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We study tlie correlations in the time delay in a model of chaotic 
resonance scattering based on the random matrix approach. Analyti
cal formulae which are valid for arbitrary number of open channels and 
arbitrary coupling strength between resonances and channels are ob
tained by the supersymmetry method. We demonstrate thai the time 
delay correlation function, though being not a Lorentzian, is charac
terized, similar to that of the scattering matrix, by the gap between 
the cloud of complex poles of the S-matrix and the real energy axis. 
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1 Introduction 
The duration of particle collisions is an interesting and important aspect of 
general scattering theory which is in a sense complementary to the energy 
representation ordinary used. A collision is characterized in this case by 
the time delay of particles in the region of interaction. Wigner [1] was first 
to consider the time on which a monochromatic particle with given angu
lar momentum was delayed during its elastic scattering. He established the 
connection of this time to the energy derivative of the scattering phase shift. 
The sharper the energy dependence of the phase shift is the longer is the time 
delay. 

Later on Smith [2] extended the time delay concept on many channel 
problems introducing the time delay matrix 

Q'\E) = -ihi£ £ s " ( E + ! ) S " » ( f i  i ) l , (1) 

in the channel space. Here S is the scattering matrix and the summation 
index с spans all of M open scattering channels. The matrix Q is hermitean; 
its diagonal element Q" coincides with the mean duration of collision (time 
delay) :n the cth entrance channel. Generally speaking, the delays are dif
ferent in different channels c. Taking trace of the Smith matrix, one arrives 
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to the only weightedmean characteristic 

<?W=sE<3" = ^^
1

"de t S(F) (2) 

of the duration of collisions. Eq. (2) ia just the manychannel version of the 
wellknown simple Wigner formula. (Here and below we set ft = 1) 

The time delay turns out to be especially pertinent concept for the cliactk 
resonance scattering encountered in atomic, molecular and nuclear physics 
[3, 4], as well as in the scattering of electromagnetic microwaves [5, G, 7] in 
resonance billiardПке cavities. The quantity Q(E), being closely connected 
to the complex energy spectrum of resonance states, shows in its energy 
dependence strong fluctuations around a smooth regular variation. The two 
kinds of variation on different energy scales are naturally decomposed 

Q(E) = ((3(S)) + Qsm , 13) 

with an energy or ensemble averaging. By this, the slow energy dependence 
of time delay is revealed whereas the twopoint autocorrelation function 

CQ(E,s) = ВДл(£Ч§)0л(Я§> = {Q(E^)Q{E~ ) }  « ( S f f ) W ( E  5 » 
(4) 

is used to characterize the time delay fluctuations. 
To the best of our knowledge, the first consideration of these fluctuations 

has been made numerically as well as analytically in [8] and [9] in the frame
work of rather peculiar model of resonance elastic quantum scattering on a 
leaky surface of constant negative curvature. The noteworthy feature of this 
model is that the poles of the scattering amplitude turn out to correspond 
to zeros of the famous Itiemann ^function. The real parts of the poles .are 
therefore supposed [10] to be chaotically distributed similar to the eigenval
ues of the Gaussian Unitary Ensemble whereas all their imaginary parts (the 
widths of resonances) are the same. The latter very specific property partly 
deprives the model of its interest since actual singlechannel widths are known 
to undergo quite large fluctuations [11]. 

The width fluctuations are suppressed when many channels are open. In 
this case semiclassical approximation can be as a rule expected to be valid. 
The semiclassical analysis of the time delay in terms of closed periodic orbits 
is given in [12]. It is in particular emphasized there that only the tail of the 
correlation function (4) corresponding to the very large values of e can be 
immediately related to the (short) periodic orbits. Quite opposite, the central 
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peak near the point £ = 0 is formed as a result of a strong interference of many 
orbits. Therefore, its width describing the longtime asymptotic behaviour 
of the Fourier transform has no direct connection to the classical escape rate 
and has rather to be calculated on the pure quantum ground. This is in line 
with the results of the analysis [13] of distribution of the resonance widths in 
the three discs scattering problem. 

It is now generally acknowledged that the random matrix theory [14] rep
resents a suitable and reliable foundation for description of local properties 
of dynamical quantum chaos [15]. We therefore use below a random ma
trix model of chaotic scattering to calculate the time delay autocorrelation 
function. We suppose as usual that the number N of resonances is asymptot
ically large and use the powerful supersymmetry technique [16] first applied 
;.o chaotic scattering problems in [17]. As to the number M of the (statis
tically equivalent) scattering channels, it can be small or large or can even 
scale with the number of resonance states. One can treat the latter two cases 
[•I, 18, 19] as a "semiclassical limit" in the matrix model. We show here that 
the timedelay local fluctuations are governed, similar to those of 5matrix 
[19], by the gap between the real axis and the upper edge of the distribution 
of'resonance energies in the complex energy plane. We compare this result 
with that obtained in the framework of the periodic orbit approach. 

It the next section our statistical matrix model is briefly presented. The 
connections of average time delay with the resonance spectrum and Smatrix 
fluctuations are elucidated in sec. 3. After a short description in sec. 4 of the 
supersymmetry method which we use the main analytical results for the time 
delay correlation function are given and discussed in detail in sec. 5. Some 
numerical results shedding additional light upon properties of the time delay 
correlations are gathered. We close with a brief summary in sec. 7. 

2 The Resonance Matrix Model 
Accordingly to general scattering theory, the evolution of the JVlevel unstable 
system formed on intermediate stage of a resonance collision is described 
[20, 21, 22] by the effective Hamiltonian 

n = H-iyW, W=VVT . (5) 

The Hamiltonian (5) acts within the intrinsic ЛГdimensional space but ac
quires, due to the elimination of continuum variables, an antihermitian part. 
The hermitian matrix H is the internal Hamiltonian with a discrete spectrum 
whereas the rectangular N x M matrix V consists of the amplitudes V^ of 
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transitions between N internal and M channel states. These amplitudes are 
real in Tinvariant theory, so that the matrix W, similar to # , is real and 
symmetric. As usual, we neglect the smooth energy dependence of V and W. 
The dimensionless parameter у characterizes the strength of coupling of the 
internal motion to the continuum. 

The poles of the resonance scattering matrix in the complex energy plane 
are those of the Green's function [20, 21, 22] 

G{E) = {E-H)-1 . (6) 

They coincide with the eigenvalues £„ = En — ^Г„ of the effective Hamilto
nian 7i with En and Г„ being the energy and width of nth resonance state. 
It what follows, the properties of the spectrum of complex energies £n play 
the crucial role. 

The intrinsic chaoticity of the internal motion of longlived intermediate 
system manifests itself hy chaotic fluctuations in resonance scattering and 
demands a statistical consideration. The random matrix approach extending 
the wellknown [11, 14] description of chaotic bounded systems has been 
therefore worked out in [23, 17, 22]. It is usually assumed that the hcrmitian 
part H of the effective Hamiltonian belongs to the Gaussian Orthogonal 
Ensemble <GOE), 

(Hnm) = 0, {HnmHn,m,) = ^(Snn,Smm.+6nml8mnl) . (7) 

In the limit N —* oo eigenvalues of Я are situated in the interval [—2A,2A] 
with the density given by the Wigner's semicircle law. Following [22], we sug
gest the transition amplitudes V* also to be statistically independent Gaus
sian variables, 

<V„«> = 0, <V„"Vi) = ~6'^т • (8) 

We will use below the ensemble (7,8) to calculate the average quantities 
defined in (3,4). 

3 Time Delay and Resonance Spectrum 
Since we have neglected smooth energy dependence of the effective Hamilto
nian (5), the poles £„ in the lower part of the complex energy plane are the 
only singularities of the resonance scattering matrix. Due to the unitarity 
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condition their complex conjugates £„ serve as 5matrix's zeros. These two 
conditions result in the representation 

detS(£) = n | ^ §  (9) 

Substituting eq.(9) in eq.(2), we come to the important connection 

e№) = 2i r a{it,^)} = i x : ^  ^ _ _ ( 1 0, 

between the time delay and the trace of the Green's function (6) of the 
intermediate unstable system. The time delay is entirely determined by the 
spectrum of complex energies of this system. The collision duration directly 
reflects the statistical properties of resonances. This is in contrast to the 
scattering amplitudes Scc which explicitly depend also on the transition 
amplitudes Vn

c. 
The ensemble averaging of eq.(10) gives 

<<?(£)) = 4 j Re «(Я) (П) 

where m < 1 is the ratio M(N and the function 

g(E) = iX±(licJ(E)) (12) 

satisfies the qubic equation [19] 

^-т + ТТШЩ-<Т = 0- (И) 
The (unique) solution with a positive real part has to be chosen. It can be 
seen from the consideration given in [19] that this real part is close to jfirp{E) 
with p(E) being the projection on the real energy axis near the scattering 
energy E of the density of resonance levels in the complex energy plane. 

On the other hand, averaging the eq.(l) directly, we express (Q) in terms 
of the twopoint Smatrix correlation function [17, 19]. In the limit of a large 
number of statistically equivalent channels, M S* 1, scaling with the number 
nf resonances N 



Неге [19] 
Cs(e) = ^Щ^ Т{е) = К{Е) Т(с) (15) 

with the two smooth functions defined by [19] 

and we set E = 0 for the sake of simplicity. The quantity 

Cs(0) = 7(0) = T (17} 

coincides with the transmission coefficient T = 1 —1(5)|2. With eq.(15) taken 
into account we obtain from (14) 

where we have designated Г(0) as Го. 
As long as the typical values of the quantity Г(г) are small as compare 

to the parameter A characterizing the scale of the smooth edependence of 
the function T(E) , the two factors in the r.h.s. of eq.(15) have quite differ
ent energy scales. Only the first fast varying factor K(e) describes the local 
fluctuations whereas the second one corresponds to the joint influence of all 
resonances giving rise to the processes with a very short duration. The latter 
came out from eq.(18). The average time delay of a non mono chromatic spa
tially small wave packet caused by the formation of a longlived intermediate 
state [3, 26] is determined just by the factor A'(e) [19] 

W =  ^ | = r 0  . ,19, 

This implies the connection [19] 

• ^ p r i O ) - ^ - (») 

4 The Supersymmetry Method 
Now we calculate the correlation function (4). Taking into account the rela
tion (10), one can cast eq.(4) into the form 



= 7|TRe{(tre(E+|)tret(£|))(tre(£+|)>{tre'(b
,

|)>} • (21) 
We also define the normalized quantity 

The terms containing two Green's functions with poles at the same side from 
the real energy axis are omitted in (21). We will briefly return to this point 
later. 

In the limit у = 0 when the system gets closed the correlation function 
(21) becomes proportional to the GOE densitydensity correlation which con
sists [14] of the singular term 6(irpe) and smooth Dyson's function —Уг^ттре). 
Coupling to the continuum leads to appearing of a new energy scale caused 
by the decay processes." This scale is defined [19] by the quantity Г(е) from 
eq.(16). One can anticipate a qualitative changing of correlation function to 
occur on this scale. For larger distances the influence oF the antihermitian 
part should fade away and asymptolics of CQ for z —* со is expected to 
coincide with that of the Dyson's function — У?(ггре). 

To perform the ensemble averaging in (21) we use the modification worked 
out in [19] of the supersymmetry technique [17]. Using the integral represen
tation of Green's function as a multivariate Gaussian integral over commuting 
and arLticammuting variables, one gains the possibility to accomplish the av
eraging exactly. With the.help of Fourier transformation in the supermatrix 
space the integration over initial auxiliary supervector is then carried out. 
Going along this line, one arrives finally at 

< t r S ( E + ^ t r S t ( E  £ ) ) = ~{вЬ(<гъ)еЩащ))с (23) 

Here the shorthand (.. .)c ia used to denote tilt integral 

<...)<: = Jd[«\ Щ eIp{Af£(«7, *)}(...) (24) 

over two 8 x 8 supermatrices a and J with the measure defined by the La
grangian [19] 



£(<r,r)= j s t r i r 2  i f i s t r c  ^str(irj) 

+ i s t r b ( a ) + y s t r lit(l+7iri,)  j£str(ff!,) . (25) 

The diagonal supermatrices appeared above are equal to 

, = diag(l, 1 , 1 , 1 ,1 ,1 , 1 , 1 ) 

4i =diag( l ,1 ,0 ,0 , 1 , 1 ,0 ,0) rfc = diag(0,0,1,1,0,0,1,1) . 
We have set here to one the GOE parameter A. 

The supermatrix с can be decomposed in the following way [17) 

T = I W 2 O  1 (26) 

where To is a noncompact transformation whereas the matrix OR is diag

onalized by a compact one. This implies corresponding decomposition of 
integrals in the r.h.s. of (24) 

(.. .)c = 1Н"л) <1Ы d{»\ exp{-NCR(a„,»)} 

x /^е1ф{-Л'£„(<гя,Го))(...) . (27) 

The Jacobian .F(fffl) depends only on the eigenvalues of <TR\ dp is the invari
ant measure of the manifold of noncompact transformations To At last, the 
Lagrangian (25) is splitted on two pacts, CR and C», given by 

CR(<T,*) = Ы*тЪ  sEstrfffl  jstr((7H*) + Jstr ln(<7) , 
' * * (28) 

CA°R.T°) = JEstr(i7HTo' 14To)+ f str 1п(1+гсглТ0^Т0) . 

Only second part depends on the noncompact variables. The first one is 
invariant under transformation T„ since it is fully absorbed by the appropriate 
transformation of *. One can easily verify that corresponding Jacobian is 
equal to unity. 

Since the number of resonances N —* 0, the integrations over OR and & 
can be carried out in the saddlepoint approximation. At the same time, one 
has to integrate exactly over noncompact variables as long as the numbe; 
of channels M is finite (m = 0). The saddlepoint approximation becomes 
valid for the latter integration when the number M also tends to infinity (m 
is finite). We will consider the both cases mentioned. To simplify formulae 
we restrict our further consideration to the center of GOE spectrum £7 = 0. 

10 



5 Time Delay Correlation Function 
Let us first consider collisions with a fixed number of channels M. Vhe 
logarithmic term in Cu being proportional to the small ratio m does not 
influence then the saddlepoint equations in the (<?R, ff )sector. In particular, 
the term in (13) containing this ratio has to be omitted. The saddlepoint 
equations are trivially solved in this case and at the point E = 0 

* =  « T R 1  ffK = n . (29) 

With integration* over <rR and & being done, the correlation function (4) 
reduces to the integral 

KQ(£) = 2Re /rf/*str(«:Q;j)str(«:o2) expjTrpEstrorj— str ln(H^Tai)} 
(30) 

over the invariant measure of the noncompact manifold of Jomatrices. Here 
a 1 > 2 ace the 4 x 4 eupermatrices defined in [17], the supermafcrix к = diag 
( l . ' l .  l .  l j a n d 

T=HTw ( 3 1 ) 

is the transmission coefficient (17) calculated jn the limit of m = 0. 
The further calculations go along the line described in details in [17] and 

lead to the result 

KQ(e) = ^ fdXojdXi /"rfA2/((Ao1Ai,A3)(2Ao+A1+A3)
2cos{^e(2Ao+Al+A2)} 

1 M / a 

X Ifl+TAOfl+TA^ 
where 

[_$!="£_ I (32) 

ii(Ao, Ai, A2)  • 
' [(l + A.JAtfl+AsJAjP/^Aa+Atroo+Aj)* ' 

The dependence of the function Kq on openness of the unstable system 
is fully contained in the last factor in (32). If at least one of the quantities 
M or T is equal to zero the threefold integral reduces to the single осе [16] 

2 oo 
«q \e) = / * ' U ~ \'"('+')) « » ( W ) + / * (2  ^ In £ i ) cos(irp£<) 



= 6(*pe)  Yt(rpe) (33) 
which is just Hie normalized GOE densitydensity correlation function. 

Generally speaking, the threefold integral in (32) can be investigated for 
arbitrary number of channels M only numerically using the methods devel
oped in [25] (see the next section). However, this integral can be simplified 
if M becomes large enough. Let the number M grow still keeping the ratio 
m = 0 and the product MT - 2ярГи> (compare with (20)) fixed. The quan
tity Гiv is just the limiting value of Го with T and g calculated in the limit 
m = 0. It coincides with the wellknown semiclassical Weisskopf estimate 
[24] of the correlation length of Ericson fluctuations. Then 

 ' ~ P 0 ) " J «Ф{»/>Гц.(2Л0+Л,+Аг)}, (34) 

(35) 

L(l+:TAi)(l+TA2 
and one obtains similar to eq.(33) 

Ag(e) = / d l f e <  " r " " ( l  i | n ( i + l ) J cos(Tpjt) 
D 

+ Jdt e<' r » '> (2  I In | ± i ) cosfr*.) . 

This is in close analogy with the consideration of the Smatrix correlation 
function made in [25]. 

Л new convergency factor appeared in the integrals in (35) as compare to 
(33) where only oscillating cosine cuts the integral in the region of asymptot
ically large (. This makes the function KQ finite for all values of E including 
zero, so that the ^function is now smeared out. The behaviour of Л'о(с) is 
quite different in the regions с « I V and £ » I V . In the first one it L 
determined by decays and therefore is sensitive to the coupling to the contin
uum. Quite opposite, for large £ the behaviour becomes universal since the 
GOE fluctuations described by the Dyson's function V2 are restored. It is 
perfectly reasonable since an open system cannot be distinguished from close 
one during small time i <^ r v • 

The first 7sensitive domain is widened when the width I V grows. In 
the case of small pTw < 1 (isolated resonances) it is natural to set aside the 
contribution of asymptotics of the integrand presenting (35) in the form 



со 

+ jdt е  * ' Г и " (l  1Ы j ± I ) cosfffprf) . (36) 

The Lorentzian contribution with the width I V directly traced to the GOE 
^function dominates in the domain к < t V • The sum of the integrals in the 
second line is negative for all values of e and approaches asymptotically to the 
function Vjj from above. We thus come to the conclusion that the correlation 
function vanishes at some intermediate point eo which can be estimated as 

* e „ ^ (37) 

using the condition 

The regime of strongly overlapped resonances, pTw 3> 1, is a most inter
esting one when the number of resonances M is large. In this case the main 
contribution in KQ conies from the region of small t. Therefore, the second 
integral in (35) can be neglect. Dropping then out the small logarithmic term 
in the first integral and extending its upper limit to infinity, we arrive at 

A„W «/**"»cos(^) = ^ ( ^ = g . (38) 

Corrections to this result are of higher order with respect to the parameter 
(/эГи)1 The function (38) is not a Lorentzian at all. Decreasing quadrat
ically in a small vicinity of the point s = 0, it deviates subsequently from 
a Lorentzian, becomes zero at the point e = I V , reaches a negative min
ima and approaches at last zero from below. Just the correlation function of 
such a form with I V substituted by the classical escape rate was conjectured 
in [12] as the limiting classical expression following from the periodic orbit 
picture. Certainly, there is no room for the classical escape rate in matrix 
models"considered. One can see that the found form has in fact quantum 
grounds. 

One should return to the exact expressions (27,28) if the tatio m is finite. 
The resonances are strongly overlapped in this case. The saddlepoint is now 
found to be 

To = 1 , a = -ivj- , VR = g(e/2) v , (39) 
13 



where g is the chosen in sec. 5 solution of the qubic equation (13). The 
sequential saddlepoint integrations over <TR, a and then over noncompact 
manifold result in the expression 

'^> = м^р§ЙГ ( 4 0 ) 

where the function T(e) defined in (16) is just the one appearing when the 
Smatrix fluctuations are considered [19]. 

The explicit dependence on e gives rise to sharp variation of the correlation 
function (40) in the vicinity of zero if the topical values \Y(e)\ < 1 (see 
eq.(15) and the discussion below). As long as the ratio m is small, the 
quantity Г(е) is small indeed and we can neglect its smooth edependence 
for all $ •& Го » Vw- Eq.(40) is equivalent to eq. (38) wi'.hin this domain. 
The asymptotic behaviour for large e also does not change г шее Г(е) remains 
restricted for all e. Some difference can appear only for icermediate values 
of£. 

However, for larger values of m the deviation can become noticeable even 
near the point e = 0. In this case the next term in the power expansion 

Г ( е ) « Г 0 + Г{,е (41) 

with respect to the smooth edependence should be taken into account [19]. 
Because of the smoothness, the derivative Т'0 is small. One can see from 
eq.(13) that this derivative is pure imaginary. The form (38) is now repro

duced again for sufficiently small e , 
др2 n2 _ £ 2 

*"<*> = M^PTTfF' ^ 
with 

r ' = TT% < 4 3 > 
It has been proved in [19] that Г, playing the role of the correlation length 
of the Ericson fluctuations coincides with the gap between the distribution 
of resonance energies in the complex energy plane and the real energy axis. 
Therefore we come to the conclusion that the properties of fluctuations both 
of the Smatrix and time delay are described by the same quantity, the gap 
Г й rather than the classical escape rate. 

Until now we neglect the "onesided" contribution 
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Cg(e) = (Q)
2

KQ(e) = 

- J j I t e { < t r S ( f ) t r f f ( - £ ) ) - ( t r e ( | ) ) ( t r 5 ( - | ) ) } (44) 

to the correlation function (4). As long as m = 0, this contribution is of higher 
order on the parameter . V - 1 . However, this is not the case when the ratio 
M/N is finite. So one has to calculate (44) explicitly. The well-known replica 
method [27] turns out to be adequate for the latter purpose. Dropping here 
corresponding rather cumbersome expression we only note that the function 
KQ(E) is entirely expressed in terms of the slow varying g ( | ) and varies 
slow itseir. It has got no pronounced resonance behaviour and constitutes a 
smooth background for the correlation function. Its maximal value reached 
at the point с = 0 looks approximately like 

so that 

The ratio is small under the condition 

jr/>r0 < N or Го < 1 (45) 

implying a clear-cut distinction of the local and global scales [19]. Such a scale 
separation is necessary for matrix models to be valid so far the fluctuations 
are concerned. 

The obtained form of the e-dependence of Cq is close to that found in 
[9] for the Gutzwiller's model of single-channel chaotic scattering on a space 
of negative curvature. The same values of all resonance widths and the 
outcoming possibility for resonances to overlap are two specific features of 
the model which are in fact in strong disagreement with properties of the 
resonance spectra represented by matrix models, In particular, the single-
channel resonances cannot overlap at all in the latter models [22] and their 
widths fluctuate strongly. That is why the correlation function [9] differs 
noticeably from our result for M = 1 (see below). The situation changes 
when the number of channels is large. The width fluctuations diminish with 
the number M of channels growing. Since the time delay depends, according 
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to (10), only on properties of the complex energies of resonances, correlation 
functions become similar in the two quite different cases compared. 

It is worthy of noting that the resonances overlapping strongly suppress 
the time delay fluctuations. Indeed, eq.(36) gives for isolated resonances 

A'Q(0) = — p  > l 
VpTw 

whereas 
K*W = ^5fT < l 

ir^/rl \ 4 

when they overlap. The duration of a collision thus becomes a good definite 
quantity in the "quasiclassical" limit, 

6 Numerical results 
Excepting a few limiting cases considered above, further anaiyhtical study 
of (32) is not possible and one has to use numerical methods. However, the 
threefold integral as it stands does not suite for numerical computation. Л 
very convenient substitution of the integration variables has been proposed 
in [25] to overcome all difficulties appeared. Following this author we reduce 
the expression (32) to the Fourier integral 

# « ( £ ) = / * **( ' ) cos; «-/?£() (46) 
о 

with the Fourier transform F(t) given by a double integral of a smooth func

tion quite convenient for the numerical work. The asymptotic behaviour of 
F(t) can be easily found explicitly 

ptt\ I % for ( < 1 

For a close system (T = 0) the Fourier transform F(t) tends to the unity 
in the larget asymptotics. This results in the £term in the GOE density

density correlation. A singularity still survives even for an open system with 
one or two decay channels. The asymptotics (47) implies the square root 
or logarithmic divergences correspondingly at the point e ~ 0 in these two 
cases. 
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0.0 0.0! 0.02 0.03 0.04 0.05 
Х=рЕ 

Fig. 1. The time delay correlation function (32) versus x = pe for M = 1 
and 7 = 1.0. The dotted curve is the Dyson's function — Уъ{ъх). 

In Fig.. 1 the function Kq(x) versus x = ps. is plotted for the case of 
single open channel. The singular behaviour near гего as well as GOElike 
asymptotics are shown. The dashed line represents the Dyson's function 
-Y2(irx). The calculation was made for the value 7 = 3; only some small 
domain around zero is sensitive to the choice of 7. The correlation function 
Fig.l has little in common with that found in [9]. This discrepancy is due to 
the strong fluctuations of singlechannel widths in our model in contrast to 
identical widths of all resonances in Gutzwiller's one. 

For M > 2 the quantity Kq(Q) IS finite and the correlation function 
approaches, as the number of channels grows, the asymptotics given by (35). 
The Fig. 2 demonstrates this for the ratio Kq{e)/Kq(0) in the case of 
overlapping resonances. In asymptotic regime (38) such a ratio is an universal 
function of the only variable e/Tw- One can see how the exact result (32) 
gets more and more close to this universal behaviour. 

The Lorentzian peak should dominate the ratio Kq{e)/ Kq(fi) in the do
main e/Tw £ (nytfV)  ^ ^* •"• when resonances are isolated (see (37)). Fig. 
3 demonstrates this for two values of coupling constant 7. 
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Fig. 2. Overlapped resonances. The normalized function KQ(,£)/KQ{0) 
versus x = £/Tw for three values of M =5, 10 and 20 (daah-dotted, dashed 
and dotted curves) and 7 = 1.0 The solid curve is the asymptotic expression 
(38). 

x=e/?w 

Fig. 3. Isolated resonances. The normalized correlation function (36) for 
pTw = 0.1 and pTw = O.01 (dashed and dotted curves), and Lorentzian 
(solid curve). 
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Fig. 4. The zero p£o of KQ(£) as function of M for three coupling constants: 
7 = G.Q1 (*) (in this case pea has been blown up by a factor 10), 7 = 0.1 (•) 
and 7 = 1.0(o). Solid and dashed lines are pTw and the dotted curve is t l 3 
estimate (37). 

As it has been mentioned above, the function KQ(S) vanishes at some 
point eo • The position of this point as the function of the number of channels 
M at several fixed values of 7 is shown in Fig. 4 for three different values of 
Ше coupling constant 7. It is, dearly seen as the square root dependence for 
isolated resonances (see (37)) is replaced by the linear one for overlapping 
ones. 

7 Summary 
In tills paper we have considered the fluctuations of the characteristic time 
of collisions in the framework of a random matrix model of resonance chaotic 
scattering. These fluctuations are entirely due to the fluctuations of the spec
trum of complex resonance energies. We calculate analytically the time delay 
correlation function and investigate its properties analytically and numeri
cally for different values of the number of channels and the strength of the 
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coupling to the continuum. For any values of these parameters this func
tion is far from being a Lorentzian. In particular, it vanishes at some point 
which plays a role of the characteristic correlation length of the fluctuatk^is. 
In the "quasiclassical" limit of a large number of strongly overlapping reso
nances this length is given, similar to that of the S-matrix fluctuations, by 
the gap between the upper edge of the distribution of complex energies of 
resonances and the real energy axis. We do not expect that this quantity may 
be connected to the escape rate appearing in the classical theory of chaotic 
scattering. The latter has been conjectured in [28] to be the semiclassical 
limit for the correlation length in chaotic scattering. 
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