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Introduction

Markovian master equation --- Lindblad equation

dps(t) = —i[H, ps(t)] + Z <Vkp5(t)v,j — %{Vljvka PS(t)})
k

dt

non-Markovian process is important
1. Markovian process is still approximation
2. Markovian process neglects the memory effect

Research topic
[;mulate a non-Markovian open system by using a quantum algorithm ]

an example of a master equation describing a non-Markovian process
-+ Time convolution-less master equation
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What I did

/ perturbate expansion

exact solution

Time convolution less master equation

l method of quantum algorithm
construct Hamiltonian

confirm matrix calculations

N
(simulate by using a quantum computer)
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spectrum function : Distribution of coupling strengths with respect to the frequencies of
the environmental system
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exact solution of the survival probability
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Master equation

Time convolution less master equation (spin-boson model)

dpst(t) — —%[S(t)a+0_,p5(t)] +7(t) (U—Ps(t)0+ - %{‘”r"—’p*g(t)})

Derive S(t) andy(t) through perturbative
/ expansion with respect to the coupling strength

H=Hy+ aH; a : coupling strength

dps(1)
dt

pS(t) = ,OS(O) + (ia)QTrE/O dtq /O 1 dtQ[H](tl), [H[(tg),ps(()) 0% IOEH + ..

= —Irg [H[ (t), Ptot (t>]

\ approximate by 2nd and 4th order
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Method of simulating Lindblad master equation
dpg(t , 1
ps(t) _ ~i[H, ps(t)] + Y (Vkps(t)v,j - §{VIJVk,pS(t)}>
k

Lindblad equation

}

equivalent Stochastic-Schrodinger equation

l using Euler Murayama method, approximate by At n-th order

using Stinespring representation, construct H including H and V,

pi1 = Tra (exp(—iVALH) [0) 0] @ ppexp(—ivALH))

this algorithm can expand into time dependent |Ok) — X
H and Vv, exp(—iHVAt)

h/)n)E E |1/Jn+1>




put1 = Tra (exp(—iVALH) 0) 0] & pexp(—ivALH))

LVALS(t) 0 0 ~(t)
aw=1 5 40
~NE) 0 0 0

time evolution operator ~ {J (t) = e~ IVAtH(t)

Tra (U(tn) [0) (0] @ p(tn)UT (t5)) = p(tnt1)

Performed matrix calculations numerically



Comparison between the results and the exact solution

plot of the time evolution of the survival probability of the excited state p,,(t) = (1]|ps(t)|1)
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Figure 1. the time evolution of the Figure 2. error with respect to the exact

survival probability solution



Summary

>The master equation obtained by the fourth-order perturbative expansion
reproduced the exact solution with good accuracy

>For next step, I want to perform simulations using an actual quantum computer (or
a simulator)

system size : two qubit
depth : not clear



