
3E12 Exiton dynamis in a quantum mehanial bath(Kyoto University) ©Arend G. Dijkstra, Yoshitaka Tanimuradijkstra�kuhem.kyoto-u.a.jp, tanimura�kuhem.kyoto-u.a.jpNew theory is needed to explain reent ultrafast experiments on the exiton dynamis inomplex environments, suh as biologial systems or onjugated polymers. In partiular,the ommonly used approximation (in for example Red�eld theory and quantum masterequations) of a fast bath is invalid. Our alulations show how a more omplete treatmentof the bath in�uenes exiton dynamis and nonlinear optial observables.Introdution Absorption of light in omplex materials suh as biologial light-harvestingsystems, DNA, moleular aggregates and onjugated polymers reates exitons. Thetransport of energy is determined by the nature of these exitons, whih depends on thestruture of the light-absorbing moleules (also alled hromophores), as well as on theirinteration with the surrounding environment. Two limits of exiton transport an our.In the strongly quantum mehanial ase, where the e�et of the environment is relativelyweak, the exiton moves oherently through the network of hromophore moleules. Ina linear system, the oherent mehanism leads to ballisti, wave-like transport. In anygeometry, this form of transport is typially faster than the inoherent, di�usive hopping.The latter results when the e�et of the environment is strong, destroying the quantummehanial ommuniation between hromophores. The exiton transport an be studiedon a femtoseond time sale using nonlinear optis with short laser pulses. To orrelymodel these experiments, it is ruial to properly inlude the time sale of the dynamisin the omplex environment.Model A typial exiton system an be desribed by a Hamiltonian that inludes aolletion of hromophores, their oupling to eahother, and the e�et of the environmenton the transition frequeny of eah hromophore. It an be written as
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FIG. 1. Time evolution of the entanglement of two qubits aftera pulse has been applied to the equilibrium state. The solid lineshows the result of the full alulation, while the system-bathoherene at t = 0 was negleted in the results presented asa dashed line. The dash-dotted line shows the Red�eld result(from Ref. 3).

with indies n and n′, whih run from1 to the number of hromophores N .Creation and annihilation operatorsfor these modes are denoted c† and
c, respetively. The environment ismodeled as a set of in�nitely manyharmoni osillators, labeled by anindex j, with oordinates xj, mo-menta pj , masses mj and frequenies
ωj. Beause the oupling is linear inthe harmoni oordinates, all infor-mation about the e�et of the bathon the exiton system is ontained inthe spetral densities
Jnn′(ω) =

∑

j

gn,jgn′,j

2mjωj

δ(ω−ωj). (2)A useful model for the spetral den-sities is given by the overdampedBrownian osillator,
Jnn′(ω) = 2λnn′γnn′

ωγnn′

γ2

nn′ + ω2
. (3)



This model inludes the time sale of the environment through the parameters γnn′, andmodels environment-indued �utuations as well as dissipation.Results In the often employed Markovian approximation, one assumes that the timesale of the environmental dynamis, 1/γ, is muh faster than the dynamis in thesystem. This approximation leads to various quantum master equations, inluding theRed�eld formalism.The approximation learly breaks
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FIG. 2. Two-time anisotropy deay in a B-DNA helix for (a) asingle base pair and 12 bases with (b) unorrelated �utuationsin eah base, (,d) orrelated �utuations (from Ref. 4).

down for systems where the environ-ment evolves on a time sale similarto the system. In the extreme ase,where the time sale of the environ-ment is muh slower than any sys-tem dynamis, the bath is essentiallyfrozen. This leads to a nonergodisituation, in whih eah system inthe ensemble interats with a di�er-ent, stati environment. Dissipationis absent in this limit. Here, we usethe hierarhy of equations of motionapproah to study the situation inwhih the system and environmenttime sales are similar. This is typ-ially the ase in exiton transportin biologial systems, as well as forqubits in a omplex environment. Inthis ase, the orret exiton dynam-is is signi�antly di�erent from theMarkovian predition. Furthermore,depending on the exitation meh-anism, initial orrelations betweensystem and environment an be im-portant. Unlike in the Markovian ase, where these orrelations deay diretly, theyin�uene the exiton dynamis after exitation. To show the e�et of initial orrelations,we plot the entanglement of two qubits after exitation in Figure 1. It is lear that thereis a signi�ant di�erene between the preditions of the Red�eld theory and the exatresults, originating in the time sale of the environment. As a seond example, we showa nonlinear optial observable - the two-time anisotropy deay - in Figure 2. Comparingsuh alulations with experiment an shine light on the exiton dynamis.Conlusion In onlusion, we have studied exitons in a omplex environment, in thease where the exiton dynamis ours on a similar time sale as the motion of theenvironment. In this ase, approximations suh as the Markovian limit, or a stati en-vironment, break down. In future work, it will be of interest to extend the alulationsto other observables, suh as the various two-dimensional spetra, as well as to otherphysial systems.Referenes
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