A Space Dependent Wigner Equation Including Phonon I nteraction
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The guantumtransportin far from equilibrium conditionsis determinechot only by the nanostructureotential,but also
by dissipatve processeslueto interactionwith phonons. Of interestis the reducedwigner function fy(r,p,t), which is
obtainedby takingthetraceoverthe phononcoordinates.

We presentinequatiorfor thereduced/Vignerfunctionwhichis obtainedaftera hierarchyof approximationsTheequation
treatsthe coherentpart of the transportimposedby the nanostructurgotentialat a rigorousquantumlevel. It is general
enoughto accountfor the quantumeffects in the interactionwith phonons. The relevant quantumeffects are collision
broadeningssociateavith thelack of enegy conserationin the scatteringprocesscollision retardatiordueto thememory
characteof the equationandtheintra-collisionalfield effect, the actionof thefield duringthe collision process.

The approximationdor this equationwill be presentedn a systematiovay. They include a weak scatteringlimit in the
phononinteraction,assumptiorof an equilibrium phononsystem,meanphononnumberapproximation,and an effective
field in the scattering-Vigner potentialcorrelation.Thetherebyobtainedequatiorbecomesonlocalin therealspaceandis
ageneralizatiorof the Levinsonequation1].

An analysisof theequatiorrevealsanovel quantumeffectwhichis dueto thecorrelationbetweertheinteractionprocessand
the spacecomponenbf the Wignerpath. The interactionprocesshasa finite durationresponsibldor the memorycharacter
of theinteraction.During a scatteringprocesswith a durationt, the pathis shiftedin thereal spaceby hq—n<2r whereq is the
phononmodeandmis the effective massof theelectron.

The femtosecondelaxationof optically excited electronsin presencef a homogeneouslectricfield is studied. For this
casethe equationreducedo the Levinsonequation.Simulationresultsfor GaAs materialwith a PO phononwith constant
enepgy Aw areobtainedby abackwardMonte Carlomethod.A choiceof averylow temperaturallows to studythequantum
effects. Fig. 1 andFig. 2 demonstrate¢he intra-collisionalfield effect. Dependingon thefield directiononecanobsere an
effective changeof the phononenenpy.

[1] J.RammefReviews of ModernPhysics63, 781(1991).
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Figure 1: 200fs solutionsalongthe field directionfor different  Figure 2: 200fs solutions oppositeto the field direction for
field values. The field shifts the first replicato the right differentfield values.Thefield shiftsthefirst replicato the
leadingto aneffective decreasef the phononeneny. left leadingto aneffective increaseof the phononenengy.
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