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Quantum Discord Quantum Work Deficit

[Classical information theory] [ Thermodynamics perspective ]
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Htotal : HA =+ HB =+ HJ{QB










Dynamical evolution...

Kraus operator representation:
ps(t) = >, Ki(t)ps(0)K;(t)T

with
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Dynamical evolution...

Kraus operator representation:
ps(t) = >, Ki(t)ps(0)K; ()1

with

Master equation:
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Freezing of Discord and Its Allies

Initial two qubit state: PaB

Independent local environments act on each qubit

Evolution:

pas(y) =X, KAKE() pasKL (1) KB (7)

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

Ko(y) = /1 —7v/2I and K; = +/7/20,
= 1 (bit-flip), a = 2 (bit-phase-flip), a = 3 (phase-flip)
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Dynamics under noisy channels: there are several types...

Entanglement usually decays and dies..
Yu & Eberly, Science (2009)
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Dynamics under noisy channels: there are several types...

Quantum correlations are robust!
Werlang et. al., PRA (2009)
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Freezing of Discord and Its Allies

Dynamics under noisy channels: there are several types...

Entanglement usually decays and dies.. Quantum correlations are robust!

Yu & Eberly, Science (2009) Werlang et. al., PRA (2009)
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.., and there is freezing!
Play with the initial state Mazzola et. al., PRL (2010),
aziero et. al., PRA (2009) Aaronson et. al., PRA (2013),
Cianciaruso et. al., Sci. Rep. (2015)
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Initial state - Bell diagonal (BD) state
pap =14 |La®Is + 5 cac0 @05




Initial state - Bell diagonal (BD) state
PAB — [I[A ® g + Zi:l Cozozo-?ai & O-%i|

Two sets of conditions:

1. c22/c33 = —c11, With |es3| < [e11]

2. C33/Co9 = —c11, With |cos| < |c11]




Initial state - Bell diagonal (BD) state

PAB — [I[A X HB + Zi:l Coaozo-ii %Y O-%i|

Two sets of conditions:

1. c22/c33 = —c11, With |es3| < [e11]

2. C33/Co9 = —c11, With |cos| < |c11]

Universal for (almost) all the discord-like measures...
Aaronson et. al., PRA (2013), Cianciaruso et. al., Sci. Rep. (2015)
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Most general two-qubit state (upto LU):

PAB = 4[HA®I[B—I—ZCQQJA®JB

a=1
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Most general two-qubit state (upto LU):
3

|
PAB = Z[HA R Ig + anaaj QR oq

a=1

3 3
- ZCQOUi®HB+ZCOBHA®Ug]
a=1 B=1
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BD state + magnetization in x direction:

4

3
1
PAB = —[A®HB+ Caala ®0p
a=1

4+ c1004 @I + corlla ® 0113}
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BD state + magnetization in x direction:

3
1 (8 (0
pPAB = E[HA®HB+_1CaaO-A®UB

2y 01002 R Ip + co1la ® 0113}

TC, T Das, D Sadhukhan, A K Pal, A Sen(De), U Sen, PRA (2015)
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BD state + magnetization in x direction:

3
1
PAB — i[ﬂA ®1lp + z_:lcaagfi Rop

2y 01002 R Ip + co1la ® 0113}
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reezing ot Discord anc

BD state + magnetization in x direction:

3
1 (8 (0
PAB — i[ AQIlIp + _1CaaUA®UB

2y 01002 R Ip + co1la ® 0113]

D for BD state

Quantum Correlations
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Freezing of Discord and Its Allies

Two sets of conditions: Necessary and sufficient
(1) (c22/c33) = —(c10/co1) = —c11
(2) c33+¢5 <1
(8) F(v/c33 +cgy) < F(enn) + F(co1) — F(eo)

(1) (e33/c22) = —(c10/co1) = —cn1
(2) C%z + 031 <1
(8) F(\/c35 +¢§1) < Flenn) + F(co1) — F(cio)

Fly)=2(H((1+y)/2) = 1)
H(a) = —alog, a — (1 — a)logy(1 — «)




Two sets of conditions: Necessary ang

(1) (co2/c33) = 17 1 933
(2) s + 3 < | 9
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Universality no longer exists...
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One-way quantum work defici
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Work deficit Discord
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Universality no longer exists...
One-way quantum work deficit...

Work deficit Discord
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Universality no longer exists...
One-way quantum work deficit...

Work deficit Discord
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Freezing of Entanglement

Open evolution:
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Open evolution:

Repeated Quantum Interaction

Environment System : Tg
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Open evolution:

Repeated Quantum Interaction

Environment ¢ Tg




Freezing of Entanglement

Open evolution: Hipy = k'/2671/2(656% + 646%)

Repeated Quantum Interaction

HE = BO'Z

Environment ¢ Tg
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Freezing of Entanglement
Open evolution: Hipy = k'/2671/2(656% + 646%)

Repeated Quantum Interaction y

g

Quantum master equation:
1

h[ﬁS, ps| + D(ps)

b ==

D(ps) =

Ng 1
2k —1)* nitl A~ i aitl
Z Z Ze( . BEB[QWdTIPSWd; — {74, delaps}]

5
h"Zg =1 i=0

where. ..

Zg = Trlexp —ﬁEﬁE]a and ﬁffl B &ﬁl + (_1)a63i
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A_li[{ 1—’)/ }—I—{h : N
— 5 Gadail | 1+ (— l)h‘)}(f}

=1




Freezing of Entanglement

. GG+ {7 + (—1)"ho} 67 ]

s

1 3 4

an be solved “exactly” using successive Jordan-Wigner and
vourier transformation.

TC, T Das, D Sadhukhan, A K Pal, A Sen(De), U Sen, PRA (2016)




Freezing of Entanglement
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Freezing of Entanglement
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" Y: Freezing terminal
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Freezing of Entanglement
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Scale invariance

Both in PM-1 and PM-II phase
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Freezing of Entanglement
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A New Quantum Library

QICIlib: New general purpose quantum information and
computing library written in C++11
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A New Quantum Library

QICIlib: New general purpose quantum information and
computing library written in C++11

l https://titaschanda.github.io/QIClib/ '

1. Partial trace, partial transpose etc.

2. Matrix functions
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