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We report effective use of a new method of investigating subpicosecond processes in semiconduc-
tors. The method is based on the optical nonlinearity of one-photon electronic transitions. The
times of a number of elastic and inelastic processes in gallium selenide were measured within the
framework of the model constructed. The good agreement of the experimental results demon-
strates the applicability of the phenomenological approach to a number of problems of nonlinear

spectroscopy of condensed media.

1. INTRODUCTION

Relaxation time is determined in modern nonlinear
spectroscopy by two methods. The probing-beam method
(time analysis) proposes the use of light pulses shorter than
the relaxation times. !~ More promising for the investigation
of rapid processes is therefore the use of parameteric interac-
tion of either fields with different frequencies (biharmonic
pumping—spectral analysis),”” or of noise radiation with a
short correlation time.® The time scale of the investigated
phenomena is set by the period of the beats or by the field-
correlation time.

The nonlinear response of a semiconductor is deter-
mined by various types of inhomogeneities and by their re-
laxation mechanisms. Foremost is the presence of a band
structure, i.e., the spectral inhomogeneous broadening of the
electronic transition. The interaction of the field with matter
is subject also to polarization inhomogeneity that upsets the
equilibrium distribution of the electron-quasimomentum
orientations. The spatial inhomogeneity of the light field
brings about one more type of inhomogeneity, viz., irregular
distribution of the excitation. The objective difficulty in the
investigation is that in each particular experiment it is im-
possible to separate any one of the many types of relaxation
mechanism. On the other hand, the experimental data are
frequently set in correspondence, without due justification,
with very simple models of one selected process or an-
other,!->5-1!

We report here effective use, in subpicosecond spectros-
copy of parametric processes in semiconductors, of parame-
tric processes with cubic nonlinearity of the one-photon
electronic transitions. When a substance is acted upon by
three fields with amplitudes E,_; and frequencies w,_;
close to the resonant transition frequency w,, and wave vec-
tors k,_,, a fourth wave E, is generated, of frequency
W, = w,; + ®, + w;, in the direction k, = k,; + k, + k;. The
advantage of the method lies in the absence of a background
in the latter direction. Investigation of the dependence of the
effectiveness of the process on the various parameters makes
it possible to identify the relaxation mechanisms of the medi-
um. A set of experiments aimed at measuring and identifying
the relaxation times was organized on the basis of a nonlin-
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ear susceptibility model constucted in this paper, in which
account is taken of the main types of the relaxation of free
carriers in energy, quasimomentum, and space.

2. MODEL KINETIC EQUATIONS

We develop here a phenomenological approach based
on the kinetic equations (KE) given in Ref. 12 for the density
matrix. The specific formulation of the KE is based on mod-
els that represent the relaxation processes (Fig. 1). These will
be assumed hereafter to be Markov processes, and the devia-
tions from the equilibrium states will be assumed small. This
assumption can be justified in the cases of sufficiently long
light pulses, of high equilibrium population of the upper lev-
el, and of weak excitation.'? The fact that the relaxation pro-
cesses are not of the Markov type alters substantially the
character of the nonlinear response of the medium.'%*!

FIG. 1. Scheme of interband and intraband relaxation processes in a semi-
conductor.
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The assumption that the perturbation is small is natu-
ral, since the end purpose of this paper is the determination
of the rates of relaxation processes that are not distorted by
the measurement procedure. The coefficients of the relaxa-
tion matrix are independent in this case of the time and sa-
tisfy the detailed-balancing principle.'?

The internal state of the model medium is characterized
by an electron quantum number (i = 1, 2 for the valence and
conduction bands), by the electron energy ¢; reckoned from
the bottom of the conduction band, by the orientation of the
dipole moment p. (8 = (6, @)) or of the electron quasimomen-
tum parallel to it,'* and by the spatial coordinate r. The last
three quantities are assumed continuous and are determined
by distribution functions f(a) (@ = (£, 0, r)). Theintraband
evolution of the system is thus described classically.'?

The relaxation mechanisms mentioned are assumed in-
dependent, and are described by combinations of three possi-
ble collision-integral types: I—g (a, a') = fyla); II— (a,
a') = 6(a — a'); IlI—diffusive relaxation process. Here f;(a)
is the equilibrium distribution function and § (a — a')is a del-
ta function.

The relaxation processes in a semiconductor are divid-
ed into two groups (Fig. 1}—interband and intraband. It is
assumed hereafter that a transition from the conduction to
the valence band can occur either with satisfaction of the
energy selection rules (direct transitions) or without but with
the remaining parameters (0, r) conserved. The rates of the

interband transitions are designated ¥ and 7', respectively.

The rate of the inverse transition is assumed much lower.

The following processes are allowed in intraband tran-
sitions:

1. Inelastic relaxation, with and without rotation of the
dipole moment, at rates ¥4 and y3.

2. Elastic relaxation the quasimomentum orientation,
taking place both at a rate y; and with a diffusion coefficient
D,.

3. All the preceding processes were assumed localized
in space. We consider in addition elastic relaxation in which
the dipole moment and spatial diffusion of the carriers are
preserved; it has a diffusion coefficient D,.

The transverse relaxation rate ¥, is also assumed con-
stant and is determined by the sum of the rates of all the
relaxation processes. The equilibrium distribution functions
are assumed to be rectangular and the same for both bands,
and the medium is assumed isotropic ( f,(8) = i).

When a KE model is devised for a direct-band semicon-
ductor it is natural to assume that in field-induced optical
transitions the values of 0 and r are preserved and that the
selection rules hold for the electron energy number

(e, = — €,). The KE take now the form
do,
ot

21Im Voo,

=—?+71/02—Y1,,f0(3) j UzdS_Ya[ oi—fo(e)j oldE]

"YS”[ o:—fo(e) fs(0) 5 6, de dB]
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Hereo; = 0,.,.(0, 1), 0; = 0, (0, r) are the density-matri»
elements,

3
V=Vte,23 = - ";—2 Ei exp {—l (O)it—k,-l') } +C.C.
i=1

is the interaction Hamiltonian in the dipole approximation,
and fiw, is the band gap,

) 9 1
Vo= ——( i e—)+——~—
* T sin0 00\ " 50/ " Sin?e og*’
ga B 0

"o oyt o

3. NONLINEAR POLARIZATION AND SCATTERED FIELD

The self-consistent problem was determined by the con-
structed KE (1) and by the abbreviated equations for the field
amplitudes.'* The z axis was perpendicular to a plane non-
linear layer of thickness /. The problem was solved for the
frequency and spatial [x = (k,, k, )] Fourier components of
the density matrix by successive approximations, a method
justified by the assumption that the perturbation is weak. By
determining the linear polarization we could find the ab-
sorption coefficient of the medium in the linear approxima-
tion, s; = 27w,u’N /3ficy¥. Here N is the particle density,
v¥ = 2A4¢/7# the inhomogeneous width of the transition,
and 24¢ the width of the distribution fj(e). It was assumed
that y¥ exceeds all the relaxation rates and the optical-exci-
tation detunings |w; — w; |; i,j = 1-4.

To determine the nonlinear polarization at the required
frequency w,, equations were written and the following val-
ues obtained:

jjch(mi—m,) de de, J‘jl.lg,upoh(ﬁ)i_&)g) de de,

Uh(ﬁ)i—'ﬁ)s)
de do,
jy Yz+i(mo_(l)i—0.)z+0)3+28/h) &

J‘ f Ha g0 (@i —@s)
'Yz+l (0)0_0)1_0)2'*'(03'}'23/77’)

de do,

i, k=1,2; «a,p=z,y, z

The spatial-diffusion boundary-value problem was solved
with boundary conditions of the second kind corresponding
to the absence of an excited-particle flux at the boundaries of
the nonlinear layer. Solution of the standard abbreviated
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equations with the obtained polarization yielded the scat-
tered-field amplitude.

The general expression obtained for E, is too unwieldy
to write out here. It constitutes a set of Lorentz profiles
whose widths are determined by combinations of the rates of
the introduced relaxation processes. The tensor character of
the nonlinear susceptibility is described by the quantities

)
T Mabobilia de,

aptn =

1
Yoo =——=] popsdo; 1y P S N=X Y, 2.
8 4np2§””“ B, & n=2,4,2

The expressions for E, are greatly simplified by a spe-
cial choice of the interacting-wave polarizations. Let
e, = e,, with e the polarization vector. For crossed polariza-
tions we have then

ese, =0, Z Yapeiare=0,
a,p
00

Zcé’liEfEfEﬁ'[ —

it e Yotys Tyt Yen TiA @

>|,\

( Yi s )( 1 L
Vst Ye—iAe; 7\ 2y,—iAe v,

1 1
)+ . 2)
Yty YsiHYen—iA®; Ys' FatYen—iA®;

N A S
2Y.—iAo Yo' VP YT e —iAw;
Here
Y1=Y1/+Y1”7 A{‘=Y6,+73”+D8/6, 'Ysj=Dr| u,~—m|2,
Yen=(n/1)*D;, A0=0—0; Ao=0T0,—20,,
(n) nmm"Ne‘“’
@ij =T T kiz_ 2y Si—
oy 11 By @ e sim)

X @ (kj.—Fss, sts3) Z Yopneipesian,
B,E,m

8, is the Kronecker delta; E? is the amplitude of the ith field
at the entrance to the nonlinear medium, and

(iz—y) [1— (= 1) met==1]
(izt+y)*—(nn/l)?
Asin organic dyes,* in isotropic media there is a definite

angle between the polarizations, (ese,,)= ¥, = arctanv2,
such that

o(z,y)=

Z (Yapsn—YapYsn) espeszesn=0.

BEn

With this choice, the field amplitude E, is independent of the
times that govern the orientational relaxation. An expres-
sion for EY” can be obtained by making the substitutions
Ya— 0,7 > va=vi + 75

In nonstationary problems it is necessary to know the
time dependence of the scattered field. It is determined by a
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triple Fourier integral of Eq. (2):

o T (3)

M= Z 2 Cos" jdr,- j‘ dv,E (t—1y)

issj=1,2 n=0 0 0

ino(t_Tj)Eso.([_fi“Tj)
” G(Ti)

[ FRSEI Y

24 (et -0 [ 123

26(T)e‘<p(rm )}

X‘:‘XP[—'ZY'AT{' ('YA+'Ys,+“{A+'Yaj+"{6n) (t;—1) I.

The value of E{” can be obtained by making the same substi-
tutions.*

4. IDENTIFICATION OF THE RELAXATION PROCESSES

Analysis of the foregoing results confirms the statement
that it is difficult to distinguish between the relaxation pro-
cesses. It is nevertheless possible to construct a measurement
system that solves this problem.

Semiconducting materials are characterized by the ex- .
istence of two substantially different groups of fast and slow
relaxation mechanisms:

Yz, Yo'y 187 YNy 1 s Yen (4)

The characteristic times are shorter than 1 ps for the fast
processes and exceed 100 ps for the slow ones.!**7*!3 The
optimal procedure for the measurement of both the fast and
slow relaxation time can be taken to be a combination of the
probing-pulse and biharmonic-pumping methods. Two tun-
able-frequency radiation sources must be used with an inter-
mediate pulse duration 7, ~ 10 ps. One of them ensures oper-
ation of the apparatus in the required spectral band, and the
fast times are measured by tuning the second.

The measurements in the group of slow times are based
on the probing-pulse technique. The time-synchronized
fields E, and E;, with an angle 3, between their polariza-
tions, produce in the investigated medium a diffraction grat-
ing. The latter is sounded by the probing pulse E,, which is
delayed by a time ¢ ~ ¥, >7, relative to the fields E, ;. The
expression for the scattered field is then greatly simplified.
No diffraction grating is formed by the pulses E, ;(i =1,
j = 2) that intersect in time; the rapidly decaying terms van-
ish:

a (1)~ ZCYQI expl—7 (Vs Hystyen) |. (5)
n=0
The longitudinal relaxation (y,) and the transverse spa-
tial diffusion (ys,) are separated by a change of the angle
between the incident interaction waves E, ; and the ensuing
change of the spatial-grating period. The spatial-diffusion
coefficient D, determined in this manner permits an esti-
mate of the number of terms » in the sum (5) and yields the
required times y,,". It is impossible to distinguish between

v and y7.
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The measurements in the group of fast times (¥, 34)
were by the method of biharmonic pumping, the latter ef-
fected by tuning the frequency of E, and letting E;, = E,. The
scattered field is in this case

EG? ~ ! [ L 2 1 ]

"{3’+“{&—iA(1)1 L 'Yz—iA(l)i 12 'YL—'iA(Di
B~ Y Ca [_t 21 1 ]
ne0 Y;“lA(l)x'— "{z—iA(x)l ‘Yz. 'Y1+'Y§1+"{5n‘—‘iA(l)1 )

(6)
A procedure for determining the remaining unknown relax-
ation times will be described below.

5. EXPERIMENTAL SETUP

The experiments were performed on single-crystal &-
GaSe films 15-20 um thick, so oriented that the optical axis
was perpendicular to the layer. In its photoluminescent, las-
ing, nonlinear, and other characteristics this semiconductor
is regarded as one of the most promising materials for quan-
tum electronics (Refs. 15-20). It can be conveniently investi-
gated and easily optically pumped, since its band gap in a
direct transition is 2.02 eV (0.614 um) (Ref. 17) and lies in the
lasing range of widely used dye lasers.

A block diagram of the experimental setup for the mea-
surement of the relaxation times is shown in Fig. 2. The mas-
ter oscillator was an aluminum yttrium garnet laser with
passive mode locking in polymethine dye No. 3247. One of
the walls of the cell with the dye was the reflecting mirror of
the cavity. After amplification (2) the frequency of the funda-
mental radiation was doubled by a KDP crystal (3) 4 cm
thick. The second-harmonic (SH) pulses were used to pump
two synchronous S-160 organic-dye lasers (ODL) (4).

The duration of the ODL pulses was determined by a
system of two coupled cavities®' inside the main cavity,
which was matched to the length of the master oscillator,

(S

was placed in a dye cell whose walls formed a low-Q active
nonlinear Fabry-Perot etalon. The dispersive elements were
diffraction gratings with 1200 lines/mm, operating in the
autocollimation regime. At a cell thickness 2 mm, the LOD
generated spectrally limited pulses of 2 ps duration in a
range 0.59-0.65 um. The efficiency of conversion into tuna-
ble radiation reached 15% and the peak power was 50 kW.

The light-pulse parameters were measured by a zero-
background autocorrelation procedure. Their duration was
determined from the dependence of the energy of the noncol-
linear SH, generated in a KDP crystal 2 mm thick, on the
time delay. The angle between the beams in the autocorrela-
tor was 6°. The absence of phase modulation was monitored
against the agreement between the second- and third-order
autocorrelation-function (ACF) widths as determined by
measuring the self-diffraction signal in the thin (20 zm) gal-
lium-selenide film. The decay of the ACF characterizes in
this case the pulse-coherence time.?? Direct measurements
of the spectrum width yielded a value S ~1.2 cm ™.

The formation of the beams needed for the measure-
ments is clearly illustrated in Fig. 2. The time intervals
between pulses was varied by delay lines 5. The angle
between the wave polarizations was varied with polariza-
tion-rotators 6. All three beams were focused onto the sam-
ple 7. The useful signal was separated by spatial (8) and spec-
tral (9) filter systems. The latter system was a diffraction
grating with a period 1200 mm ~ !, operating in second order.

The recording system included calibrated pyro- and
photoreceivers 10, whose signal was filtered and processed
by a DZ-28 computer (11). The dynamic range of the mea-
surements reached seven orders and was achieved through
variation of the photomultiplier sensitivity by discrete cali-
brated switching of the voltage supply 12. The system oper-
ated in a digital gating regime.

The measurement system had thus all the degrees of
freedom needed for experimental implementation of the de-
scribed measurement procedure.

n

FIG. 2. Experimental setup: 1—master oscillator, 2—am-
plifier, 3—frequency doubler, 4—dye lasers, 5—delay
lines, 6—polarization rotators, 7—sample, 8—diaph-
ragms, 9—monochromator, 10—radiation receivers,
11—computer, 12—photomultiplier power supply.
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6. BIHARMONIC-PUMPING METHOD

The experimental dependence of the scattered-field en-
ergy W, on the detuning dw,, = @, — @3, of the central
frequencies of the interacting pulses is plotted in Figs. 3a-3c
for different polarizations of the interacting waves. A char-
acteristic feature of these curves is the presence of three es-
sentially different sections—a central peak, a pronounced
gently sloping region, and an inflection point followed by a
rapid descent.

The theoretical and experimental results can be com-
pared and the times of the fast relaxation processes deter-
mined only by a painstaking stage-by-stage analysis of the
various sections of all the curves. This procedure can succes-
sively single out the dominant relaxation mechanisms for
each section and obviates the need for large number of ad-
justment parameters.It is first necessary to integrate Eq. (3)
over the pump spectra. It was assumed that they are Lorent-
zian:

Ei(o0) ~[1-i(0;~0x) /0], j=1,2,3,

@10=W30,

meaning an exponential pulse profile. Allowance for the fin-
ite width of the spectrum has practically no effect in the
region Aw,o~Y334, and at small detunings
Aw,o =Y, 56 €60, the plot of W, is determined indeed by the
value of dw.

A. Parallel polarizations

In this case the W, (4w ,) plot differs substantially from
the two following ones (Figs. 3b and 3c). At small detunings,
an increase of W, is observed with a relative rise ~ 10° of the
central peak. In the range dw,;,~200-250 cm ™! the curve
has a characteristic rise. It can be attributed to scattering by

I

LO, optical phonons of frequency ~250 cm™!. Polariton
scattering, which was not taken into account before, turns
out to be essential for the interpretation of the results. Its
acoustic branch explains the course of the plot at low detun-
ings. The acoustic-phonon lifetime is 10~7 s, much longer
than the lasing-train duration. Owing to the pileup effect,
the contribution of this type of polariton scattering should
influence the measurement results particularly strongly.
The individual acoustic modes, however, are not resolved,?
since the pumps have sufficiently broad spectra.

In first-order approximation, the polariton scattering
can be considered independently; this leads to an additive
introduction of a Mandel’shtam-Brillouin cubic nonlinear-
ity!423;

80Ozt 00:0pn

Q—Ao —2iyAo, ’ )
where a, B, £, 1 = x, ¥, z; 2 and ¥~ ! are the frequency and
lifetime of the acoustic phonons. For parallel polarizations,
the contribution of this nonlinearity is a maximum and pre-
dominates in the vicinity of zero detuning. The presence of
such a slow nonlinearity has enabled the authors of Ref. 22
to measure the field coherence function.

The initial section of the curve in Fig. 3a agrees well
with the theoretical descent obtained for the Mandel’shtam-
Brillouin nonlinearity (7) at a pump-spectrum width
8w =1.08+4+0.10cm™.

Kaptn ~

B. Crossed polarizations

The case of crossed polarization of the pump waves
(Fig. 3b) is much simpler to analyze. In view of the selection
rules (7), polariton scattering hardly affects the measure-
ment results. The slight rise of the curve at small detunings is
due to the ~2° error in the setting of the polarization-plane
rotation angle.
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FIG. 3. Biharmonic-pumping method. Dependence of the scattered-field energy on the frequency detuning: a—parallel polarization, b—crossed

polarizations, c—the angle between the polarizations is ¥, = arctan v2.
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At frequencies Adw,,>6w the theoretical form of the
curve should be described by Eq. (6). Assuming a large inho-
mogeneous bandwidth 2y} /y¥ <1, the second term of this
expression can be neglected. The transverse relaxation rate
¥, is determined by the sum of the rates of all the relaxation
processes,'? so that we must put in (6)

"{a,+"{4z“{2- (8)

The bringing into coincidence of the theoretical and experi-
mental functions W,(dw,,) by means of only one fit param-
eter ¥, (Fig. 3b) permits an unambiguous determination of
the transverse relaxation rate in the sample, y, = 230 4 10
cm ™. The theoretical curves were matched to the experi-
mental points by least squares. The error in the determina-
tion of the fit parameters is equal to twice the sum of the
squares of the deviations.

C. Polarizations that eliminate the elastic orientational
relaxation times

By a special choice of the angle between the pump po-
larizations, ¥, = arctan v2, the elastic orientational relaxa-
tion time y, = ¥, + D, /6 is eliminated from the expression
(6) for the scattered field. A stage-by-stage matching of the
calculated curve to the experimental dependences makes it
possible to determine in succession the inelastic intraband
relaxation rates ¥s and 7,. The rate 7, is determined with
account taken of the previously obtained value ¥, = ¥; + V..
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For the employed gallium selenide samples of thickness
15 to 20 um and for an angle 9.2° between the pump-propa-
gation directions, the coefficients C ), in (6) decrease rapid-
ly enough to permit retention of only the first of them, C9},.
The descent of the curve after the inflection is determined
then by the first term of (6), which contains the previously
obtained rate ¥, and the only unknown quantity 7. The cal-
culated curve of Fig. 3c corresponds in the region Aw,, R 50
cm ™' to a value ¥; = 150 + 15 cm™'. According to (8), the
rate of the elastic orientational relaxation is 7, = 80 + 15
em~!. The ratios ¥,/7,=0.65+0.05 and ¥,/
¥, = 0.35 + 0.05 turn out to be more accurately determined.
After integration over the pump spectrum, the second
term of (6) is independent of the rates of the slow relaxational
processes. The theoretical expression for W, in the region of
small detunings contains again a single unknown, 2y,/y¥.
Variations of this parameter alter substantially the length of
the gently sloping region in the region of the inflection point.
The calculated curve (dashed) in Fig. 3c corresponds to a
value  2y3/y¥* =(42+0.2)1072 and  determines
y¥ = (6.7 + 0.5)-10%, thus confirming the initial assumption
that the electronic transition is essentially inhomogeneous.
At the chosen pump-wave polarizations, scattering of
acoustic phonons should occur and explain the negligible
deviation of the calculated position of the central peak from
the experimental one. The solid curve of Fig. 3c corresponds
to additive allowance for the contribution of the Mandel’sh-

FIG. 4. Probing-beam method. Dependence of the scattered-field
energy (a) and of the sample optical density D (7) (b) on the pulse
delay time.
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tam-Brillouin nonlinearity (7) with a relative weight
(8+2)s107%

7. PROBING-BEAM METHOD

In the measurements of the group of slow relaxation
times (4) the scattered field is determined by Eq. (5), in which
it suffices as before to retain only the first term of the sum,
with n = 0.

The experimental dependence of the scattered-field en-
ergy W,(r) on the delay time between the pulses is shown in
Fig. 4a. The angle between the pumping beams E | ; was
(9.2 £ 0.2)°. The measurments were made at a small frequen-
cy difference between the interacting waves,
W9 — @030 = 10 cm™'. The signal-wave propagation di-
rection did not coincide with the bisector of the angle
between the pump beams. The measures taken made it possi-
ble to avoid the permutation i <> j in Eq. (3), and as a result
W, did not have a sharp peak in the region 7 < 7, where all
three pulses crossed.?*

Scattering by the grating of the long-lived acoustic
phonons and pileup along the train lowered substantially the
measurement contrast. Its contribution to the scattered-field
amplitude during the relaxation times of the electronic non-
linearity is reduced to allowance for an additive and practi-
cally constant background in (5). The background level can
be determined from the value of W, in the region
7< — 7, <0. Subsequent “subtraction” of the background
yields the effective relaxation rate of the electronic nonlin-
earity:

Yer =Y1TYs=1(4.69+0.21) -109 s~ L 9)

Similar measurement were made for an angle
(6.8 + 0.2)° between the pump beams. However, this method
of identifying the contributions of the longitudinal relaxa-
tion and of the spatial diffusion’ is of low accuracy in the case
of gallium selenide, since the characteristic time of the first
process is quite small.'” For this reason, y, was determined
directly by measuring the dependence of the optical density
of the sample on the probing-pulse delay time.* The results
are shown in Fig. 4b. The rate of interband relaxation was
¥, = (2.63 4+ 0.14)-10° s ', corresponding to a spatial-diffu-
sion coefficient [Eq. (2)] D, = 7.5 + 1.4 cm?/s.

8. CONCLUSION

It must be noted that in rough limiting cases the theo-
retical results of this paper agree with relations obtained ear-
lier by many workers.'~” At the same time, they explain a
number of “anomalies”observed in the behavior of the non-
linear response, refine the interpretation of the measured
quantities, and indicate the limits of applicability of the
models.

An optimal combination of the methods of biharmonic
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pumping and probing beam has made it possible, within the
framework of a phenomenological theory, to measure and
identify the times of the following relaxation processes in &-
GaSe: transverse relaxation (T, = 23.1 + 1.6f5), inelastic in-
traband relaxation (73 = (35.8 + 4.0fs), elastic orientational
relaxation (7,=69 + 13 fs), interband relaxation
(T, =380+4+20 ps), and transverse spatial diffusion
(Ts = 490 + 80 ps); the latter corresponds to a spatial diffu-
sion coefficient D, = 7.5 + 1.4 cm?/s.

The experimental investigations reported confirm the
validity of the theoretical analysis based on a phenomenolo-
gical description of the relaxation processes. The results can
be interpreted without resorting to the theory of non-Mar-
kov processes.'®!!
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