposals

Ion Traps



Implementation: Experiments
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Implementation: Experiments

Photons

Ions

Polar molecules



Implementation: Experiments

The achieved filling fraction of 25% should enable future studies 
of transport & 

entanglement propagation in a many-body system with long-
range dipolar interactions. 



Freezing at the beginning of the dynamics?

1. Proper choice of system as well as environment
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Quantum Spin Model

XY spin model with uniform & alternating field

1                  2                  3                  4                  5                  

h1 � h2 h1 + h2

Diagonalized by Jordan-Wigner, Fourier, Bogoliubov: Free fermionic model

ATXY spin model



ATXY model (Quantum phases)
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 S. Roy, T. Chanda, T. Das, D. Sadhukhan, ASD, U.Sen, arXiv: 1710.11037
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PM-IPM-I High ent in PM-II

Very low ent in AFM

T. Chanda, T. Das, D.Sadhukhan, A.K. Pal, ASD, & U. Sen, PRA 94, 042310 (2016)
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We analytically found that 
 in the factorization surface,  

the zero-temperature state is doubly degenerate   

Factorization Surfaces

T. Chanda, T. Das, D.Sadhukhan, A.K. Pal, ASD, & U. Sen, PRA 94, 042310 (2016)
T. Chanda, T. Das, D.Sadhukhan, A.K. Pal, ASD, & U. Sen, PRA 97, 012316 (2018) 
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Ent is a fragile quantity 
 Common intuition: decrease with noise 
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Nonmonotonic map of ent with temperature
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Freezing of 
Entanglement

PM-II phase
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S: ATXY Model

Freezing terminal

T. Chanda, T. Das, D.Sadhukhan, AK Pal, ASD, & U. Sen, arXiv: 1610.00730
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Freezing Terminal: 
Scale invariant

T. Chanda, T. Das, D.Sadhukhan, AK Pal, ASD, & U. Sen, arXiv: 1610.00730
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Harish-Chandra Research Institute, Allahabad, 

Thank you!! 


