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Abgtract.  The iopurity induced bapd srising I the gap of whe polsrlton specmom is
gtudisd analvtically Bor a Lo olwio of dipoles. The Lyzpooor sxpowsut and the denwity
of gtates of the rrcitabions of e iopurlly band are coloulabed wilhin fhe framrourk ul
fbe appemamate microcansoical wedbod. Anelytical omults are o excellent sgreomEoL wikh
norevTical semilakioog.
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Tha problem of Bghe Jocalizacion attrscted a gl Aeal of attention durivg L
last tar decades Wew appoetunities o this sves opemed wp with developmenl ol
the stoocbures wilh periodically modulaved dickechric propertis, s callad plabonic:
erystals [1, 3], Tolroducing ieclated defects in such a structure, one can ereab: Inesl
pbitun oueles similar so well kmown defort phooon medes in ragilee crystals |, 4] ar
elecboon ity gtates in psmiconduetors [5]. The inerbgning poeeibilickss of plndoinde
crymtals initdated interest in opcical effects in obbur types of photenic band-gnps. Furh
wiys exian, for exampds, between differemt prlacibem branches. It wao showe in Reda.
[G. %] whusl 2 regular isotopic deferc without any intrlodie optical echivity can giw
rise o Togad wlales lmids the polariton band-gep. Tlese states are coupled stabes
of the alectromagnetic weve with elemeotacy excilations of & orystal (c.g-, phodans
or excibong), with eth components, meluding ilw elixtromegnetic eomponel, being
Tocallzesd In tbe wicinity of ¢he dofect,

When the concentracnn of defects increascs, the apurity band ia fmed Desicde
the gup of the pdarlion specttim. This situstion was istlgated momerically in ek
[ Tn shis praper we present results of en analytirml slwdy of the properties of Vs
byl .

We consider B cne dimemsional chain of stoms with dipole momwats Fg, whers
T i & podition of an mtom in the dhain. Tae dynamice of the dipol: shain interact-
ing with n aceler “clectromugctic Aeld™ Efz) ie described sithin whe cghe-binding
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where ® in the parameter of the interaction between the dipolss, @ B & coupling
pimiineter, 11 represente & gite energy, o i9 the epred of thir slevicnmagnetic wwws
it v, and 4 8 the lattice consment. We peswmc that the chain is enimposed of
abiwii o[ twer different cypes which differ in chetr site encrgy 03 = 0E + AlF e, where
AR = {8 — {8 1 and 0¥ are eite enerpies of che host atoss and the luparities,
rxpesdively, sod on 16 & random variable which takes walues 0 and 1 with prababilities
1 —p ned g, respeecllvety, Eq. (1) can be interpreted m toreos of heath eccedeon-like and
Tabwelrin- ke eaitaticma.

Cobmdering the prapsgation of the alastromognetic weve s 2 reqiwence of ecactering
evenla weprraled by [ee prapegation, one can preseot Eq, (2] o a disctele loem. Theo
the ayslemn of dynamic eguations [1) and (2] con be ansforned nla & wransfer- matrix
T tigyy = Totn, WheTa vectors ty, represcnns the state of the syl In general,
the matrix %, which desctibes tho fickd propasgalion belwess adfpcent sttes, ma dx 4
matTix {§, 9]. However, oumericsl simulations carried cub in Redre [3, 9] sbowed that
the noat of festures of the Impority induced polaritom Band ave well repraduced sven
in the abeence of the dispersion (B - ) when the Lransker matrix redoced to the
fllcming Foem:

N ( coe ka Ein )

o= _gngo+ fufkn)occke ocake + B0k ein ko 15

whare the parameter 3, = 89, (LY — 15}, with 44 = draga, vepressnes the viboational
palerizability of the n-th dipule,

The mnin 1_1|:,:|jn|_'l' rel Ind reraeed e e ie=: F ane-dioenmional discrderad Sratems ik thr
Lyuwpunoy cxponent (LED,

x| |
A= bm Zinles - =
L—ea & livall
where L i3 the total length of the chein coneisting of &V atome. TE & a selfeaveraging
guantity characterizing the spatish ootent of the sovelope of systemn vipravstales TL alao
desacribec. the toypical value of the tranemissicn coefficiont, Toyp & exp{—AL].

Comidaration of koesl palsriton atates shows that the Teealiatum lengtl, 1y, of an
individus] local stat: can be 30 large thot oveo in the coese of 2 e lwer sraall concentra-
tion of impurities (ply'fa 2 1. In this limit of the welldevelopesd pnlaclion Impurity
band the microcanonical neeched [10] can be sucecastully weed Boc radeolation of LE
P4}, ‘This metbod enables 1= to mloulade the density of states (TH3T a8 well.

Ewven though LE, defood by Eq. [4), haz o ponecondom valoe, L s roovenient to
performy averaging oFe1 the randome configurations of the impurities for o finlie ayatem
and after that to conmsider the thermodynomic lirmit. Wlen aweraging w e oomed
m the mirroceoonimml ensemble, the total mucnbser of rnpocilies s fousd 2l the only
grurea of Buctustions ig locel srraecencots of the atoros. A1 e sone, tlove the result
of the averaging in the limit £ — 2¢ shoold oot depeod upon che gype of ensemble
msex] by wirtue of the self-averaging wature of LE, The oy idea of the micencaoonknal
method is baeed upen the ssanmpticn that Ructuatinus in the mlcencabenizal ensemhbla
are significanch redured and. one can cbtaim mliabie msnles wheh the miceicanomiral
engemble average of (! 1) i replesed by Ind...). Such oosalmhitolbon phved an et
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il in khe chse of commutating wezdcss, and kads wo escellent agrement, berarean
analyvtica] calrulations and simulebione in the case of 2 # 2 malrlces aich & Aingle bandd
apectoum [LO]. .
When applving the microcenonical metlod, e lobroduces the masrc fHr)

fy+fy, with 7 and 7 represending bl s dedect watrices, respectivaly, Aversgiog
over the microcenonical enremble # rodwmw] ki & contnaee inkegraticn with respack to
the varisble z. o the imit of lazge & the integrallon s performed by means of the
aaddle pomt methed |[10- As a relt, we acrlve an the following expreesion for the
compdex valued LE, A

I:é[]:w[:nj}—{i—p]llmu+xlh1p+I:l—.f-']lll['l Pl (%)

xhero e {z} B te largest sigearmlie of the malsdi: Dz} and 24 is the saddle point of
the contour integral, The real part of A cepresents LE, A= RE[JL]LWNIE Icr imaginary
parl glwed the Integral DOS in the impurs ayecem, Niwe) - - Im{d]/.

Exq. {5} cam be used to deecriba the modification of the: original platiton spectrom
due to deferts xa well a3 the now impurity indueed polaciton bami, shicl arises within
the origlual gap. The lower houndsty of the pap, De, © not affectod Ly Use opa-
rities, whike the npper boundsry chifta toward bigher fequencics with an locrsane of
concentracion, and when ¥ = 1 it coinecides with the apper bad Toandary of the naw
eryatal, 51§ = /56 +F. The impirity band grows asymmetrically with an incrense
of concentration: whila its lower boundery moves towards §ip, the upmet edge remaing
fixad at £}, Such & behavior of the impurity band agrees well will U acserical
rezulta of Ref. [R]. For smell concentostions che widéh of bhe npurids sodusecd Trand
is & linear funetion of p whan £} s oot very ebese o blwe spper Bogodary ol e Luitial
polariton gap 1.

A%, = pa (0F — LE)/[0F + o° — L), (5]

Whan {3, becomea choser o f3p, & erosemver to A2 = @Y (i p lohavine be
cormes poadibia,

Ervaluntion of 1S and LT can be done in the forme of an expansion i serleq of the
perameater that mesmras discoder in che distribution of impurities: ¢ = Ty flo, where
I & & mean dittance between impurities. Within alloaws] beneds, DO agapeacs Lo
ba of the zermh crdar in £, whiie LIG startz from the A onler. For e Gehlkdden
bends, the stoation is reversed: LE contains & tarrn of the seroth order e, wlile
N(wh =0, This fact allows one to intarperet the seo order of tbe waed approadmation
a5 & deacription of an effective medium, while the oexl wers mpresents enerectiona
due to fluctustion in the posttione of the mpuritites.

The localizatiom Tongth, ior], grows sipnificuntly nside ke itnpurity indaced band
with the masdmum in the cenber, wd = 07 — 1AZ  Fpousion af I[w)] in the virinity

-

of the maxdimum leads to g pambolic frequency depeaudeoce
2o = A{w] ™" = 2y {nly) [I—Mr’fw}{’u*—wi}“fd‘p’]. {7}

wivers ioe] is Uni bomggweae: dielectels [oowetion of the pure chain. While the kocalization
beaglb @roew Dioearly witk e coocenlaation, s mecitmmm #attens a8 In proportion
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Theix B bertn i By [3) represenls Uie Lolad gumder of stabes i Ve Lower badl o
che impurrdty bamil, which dhies nest depend wpsan the comweenteatlon of ipeicles, The
crsefllcient of the serond teem glves the difarential D05 s the eenter aod can Te
TRWTIED A8 plu,) = 2imipdye,. Thiz TG |k siimply the average detrlty of atanes
uniformly discribiied thraogh the entire fand mer che distanes ol ipf2 5 epos) can
aben e viewes] a8 & groap velnatby, 1, F faeitanking in the arober of the Inapaeity head
in the case of & uniformy dstribotion of impuarities:

¥ = prb [ M e i)

which demonstrates that poladiton cxcitaticons of the impority band beve much slower
velocities even when compared to the velocitics at both regular polariton esaches,

Tl expansicn developed obove s not walid for frequencies cdlose to the band bowmd-
aries, This mfiects the well knowa fct that pertarbetion expangions in disordersd
sysbeins wsually fail in the vicinity of boundarias of the orginal apectium [11]. Eegu-
larisiog the expansion noac theso boundaries, ooe can obtain non-anelytic comections
b Elcic positions (o (e )= and o (b o} for the lower imparite band edpe
wy and the bottom of the opper polesiton branch, respectively}. The diferantial
drmsitics of stetes nesr the Jower and opper boundaries of the mpority band hsve
forme

- AR w gl
Ir|'_|,.- = — | = - .
Ml = 1a (Ju) ) g kg AN w0 (T2¥ — e (1)

22 diverges much more strongly near the upner hinodary, which is gpical for mes-
vmenes frequencies.
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