


1. INTRODUCTION

Recently there has been much interest in the problem of
localization of electrons in random systems, first treated by
Anderson ‘1’ for a strongly disordered three-dimensional system.
Of special interest are one-dimemnsional (1D), quasi—~1D sy-
stems and thin wires (and 2D systems), where large effects
arise already from small disorder because of strong quantum
mechanical coherence in multiple scattering. However, at pre—
sent time only the assertion by Mott and Twose 2/ about the
localization of all eigen states in a 1D system for even
arbitrarily small random potential seems to be strictly pro-
ven. Berezinskii’3’ first attacked the 1D problem by usual
field theoretic methods based on the important concept of
diagrams ordered along the chain It is the aim of this and
the following papers to investigate the effects of the trans-
verse motion for N weakly coupled chains. We show locali-
zation in an infinitely long thin wire for arbitrarily small
random potential, describing the wire by a simple microscopic
model which takes into account the quantization of the trans-
verse motion.

Already in 1977 Thouless ' 4/ gave arguments based on a simp-
le scaling method that in a disordered. infinitely long thin
wire all states are localized indePendently of the strength
of the randomness, Andersom et al. 5 and Azbel '®/ develo-
ped a scaling theory for the 1D  case and for the case of
N transverse channels.

Our model for the N coupled chains (Sec. 2) represents mic—
roscopically such an N channel system as discussed in the
scalling theories “%®/. We need no additional hypothesis like
that about the independence of stochastical quantities belon-
ging to neighbouring pieces of the wire used in the scaling
theories. A microscopic model with N states at each site of
a d -dimensional random lattice was recently proposed and in-
vestigated for No~ by Wegner et al.’?”, Our work differs
in two respects from Wegner's: (i) Cur derivation of the model
leads to a selection rule for the scattering between states
(see text below (6)) not present in Wegner's formal model,
(ii) Wegner investigates infinite systems for d>] in the limit
N » «, Whereas we consider a wire with finite N.



As a criterium for localization we calculate in Sec. 3,4 by
means of diagram technique the average of a special density-
density correlation function for the infinitely long system
(compare Economou and Cohen /3/ )» instead of calculating the
conductance. Thus we do not use the generalization/%11/ ,f
the Landauer conductance formula ’% to the N channel case.

Our calculated density-density correlation function is the
conditional probability density that the electron for infini-
tely long time remains in a given cross section z =0 (z coor-
dinate along the wire). In other words, we average the norma-—
lization comstant of the conditional probability P(z)Az (that
means the probability that the electron initially at z =0 is
for t+« between z and z+Az). ). Therefore, in essence we
average the inverse localization length 1/L1 , a selfave-
raging quantity /5.11-14/ oe

The introduction of N different states essentially compli--
cates the diagram analysis (already for N=2), and it was ne-
cessary (i) to simplify Berezinskii's technique by avoiding
the ordering of the lines at any z (ii) to develop an effective
method (Sec.5) for the treatment of the N2 variables mi;(my;
number of pairs with lines i, j }. This problem of N2 variables
exists in principle also in the scaling theories, because
there the rank of the scattering matrix is of that order. The
main idea is to consider deviations of the m,. from a main va-
riable. In this way it was possible to reduce the problem to
the solution of two ordinary differential equations with the
main variable as the independent one. As in the case of the
1D problem’? we made calculations for weak random potential,
that means in Born approximation.For the considered model the
diagram analysis is then developed and evaluated without fur-
ther approximations.

In Sec.6 we consider the resulting two ordinary differenti-
al equations in an approximated form and show that the density
density correlation function exhibits the singularity neces-
sary for localization (compare /8’ ), In the following paper
we consider these differential equations in their exact form,

2. THE MODEL
The Hamiltonian without impurities is given by
(D) et o d ~ ~ ~ .
HY = de{E a (z}e, (—-1h:j~z—)av(z)+ VE‘.’ t,., -8, (z)av,(z)}, (1)
: (wdv )

v, v’ number of chains. We diagonalize with respect to the
motion perpendicular to 5 (U unitary):
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a,(z) = 2]1 Uya; (@, 2)

after the transformation the energy eigenvalues of the trans-
verSe motion are 8¢’. These states | may be related to the
channels in refs. '7/58/, The unperturbed retarded Green func-
tion is them (for weakly coupled chains jaéjl <eg)

© . i(kF+3€j+is)lz{
Gy (2, e, +is )=—~hVFe . (3

where 85j = EJ‘fj’/th; 5 = s'/th. The Hamiltonian of the

interaction with the impurities is
imp _ + +
B = [dz _EE’VU(Z) (U )jv aj (z) UVj,aj, (z) . (4)

Iy
Following /3/ ’{]qe consider the possible vertices for diagrams
ordered along the 2z=-axis, generalized to the case of N sta-
tes. The correlator of the stochastic impurity potential V(z)
is
<V, (zl)VV,(z2)>m8W,W(&z1—zzl). (5)
We consider in more detail only the vertex shown in Fig.l:
1 w0 ide . B¢y} 1(fe —8e +8ep —Fe )z
Yomm e fEW(C e 1 Fe 1K 7
(hvg) R o
(6)
+ +
XE(U )jV ka (0 )fv U

.
vm

We now simplify the model: (i) We take inteo account only

terms for which the indices j,k, f, m of the U coincide
pairwise, because in such cases we obtain phase-independent
quantities like |[Uy;j |2 . (ii) We neglect vertices (oscillating

vertices), where in the exponent the factor in front of 2z does
not vanish. The dependence of the diagram blocks L (or X )on
z following from Egs. (17,54) shows, that the mean distance
between two vertices and thus the characteristiec integration
domain for 2 is the localiza-
tion length L 0c™ NE (22 is
Z+ g k mean free patll for backward
J scattering, see (11)). Thus
the necessary condition is

Fig.l. Vertex,—s—- retarded

Tine,—=x=  advanced line.

The analytical expression is
l Y4 m independent direction of the
P
arrows.



?;Ekla;j-aek INE, >> 1. (N

For simple transverse lattices we get

LN t (7a)
e T kplp >> 1, for d-1=2, .
hvg €F
an®t € t, k.f
il SPE r Se o JNC T PSP (7b)
hVFN EF

(iii) The expoment containing ¢ can be neglected because of
the smail range of W.Because the sum over v contains a large
number of terms, we substitute this sum by its average with
respect to j,£:

1 2 2 1
— X |U_ 17 |Upt" =
N it vj vE! N (8)
v
To this vertex corresponds the mean free path
1 2 g
—— = [ WO 9)
Thus finally
yo o g K for =M. (10)
fl E=m Er-k.

For the vertices with backward scattering we need the mean
free path

1 2

= [Wi{)cos(2k )AL . (11)
ty  @vp)®o F

All vertices and the corresponding analytic expressions
are shown in Fig.2,

3. DIAGRAM ANALYSIS, SUMMATION OF THE DIAGRAMS FOR
THE LEFT PART

Our aim is the calculation of the conditienal probability
that the electron for an infinitely long time remains at a
given "cross section"”. Instead of using a state strictly loca-
lized at a point z it is convenient to use normalizable states

¥, (2) centered at z =0 with a width Az; for example
+ *E g
Yy (2) = (A: )l"E SI%{AZ“) P , Ak <<ky, AkAz=n. The

conditional probability PAz, that the electron initially in the

state y{z) remains for t- = in these states is then (compa-
8y .
re }
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(12)
1 rd
x-ﬁ-ui;, <Gij ((:1,¢1 D€ + 187 )G ({2 ,C Le—1i8")> .
For narrow ¢ (z) (Az << L, = Nip) we can put {;=¢] =
{o=¢5 =0 in the Green functions; enly the neighbourhood of
_eF contributes to the ¢-integral. Finally we obtain
= lim 2s Ev (13)

570

T

) g ! } o oa, ) b(c) )
i j '
b ! et
i i i
J j J

() Y ()i
f jy f ity (i
Fig.2. The vertices of the model: y*1= y"‘1—(§E— +-2-r1)

(mass operator, imaginary parts are ommitted because
their contributions from retarded and advanced lines

cancel); 'yaz—yag—-—y 3--—1/Nfl, ¥ b_yb € -y ——1/Nfl1
(b intrapair scattermg, ¢ interpair scatter:mg), yd= 1/NE, 5
ye=et82/NEy ; yl=yl=—1/NE, | yB=e H%NL,.



1 . ] . Ee
Ka§-§<0”m&cp+m)%imme—m)>. (14)

We now develop the diagram analysis for K,and introduce the
following definitions.

Pair of lines: Any pair i,j has two lines, one from left
to right (first index), second from right to left (second in-
dex). m;; is the number of pairs i,j in a diagram at a coor-
dinate z; the vertices provide for any z

M=§4mij=§mij. (15)
Left block L([:._): Sum of all diagrams from z=—-= to z

ij

L(f)) =1 (16}
by definition. To avoid the serious complications which arise
for N>>1if we follow Berezinskii's definitions’®’ based on or-
dering of the lines for any z, we change the definitions of
the blocks. Any diagram begins with vertex 2e; the vertices
284, v, 2d are adjoined in the same way as in’?. If there
appear further vertices 2e no ordering of the pairs is intro-
duced. Additional closed loops (besides the basic retarded one
advanced one corresponding to the considered correlator (14
are avoided by the following rules for adjoining the vertices.
2f, 21, 2g: (1) The two lines of a pair are never coupled
into one end of the impurity line. (ii) If one line of one
pair is coupled to the line in opposite direction of a second
pair, the two remaining lines represent a new pair. All pos-
sible couplings should be taken. These rules are illustrated

in Fig.3.
We now transform
z - {I’Dkgz
L [mkfl - 45Mz i ~ A an
- im__}
{IDEE«; kf

Inspection of speci-
al diagrams shows

Iy
. J that for an infini-
}1 S — /_ 3 tely long system
i i
: /7 Y7 2
)2 _*_—/ J2
i3 Fig.3. Coupling of

j lines by backward
3 scattering vertices,




_ Fig.4. Diagrams for the derig
i ! I vation of the operators C,....G:

j {3 J { The diagrams for the opera-
. % ) ; %g ) g % é}__- tors & (vertices,Fig.2, 2 swr
k ' k 4

< {

)

33), B (vertices b, b ), and
{ E (vertex ) coincide with
the corresponding omes in
Fig.2. C) The four terms in
' (24) (two coincide) corres-—
) pond to the four possible con-
k nections. F) In addition to
l the coupling of the lines
i, also coupling of j.k should
be taken; the two resulting
terms coincide. G) Only omne
of the 8 possible couplings
is shown,

—_ R = e

i1}
i)

— x| =

(F] !
[, does not depent on z. A differential equatiop for L is obta-
ined (as in/8/ ) going in the construction of L from z to

z+dz by connecting the lines at 2 by vertices:

4sﬁA=(3+ﬁ+6+ﬁ+ﬁ+F‘+é\)A. (18

In order to give all formulae in a simple and short form ope-
rator formalism is used. The operators a*{(8%) create retar-
ded (advanced) pairs, a«~ {8~ ) annihilate pairs:

+
@ .%mij) =in}ij+1).
(19)
“lm =m, |m_ -1},
2y oy =y my -1
and analogously for the advanced pairs (commutation between
ot ,et and g* g% and % B* for different indices). We
introduce the generating functional

A= % E({miil)(mn‘ )
N AN T (20)

i]

tm_J=0
ij
and the operator .
ﬁd:%af.af . (21)

ij —ij
1", ~ Lal -
The operators A,...,G result from comnecting the lines by
the vertices (Fig.2a ,...,2g). The vertices 2a,,...,2ag con-
tribute to A, the vertices 2b, 2b, to B:



A- "{El—+ a- % .L} 3 ot o - advanced,  (22)

)a;; a’ - advanced. (23)

The operators 6,...,& follow from the vertices Zc,...,2g
as is shown in Fig.4.

& 1 -+ b+
G -- 2_@;%{(1 =3y o 2=0y dagal s (24)
&l
+ + - -
+ (1—61.2 )aiEakj}aij @ ~ advanced , (25)
& 1 + gt + o+
bz x{o, 0o e, a0, 00l gy
1
+a+ + g+ -a -
+8jk (1—6.1'1')‘21: ﬁrﬂ+ajﬁ (1-8 it )air Bkr}aij’ekf . (26)
§~e4sz26 Y BY e (-8, et (Bt +BT)
= N, i 1%y P TO4 1% Wy TRy ) (27)
2 1 : +, 4 + + o+ ] - -
F ~ T R 5[(1“% Jar e p +a€i)+aifakja ii]“ ;§@ k¢ — dvanced,
42 (28)
~ —487
G = =

+ - - +la~a=. p~@~
N, 121 “xj Fij Pul [(l'aﬂ’. ) I? ’81‘;3{611’ k2+‘88j_‘8Ei} *
xf

)
+8, 3 BT B.?Bi‘.]-
i 1] i

4. SUMMATION OF THE DIAGRAMS FOR THE CORRELATION FUNCTION

The procedure of construction of L from gew. toz=0 ex—
tends in the same way to z:0. However forz>0 we have to take
into account that the retarded closed loop and the advanced
one start and end at z=0. Out of the four possibilities
(Fig.5, 5a) we consider explicitly only the one shown in Fig.5.
The extension of the considered procedure to 2> 0 defines the
block X. This block depends not only on the pairs m"y at ﬁ’i—p—
at a coordinate z>0 but also on the pairs p » Mg excisting
at z=0 (including the additiomal retarded pair i,j and ad-
vanced pair j,i ). For z’-+0 of course
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(29)
X {m i fm?, | =38 &, - .
£’ 1) m ’ o ims s
k k i kf;"mkf1 im_ﬁzi [mkgf

ﬁi?} Em-fl

The correlator is then given by

1 o z=0
K = — 3 2 L imkzl X
ij - -
N(hVF) ] {mkf} 0 1m-?}
- &
g0 (30)
z=0 z’ .
- ., . i z
N R T S T AR
rq 0 NE2 _ ij _ ﬁi;q:l
b 5= ‘=1
tmkﬁakfi mrq
ji
+ further terms correspondlng to Fig.5a.
(The notatlon m’ rq =1, mtq =] means that all other variables
are zero} kE =8 ‘ng ). In analogy with (17) we transform
ij z=0 z
i
R —
1
1
—_—
© — @
I
{< e
{ I z=0 z=0 z=0)
| | | . .
< | e —_—
| 2t }
=%=l= i | : |
: ] | St ——"—
e i | ! '
- f
t L e
I

Fig.5. Pairs of lines at 2 =0. Each p01nt ¢ corresponds
to a pair of operators a {(z=0), a *(z =0) from one
Green function in (14). The insert 5a shows the 3 fur-
ther possibilities.
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z’ z

. foe 4sMz” g s (31)
X {mrq} = e X ,{mml .
fmz—} ims.}
rq rq

Inspectation of special diagrams shows that for X dependence
on z remains. Because the construction of X is the same as
that for L,the r.h.s. of the differential equations are the
same:

~ -

f4sM” + JE(;2°)= 1A+ B+t QIE( ;2% . (32)

L4

The generating functiongl = (with respect to the right va-
riables) is related to X in analogy with (20). As initial
condition (analogous to (16)) we use

r

- Z (33)
X ;{m;q=0f = Q.
{mi- =0}
Tq

Eq. (30) for the correlator K can be written in the form
m- =1 m’ =1
K -3 { p( rq )+(1—6,Q)P( "ra )} (34)
N(BVF) rq mrqzl ml‘q=1

+ further terms corresponding to Fig.S5a,

0 z”
- (ZT{J) s s 1 ({mkg;) e g ;mws?jﬂ;; lm; 1
gl gl B o N s e
!E‘J— } k{‘ kl rq

xl ji
(35)

A similar method of attack was used infa/(see there Eq. (26)).

We transform (32) into an equation for F by (i) applying
to (32) the operations acting on & in (35), (ii) using (33)
at the lower integration limit, (iii) using that X -0 for 2= o
z”-»0 and m; £ 0, m-£0 (what can be shown by inspection of
special diagrams), (iv) introducing for F a generating func-
tional ® in analogy with (20):

g’ ®- L 5 ot BT A-fA+B4.. 400 . (36)
NE, 3 ij "~ g

.In order to obtain more symmetrical diffetential equations

‘(especially with respect to the terms £, G ) we transform
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i(gm’q})=nmn(m '@ )L({m“;) (37)
{I—n } rq b {m i

rq q

-and analogously F-F. This transformation can be performed by
chang:mg in all ec!"uatlons written in operator form from

-~

a ,B‘ to a, B~

-+ lan 1’-\/1

@ (m ij) = (m.lj + )(miJ +1),
B e e (38)
Clij (mlj) =(mij"1)s
27(0) =0 (and analogously for the advanced palrs), and by ad-
ding to E the factor N and to G the factor 1/N?

5. TREATMENT OF THE N ®VARIABLES m jj

The generating functionals A,¢ are generalizations of the
corresponding functionals in’/3/to the case of many variables.
_To see this more explicitly it is convenient to use a special
representation of the operators and states: @ =¢; a =d/&

(m) =-1--(g“) ™.  analogously for 8. In this representation

the equations (18, 32) for the generating functlonals take
the form of partlal differential equations with 2N2 indepen-
dent varibles é'lj AT One can show that these differen-
tial equatlons are of second order. Because we are only in-
terested in the limit 8-+0 we can avoid the solution of these
complicated differential equations in many variables by a much
simpler method of attack. Instead of introducing the variab-

les ¢, g we remain with the variables m, ,fi; ©F,
more strlctly, w1th certain linear comblnatlor})s of them.
The variables m ={ , , My, } (and m ) satisfy the

condition (15) which can be interpreted as a plane perpendi-
cular to the vector

7 1

I = ;J"é"{l-n 1» "01}, (39)
in the N? -dimensional space of the m,.. We introduce a comple—
te system of orthogonal vectors 8F (p=I,... ,N% -1) on this
plane. For any value of the main variable M we can write

_MT+ 3875,°, 40)

P, . . .
analogously for @, MI is the vector from the origin to the
centre of the plane (it describes the "homogeneous distribu-
tion" of the pairs among the indices), the second term descri-
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bes the "general" deviation from the homogeneous distribution.
As an example we consider the first of the four terms of
CA in (18, 24):

m,. +1
1]
3 1 =
Cimmoie 3 (15 Jm m a3, L[ "' hs Lo (4D
ENEJ. ij ik’ kj i § mk.~1 j
kf 3
miz-—l

~ advanced,

€ 1like any other vertex leads to "special deviations which
add to the general deviation, and which shall be described
s
/]

by vectors (;é) (o numerates the vertices). In (41) only

variables showing such special deviations are written expli-
citly. Because the special deviations also lie on the plane
(15),

7o( Y C s a"P(”> i, (42)
kE o kf

The 8uf, 87 P are arbitrary variables. According to (40) they are
restricted to such values that all components of M are inte-
gers; however in the following we generalize the &uf, 85°
(like M } to continuocus variables (compax;e (47) below). _

We expand the functions L, F at m= MI (homogeneous dist-
ribution) with respect to the general and special deviations
into Taylor series. It is convenient to introduce derivati-
ves with respect to the directions &7 and 79

a =3 ef 9 d,=xsef 9 _
oY ST
‘ ‘ . o (43)
d = 3 g7 9, 9 = = 70 &
ij i ému ij M om

The equations are symmetrical with respect to mirror reflec—
tions: &P ,_@P &P .ZP (p 4 P this can also be
seen by direct caleculations. Therefore, all derivatives chang-
ing .sign under such 2 transformation vanish. The Taylor series
for L ig
- -, -
l\illar%e‘p'o‘.up+ncr =
v P ey 2o ) =LOD s
MI +Ze 8p +19
P

(44)

[l ]

+ é—i‘. [EuP +a% )SP + @GP+ a) 5P 12 Lw) + higher order
[ ' B -
terms. The derivatives, e.g., dp L (M), depend on M.
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We substitute (44) into (18) and the analogous series for
F into {(36). Because the &', P are arbitrary variables,
the Eqs. (18, 36) are equivalent to an infinite system of
linear equations for L{F) and their derivatives to all orders.
The system is of the type
L(M) N CS TR 45)
= =IV = VI
L (M)--M(L +L +..0 =0,

whetre numerical coefficients of the order 1 (depending also
on N ) are omitted. The equation obtained in zeroth order in
the 8¢ 1is not imcluded in (45); it is the main equation,
and it shall be treated below. Because the essential domain
is that of large M (as in the one~dimensional case’%') the
system (45) can be simply solved, giving for the derivatives
the order of magnitude

L. L™, | (46)
The vanishing of derivatives noninvariant with respect to the
mentioned mirror reflection symmetry can also be proved in
such a way.

As the further treatment shows (see (52,53)) the natural
variables are

p =N223M,
e (47)
du’P = NsMduP ,

and the Taylor series rapidly converges for large as well as
for small M*.
The zeroth order equation from (18) reads

4sML(M) =A+B+C+D+E+F+ G, (49)

where A,B,.. coxrespond to RA,ﬁAru.. As an example we write
down C, (Eq. (41)):

£ C,.p 2 ==
—-———z -5, )(L>2[L(M)+(1-sz)-21-2(alpap) LD+ (50)
2

2NE
+ hlgher order terms] - advanced
a C1P corresponds to ¢ €1 (to the special deviatioms in
(41)).

¥The order of magnitude of the essential values of the 5“p
can be obtained from the statistical relation between the ave-

rages: <(:”)*> = <m > M (48)

J N2
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6. MATN DIFFERENTIAL EQUATIONS

Evaluation of all terms in (49) leads to

4WLW)=mL—@—&JM%LW—D+LW+D42MWE, (51)
N, N
if we at first neglect all second (and higher order) deriva-
tives with respect to p, which are present in all terms (see,
e.g., (50)). Introducing we obtain (in the limit §+0 )

4pL(p) = (2 3]1..) p? {i@-Nfz 5) +E(p+N22 $) ~2L @)} =

N, s)®
1. ¢ dzf(p) {(52)
=(2- =)p° ——=27 |
N dap?
Inclusion of the second order derivatives leads to additional
coefficients of the type (1 + alN)}/M) at any term in the

curly brackets in (51). These terms do not violate the crucial
effect that after introducing p the "adiabatic" parameter
8 mno more appears explicitly.{However the form the second
order differential equations changes). Therefore, these terms
do not violate leocalization for finite N. All details of the
calculations will be given in a following paper.

The analogous procedure for F gives

2 . z =
o~ p = 1\ 2d°Fep)
PF(P) - ————L(p) =(2~ - )p* TP | 53
(Nf, s)® ( N) dp® 3

Again, after the introduction of P the § disappeared (with
the natural exclusion of the prefactor of the inhomogeneous
term). Eq. (52) and the homogeneous part of (53) can be trans—
formed to the standard Bessel's equation. The solutions,
satisfying the necessary boundary conditions (L(p) -1,

Fp) >0 for p- 0 compare (16,33); L(p) -0, F(p) - 0 for
p - o} are
L(p) =2vap K, (@Vap) , (54)
E(p) = fBp for p-0; for (55)
4 1
@ = e 2 B = ——
2-1/N 12(NE, 5)? (56)

The procedure already applied to (18,36) gives for the correla-
tor (34)

=2 F@)/p=Nlps= — 2, | - (57)
(hVF)2 3hVFNEES‘

{(p = NI, corresponds toM=]),
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According to (13) the 1/s-—singularity in (57) manifests
localization. The conditional probability density that the
electron remains in the state at Z=0 with widthAZ is

(58)

7. CONCLUSTIONS

Comparing our main equations (51-33) which prove on a mic—
roscopic basis localization for the case of N weakly coupled
chains (N finite) with the corresponding equations for the
1D case we note:

(1) The characteristic lemgth is Ni, instead of fy; (58)
shows that the localization lemngth ~“Lj,, =N in accordance
with “%%7,

(ii) The prefactor of p2d%/dp®  is 2-1/N instead of 1
for the 1D case.

(iii) The situation is, however, different in the limit
N -, which according to the conditions (7a,7b) can be per-—
formed in our model for d=3, but not for d-2, In this limit
(N > o), but 5+0 and therefore M limited) the leading terms
are that of order MN not containing interference terms (and
not that of order M? as in (51-53)). Then from (49) follows

4sML’ (M) =E“L{£‘(M-1)+ﬁ'(M+1) -2L" (M)} (59)

2 - =
instead of (52). The quantity L“(M) corresponds to ML(M) how-—
ever in the transformation (37) the prefactor 1sN~ instead

of N®M  Introducing p'=Myis gives
- B1 s o
4L7{(p*) = L0 (60)
dp-2
Then for the correlator results
- -..’ 1 l‘.' -’
K~.3 L% ~ — fap”L "), - (61)

M=0 ey
where the 1/v3 -singularity manifests diffusions *. Concerning’
d =2 we have to include oscillating vertices, what means ‘
more scattering.

* The singularity 1/y¥ corresponds to 1/yT; we obtain this
1D law for the diffusion because we are considering only the
behaviour along z (in (12) the states in the cross section are
summed over).

15



(iv) We remark that we can get our result (57) in a very
simple, but crude way: We consider the left part and the right
part (identical to the z=0 part) satisfying (51) (without
special deviations), and connect the lines at z2=0 in any pos-—
sible way, ignoring all the serious difficulties conmected
with the indexing of the lines (which forced us to go via
(30) and Sec. 5). With the difference that P appears instead
of P" this is then similar to the consideration in (61) for
diffusion (where the mentioned difficulties do not arise).
The 8 in p (instead of Vs inp’ ) then gives the 1/s ~-singu-
larity of the correlator. In this way it is very clearly seen
that also in the case of N chains the interference terms
change the singularity of the correlator (like in the 1D ca-
se).

Our general scheme allows for generalization of the model
to include oscillating vertices, what will be investigated
in a forthcoming paper.
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