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The Model



Biologically Inspired
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Figure: (Left) The protein structure of a nanoscale photosynthetic
reaction centre. (Right) Molecules active in charge separation.
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Hamiltonian

R

Ĥ =
N∑
α=1

Eα |α〉 〈α|
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(Non-)Markovian Environment

Markovian
τE << τS

Weak Coupling
Time-Local Master
Equations (e.g. Lindblad)

Non-Markovian
τE ∼ τS
Strong Coupling
Non time-local Master
Equations

S S S S

E E

(a) (b)
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Methods



Time-Dependent Variational Principle

∂

∂t |ψ〉 = −iP̂T|ψ〉Ĥ |ψ〉
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Diagrammatic Notation

Vector

Scalara·b

Ma
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Matrix Product State/Operator

dE
dS dE

DMax

Wα Ĥ    
Ĥ|Ψ❭ = 

Wn

|ψ〉 =
∑
{ik}

∑
{α}

Tα1
i1 T

α1 α2
i2 Tα2 α3

i3 . . . TαN−1
iN
|φi1 . . . φiN〉

Ĥ =
∑

{σ},{σ′},{w}

Wσ1σ
′
1

1 w1 W
σ2σ
′
2

2 w1w2 . . .W
σNσ
′
N

N wN−1
|σ1 . . . σN〉 〈σ′1 . . . σ′N| .
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Time Evolving Density operator with Orthonor-
mal Polynomials

Goal: transform a continuous environment into a discrete one.

ĤE + Ĥint =

∫ +kc

0
dkωk(â†kâk + b̂†kb̂k)

+
∑
α

|α〉 〈α|
∫ +kc

0
dkgk

(
eikrα(âk + b̂†k) + h.c.

)

with b̂k
def.
= â−k.
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Orthonormal Polynomials

We define the polynomials with∫ +kc

0
Pn(k)Pm(k)J(k)dk = δn,m where J(k) = |gk|2.

And the unitary transformations

âk≥0 =
∑
n
Un(k)ĉn ,

b̂k≥0 =
∑
m
Vm(k)d̂m

where the matrix elements are

Un(k) = Vn(k) =
√
J(k)Pn(k) .
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Chains’ Hamiltonians

The bath and interaction Hamiltonians become

ĤE =
∑
n
ωn(ĉ†nĉn + d̂†nd̂n)

+ tn(ĉ†nĉn+1 + ĉ†n+1ĉn + d̂†nd̂n+1 + d̂†n+1d̂n) ,

Ĥint =
∑
α

|α〉 〈α|
∑
n

(
γn(rα)(ĉn + d̂†n) + h.c.

)
,

where

γn(rα) =
∫ +kc

0
dk J(k)Pn(k)eikrα .
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Chains Mapping

S S

Un(k)

Continuous k-modes Discrete n-modes

γn(r)

γn(r)*
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Long Range Couplings

R
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Results



Eigen-Population Revivals

Site 1 Site 2

E
Upper Eigenstate

Lower Eigenstate

J
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Bath Dynamics

8

Upper Level Population
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Multiple Revivals

8

Upper Level Population
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Outlook

Works at finite TX
Multi-site dynamics
More complex relations
between modes and the
spatial structure
Di�erent topologies
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Thank you for listening!

lacroix@insp.upmc.fr

mailto:lacroix@insp.upmc.fr


Matrix Product Operator I

The matrices Wk define the Hamiltonian MPO

Ĥ =
∑

{σ},{σ′},{w}

Wσ1σ
′
1

1 w1 W
σ2σ
′
2

2 w1w2 . . .W
σNσ
′
N

N wN−1
|σ1 . . . σN〉 〈σ′1 . . . σ′N| .

with, for the system

W1<α≤N =

1̂ J f̂α J f̂ †α 0 0
2(α−2)︷︸︸︷. . . |α〉 〈α| |α〉 〈α| Eα |α〉 〈α|

0 f̂ †α
0 f̂α
1̂ 0

1̂ 0
. . . ...

0 0 0
1̂





Matrix Product Operator II

And for the environment

W1≤n≤Nm =



1̂ tnĉ†n tnĉn 0 0 . . . 0 ωnĉ†nĉn
0 ĉn
0 ĉ†n
1̂ γ1

nĉn
1̂ γ1∗

n ĉ
†
n

. . . ...
1̂ γN∗n ĉ†n

1̂





Bath Spectral density

For an interaction Hamiltonian

Ĥint = Ô
∑
k
(gkâk + h.c.) ,

the Bath Spectral Density is defined as

J(ω) =
∑
k
|gk|2δ(ω − ωk) .

Ohmic spectral density: J(ω) = 2αωH(ωc − ω)



Long Range Couplings - Finite T
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Finite Temperature β = 5
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Finite Temperature β = 0.5 - SBM



Evolution of the Revivals with T
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Incoherent Mechanism
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