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Nonequilibrium Terahertz conductivity in systems with Localized Erectronic States
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A broad range of disordered materials contain electronic states that are spatially well localized' These

include amorphous inorganic semiconductors, inorguni. ".frtuls 
doped with randomly positioned impurities

and organic semiconduciors based on conjugated polymers or small molecules. usual approaches to simulation

of ac conductivity rely on Kubo,s formula which expresses the ac conductivity in terms of the mean square

dispiacemenr of a diffusing carier. s.r.t-upproaches irr.r"ror. *:":,",*-1 
::rlers 

are in equilibrium and that

they are only slightly perturbed by e"temal altemating electric fierd. However, in many realistic situations' the

carriers are not in equilibrium: a typrcal example concerns the carriers created by external optical excitation

across 
lff 

t*:*--llxt 
1i,'"ii,?:l;:J:1t"" for the oprical conductivitv in a material with localized electronic

states and weak electron-phonon or.r..tro*i*purity interaciion trr. ih".^pr",sion is valid for any nonequili-

birum srare of the electronic subsyste* ;rtrr;;'ih. .ili:rr,,1i.i..oi. n"ro. particularly, in the case of incoherent

nonequilibriu* ,tui. J lh. ei"ctionic subsystem, rhe opti.ui.onauctivity.is entirely expressed in terms of the

positions of electronic srates, tt ei'. nonffinF;;qt"i;rt"*, ;J r.*irlq gotden ruleiransition probabilities

between the states. The same *utt.*utr.ut for* oi ttr" .^pi.rti"" is valid u"otti ln the case of electron-phonon

and electron_impurity inreraction. M;;;;;;;,;"; resurr f;t;;;;"equilibrium optical conductivitv has the

,u-"ro,*asthe"il'1.','ii:'i"f:**:::,tilliT1fn:f :f:*.,1?;':t;*;ffiU:ru:f*'i:'Ui'll
expanding the general expresslon lor a

inreracrion paramerer. our results "r"';;;;;;;.;6" 
uurii'"i trin.i-"tly high frequencies' such that the'pe-

riod of the electric field is much ,*unl"r"tt un the carrier;"1";;li;" time' we apply the derived expressrons

ro two moder systems, a simpre on"-oii"nsionar cu,rsrian-Ji;;;;.r model ano ttri model of a realistic three-

dimensional organic polymer -ut.riuf oltained using p*"iJ.,Jv-o"u"top"o *ultiscale methodology [2]' we

note that the simple one-dimensional *"0.i l.ptur"r"rri.".r""nri'ut i.ut rr"r of the mobility specffum of a more

realisric sysrem. Furrhermore, our ,t*..i.rr""r""r^*3::t-o;;r"ri"lvi.ro'h*u*" order of magnitude of

irr.-i.i"rr"it, *otitiiy as previously reported in experiments.
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