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Motivation

Key Questions:

m Role of long lived excitonic coherences?

m Influence of high energy vibrational modes?
m vibrational coherences
- Richards et.al. PhysChemLett. 2012, Turner et.al. PCCP 2012
m in models of olfaction

- Turin Chem Senses. 1996 , Brookes et.al. PRL 2007 , Franco etal. PNAS 2011

m in enzyme catayzed reactions
- Hay et.al. Nature Chemistry 2012

Theoretical approach

Result: Optimal transport corresponds to non-classical
behaviour of vibrational modes
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Theoretical Framework A

System: Pigments/Electronic dof;
He = Z fmg:zr@a;ﬁ‘ Z an(U%UFNI%) = Z En |M) (M]
m m,n>m M
Bath: Protein & solvent vibrational dof;
Hp =" wiblbr
k
Interaction:

Hgp = ZVm ® By = ng,mav—v’—ﬂ';@ (%9 (bL + bk)
m,k m,k
Spectral density:
Im(w) = Zgimé(w —wg), Am = / de
k 0

w

Independent (uncorrelated) and identical baths at each site: J, (w) = J(w)
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Spectral Density &

Two components
m Continuous distribution of modes with wy, < kgT
m High energy quantised vibrations wy, > kT
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Spectral Density

Two components
m Continuous distribution of modes with w, < kgT
m High energy quantised vibrations wy, > kT
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Quantum treatment of localised modes .

System: Electronic dof and high energy resonant modes

HS = Hel + Hmodes + Hel—modes

2
Hinodes = Z uJ'rnodijan

m=1
2
Helfmodes = Z 907—7}—10;1 ® (B;[n + Bm)

m=1

Bath: Continuous distribution of modes with cutoff frequency €.

B Wyode > kT, €

m perturbative theories not appropiate in general
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Hierarchical equations of motion (HEOM) ..

The exact expression of Feynman-Vernon influence functional
for Gaussian bath leads to a hierarchy of coupled equations of
motion for the reduced density matrix of the system pgs(?):

atps(t) = —Z/h[HS //quq/ iS[g /hat}—(q (]) —zS[q’]/h‘
B J(w)=22c i
B Cn(t) = (Bm(t)Bm(0) g

Otpn (t)=—1/h[Hg,pn (t)]+
- Zan >k PmkVmkPn

—i Z7Nn |:va Dok pﬂ+}j T+

= Tk empe Vmkt

—i Z% Zk Nmk (cmk Vmpn— X 7C:nk P— kvm) .
-m -m

ﬂ:{{}7”'7{nm17'”7nmk}7”’}7 Tlernzzmknmk

E. J. O'Reilly, UCL Vibration-Activated Transport 714



Hierarchical equations of motion (HEOM) ..

P{2,0} P{1,1} P£{0,2} P2
N N S
p{LO} 10{0,1} pl
NS
P{0,0} Po = pPs

2 sites, K¢pyne =0

m Suitable for calculations at room temperature (T=300K)
m Exact if highest tier included N > —%«

min(”mk)

Tanimura et.al. JPhysSocJapan 1989, Ishizaki et.al. JCP 2009

ﬂ:{{}y"'a{nm17”‘7nmk}7”'}7 Tlernzzmknmk
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Key questions:

m Long lived electronic coherences

m Influence of high energy modes (wiode > kpT)
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Result: Vibration-activated transport #

Initial state:

e_ﬁHmodes

ps(0) = 1X)(X]® iy

(1)

Truncate modes to maximum Fock level M.
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Signatures of non-classicality

-Experiments: superpositions of vibrational states
-Quantify coherence in the Glauber sense
Mandel Q parameter:

2 2
(n”) — (n)
= -1
R
Poissonian 04
u Qcoherent =0 0.2F
Super-Poissonian 00
—1 _02k
n chermal = (eﬁmede - 1) v o
-04}
u Qdisplaced thermal ~> 0 -0.6F
Sub-Poissonian (Q > 0) 70‘%'0 0.2 0.4
u QFock =-1
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Signatures of non-classicality

System Dynamics Mandel @
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Result: Optimal Transport

Averages
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Conclusions .

m Noise: assists transport between energetically close states

m Quasi-resonant quantised vibrations: activate transfer
between energetically distant states

m Optimal transport occurs for optimal non-classicality of
mode (and non-zero electronic coherence)

m The combination of electronic and vibrational coherent
contributions to dynamics can enhance performance

m Experimental methods to probe coherent contributions to
dynamics
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