ENVIRONMENT-MEDIATED
COMMUNICATION IN OPEN SYSTEMS

USING TENSOR NETWORKS
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THE MODEL



BIOLOGICALLY INSPIRED

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




HAMILTONIAN

I
Il
M=
&
£
£

Q
il




HAMILTONIAN
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HAMILTONIAN
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(NON-)MARKOVIAN ENVIRONMENT

Markovian Non-Markovian
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METHODS




TIME-DEPENDENT VARIATIONAL PRINCIPLE
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DIAGRAMMATIC NOTATION
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MATRIX PRODUCT STATE/OPERATOR
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TIME EVOLVING DENSITY OPERATOR WITH ORTHONOR-

MAL POLYNOMIALS

Goal: transform a continuous environment into a discrete one.
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ORTHONORMAL POLYNOMIALS

We define the polynomials with

/O b (k)P (R)(R)Ak = 5 m where J(k) = gl
And the unitary transformations
Q>0 = Z Un(R)Cn
n
brso = > Vin(R)dm
m

where the matrix elements are

Un(R) = Va(R) = \/J(R)Pn(R) .




CHAINS’ HAMILTONIANS

The bath and interaction Hamiltonians become
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CHAINS MAPPING

Continuous k-modes Discrete n-modes
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LONG RANGE COUPLINGS
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RESULTS




EIGEN-POPULATION REVIVALS
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BATH DYNAMICS
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MULTIPLE REVIVALS
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OuTLOOK

m Works at finite T v/
m Multi-site dynamics &

m More complex relations
between modes and the
spatial structure

m Different topologies &
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MATRIX PRODUCT OPERATOR |

The matrices W, define the Hamiltonian MPO

’ ’ /
0 _ 0107 14/720" ONTy / /
H= E Waw Wawiw, - Wy loa - .on) (o .. op| -
{o}.{o"}.{w}

with, for the system

W1<O<SN:
R . 2(a—2)
I Jfa Jfl 0 0 == Ja)(al |@)(al Eala)(of
0 fd
o Fu
1 (o]

=
(@]

E>Q -



MATRIX PRODUCT OPERATOR I

And for the environment
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BATH SPECTRAL DENSITY

For an interaction Hamiltonian

Aine = 0 (grl + h.c.),
k

the Bath Spectral Density is defined as

Jw) = 19k6(w — wg) -

k

Ohmic spectral density: J(w) = 2awH(we — w)



LONG RANGE COUPLINGS - FINITE T
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FINITE TEMPERATURE § =5
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FINITE TEMPERATURE = 0.5 - SBM
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INCOHERENT MECHANISM
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