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Motivation Hierarchy of Pure States

* Hiot = HSystem + HEenvironment + Hinteraction
« Strong coupling & finite environment
» Memory effects & environment back reaction Baths
« Breakdown of Markovian assumption
System

p(t) =E \|[W"(Z)) (vi"(Z,)|
« Few analytical solutions
 Numerical approach: Hierarchy of pure states where Zt — (Zn)ﬁzl such that
(HOPS) [1]
» Hierarchy £ save many quantum states C2n(t)2,(8)] = an(t —s) and K |z,(t)z.(s)] = E|z,(t)] =0

» Matrix product state reduce memory requirement [2] with the bath correlation functions Cvn(T) _ Z an je_w”’ﬂ
—1<"

* Increased accuracy, but limited principal system di- J

mension . : :
= Hierarchy of pure states equations of motion
* Tree tensor networks allow many-body principal sys-

tems

« Examples: Photosynthesis & errors in quantum hard-
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« Bath Correlation Function

Tree Tensor Networks

a(T) = 717 T dw J(w) {coth (%) cos(wT) — isin(wT)]

* Non-Markovian Quantum State Diffusion Equation
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« Box-Muller-Wiener algorithm: Random numbers
X1, X2 € |0, 1] into z;, the complex stochastic variable

Fork Tensor Product State (FTPS)

 Debye spectral density S(w) = Uﬁﬁp
 Evolve via RK4, TEBD, TDVP
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