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Introduction

e molecular aggregates as light-harvesting units o the spectral density 7,,(w) / the bath correlation function C),(t)
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Tn(W) =72 e 4 Elgnel70(w F wne) * fast intramolecular vibrations and slow protein motions

rocramion [ ol e W(0) = p(0)f (Hilbert) = [p(1))) = U(1)|p(0) (Lionville
o U(t) = e~iLst Trp {7; o—i [y ds £3) 5(s) p%q}

* Wick's theorem: (2k — 1)!! identical terms oc L% 4

o U(t) = e st T, e

~  [EOoBO
*Cu(t) = Xpcnm € ot hierarchical equations of motion (HEOM)

* photosynthetic pigment—protein complexes

* organic photovoltaics

o the excitation energy transfer (EET) is the primary
process of the light-to-charge conversion

e the Frenkel-Holstein model H = He+ Hg+Hq_p
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* Hg: resonantly coupled 2-level systems
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* Hp: harmonic oscillators
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w (em~1) e goal: develop a computationally efficient and reliable

approximation to U(t¢) for arbitrary 7,(w) [1]

* Ho_p: linear in exciton densities and oscillator
coordinates
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Resummation in the w-domain

Born approximation (BA) = TC2 QME

Diagrammatic theory Building blocks
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Dimer model. Pure dephasing—analytics (SC)BA for slow environment, strong interaction, low temperature
®
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S E _ | D((SC)BA|HEOM) = Oggxééjl [rSOPATHEON (g 0.08
oscillator SD = 02 R - 0.4
QL
g
N
< S g
P it) Val \‘_{\; \ /I \\ 5 = 0.04 4
arameter (unit) Value - \ N e N = 02 2 A
Ae (cm™) | 100 = 0.2 v |—— scBA —
B v, |--- BA 0.1 0.02
)‘ph (Cm ) 0 2 3 >10 100 1000 ° >10 100 1000 ° >10 100
Yph (Cm_l) 40 Time (100 fs) Yon ! (fs) Yon'! (fs) Yor! (fs)
0 _ _
T (K) 300 . s T (a) vph =5cm ™t (b) Aph = 200 cm ™! (c) . T=77TK
* | | | | | L | | | | | | | | | | | |

LN L L L SN
A | | L LT L L e L L) P L LN

/——
—_'__-——l—--
-
——

.
’-’

¥ 21T > v

100 |-

Im ((1,2,|2(w)[1n2n)) (Cm_l)

/IR I L L B 0.6 .."..','|'|'|'|'_ —

0.4 < = : 1

(1020 SZE54 (@) [1420)) = 3 E N : )
AApnT’ -150 0.2} i N SEML i

2 4 5 0.2 0 2 4 6 8 10 —

= {1} AAend -200 I | | | l - | | | .

w 1 — L 11 L1 1 1 L1 1 L1 11 L1 1 1 L1 1 1 L1 1 1 L1 1 1
Tob A % 5 10 15 20 % 5 10 15 0 % 5 10 15 20

L (- 4Aph 1000  -500 0 500 1000 | . .
W+ 2ivon — 1 Time (100 fs) Time (100 fs) Time (100 fs)

7-site FMO model EET in FMO complex: BChl populations
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