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Background and Motivation

Biochimica et Biophysica Acta 1858 288 (2017)

CAB(t) = Tr
[
ρ̂bÂ eiĤtB̂ e−iĤt

]
R(t1, t2, t3) = Tr

[
ρ̂bÂ eiĤ(t1+t2)B̂ eiĤt3Ĉ e−iĤ(t2+t3)D̂ e−iĤt1

]
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Classical Nuclear Limit
CAB(t) = Tr

[
ρ̂bÂ eiĤtB̂ e−iĤt

]

ρ̂b → ρW
b (x̄ , p̄) = 1

2π

∫
dz 〈x̄ + z

2 |ρ̂b|x̄ − z
2〉 e
−i p̄z

dx̄
dt = p̄

m ,
dp̄
dt = −F (x̄)
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Meyer-Miller-Stock-Thoss Mapping

âm →
1√
2

(
X̂m + i P̂m

)
The classical limit:

Â→ AW(X ,P)
dXn
dt =

∑
m
〈n|Ĥ|m〉Pm,

dPn
dt = −

∑
m
〈n|Ĥ|m〉Xm

Problems:
Unphysical regions of the mapping space
IW(X ,P) = 1

2
∑

m(X 2
m + P2

m − 1) 6= 1
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Spin-Mapping

Video produced by Johan Runeson

A(S) = tr
[
Âŵ(S)

]
, ŵ(S) = 1

2 Î+Sx σ̂x +Sy σ̂y +Sz σ̂z = 1
2 Î+S ·σ̂

dS
dt = H × S, Ĥ = H0Î + H · σ̂

Advantages:
Unphysical regions of the mapping space significantly reduced
I(S) = 1
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Fully vs Partially Linearized Methods

CAB(t) = Tr
[
Â eiĤtB̂ e−iĤt

]
Spin-LSC:

CAB(t) =
〈
A(S̄)B(S̄(t))

〉
Fe(S̄, x) = −∇V (S̄)

Spin-PLDM:

CAB(t) =
〈
tr
[
Âŵ †(S ′, t)B̂ŵ(S, t)

]〉
Fe(S ′,S, x) = −1

2
[
∇V (S ′) +∇V (S)

]
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Fenna-Matthews-Olsen Complex
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Fenna-Matthews-Olsen Complex
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Electronic Spectroscopy
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µ̂ =
∑

e
µge (|e〉〈g|+ |g〉〈e|)

Cµµ(t) =
∑
e e′

µge µge′ Tr
[
ρ̂g |g〉〈e| eiĤet |e′〉〈g| e−iĤgt

]
Cµµ(t) =

∑
e e′

µge µge′

〈
ρW

g (x , p) 〈e|ŵ †(S ′, t)|e′〉
〉
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Biexciton Model Absorption Spectra
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Nonlinear Spectroscopy

ETH Zürich Jonathan R. Mannouch, group of Prof. J. O. Richardson January 20, 2021 11 / 13



Biexciton Model Pump Probe Spectra

0.000

0.001

0.002

I P
P
(ω

)

Spin-PLDM

Exact

0.000

0.001

0.002

0.000

0.001

0.002

0.003

400 700 1000 1300 1600

ω/cm−1

0.0000

0.0005

0.0010

I P
P
(ω

)

GB

SE

ESA

Exact

400 700 1000 1300 1600

ω/cm−1

0.0000

0.0005

0.0010

0.0015

0.0020

400 700 1000 1300 1600

ω/cm−1

0.0000

0.0005

0.0010

0.0015

0.0020

T2 = 0fs T2 = 200fs T2 = 600fs

T2 = 0fs T2 = 200fs T2 = 600fs

ETH Zürich Jonathan R. Mannouch, group of Prof. J. O. Richardson January 20, 2021 12 / 13



Acknowledgements
Jeremy Richardson
Johan Runeson
Funding: ETH Zürich and NCCR MUST

Maximilian Saller

ETH Zürich Jonathan R. Mannouch, group of Prof. J. O. Richardson January 20, 2021 13 / 13


