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Open System Dynamics

Exact Solution (Kraus Rep.):

~ 3 Ea(ps(O)EL(t)

> BBl =I.

Eo(t) = Vvv(p|U(t)lv) , |v) and u) are bath states .

Markovian Regime (Lindblad Eq.):
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— Lps = —5 Z ao([Fa; psFl] + [Faps, Fl]) | ps(t) = e“'ps(0) |
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Dynamacs in Two Limaits

Exact Solution Markovian Approximation
Advantages No approximation | 1. Closed form of dynamical
map.
2. Effective numerical
solution.
Disadvantages Analytically Inadequate description for a
solvable only for bath with a significant
simple models. memory effect.

Goal of the presented work:

“ To develop a dynamical master equation beyond the Markovian regime

that is analytically solvable and the resulting map is completely positive.”
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Measurement Theory Picture of Dynamics

Kraus Sum Representation: p,,; = Zﬁfkpmﬂfg , ZME_M _ T
k k

. . ) . . . o _"‘H-k Pin M;
Non-Selective Generalized Measurement (GM): pout = Zp;;p;;, k’'th outcome: pp = —
I Tr(ﬂJ;: Mypin)

probability: p, = Tr(_-‘mf;l_:‘tfkpm)

Exact Solution: ps(t ZE EL(t).  GM operators: [E,)
Lindblad (Quantum Jump):

e |1 i _i -I- _ -I-
r< |L]|7Y, pstt+T) =~ (I QZFF ps(t)(I ZFF +TZFQ,05 t)Fi
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GM operators: {\/7F,,I — 53 5 E;E,g}
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Single-Shot Measurement Process

Exact Solution:
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Single-Shot Measurement:
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Markovian Approximation (Quantum Trajectories):
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Non-Markovian Master Equation

ps(0) ps(t1) ps(t) = A(t — t1)ps(t1)

Probabilistic Procedure:

Probability of an extra measurement at time ¢y : w(t1)

N-1
ps(t = Ne) = Z w(me)A(me)ps(t; = (N — m)e)
m=1
Non-Markovian Master Equation ( ):

aﬁﬁ' ' / ' AT YA e N /
ot = dt'k(t A )AL )A () ps(t —1') |
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Post-Markovian Master Equation

A(t) = ect @ @ @ ........... @ @

0 t t+7 t—-27 t—7

Post-Markovian Master Equation:

. t
C{.ﬁ — L‘./ dt'k(t')e " ps(t —t')
ot Jo

— Markovian approximation can be recovered by choosing: k(t) = d(t) »

— The intuitively(1’2)addressed memory function could also be retrieved in the limit of ||£|| < T~

. t
{f}.ﬂ = Li] dt'k(t")ps(t —t')
ot 0
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Example: Single Qubit Dephasing

Spin-Boson Hamiltonian: Hsp =) 0. @ (Aeb + A;b')
P

plt) = 3T + F(B)ase, + f(E)ayor, + a0

Exact Solution

Markovian Regime

sin®(wyt)

. W , t o sin?(w.T hw
£(t) = expl~ 3 2D ot % 1 £ () = exp[—= D WAT) poth 1% ) 2 o=
*k
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Post-Markovian

Equation Result:

. | .
Memory Function: f(¢) = (1 — 0)—e 7t +04(t)

7
f@) = (1 — 0)e=(/2+Dtcos(y/2ay — (v/2 + a)?t + @) + G
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Quantum Dynamaical Map

Laplace Transformation:  sps(s) — ps(0) = [E(s) * lps(s)

s — L

Eigenvalue, right and left eigenoperators of the superoperator £ - {A;, Ri, L;} .

{ éiﬂzjt%i wi(t)R; E— spti(s) — pi(0) = )\;;E(s — X )pi(s)

Dynamical Map:

P*Z& Te[LiplR; . &(t) = Lap~ [—— |

5 — )\ik(ﬁ — }kz)
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Complete Positivity:

O((|2)

Ni<ije<n 20 > Y &(t)Lf @ Rx>0.
k

Experimental Determination of the Kernel Function:

Quantum state tomography result:  p(t) .

K | function:
SR k() = Lap™ (s — 1/Laples()le T/

!

§i(t) = Tr[Lip(t)]/Tr[Lip(0)]
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Conclusion and Possible FExtensions:

We have introduced:

— Phenomenological picture of a non-Markovian master equation in the measurement
theory.

— A post-Markovian master equation which can be analytically solved by applying the
Laplace transform.

— A condition on the memory function to preserve the complete positivity of the
corresponding dynamical map.

We like to present in the future:

— Improving the introduced non-Markovian equation by going to higher steps of Newton
iteration method.

— Exploring the memory function for a set of performed experiment results.
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