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I . INTRODUCTION 

The knowlcd~e of t he d i electri c function (nr) . Cq , (II ) 15 tI 
rtecessary ingredi e n t fo r the quan titative exp lana t i on ni such 
experimen t s as electron- loss spec tr0s c opy '1 2' , opt i Cnl LInd pll(l 
toinduced absorption '3.4 '. and i nfrared t [ansmi 5sion spectrosco
py '5~In part i cula r, the stat i c value o f the d ie l ectri c t cns.' r 

requ i red i n t he sol i t on o r pola r o n picture 6.; t o d.:scrihe 
interactiC'l1l of these e x ci.tations with charl!,t!d i mpu ri 

(dopping centres ). 

tn cont rast t o a lot of works c oncerni ng che, lon~-wavetength 
1 imi t o f the OF , especia l 1 y its i mag i nary paTt ,(i-13 • to our 
know! e dgp t here a r e only three works concL,rning S')m(' aspCC t: s o f 
i ts q - dependence in t he f r amewo r k of t he r:hrenr cich-Col1en-for 
mu la . N~g'lecdng t he q-de pcndenct' of t he cha r ge de nsi tv matrix 
elemen t s, the qu,llitat i vc b.,ha v i our of [rn,(q , (.J) , i. e .• of the 
joint density of states for a l i g h t-binding (TB) - model. was 
discu s sed by' ni t sko .'1/ In / 11\ ' t he OF was inve~tigated nume r i cal 
I v usi n f a LCAO- h?nu structur~ c a l culat i on for non interactin 
c ha i ns. The claimpd ~xce l len t q uant i t at i ve agreemen t of these 
nume r i c a l calculat i ons wi th t he expe rimental data 
opi n ion snme....hiJ t do u b tful ( for d e tai ls , see ' 1!,.' ) . 

in 10' ap;.trt f r om t he t r an,,' DF 'rO, 1 the stntic valueve r se ',J 

f i~ s s~sce r tihi l ity \j<l , 01 was c alculated i n thf: dip.)le ap

prOXlmatlon . 


A c onv e n ient way to ca lcula t e t he DF has been Riven by Le 

nd Ki ve l son !!: . which is base d on t he \Jannier - f unction repre


st>n t at1.)n o f lhe DF propo s ed by Hanke and Sham ' 16 . By t he u s e 

f a 3D- 'I:l l' ''·OolCh bas e d (111 t he Su-Schri cffer- Ilee ge r (S511) mo

del'l! ' t h ese autho r s d t-r i ved e xplic i t r e sults fo r IfIl, IO , .. Jand 
t he s t at ic v a l u e o f t he r e a l part fo r t be long- wav e l engths li 
mit on l y . In this work u s i n~ t h i s approach we inve s ti ga t e the 
Wolve vector depend ellc e of the f u ll c omp 1 t!X m:. 

Our pape r i s org~nized as fo llows . Co rrect i ng some mispri nt. 
and ch:tn~·.i n ,: Som" (1otati o n fo r t h e be>tter underst:alldi:!~ w 
bri e fl y ske t ch in sec tions 2 a nd 3 the u sed model and t he ge ne
ra l f o r ma l ism fo r t he cal cul a t ion oC t he DF . I n se("t i o n 4 th€' 
ana l yti c al a nd numeri c al r e s u l t s o f a RPA- t r eatment ne~le (" t ing 

Dea l f ie l d nnd exchan~e effects a s we l l a s t h e 0ver l ap b~tween 
neighbouring sites in t he d et e rm i na tion of th ., ma trix (,}e~nts 
of t he induced ch a r ge d t>nsity a r e pre s ented . I n the a p pendix 
Some limi t i n g expre s s ion s fo r Re , ( O. ~))ar(' deriVed . 

L. THE MODEL 

The actual crystal structure of trans -(CH)x according to 
the data of / l7 1 is shown in fi g .la. To simplify the calculati 
ons we use as a model structure a quadratic lattice of equiva
lent chains (see fig.lb), where the area per chain is taken a s 
the ac tual one. Using the data of Fincher et a1. / 171 one obtains 
the lattice constants 2a = 2.46 K, b = 3.94 A and the v olume 
of the unit cell no' i.e., the volume per C 2H 2 u n i t, no = 2 ab 2~ 

3= 38. 27 X~ Comparing the resulting bulk density ( ~ 1.138 gcm- ) 
.... ith the density of real inhomogeneous films ( '" 0.4 gcm- 3 1 14/ ) 

a filling factor of one third can be estimated. 
The model Hamiltonian propo s ed iri / 8/ reads 

H= l Hp + H (2. I)r 1. 

where Hp is the single-chain SSH-Hamiltonian ''6/ of the I-th 
chain: 

n + 
Hy = -tol [1 + (-1) y] ( c c + h.c.), ( 2. 2 ) p ps.n ,n.s ,n+l .s 

which describes in a TB-picture the behaviour of the rr-electrons 
of the system under consideration (where one ,,-orbital per C
site. numbered by n, is provided and s is the spin index). The 
overall .... idth of the whole 1T -band, 4to (usually to be taken 
4t o '" 10712 eV) is chosen as the scalinp, energy of the con s i 
dered problem. The Peierls gap between the filled valence band 
(1T-band) and the empty conduction hand (1T"-band) becomes i.n 
units of 4to a small parameter: y = Eg/4tO ~ 0.14 7 0.17 ' « 1. 
To get some insight into the influence of an interchain coup
ling on the DF, a next neip,hbour hoppin g between chain s has 
been added to (2.2) 

~ + 
H1. = -!t 1 (c p c p' + h. c . ), (2.3) 
, PP' . s,n ' n , S , n , S 

C 20 
~ 

C' """C,,C.
C C ' 

Fig . 1. Schema t ic struct ure of 
t ranspol yacetylene (a ) and si mpl:J 

<. 

l i f ied one (b ) us ed in the cal 
- C'bz culation ( b 1=7. 32 .:t b 2 = 

lal ( b ) ;?/ 17 /
=4 .25 fJ. , = 3.94 A) .berr 
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Assuming the interchain hopping t.1. « tol18/, the Bloch-wave 
function in the zeroth. order in tJ. is given by 

(n) .. 1 i kll 1 n..... -+ 

..... 	 (r) = -= f e l: U v(k)CI'....(r - R - lIa). (2.4) 
k yN R 11=0

E 

wbere n = 0,1 stands for tbe conduction and valence bands. 
respectively, and . 4111 (r ~l - 118) is the associated Wanllier
function. The position of the unit cell is denot-ed by R. it 
is the displacement vector between .different sites of -the same 
cell. and Ngmeans -the number of unit aells. The coefficients 
U~(k) depend besides a phase factor only on the '-component 
in chain direction k · according t-othe relations-! 

...... 
o 1 {II . iv lr. a

U =- (-1) a(k )-l~(kfl)]e
v 2 /I 

U 1 	

~ 

iVk; 
}v.a.•. (2.5) 

= .!.. {a (k ) _ i(-l)lI.s Ck )] e
 
v 2 II H 


where 	 1/2 1 
a(k ll ) = Hs,, -(kn)+ cosk na]/s II c(kN) I J 

(2.6) 
.B(k II) = sgn (Sinko a )I[s II (k,,)- cos k na] Is" (kll) 11 / 2 

2 . 2 112 2 2 
s U(~I)= [1 - k sm k na] ,k = 1 - y • 	 (2.7) 

and a is the projection of i on the chain axis. Note, that the 
notation on (2.5-6) and (3.5) has been changed and differs from 
the analogous expressions in 181 by the phase factor and ·the pro
per prefactor (NE)-1/2 instead of (2N ~ -112 corresponding to 
the HanKe-Sham calculation scheme 116/. The eigenvalues of the 
Hamiltonian (2.1) in the first order of tJ. are given by 

... v -+ 
E(k)=(-l) 2t s,,(k n )+2tJ.(kJ.); v =0,1.

v 0... ... 
... ikJ. R , (2.8) 

s (k ) = (112) l e f. 
J. J. f' 

where the sum has to be taken over nearest neighbour chains. 

3. THE MACROSCOPIC LONGITUDINAL DIELECTRIC FUNCTION (MLDF) 

Usually, the HLDF (q, w) is expressed by the density corre
lation function X(q, w) 

-+ 1.... 1 .... -+
dQ,w),,[ ( - (Q,Q ; w)]- ([l-v (Q) X(Q, w )], (3. I) 

tnlCr 	 00 

4 

d · 1 16. 18: ~ . .' f h II .,! here accor 1ng to X is wr1tten 1n terms 0 t e ~ann1er-

function ~ v (mentioned in sect.2), the torm f actors of the char
ge density As and the screen ing matrix 8

55 

...... -+ -+ .... -1 -+ -+ 
X (Q , w ) = l , As (Q ) 8 s s' (Q. (u )A~" , (Q ) , 	 (3.2) 

55 

-+ 3 ~ ...... -iqr -+-+ 
A (Q) = f d r ~ ( r - va) e <1l ' (r - R - ~. ' a ), (3.3)s v v 

~ - 1 '" ~ (0 ) -, ~ ~ 1 ~ ~ -) - 1 

8 . (q, (u ) = N .. (Q. w)ll- [V - -V ]N(Q, (u)1 .. (3.4)

5 5 S S 	 2 ex S s 

where s denotes the compos i te matrix index s = (R , I ' , v' ). At low 
temperatures kBT « E g the polarization bubble N ~~~ (q, w) is 

N (0 ) (q, w ) = ~ " Un*(k)U n: (k + q ) e i (k\ qHR1-R 2 ) x 
8

1
· s . N n1n ' J) II 

2 Ell 
(3. S ) 

... -+ -+ 
n '" n · ... ... f(n',k + Q)-f(n,k) 


x U (k ) U • (k -i- q) . [ ----------------------- -- ] . 

f) v 	 -+ -+ -+ ~ 

2 2 En . (k+Q)-En(k)-h w -io 

The Fourier-component of the bare Coulomb potential in (3.1) at 
long-wavelengths compared with the strand radius is certainly 
(see the discussions in / 20.21/) V(Q)=4 1Te 2/ (Oo ("" Q2), where (00 

describes an isotropic background dielectric contribution re
sulting from electronic tran sitions wRat sufficiently hi p,h 
frequencies -/n WR ::: 4t 0 much hi gher than the frequency region 
of our interest (e.g., interband plasmons, see below). As a ty
pical value for an organic solid we t ake f ~ 2 .;. 3. Like in 18 / 

in the first step the overlap between neighbouring sites in c a l 
culating As (3.3) as ~well as the Coulomb matrix Vss' and the 
exchange correction Vex,ss' in (3.4) are ne g lected (their in
fluence will be considered in a subsequent paper). Then, we get 

- iqa v
A ....=e 0-' 0 	 (3.6)

R • v ,v R • 0 II V 

and X(q, w) becomes 

... 1 1 1 ... ...X (q., w) = ---- l (- - -- ) W (q, k ), (3.7) 
RPA 2 N 0 t ~ D D 0 

E 0 0 k 1 0 

where the dimensionless notation 

- -+-+ -.. - ) - -- - ) -+ 

D = E ( k + Q) -E (k)-2 c,), Do = E (k + Q)- E ( k )-2 w 

1 1 o	 01 · 

(3.8) 
Ev(k) = (-1) s / k li >+ (t.1 / to)s.1 (k.l.)' II = 0.1. ;,~ = t w i 4t 0 
........... V 	 - t 


~as been introduced. In the zeroth order in ~ the matrix ele
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-+ -+ 

ment W (q, k) in (3.7) becomes a function of k and q , onlyo II II 

cos k a cos (kll + q II )a + y 21 sin k a· sm (k + q 'l )a 1
II II II I

W 0 (q II ' k II ) = 1 - ------ ----- (3.9) 
S II (k II + q II ) S II (k II ) 

In the long-wavelength limit we obtain 

2 2 ' 4
Wo(qll,k!l)= 0.5(q na)y I SII(kIl) for q'ua « 1, (3.10) 

which differs from the corresponding expression in l SI (formula 
(18» by the exponent of Sll equal to 4 instead of 1. The t.L
dependence of f~.W) via Wo is expected to be weak and will 
be neglected, whereas for a qualitative discussion its influen
ce on lmf~, w) via the denominator Do (eq.(3.8» will be taken 
into account. 

Otherwi.se the influence of the i.nterchain coupling t beco
mes negligible and the MLDF reads .L 

.... 17 / 2 2 
dq, (u)=(,.,-C J d(~l a)(11D1-1IDo)Wo(qll,kll)/(qa), (3.11 ) 

-rr 12 

where 

2 , . 3 1i 2 2C = (2 e I to a ) . (a I n 0) '-' ( (,J Pf) (",/(4 to ) , 
(3.12)

"Jp~) = 8e2:nvF/(f ""Ti), = 2t aAi,V F o

and wpf means the plasma frequency of the corresponding quasi
ID-metal with the area density of chains :n 121/. From the data 
referred to in sect.2 we obtain for polyacetylene C ~ 0.45. 
Note that (3. II) is essentially the Ehrenreich-Cohen formula 
in the extreme TB-limit for noninteracting chains. 

4. EXPLICIT RESULTS AND DISCUSSION 

4. I. The long wavelenr;th limit. For q, a « 1 the integrals 
1n (3. II) can be calculated analytically ,l(compare fig.2): 

RedO. w) = f"" + Cy 2cos28 [ n(k/(l - ~ 2),k)_ E(k) 1 
(4. I ) 

-2 -2 2' 
w 1 - w Y 

-2 2 -1,'2 -2-112 .!!..... Cy2 cos2 8 w- 3 
(w -y) (l-w) fory~(LI~l 


lmdO, w) = 
 (4.2)
{ : otherwi se , 

6 

, ,, Fig. 2 . OF{(a. w ) versus treque,\ 

\ ' 0Im E ,, cy ( w = w /4t o> f ",- = .3, Y =EI5'4to= 
6 

\ = O. 1 5, cos e = 1> C = 0 , 9 ) . 
I," , , 
, 

1, ----}y-- 2 11 2 
"'----- - - whe re k = (1 - Y ) and e is 

01 o'~ 7;; 08 ; _ u t he angl e be tween q and t he chain 
Ref 200bJ' w - d irect i on . nand E denote t he

- 2 100:\ c omp l e t e e ll i ptic i ntegra ls of the 
- 4 !\tE th i rd and s e cond kind (for t he 

0 , - - ---~ de fini t i on of n see .'191 ) • 
- 6 

-loaf : ReE Eqs . (4 .1-2) fulfil the conditi,on 
• 0.2 OJ. £(w ) =- ,"(- w ) i n cont r ast to SI ,o 

U>_ where t he fa c to r (:,1 -3 i n 1m. (0, ,/I ) 

wa s 10st .This factor and t he s qu
a re- r oo t s i ngu lar i t~ a t the gap f r equency have been obta ined by 
sever a l author s / G•7 , - 131 a lthough the numer i ca l pre fac tor s 
di ffe r for ea ch treatmen t . In t hese work s the dipol e appr o
x ima t ion and (or) a simp l i fied linea r ized e l ectronic disper
s i on law for the undimer i zed case we r e used . The l a t t er i s va 
l id only for f r equencies l owe r or nea r t he gap , i.e., u-;': Y .'<, 1 . 
The absenc e of the s ingularity at the uppe r edge of the inter 
band trans itions (IBT), i.e . , a t ~ = I , is possibly connec t ed 
with t he diffe renc e of the longitudinal and tran sve r s e di e l ec t 
ric f unct i ons fo r c r ys t a ls of noncubic symme t r y ' 16.24 / and t h e 
mentioned above lineari za tion of the e l ect r onic structure . 

Exp licit exp r ess ion s for Re dO. £OJ) [or the quas i-J D- TB- s elll i 
conduc tor with commensurability 2 a r e g i ve n, to our know l edge, 
onl y in the wo rk of Schulz / IO/ in th e dipol e approxima tion. Ac 
cord ing t o th e above g i ven stat ement we ~et s imilar be haviour 
at l ow f r e quencies ~ ~ y and diffe r en t one at high f r eq uenc i es 
W:.: 1, Accord i ng to th e singular i t i es of Im ((O . (,) conn ected wi t h 
t he ID-bandst r ucture , Re dO . "') possesse s s quare r oo t s ingula 
r i t ies a t t he outsides of both I BT edge s , i .e. , a t ,:J - y - 0 
and w .. 1 ~ 0 : 

C 2 -3 /2

RedO. c., .y - o)=( + cos 8 , 17(2 y ) Ek 
 rT...----- -tK - -- 1 . .. .., 

k (" _ ) Ill! 2 
u - ( ,J Y 

(4 . 3) 

- 9 17 2 - 2 - 1/2 - -" RedO."j~ l ,. 0) - ( - C cos~0 1 -- y ("j -1 ) - (d " ) - - "'" 

"" 4k 

whe r e K ~ K(k ) de not es the compl et e el lipt ic in t egra l of the 

f i rst kind (hereafL er the k- depend ence o [ the e l l ipt ic i n t eg

ra l s wi l l be omi t ted), whe reas a t t he insides of t he l TB edges 

Re«(O. w ) remai ns fi ni t e: 
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. 2 2 2
Re dO, (,) -, Y to) , f 00+ C cos 8 (- 2E / y .,. K of- E) l k , (.:'.4 ) 

f - 2 C cos 28 / y 2 for y « 1 , (4.5) 

- :2:2 2
Re ( (0, w ., 1 - 0) = ("" - C cos 8 (E + y (F - K)/ k ), (4.6) 

2'" ( - Ccos 8 for y « 1. (4.7)
00 

At very high fr e quencies w'>'> 1 or for y ~ 0 \"e get quasimetal
lic behaiTiour 

Re f (O, W '>> 1) = ( (1 - E w 2 cos:2 8 / W :2 ) , 
"". \J J1 (4.8) 

222 
", f (1 .. Wpt0 cos 8 1 (v ) .for y « 1, (4.9)0(.' 

in agreement with the well-known result for the quasi-ID
-metal / 20 ,22! Finally, at 1m. frequencies w« y we have 

Re f (0, tiJ « y ) = f ( 2Ccos 28 / :3 HE /y:2 - E - K/ 2), (/,.10) 

~ f + (2 C / 3 y 2) cos 28 for y « 1. (4. II) 

The static value ( I for polyacetylene become s ,f i CO, 0,8=0) ;= f ,' 

-=> f "" + 13.3 o~ 15 7 16 almost in agreement with ' 8 . This value 
seems to he somewhat enhanced in comparison with the usual 

. d f . 1 1 3 / ac c epted va 1ue derlve rom optlca measurements However 
since the optical wavelengths are large compared to characte
ristic lenf,ths of inhomoeeneties of real (CH)x-films, the opti
cal data actually deal with a quite smaller effective dielect
ric constant resulting from the average over the volume and 
fibres orientation. 

Let us now consider the zeroes of Re (0, w) = 0 which are clo
sely related to the plasmon energy given by the peak of the loss 
function P(w )= · · Im1 / d tiJ). Requiring different signs of (4.5) 
and (4.7) a simple condition for the occurrence of an interband 
plasmon ca n b e obtained 

1 < f / (C cos 28 ) <: 2/ y 2 (4. 12 ) "" 

\vhich i s fulfj lled for C '" 0.45 for a wide range of ang les e . 
He nce, for films with more or less ori ent ~ d fibres th e peak of 
the measured avera ge d loss function < P(w ):> e (see' 15 ' ) should be 
shifted to l mver frequencies compared to the case e = O. From 
(4.5) and (4.7) the position of the plasmon peak in (CH)~ .can be 
estimated in a c rude manner by twsg < 4 t (C/ ( )1 /2_ (4 -;' 4 .5 ) a : 2 eV 

pt o "" 
and 1 <: a < 2 in good agreement \H th the experime ntal value o f 
about 4 eV a t q = 0.1 A-1 (Some peculiarities at lower q -values 
found in ' 2 

1 
are discussed in l 1S ,' ). Comparing (4.12) and (4.9) lYe 

sc 
f ind that the plasmon f requency P of the Peier ls-Frohl i ch se-

P d d"miconduc to r is somewhat enh anc ed c ompare to the un I merlzed me
tal l ic s y . stem N Pp 

2 :2 Be 2 .n th 1 < a < 2 . (4.13)(v pf < (,Jpf < a (v pf 

se 
By using (4 .1 1) MpP , c a n be rela ted to the sta t ic dielec t r i c con
stant ( '1(0) by 

, . 
sc

1 < 1.5(iw p (8 = 0» 2(c (0) / ( - 1 )-1 E - "' < a < 2. ( 4. 1Lf )
\J »00 g 

By compa ring t he limi ts ( 4.3) and (4 . 9 ) a f u r t he r zero tw tEl 
is found ve ry c los e to the upper e dge o f the int e r b a nd t r~ns i
tions: 

.1. (+) 2 2 4 ·-2 
hWr ", 4t ll+(11 l 4 ) C y (k( f -C » J. 

p 0 00 

However, t his solution seems t o b e a n a r t i f ac t o f our model sin
ce at these fre quencies a dditional electronic t r ans i t i ons and 
damping effects (comp a re fig.3 ' 141 ) h ave t o be t a k en into a cco
unt explicit ly . 

4.2. The imaginary part of t he DF at fin i t e wave v e ctors. 
The ima g inary part of the DF i s det e rmined by the zeroes of Do 
in eq. (3.8) lYith r espec t to k iI 

w* =u) - (t.J. / 2t o)[s.J.( k.J. +q .J. ) - S.J.(k~)l = (s,,( k l l +q n)+ s iI (k ll » 1'2. ( 4 .15) 

At first we di scuss the limi t t.J. ... O. From( 4 .15 ) simple a na l y
tical e xpre ssions for the upper and l owe r boundar i es for Im ( q , 
w) unequa l zero in t he (w. q 11 ) - plane can be de r ive d analyzi n ~ 
the fI rst and s econd de r i v at i v es of ( 4 . 15) with r e s pec t to k g 
(se e fi g. 3) . Thus, t he upper boundary CD (q ) c onsi s t s o f the 

• U II 
c u rves AB and BC gIven by , 

r s ,,(q lal2) for q Il a ::; 11 / 2, i .e . for AB 
w (q I ) = ~ (4. 16) 

u ' . l S II (q II a 12 - 11 12) f or 7l .12.s q "a .::: 11 , i . e . f or He 

The l ower bou ndary WI' (q II ) is given by three c urve s : 

c . . 
S a (q "a12 - 11 /2) for :; q ll <l ~q ll a, l. e . f o r DE 

_ • - 1/ 2 C C 

UJe(q :, )= O.5x(x-y) f or aqiJ.::: qna ,511 -q " a , i.e. fo r EF (4. 1 

su(qlJa12) f or 11- q ~a ':::().u a :S 11 , i.e . f or FG 

8 
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1, 
13 0.8 

0.6 

0.4 

0.2 

A 

I 
Collective 
exc itations 

@ 

;to r r 
o "/2 

C 

u" 

G 

2 3 'ii 
QO -------

/·' 1'0 . .< . .'1h .1,.' !'nt. r IO 

f()~O lj .L -= 

! ' . /rm ,.bw to i ll t ero 
) . (a). Th i s Y't'?Q i 

( (If' e,.) z: 1/ (b) . 

no t r'ansi t i m,s 
n is ske tcher! foY'i ( J )' t = • .L 

t.L I () J,.. ,1 q p x 
.L 

Hherl' 

( . 

a q 
ll 

arc cos l(l- .v)/ (l +y) l . 

2 2 1/ :) 
x '" 0.5(1 + y) sinq ,.a I (1 .. y) sinq,,<Ll I (l i y) sill q a - 4y I - I. 

(4. 18) 

It turns out that 1111 d(]. ,.,) vani != hes at the 1 ines A]) and fG 
c,Jused by the behaviour of the matrix e lement Wo(q ,: , k J. 1<111 12 

reas at th e other lines it tC'nds to infinity: 

1 
(.~ - .~" (cl , 

J) - 1 ' 2 
near DF and EF 

1m ( (q , (v J ~ (4 . 19 ) 
( .:-; (q )_:)-1 . 2 near Be and EB,l \I ,. 

where the curve EB is g ive n b y eq . (4 .1 6) conti nu e d to aq ~ 
,$ q a s rr/2. Approa chin g hom (4.19) and ( 4 . 2) we f ind tha t the 
lo\~ler ITE-edge shows strong dispe rs ion in a g reement I,.ith the 
statemen t of Ritsko l' At momen t a hi gher than r!"., (eq . (4.18) 
it splits into t\,lO s in gulariti e s \\,her e t he lowe r one v a nishe s 
for 77_ q~a < aq , < TT . Note that there is no hra nc hing po i nt 
(q ~ 'v y ) in the s ket ch give n by Ritsko (fi g.7 of I ) . At the 
upper lET-edge along t he line AB the imaginar y pa rt goes t o ze r o , 
but fo r smal l \yave v ec tors a maxil'lum appear s ne ar t he edge w! ri'h 
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become s a s in ?,u la rity in th e limit q ... 0, ,u ~ I . In t he me ta l
l ic limi t y ~ 0 the branching point (q,~ , \ y) is d i sp laced to the 
orig in of the (q" , (;; J-plane and all the absorpt i on above th e 
line DEC di sappea~s comple t ely . The r ema i ning re g ion bound e d by 
t T,i.s 1 i ne and DEFG becomes the we ll-kno\YJl s i n r;l e-parti cle exci ta
t ion s pe c trum of the quasi -I D-TB-metal(se e ' 21~ .Th e corres ponding 
r e g ion ( II ) for the s emiconductor could be denoted analogou sly 
(as it was done by Ritsko ) if it is considered from the po i nt 
of v iew of the loss f'11lction P( q , w) becau se there ar e no s harp 
pe aks t here a nd - 1m 11 , (q, ~)) va ries smoothly be t""een the 1 i ne s 
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EFG a nd EBC . I n c ontras t wi t h the region ( I I) in (I) occurs a 
pla smon peak, i . e . , a collect i v e excitation wh ich howeve r pos
s e s s es even wi thin the RPA a finite width due to s i ngle partic
l e IBT e xc i tat i ons i n cont rast wi t h t h e me t allic case , where 
it is a delta- f unct i o n . Note some i ncorrect ne ss of the menti
one d f e a ture of Ritsko ne a r t he z one boundaries ( Le., a t q = 

= 0 a nd aq ~'71) wher e n e arly linea r d i sper sion instead of qua d
r at ic one was sketched. 

Sin c e the ana l ytica l ex pr e ssions for lillr (q , w) take vo l um i 
n ou s f orm, we d o no t quote them and r efer the re ade r to fig,4. 

Now let us hriefly i nvestigate t he influ e n ce of t h e inter 
cha i n coup ling tl. on t he lines consider ed a bove. In the simp
le s t c a s e ql. = 0 there is no i nf l ue nc e a t all and \Je retu r n t o 
the mentioned square-root singularities. If ql. is directed along 
the x- or y-axis t he corresponding integration over kx(k y ) in 
(3.7) of the leading term of 
lete elliptic integral of the 
rithmic singulariti e s of the 

( 1 
I In - --
j 117,(-) - W I 

1m { (q ,qx' 0, w ) -. 1 

Im(Cq , . q, 0, w) yields an incomp
firs1 ki:~d which possesses loga
type -

n e ar DE' and E'F' 

(4.20) 

/. lIn --::---.-_- near B" C" and E" B" , 
Iw(+) - (u I 

\vhere 

~ ~ ~ 4 1 
w (q) = w u (q ) - (q ), O(d(q )= - (tl. / t ) \sinq ·xb/2 1. (4.21 )0(:) 

( ! ) ( P) 'I 1. 1. 2 o ' 

After s i mila r considerations for the other lines , one can sum
marize that the symmetric (with respect to the mirror line 
q .. a = 71 / 2 ) butterfly o f f i g.3 for finite interchain coupling and 
transv erse momentum along one of the a xes 'Jill be deformed 
in t o an "as ymmet r ic" one which is given by eq. (l,.21) a nd t h e 
replacement 

w (q) = ~ (q .. ) .,. o';:;(q') for A.B ' and B'C'. 
u u · 1. 

Thus DE' 'B' 'c" h e comes an inne r l ine where 
a symme t r i c t wo-s ide l o gar i thmi c singu lar i t y 
lowe r side the singularity occ ur s at one sid e 

( 4.22) 

Imdq', UJ)posse s s es 
whe r eas at the 

( approa ching fr om 
ab ove) only. At the upper l ine AB 'C ' ln1 f (q , ('I ) v ani shes n ow. 
Fo r an a rhit r ary ql. -dir ecti on a ll singul a rities disappe a r and 
sharp f i ni t e peak s r emain. ~n a ll c ase s d i scu s sed a bove il f i 
nit e q - component wa s suppo s e d oth e rw i se Iml(q', (,) ,) v anishe s i ll 

II . , I (,~ (lur approach. Th e change of t h e S Ingul a r b e h a VI our o f . m(,q, 
f or d i fferen t q - d irect i ons i s a nalogou s to the ,,'e11-knOlVll v an-' 
Hove sin gul ar itie s of the d e nsity of state s i~ d e pende n ce on 
the dimensionality of t he d i spe r si.on law . 
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The pe c uliarities of the ij -dependence of the DF can be used 
in princ iple to determine the electronic p a rameters to and ~ 
from measurements of the loss function P(q , ,,» (see 1 5 ) by 
introducing a ne,., DF ('(q. u» the imaginary part of \vhich is 
gi ven by 

:2 2Im,(q,(u ) P (q , ,,,) . (P (q. (») R (q, (d » , 

where R is the Krame rs-Kronig transform of P. This fun c tion 
reflects to some extent the si.ngularities of 1m, (q . u» . The 
splitting of the low frequency peak in our model occurs at 
q '. q c ._ 0.6 A- 1 (for y = 0.15), \vhereas in the data of Ritsko 
a ~uc'h stronger splitting can be seen beginning from some
\,rhat lower momenta II "· 0.5 -'- 0.55 X: 1 . Using, e.g., the expres
sion for the line EB 

to ' (w 4) s (q I a .'2 

(taking w = 4.77 eV, 
peak, see fig.2 of ' 1 

manly used value tc a 

(eq. (4.16») one finds 

71 /2) ~ 2.72 e V . 
q - 1 

y = 0.15 and q = 0.1 A for the upper 
) in fairly good agreement with the COQ

2.5 eV. Carrying out e xperiments on mono
crystals (not available at present) one could estimate to ' 11. 

from the singularity shift given by eq.(4.20). 

4.3. The real part of the DF at finite wave vectors. Usi ng 
the Kramers-Kronig relations one can quantitatively conclude 
from the singular behaviour of 1m , (q. (:)) for tl. = 0 that 
Re,(q, w) possesses positive square root singularities approa 
ching the line DEF from below, wherea s the limit from above 
remains finite( negative).For tl. f 0 and ql. ,e· a logarithx 
mic singularity is obtained and for arbitrary i-direction 
the singularity vanishes. Approaching from above t he lines 
EB and Be Re f ~, w) behaves in an analogous manne r . On ' the 
other hand at very high frequencies Redq. (<J ) is posit i ve for 
arbitrary q-values. Thus, the interband plasmon given by the 
equation Re,(q , w)= 0 cannot inter s e c t the lines EB a nd BC a nd 
therefore the plasmon is never Landau damped, in agre ement 
with the statement in ' 2 1 · for the quasi-ID-me tallic-TB-case.

1 From the RPA-result (3 . 11) obtained f o r a monocry stal f o 110\0]s 
that there is ah.,ays a region at low mome nta ,,rith a quad rat ic 
q-dependence in contrast to the statement of 14 . 1 ' , although 
the dispersion law quickly tends to a quasi-l i near one for 
higher momenta. This seems to be in conflict wi t h t he expe ri
mental findings of 1. 2 / He shall d i scuss this probl e m in con
nection with the loss function in our forthcomin g paper !fi · 

The res ul ts of our numerical ca l culations fo r Re , (q . w ) 

are shown in f ig . 5. 
For some app l ications t he static limit ( q, 0) is also of 

interest. The c orresponding curves are shOtvn in fig.6 for dif

13 

http:eq.(4.20
http:spersi.on


w 
w 

0:: 

S°l 
LO rI 
30 ) 
20 / 

, 
1, 

- II , 
, 

. 1 

1[ 0 

6 0 ' 
qa: a 0 

o 1 0 
o , 3 

10[' 
:/ 

o~1' 
,: l 

• 1 J:
J .,./, 

EO 

-10 

20 

-30 

-' 0 

'? 
3 
0
w .,
a: 

--/....->1' ;-.-~ _____ _' .=t:-~ ~.~ -~4-T .......(L-~~~-,,;,_=~.::_ ~I!. ,
~ '~/" : : , :', .// ,:"il:(.. :( I 

t 

:i : :f : I 
!. :/ _ U:'[ r 
I ; : 'j ~-'-9 "0 " ' 2I ' , 7 0 8 0

0 6 0I--- eli 0 ' 05G0 1 w 

o 
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1<0 ] 

QO

ferent angles 8. In c ompari son with usual 
DF along t he chain di re c tion shows st rong 
At q = 2k r = rr / a we have 

s emiconduc t or s the 
spatial dis pe r s ion. 

Rel (q = 2k r , OJ = I ... 4C('K - E)!(rt~!) 

"= f 01 4C ( lIl \4 / y) . 1) ' :; 2 
:x • 

(4.23) 

;' -t 0 

re f l ecting the gian t Kahn-anoma l y connected with the peierls
t ransi t ion. 

5. CONCLUSIONS 

In this paper the full DF f or a two-band model was ca l cula
ted in th e RPA ne gl ecting loca l field and exchange effects as 
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well as some overlap terms (eq.(3.6)). Although the considered 
model is rather simple the obtained dependence of (q. w) 
on the wave vector and the interchain coupling is non-trivial. 
All of the approximations made can be relaxed without serious 
problems at the expense of enhanced numerical efforts. Before 
the next step in this direction One should in our opinion compa
re the present approximation with the experiment, e.g., with 
the electron-loss spectroscopy data. However, due to the lack 
of monocrystals at the present time the morphology of polyace~ 
tylene films, especially the fibre structure have to be taken 
into account and for comparison with experiments additional 
ccnsiderations are necessary. We shall return to this problem 
in a forthcoming paper / 151 dealing with the loss fu nc tion and 
some other applications. It will be shown that the present mo
del gives a good qualitative description of some features of 
the loss function and related quantities for comparatively low 
frequencies ~ 7-8 eV. Using the obtained results some parameters 
of the 3D-generalized-SSH-model can be estimated from the expe
rimental data. 
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APPENDIX 

Starting from (4. I) simplified expressions for Re (0. ~J) 
at certain frequencies (or special parameter range y « I) are 
presented in this part. As is mentioned in the text, we use 
the following definitions and notation for the complete (in~ 

complete) elliptic integrals of first, second and third kind, 
respectively . 

¢ -1 12 
F(¢\a)={ (1- Sin 2aSin2S) de. 

o 

F(17 /2\a) " K 

¢ 

in 4/y for Y « 1 F (~ ~ - a) '" K' . 2' 2 ' 

E (¢ \a) = f (1 - Sin2 a Sin 2 8)112 de, 

o 
E(rt 12 \a) '" E =: 1 for y « 1, E(l!.. .!!..-a) ", E' 

2 ' 2 ' 
17 I 2 . 

n(n\a)= f (1-nsin 2e)-l(l-sin 2aSin 2 S)-ldS 
o 

(AI) 
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In our problem the parameters n and a are given by 

2 1 - 2) - 2 2 1 2n = (1 - y ) (1 - W , sm a = k = - y _ 	 (A2) 

In the hyperbolic case ( n > I) it is useful to express n(n \a) 
by the Jacobi function (Zeta-function) Z«(\a) 

11 (n \ u ) = - 0 K Z (f \ a ) , 	 (A3 ) 
1 1 

Z (f 1\ a) = E«( I\U) - (E / K)F«( 1\ a). 	 (M) 

where 


° = [(1 _ ~ 2)~-2(C: 2_ y2rl ]1/2 (A5)

1 

_ [( - 2 <) 112
( 1 = arc SIn 1 - w ) / (1 - y -)] 	 (A6) 

In the circular cases (n < 1 - Y2, 0 < n < I) it is useful to 

introduce the Heuman function 1\0«(2 ,\a) (Lambda-function) 


ll(n\a)=K + (11 /2) 8 (1- 1\0«(2'\a», 	 (A7)
2 

A 0«( 2 \ a ) = (2 / 11 ) I KE «( \ 11 /2 - a ) - (K - E) F «( \ 11 12 - a ) l. (A8 ) 

where 

2 112 - 2 - 2 112( =arcsin[(l- n) / cos al =arcsin[(l- «(u / Y) /(l-w)] , (A9)2 

-1 _ 2 1/2 -2 - 2 112 
8 	 =[n(l-n) (n-sIn a)] =[(l-Cl) )(l-«(u/Y»] /«(uy). (AIO)2 

In the second case mentioned (n < 0) one has to substitute 

N = (sin2a _ n)(l _ n)-I= (1 _ y2)C: 2 /(;;-;2:'" y2) (All) 

and use the identity 

2 -1 2 -1 \n(n \u) = (-ncas a)(l-n) (sin a - n) n(N a) + 
(A12 ) 

+ sin 2 a (sin 2a _ n )- 1 K. 

At very low frequencies w« y f 2 approaches 11/2 and it is con
venient to introduce the small expansion parameter ~ by the 
relation , 

I 	 - - 2 -1 , 2 
tan 1if = coseCa·COtf = (w / y)(l- (Ci) /y) ) 	 (AI3) 

Rewriting (A8) in terms of 

E «( \ 11 /2 - a) = - E (1jJ \"/2 - a) + E' + Y 2 sin ( lin t./J, (AI4) 
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F (l \"/2 - a) = - F (& \ " -/2 - a) 	 (A15) 

and using (Al), and the Legendre identity (EK'+E'K-KK'~"-/2) 
we obtain for n(ll\a) at w« y 

n(n\a)=E/y2+(W 2/3y2)(2E/y2_ 2E - K) + 0«C:;/y)4). (A16 ) 

Fro~ (AI6) and (4.1) ~e get (4.10)._ln the -limit w" y -.0 (2 
v4n1shes whereas[)2 d1vergesrv(Y - -w)-2 /2 and one obta1ns 
(4.3). lnthe high frequency region (/l) > 1) using (Al I), (AI2) 
w.e 	 have 

-2 - 2 -2 2 -2 \n(n\a)=K(l-/l) )+ (Y'//l)} (1- /l) )-(y - /l) )n(N a). (Al l) 

- - ' 2 -2 1/2
[) 2 = (/l):/Y) [ «/l) :/y) - 1)1( /l) . - 1)1 	 (AlB) 

- - 2 - 2 2 1/2
l = arc sm [ (/l) - 1) (/l) - Y ~1 . (AI9)

2 ' 

Hence it is -evident that in the limit /l) .. 1 + 0 Land 1\ 0 
vanish whereas 8 diverges as (w - 1)-112. Using (117), (AlB),2 

. 	(Al) and (4.1) we obtain (4.3). At very high frequencies. i.e., 
w» 1 from {AI7)-(AI9) it follows that 

n(n\a) .. K + 0(1:/;;;). 	 (A20) 

So, we get (4.8). Finally, we consider the case of frequencies 
in the range of the interband transitions, i.e., y S wS 1. 
Using formula 11g1 

n (sin 2 a • a) = -sec 2a E = .E /y 2 	 (A21) 

the limit /l)" Y + O. i.e •• (4.4) is easily evaluated. At the 

upper rBT-edge, i.e., at OJ ... 1 - 0 it is seen from (AS-6) that 

8 and (1 vanish, therefore we have


1 

2


n(n\a)l- = -(1- w1CF - E)/k	 (A22)
/l) .. 1-0 

and Re (0, ('3 ... 1 - 0) yields (4.6). 
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