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- Easier access to some properties of the dynamics

Quantum non-Markovianity

. i 1
ps(t) = = —[Hs, ps(0] + Yo <Li(t)ps(r)Lj(t) — E{L,T(t)Li(t), ps(®) }>

CP-divisibility iff y,(r) >0

AlpsO)] = ps(®), A, = A, A

1,5t rs

M.J.W. Hall, J.D. Cresser, E. Andersson, Phys. Rev. A 89, 042120 (2014) 11
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- Better understanding of the physical origin of the

dynamics

Quantum semi-Markov dynamics

ps(t) = Po(f)f”]' Ps(1)

)

+ Z Jdt Jdtlpn(t

0

time continuous evolution
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- Better understanding of the physical origin of the
dynamics

Quantum semi-Markov dynamics
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- Better understanding of the physical origin of the
dynamics

Quantum semi-Markov dynamics
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- Better understanding of the physical origin of the
dynamics

Quantum semi-Markov dynamics
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- Better understanding of the physical origin of the
dynamics

Quantum semi-Markov dynamics
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- Better understanding of the physical origin of the
dynamics

Quantum semi-Markov dynamics
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ps(t) = J% 2ps(s)
0
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Goal: connection between local and non-local description
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Goal: connection between local and non-local description
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Example: Jaynes-Cummings model
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Example: Jaynes-Cummings model

© <

0)
H=750Z®IE+g(0+®b+a_®bT)+a)EIS®bTb

[pE(0), Hg] =0

A.Smirne and B.Vacchini, Phys. Rev. A 82, 022110 (2010)
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Example: Jaynes-Cummings model

d

Eps(t) = — i(D)[H, ps(1)]
1

+y_(0) <0_,05(f)0+ — E{Ps(f), 0,0_ }>
1

+}/+(t) <0+,05(t)0_ — 5{,050)9 0_0-+}>

+7.(0) (0,510, — ps(D))

A.Smirne and B.Vacchini, Phys. Rev. A 82, 022110 (2010)
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Example: Jaynes-Cummings model

d
- ps(t) = — ih(D)[H, py(?)]

1
+7_(2) <0_p5(t)0+ — 5 s, 0,40 }>

1
+}/+(t) <0+,05(t)0_ _ 5{,050)9 0—0-+}>
+7.(1) (0,p5(Do, — py(1)) ﬂ\
Phase covariant dynamics w
Us(OA Lps(IU/ (1) = A [Ug(0)ps(0)U{ ()] 48
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Example: Jaynes-Cummings model
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Example: Jaynes-Cummings model

1 y_(1) — 7+(t)
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Example: Jaynes-Cummings model
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Example: Jaynes-Cummings model

1 I'— k
{t}g=—= L0y 0,—751+o0,
\/§ 4+ K

[Ap Al =0 <y, (1) = ky_(2)

k=1 for unital dynamics U
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Goal: connection between local and non-local description

Commutative, diagonalisable dynamics
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Goal: connection between local and non-local description

Commutative, diagonalisable dynamics

59
N. Megier, A. Smirne, B. Vacchini, New J. Phys. 22, 083011 (2020)



Goal: connection between local and non-local description

Commutative, diagonalisable dynamics

[At =) my 0.1, [5{5 =) mko., [%ﬂ = m;VL(t)ﬂOJ

m (1) = elodma®),

G, J .
mL(f) = U ,a\(,u) O, G.() = Lelidmt
1+ G, (u) dt
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Master equations

Both local and non-local descriptions are equivalent.

Advantages to know both:

- Easier access to some properties of the dynamics
—¥ CP-divisibility

- Better understanding of the physical origin of the

dynamics

—» Quantum semi-Markov dynamics
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Different terms in local and non-local
master equations

1
ps(t) = Z y{1) (LuOS(l‘)L;r - E{L:Li’ PS(I)}>

N. Megier, A. Smirne, B. Vacchini, New J. Phys. 22, 083011 (2020)
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Different terms in local and non-local
master equations

1
ps(t) = 2 y{1) (LipS(t)L; - E{L:Li’ PS(I)}>

N. Megier, A. Smirne, B. Vacchini, New J. Phys. 22, 083011 (2020)
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Different terms in local and non-local
master equations

1
ps(t) = Z y{1) (LuOS(l‘)L;r - E{L:Li’ PS(I)}>

5

1
ps(t) = Z [Yﬁ e —s) (LipS(S)L; - E{L;Lia /)S(S)})

0

N. Megier, A. Smirne, B. Vacchini, New J. Phys. 22, 083011 (2020)
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Different terms in local and non-local
master equations

d
—ps(t) = u)(o_ps()o,. + o, ps(t)o_ — ps(1))

d 1
—ps(t) = h(t)(o_pg(t)o, — §{0+0—7PS(S)}) 7

dt
t

d 1
—py(1) = stk(t — 5)(6_ps(s)o, — 5{0#7—,/05(5)})
0

+(h(1) — p(®)(o,ps(t)o, — ps(1))

dt

t t

k(t—s) L d
+[ds(k¢<r —5)— Jopss)o. = ps(s)  —ps(t) = [dsk(t — $)(0_ps(8)0, + 0, ps(D)o_ — py(s))
0 0
N. Megier, A. Smirne, B. Vacchini, New J. Phys. 22, 083011 (2020) 65
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Damping basis

N2
HE =N mio.M,,
a=1

N2
F =N mH )M,
a=1

N. Megier, A. Smirne, B. Vacchini, New J. Phys. 22, 083011 (2020)
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Damping basis

N2
HE = W mlO,,
a=1

N2
F = N ),
a=1

N. Megier, A. Smirne, B. Vacchini, New J. Phys. 22, 083011 (2020)
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Redfield-like approximation
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Redfield-like approximation
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Redfield-like approximation

5

ps(t) = JdS%ﬁv Ps(S)
0

5

po(t) ~ FHRedp(p), G Red = [ dr HNE
0)

N. Megier, A. Smirne, B. Vacchini, New J. Phys. 22, 083011 (2020)
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Redfield-like approximation

5

ps(t) = JdS%ﬁv Ps(S)
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5

pot) ~ FRAp(p), G Red = [ dr HNE
0)
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Redfield-like approximation

5

ps(t) = JdS%ﬁv Ps(S)
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5
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Redfield-like approximation
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Redfield-like approximation
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Redfield-like approximation
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Redfield-like approximation

[%5 =) mko.,

4
mRed(r) = J drm(7)
0

N. Megier, A. Smirne, B. Vacchini, New J. Phys. 22, 083011 (2020)
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Redfield-like approximation

5

F,=1=pit) = [ds k(t —$)(& — 1)pg(s)
0

N. Megier, A. Smirne, B. Vacchini, New J. Phys. 22, 083011 (2020)
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Redfield-like approximation

5

F,=1=pit) = [ds k(t —$)(& — 1)pg(s)
0

5

p(t) ~ J dek()(E — Dpg() = SO(E — ()
0

N. Megier, A. Smirne, B. Vacchini, New J. Phys. 22, 083011 (2020)
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Redfield-like approximation

5

F,=1=pit) = [ds k(t —$)(& — 1)pg(s)
0

5

p(t) ~ J dek()(E — Dpg(t) =(SHE — ()
0

S(t) - renewal density/sprinkling distribution
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Both Markovian and'non-Markovian dynamics can result

approximated Markovian evolution

&,=0,0_%0,0_+0_0,°0_0,

d
Eﬂs(f) = h(1)(€, — Dpg(?)

&

S
'V
S

80
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Both Markovian and. dynamics can result

approximated Markovian evolution

S(O(&, = Dps(9)
v
-

N. Megier, A. Smirne, B. Vacchini, New J. Phys. 22, 083011 (2020)
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exact

approx.

CP-div = CP-div

N. Megier, A. Smirne, B. Vacchini, New J. Phys. 22, 083011 (2020)
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exact approx.

Single eigenvalue  CP-div = CP-div
HE = m(t)u

N. Megier, A. Smirne, B. Vacchini, New J. Phys. 22, 083011 (2020)
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exact approx.

Single eigenvalue  CP-div = CP-div
HE = m(t)u

Pauli channel P-div = P-div
CP-div » CP-div

N. Megier, A. Smirne, B. Vacchini, New J. Phys. 22, 083011 (2020)
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Redfield-like approximation

Mixture of GKSL dynamics
ps(t) = er ps(0)

Zilw]l =owo;, —w, x; >0, Xy +x+x3=1

Qubit dephasing in random direction

N. Megier, D. Chruscinski, J. Piilo, W. T. Strunz, Sci. Rep., 7:6379 (2017)
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Redfield-like approximation
Mixture of GKSL dynamics
1 3
ps®) ==Y 7O (opsH)o, — psd))
2 k=1
7(5) = 78, X1, %5, X3)
Qubit dephasing in random direction

N. Megier, D. Chruscinski, J. Piilo, W. T. Strunz, Sci. Rep., 7:6379 (2017)
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Redfield-like approximation
Mixture of GKSL dynamics
1 3
ps®) = = W 7 pepsH)o, — psd)
2 k=1
7(5) = 78, X1, %5, X3)
Qubit dephasing in random direction

N. Megier, D. Chruscinski, J. Piilo, W. T. Strunz, Sci. Rep., 7:6379 (2017)
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Exact dynamics

B {5

m t=0.5

m t=0.2
t=0
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N. Megier, D. Chruscinski, J. Piilo, W. T. Strunz, Sci. Rep., 7:6379 (2017)



Exact vs. approximated dynamics

N. Megier, A. Smirne, B. Vacchini, New J. Phys. 22, 083011 (2020)

B {5

m t=0.5

m t=0.2
t=0
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Markovian dynamics can result in

approximated-evolution

d = 13
—ps(t) = = D nepso;, — ps®)

k=11V
-]

%

N. Megier, A. Smirne, B. Vacchini, New J. Phys. 22, 083011 (2020)
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HE =N mh)M,

Single eigenvalue  CP-div

Pauli channel P-div
CP-div

N. Megier, A. Smirne, B. Vacchini, New J. Phys. 22, 083011 (2020)

= CP-div
= P-div
=  CP-div
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Exact vs. approximated dynamics

B {5

m t=0.5

m t=0.2
t=0
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Exact vs. approximated dynamics

B {5

m t=0.5

m t=0.2
t=0
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Exact vs. approximated dynamics

B {5
m t=0.5
m t=0.2
~ t=0
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Summary

- master equations can be of time local and time-non local
type

- knowledge of both forms can be beneficial

* some properties: non-Markovianity
» physical origin of the dynamics

- an easy connection for commutative, diagonalisable
dynamics

- shed some light on occurrence of different dephasing
channels in local/non-local master equations

- applications to Redfield-like approximated dynamics
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