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The quantumtransportin far from equilibrium conditionsis determinednot only by the nanostructurepotential,but also
by dissipative processesdueto interactionwith phonons.Of interestis the reducedWigner function fw

�
r � p � t � , which is

obtainedby takingthetraceover thephononcoordinates.
Wepresentanequationfor thereducedWignerfunctionwhich is obtainedafterahierarchyof approximations.Theequation
treatsthe coherentpart of the transportimposedby the nanostructurepotentialat a rigorousquantumlevel. It is general
enoughto accountfor the quantumeffects in the interactionwith phonons. The relevant quantumeffects are collision
broadeningassociatedwith thelackof energy conservationin thescatteringprocess,collisionretardationdueto thememory
characterof theequationandtheintra-collisionalfield effect, theactionof thefield duringthecollisionprocess.

The approximationsfor this equationwill be presentedin a systematicway. They includea weakscatteringlimit in the
phononinteraction,assumptionof an equilibrium phononsystem,meanphononnumberapproximation,andan effective
field in thescattering-Wignerpotentialcorrelation.Thetherebyobtainedequationbecomesnonlocalin therealspaceandis
ageneralizationof theLevinsonequation[1].

An analysisof theequationrevealsanovel quantumeffectwhichis dueto thecorrelationbetweentheinteractionprocessand
thespacecomponentof theWignerpath.Theinteractionprocesshasa finite durationresponsiblefor thememorycharacter
of theinteraction.During a scatteringprocesswith a durationτ, thepathis shiftedin therealspaceby � q � 2

m τ whereq is the
phononmodeandm is theeffective massof theelectron.

The femtosecondrelaxationof optically excited electronsin presenceof a homogeneouselectricfield is studied. For this
casetheequationreducesto theLevinsonequation.Simulationresultsfor GaAs materialwith a POphononwith constant
energy � ω areobtainedby abackwardMonteCarlomethod.A choiceof avery low temperatureallowsto studythequantum
effects. Fig. 1 andFig. 2 demonstratetheintra-collisionalfield effect. Dependingon thefield directiononecanobserve an
effective changeof thephononenergy.

[1] J.Rammer, Reviews of ModernPhysics63, 781(1991).
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Figure 1: 200f s solutionsalongthe field directionfor different
field values. The field shifts the first replica to the right
leadingto aneffectivedecreaseof thephononenergy.
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Figure 2: 200f s solutions opposite to the field direction for
differentfield values.Thefield shifts thefirst replicato the
left leadingto aneffective increaseof thephononenergy.
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