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The kinetics and shape of the spontaneous and stimulated radiative recombination spectra of an electron­
hole (e-h) plasma produced by pulsed laser excitation are investigated in CdS crystals at T = 4.2-IOO'K. 
The mean energy <E(n» per electron-hole pair, as a function of pair density, and also the position in the 
energy scale and shape of the e-h plasma recombination band, are calculated and found to be in 
satisfactory agreement with the experimental data. The "red shift" of the CdS recombination-radiation 
spectra observed on increase of excitation level is investigated and explained. It is demonstrated 
experimentally that the ground state of an electron-hole plasma in CdS crystals at helium temperatures 
corresponds to a density of the order of 1018 cm -3 and is 12 meV below the lowest AT exciton term. 

The spectrum of recombination radiation (RR) of CdS 
at sufficiently low temperatures and under conditions of 
intense generation of nonequilibrium carriers with the 
aid of an electron beam or optical pumping reveals 
many new properties which were hitherto attributed to 
various mechanisms of interaction in an exciton gas of 
high density. In particular, Guillaume and co-workers[lJ 
were the first to observe a new band, called the P band, 
which they explained with the aid of the mechanism of 
radiative Auger recombination and inelastic collisions of 
two excitons. Somewhat later, the same point of view 
was developed by Mahr [2J, using as examples CdS crys­
tals and other semiconductors of the II-VI group. It can 
be regarded by now as established that the appearance 
of the P bands at low temperatures and at a high level of 
nonequilibrium-carrier generation is a universal 
phenomenon, at least in the investigated straight-band 
semiconductors (see, e.g., [3-5J). 

The purpose of the present study was to investigate 
radiative recombination of CdS in the case of extremely 
high densities of nonequilibrium carriers, when the in­
terparticle distances r are comparable with the radius 
rB of the exciton Bohr orbit (i.e., rS = r/rB = ri3(3/41Tn)1/3 
~ 1). Under these conditions, as a result of screening of 
the Coulomb interaction, the exciton concept becomes 
meaningless, and the spectrum corresponds to radiative 
recombination of an electron-hole (e-h) plasma. The 
valence band and the conduction band are then filled in 
accordance with the given concentration of the electron­
hole (e-h) pairs, and the energy spectrum itself becomes 
Significantly restructured as a result of many-particle 
interactions in the system of the electrons and holes. 

In Sec. 2 of the present paper we analyze the restruc­
turing of the energy spectrum in the region of high in­
tensities (rS ~ 1) and we calculate the energy of the 
ground state of an e-h plasma at T = O. We report next 
an experimental investigation of the spectra of the spon­
taneous and i~duced radiative recombination of CdS 
(Sec. 3), and also the gain spectra (Sec. 4), and estimate 
on the basis of the experimental data the energy of the 
ground state of an e-h plasma. We analyze the kinetics 
of the spectra following pulsed excitation (Sec. 5). It is 
shown in particular that the P band, which was earlier 
attributed to exciton..,exciton collisions, is the result of 
induced radiative recombination of a degenerate two­
component plasma. 
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1. CRYSTALS AND EXPERIMENTAL TECHNIQUE 

We used high-purity epitaxially grown CdS crystals 
1 to 50 IJ. thick. The concentrations of the shallow donor 
and acceptor impurities, particularly those responsible 
for the lines of the exciton-impurity complexes on the 
neutral donor (h) and the neutral acceptor (11), did not 
exceed 1015 cm -3. We present below the results obtained 
with one of the investigated samples, in which the donor 
content was at least one order of magnitude larger than 
the concentration of the shallow acceptor impurities 
(Li, Na). 

The samples were placed in a cryostat with adjustable 
temperature in the interval 4.2-150o K. A temperature 
below 4.2°K (down to 1.3°K) was produced by intense 
pumping of helium vapor. 

The optical excitation of the nonequilibrium carriers 
was produced with a pulsed N 2 laser (the power in indi­
vidual pulses was 2 kW, the pulse duration and repetition 
frequency were respectively 10 nsec and 100 Hz). To 
decrease the induced recombination, the emission of the 
N2 laser was focused on a crystal in the form of a spot 
with maximum dimensions 10 x 10 j.J.2. One of the linear 
dimensions of the excitation region on the crystal could 
be controlled up to 1 ~ 0.4 mm without violating at the 
same time the homogeneity of the excitation along l, a 
fact used in measurements of the gain by the methods 
described in [6, 7J. The geometric dimensions of the ex­
citing spot on the crystal were monitored with the aid of 
a measuring microscope with accuracy 2 j.J.. 

The spontaneous-emission spectra were measured in 
a direction normal to the excited surface. The excited 
spot was projected with 6x magnification on the entrance 
slit of the spectrometer, and the output slit of the spec­
trometer, together with a special diaphragm, cut out 
only by the central part of the spot (approximately 2/3 of 
the luminous region). By the same token, this decreased 
considerably the contribution of the radiation from reg­
ions which were not uniformly pumped in the plane of the 
crystal. The spectra were analyzed with a double mono­
chromator that ensured a spectral resolution of ~ 0.2 A. 
We used a stroboscopic system of photoelectric regiS­
tration. Smooth regulation of the delay of the strobing 
pulse, which had a duration ~ 1. 5 nsec, made it possible 
to investigate the kinetics of the recombination spectra 
with a time resolution of 2.5 nsec. 
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2. GROUND·STATE ENERGY OF ELECTRON·HOLE 
PLASMA IN CdS CRYSTALS 

The principal changes that occurred with the RR 
spectrum of CdS at T = 4.2°K and with increasing pump 
power from 105 to 2 X 107 W-cm -2 are demonstrated in 
Fig. 1a. The chosen pump interval ensures excitation of 
volume concentrations of e-h pairs starting with ne h 
~ 1017 cm-3 and higher. The lower curve is the lum~ 
inescence spectrum at a low excitation level with the aid 
of an ordinary mercury lamp. Figure 1 indicates the 
line of the exciton-impurity complexes 11 and 12 and of 
the free exciton (AT, A = 4853.4 A). With increasing 
laser-pumping power, a new band appears on the long­
wave side of the 12 line (or the M line)l). The width of 
this band increases with increasing volume concentra­
tion of the e-h pairs, and the "red" boundary of its spec­
trum experiences an appreciable shift towards lower 
energies. 

Before we establish the connection between the ob­
served radiation and the RR of an e-h plasma, we attempt 
to calculate the energy shift of the recombination spec­
trum of the e-h plasma, its width, and also the motion of 
its "violet" and "red" boundaries with changing density 
of the e-h pairs. To this end, following the method de­
veloped in llO,llJ, we calculated the average energy 
(E(n) per e-h pair as a function of the density of the 
pairs or of the dimensionless parameter rS: 

(E(n) )=(E"n) 

+(Emh)+(E",,), 

(1 ) 

where (Ekin ), (Eexch )' and (Ecorr ) are the average 
kinetic, exchange, and correlation energies. The energy 
is reckoned from the initial gap Eg• In the calculations 
we used the following parameters of CdS: electron and 
hole band masses me = 0.205 and mhl = 0.7m o, mhll 

5 Om [12J t d . 2/3 1/3 =. 0 ,s ate- enslty masses mdh = mhlmhll 
= 1.348mo, and hole optical masses moh = 3(2mb\ + mh111f1 

2.5UU 2.52U 25QU 2.55U 2.58U 

"1 
I 
1 

1.5 
2 76 

Q \l! 

5 ~ 
8 ",-
III 

7. U :+'::'::-'-c:-'::::f-::-':::::-'-;:-';-;;::-'-;C";;:-;;'--::': 
2.'18U 2.5UU 2.52U 2.5QU 2.55U 2.58U 

Energy., eV 

FIG. I. a) Recombination radiation spectra of CdS at excitation 
power densities 16 MW/cm2 (1),5 MW/cm2 (2),1.4 MW/cm2 (3),440 
kW/cm2 (4), and ISO kW/cm2 (5), obtained with a delay T = 12 nsec 
(thennostat temperature Tb -4.2°K). b) Dependence of the average 
energy (E(n) per pair of particles, and also of the "violet" hwV and 
"red" hWR boundaries of the recombination spectrum on the carrier 
density n or on the parameter rS = (41rn/3)1/3 IrB' 
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= 1.02mo. The reduced exciton mass /..Lex' the binding 
energy of the lowest AT exciton state Eex' and the radius 
rB of the first Bohr orbit were respectively /..Lex 
= 0.17mo, Eex = 29.3 meV, and rB = 27.7 A. The dielec­
tric constant was assumed to be E = 9.3. At T = 0 we 
obtain for (E(n) in exciton Rydberg units 

2.2 1.9 
(E(n» =-, --+ (E,.,,>. 

rs rs 

The values of <Ecorr) for different rS(rn) are: 

rs: 
n,cm-3 : 

(Eoo ,,), MeV: 

1 
1.1il·l0" 

212.8 

1.5 
3.35.[01' 

18.7 

2.0 
1.4[· 10'" 

16.3 

2.5 
7.23.1017 

14.6 

(2) 

The dependence of (E(n) on the dimensionless 
parameter rS (or n) is shown in Fig. 1b (dashed curve). 
The arrow marks here the position of the energy gap Eg. 

We shall now show that the change of the width of the 
RR band, and also the motion of the "red" liwR and 
"violet" liwV boundaries of the spectrum with increasing 
pair density correspond to e-h plasma recombination. 
To do this, we recognize that the "violet" boundary at 
T = 0 corresponds to the energy of the photons emitted 
upon recombination of a carrier pair directly from the 
Fermi surfaces of the electron and hole bands. There­
fore liwV coincides with the chemical potential W of a 
system of N electron-hole pairs: 

d 0 
n(J)v=W= dN [N(E(n»]=(E(n)+n iJn (E(n». (3) 

If we neglect the dependence of the kinetic-energy cor­
rections, necessitated by the interparticle interactions, 
on the wave vector, then the "red" boundary of the spec­
trum is shifted relative to liwV in the direction of lower 
energies by an amount equal to the sum of the Fermi 
energies of the electrons and holes: 

a 
n(J)n=(E(n)+n On (E(n»--(!1 .. "+~lln. 

(4) 

Figure 1b shows together with the (E(n) curve also the 
plots of liwV and liwR against the density n (or the dimen­
sionless parameter rS), calculated at T = O. 

It is seen from Figso 1a and 1b that the calculated 
plots of liwV' liwRl and (E(n) describe satisfactorily the 
positions and motion of the boundaries of the RR spec­
trum and its width with changing average number of the 
pairs of the plasma. The calculated position of the mini­
mum of the average energy (E(n) at T = 0, which indeed 
determines the ground-state energy of the e-h plasma, 
corresponds to rS = 2 and n = 2 x 1018 cm -3, and prac­
tically coincides with the position of the lowest AT ex­
citon term. The question of the experimental determina­
tion of the minimum of (E(n) will be considered in 
Sec. 4. 

3. FORM OF THE SPONTANEOUS SPECTRUM OF THE 
RECOMBINATION RADIATION OF AN ELECTRON·HOLE 
PLASMA 

Figure 2 shows the dependence of the form of the RR 
spectrum of an e-h plasma at different temperatures of 
the thermostat (Tb = 5-1100 K) and at practically con­
stant volume density of the pairs (the pump is fixed at 
J ~ 5 X 106 W /cm 2). We indicate first that owing to 
thermal dissociation there are no exciton-impurity com­
plex lines in the spectra above 25-30o K. With increas­
ing temperature, the e-h plasma emission band should 
broaden mainly because of the smearing of the violet 
part of the spectrum. This smearing corresponds to the 
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FIG. 2. Recombination-radiation spectra at thermostat temperature, 
Tb = 5-1 lOOK. The dash-dot and dashed lines show the approximation 
of the shapes of the spectra with and without allowance for reabsorption. 
The arrows indicate the calculated positions of the maximum of the gain 
at different temperatures. 

temperature broadening of the distribution functions of 
the electrons and holes. 

We have attempted to approximate the form of the 
spontaneous recombination spectrum of the e-h plasma 
with the aid of a simple model. Namely, recognizing that 
the interband transitions in CdS are direct (ke = -kh), 
assuming the distribution of the electrons and holes to be 
quasi -equilibrium, and also neglecting the dependence of 
the matrix element of the dipole moment on the wave 
vector t, we obtain for the form of the spontaneous spec­
trum 

I.p(E; l1;h; T) - 1:, fdhll (E-e.(k)-eh(k». (5) 
11:,--11:",-11: 

Here f h = {1 + exp[Ee h(k) -li~ h]/koTr1 are the dis-
e, " 

tribution functions of the electrons and of the holes, 
Ii T and IihT are the chemical potentials or Fermi quasi-

e " d" levels, and E is the energy reckoned from the re 
boundary of the recombination spectrum. The dispersion 
laws for the electrons and holes, neglecting the depend­
ence of the corrections to the kinetic energy on k, are 
expressed respectively in the form 

e.(k) =fi'k'/2m" 

fi'k' ( cos' e sin' e ) 
eh(k)=-- ---+-- , 

2 mhlJ mh..1. 

(6a) 

(6b) 

where () is the angle between the hexagonal c axis and k. 
Further, changing over in (5) from summation over k to 
integration, we obtain for Isp(E; Ii~,h; T): 
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(7) 

We note that only at T = 0, when the Fermi distributions 
for the electrons and holes are step like functions, I(E) 
can be expressed with the aid of elementary functions. 
At T f. 0, all the calculations in accordance with (7) were 
performed with a computer. The chemical potentials 
Ii T h were obtained with the aid of the tables for the 
F~i-mi integrals [13J. 

The dashed lines in Fig. 2 represent the results of 
approximating the form of the spectrum with the aid of 
expression (1) without taking absorption into account and 
at the values of the parameters ne hand T indicated for 
each spectrum. The dash-dot curves were calculated 
with allowance for reabsorption and agree better with 
experiment. The correction for the reabsorption reduces 
to multiplication of expression (7) by the factor 
[1- exp{-a(E)l}]/a(E)I, where l' is the carrier diffu­
sion displacement length (t ~ 1.5 Ii in CdS) and a(E) is 
the absorption coefficient (a < ° in the case of amplifi­
cation). It is seen from Fig. 2, in particular, that the 
role of the reabsorption increases with riSing tempera­
ture, as is manifest by a noticeable narrowing of the 
form of the spontaneous spectrum. 

On the whole, the agreement between the experimen­
tally observed and calculated shapes of the e-h plasma 
spectrum at different temperatures is satisfactory. The 
largest discrepancies between the calculated and experi­
mental values are observed in the region of the" red" 
boundary, where long-wave "tails" are observed. This 
is clearly seen in Fig. 3, where the e-h plasma spectra 
are plotted in the coordinates log I and A. The arrow in 
Fig. 3 indicates the "red" boundary of the spectrum. 
The presence of long-wave "tails" is apparently the 
consequence of many-particle interactions in a e-h 
plasma of high density. Their appearance in the recom­
bination spectra is explained in the theoretical paper (14J 
as being due to interaction with plasma oscillations. 
Another possible explanation of the origin of the "tails" 
may be the mechanism of radiative Auger recombination 
in inelastic three-particle collisions [15J • 

10 2,---------.,-----....." 

FIG. 3. Recombination-radiation spectra obtained at a power density 
-3 X 106 W!cm-2 and at different linear dimensions 1 of the excitation 
region: l-4p, 2-S.6p, 3-J3.4p, 4-lS.2p, 5-23p, 6-27.7p. The obser­
vation was along the 1 direction. 
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4. SPECTRAL DISTRIBUTION OF GAIN OF 
ELECTRON- HOLE PLASMA 

A nonequilibrium and degenerate e-h plasma in 
straight-band semiconductors is characterized by a 
large gain (negative absorption) relative to radiative re­
combination processes. To calculate the absorption 
coefficient O!(nw) (O! < 0 in the case of amplification) we 
used the well-known expression for the rate rsp(nw) of 
radiative spontaneous transitions per unit volume, per 
unit solid angle, and per unit energy interval [16J : 

4Ne'ro 
T. p (nro) = ..,...--;-IPI'I(nro-E.) , 

mo ftC ' 
(8) 

where N is the refractive index, nw is the energy of the 
emitted photon, and I(nw - Eg) for direct interband tran­
sitions is given by expression (7). We note that the num­
erical value of the square of the dipole moment I Pl2 for 
a direct interband transition in CdS, calculated from the 
oscillator strength f for the An=l exciton state (f ~ 2 
x 10-3 [17J) is equal to IPI2 = 1.6 X 10-39 g2cm 2sec-2• The 
absorption coefficient O!(nw) is connected with r sp (1'iw) 
by the relation 

n'c'n [ {nro E IL T T}] o:(nro)=- N'ro' r,p(nro) 1- exp - :~T' -ILk . (9) 

Gain takes place under the condition Ile + Ilh > 0 and is 
observed in the energy interval ow - Eg < Ile + Ilh' With 
increasing temperature and at a fixed density of the e-h 
pairs in the plasma, the gains at the maximum decrease, 
and the spectral interval in which the gain is observed 
naturally becomes narrower. In particular, in the case 
of CdS crystals is at a pair concentration in the plasma 
ne h ::; 1018 cm-3, the gain disappears already at tem­
peratures T ~ 100oK, as follows from calculations and 
experimental observations. 

Figure 4 shows, for the temperatures 5 and 49°K, the 
gain spectra together with the RR spectra of an e-h 
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FIG. 4. Recombination radiation and amplification spectra of CdS: 
a) Tb - SDK, T = 12 nsec (Te - lOoK, n - 1018 cm-3 ); b) Tb - 49°K, 
T = 14 nsec (Te - SOoK, n - I.S X 1018 cm-3 ). 
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plasma. The circles correspond to the experimental 
data, the dotted curve is an approximation of the shape 
of the gain curves with the aid of expression (9) and at 
values of the parameters nand T e indicated for each 
spectrum in the figure caption. 

It follows from Fig. 4 that at helium temperatures an 
e-h plasma with density -1018 cm -3 is characterized by 
gigantic gains (O! ~ 103 cm-1). Therefore at the maxi­
mum values of O!(ow), and if the condition Oil > 1 is 
satisfied (l is the linear dimension of the excitation spot 
on the crystal), the IS experiences an appreciable ampli­
fication (in the presence of feedback in the system, laSing 
is observed). As a result, in the corresponding pOint of 
the recombination spectrum, which coincides with the 
maximum of the gain curve, there appear intense narrow 
peaks, which have a super linear dependence on the power 
density and on the dimensions of the excitation region. 
It is important to emphasize that at helium temperatures 
the position of the maximum of the induced luminescence 
(the maximum of the gain curve) of the e-h plasma with 
equilibrium density ~ 1018 cm -3 coincides with the so­
called -;p band, which was previously connected with ex­
citon -exciton collisions [1, 2J. Thus, in our opinion, the 
P band is connected with induced RR of an e-h plasma. 

We note in conclusion that from the gain spectra of 
an e-h plasma at helium temperatures it is possible to 
estimate experimentally the position of the minimum of 
the average energy (E(n» per particle pair. The posi­
tion of the (E(n» minimum is determined by the "violet" 
boundary of the gain spectrum of the e-h plasma with 
equilibrium pair density ~ 1018 cm -3. According to our 
experimental observations, this minimum lies 12 MeV 
deeper than the lowest AT exciton term. Thus, the ex­
perimentally observed energy of the ground state of the 
e-h plasma differs from the calculated one by approxi­
mately 4~. 

5. KINETICS OF RECOMBINATION RADIATION OF 
ELECTRON-HOLE PLASMA 

Figure 5 shows the spectra of the spontaneous RR of 
CdS, obtained with different delays T after the start of 
the exciting laser pulse and at a thermostat temperature 
Tb = 4.2°K. The oscillogram of the laser pump pulse, 
focused on the crystal into a spot measuring 22 Il (power 
density J ~ 3 X 106 W/cm 2), is shown in the upper left 
corner of the figure; the origin for the oscillogram co­
incides with the start of the delay. 

Up to delays T ~ 6 nsec, the spectrum consists of one 
line belonging to the exciton-impurity complex 12 
(M band). Starting with T ~ 8 nsec, an e-h plasma band 
appears in the spectrum and increases in time more 
rapidly than M band, becoming almost comparable with 
it in intensity at ~ 12 nsec. With further increase of the 
delay from 14 to 26 nsec, the e-h plasma and M bands 
decrease, remaining comparable in intensity. It is im­
portant that when the intensity of the e-h plasma band is 
increased by more than one order of magnitude, its width 
changes insignificantly. On the whole, the kinetics of the 
spontaneous spectrum of the e-h plasma is delayed rela­
tive to the laser pulse by approximately 2-3 nsec, 
whereas the time development of the 12 (M) band dupli­
cates exactly the laser pulse. 

More significant differences in the kinetics of the 
spectra arise under conditions corresponding to induced 
luminescence (or laser generation) of an e-h plasma. 
Figure 6 shows the wave forms of the luminescence 
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FIG. 5, Kinetics of the recombination radiation spectra of an e-h 
plasma and of exciton-impurity complexes. The numbers at the spectra 
indicate the time delays in nsec. 

FIG. 6. Kinetics of induced recombination of CdS in the maximum 
of the band of the exciton-impurity complex (A = 4870A)-curve I, and 
of an e-h plasma (A = 4905A)-curve 2. The dashed line shows the pump 
pulse. Tb=4.2°K,I-1001l. 

spectra, obtained at the maximum of the exciton-impur­
ity complex line (A = 4870 A) and in the generation peak 
of the e-h plasma (,\ = 4905 A). The dashed line in the 
same figure shows the waveform of the pump pulse. On 
the whole, the response of the luminescence of the e-h 
plasma duplicates the waveform of the pump pulse. At 
the same time, the temporal response of the recombina­
tion radiation of the e-h plasma reveals clearly the spike 
structure (there are two spikes on Fig, 6) so typical of 
the free-laser generation regime. The duration of the 
e-h plasma generation spikes is much shorter than the 
pump pulse. We note that, just as in the case of the 
spontaneous spectra, the kinetics of the development of 
the induced luminescence of the e-h plasma turns out to 
be delayed relative to the laser pulse by 2-3 nsec, 

We emphasize that at helium temperatures and at 
volume-averaged pair concentrations exceeding 
1017 cm -3, the spontaneous RR spectrum of CdS always 

. contains a band of the exciton-impurity complex besides 
the e-h plasma band. This indicates that regions having 
Significantly different electron-hole densities are pro­
duced in the interior of the crystal. In spite of all the 
measures undertaken in our study to ensure homogeneity 
of the excitation, one cannot completely exclude a den­
sity gradient of the e-h pairs along the sample thickness, 
nor can we exclude the influence of uncontrollable de­
fects on the surface and in the volume of the crystal. 
Further, at high excitation levels (n ~ 1018 cm -3), gen­
erally speaking, it is immaterial where the plasma 
spectrum is located relative to the levels of the free 
electrons and of the exciton-impurity complex, for bound 
excited states simply do not exist in this excited volume 
of the crystal, owing to the screenirig of the Coulomb 
interaction. At sufficiently short recombination times 
in comparison with the time of establishment of the 
equilibrium between the e-h plasma and the crystal sec­
tions that surround it, a strongly excited layer will be­
have like some quasi-independent subsystem. Never­
theless, an important role is played in this case by the 
presence of a minimum of the free energy of the elec-
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tron-hole pair F(n, T) in the given subsystem, when the 
e-h plasma tends to reach the equilibrium density no(T). 
Indeed, if we hypothetically partition the e-h plasma 
with a certain wall, then the pressure on it will be 
P = n2aF(n, T)/anIT' When the average generated car­
rier density is n > no(T), then P > 0 and the plasma 
tends to increase the occupied volume. If n < nof!'), the 
pressure becomes negative, and the plasma compresses 
to no(T). If the F(n, T) curve has no minimum at a cer­
tain temperature, then the e-h plasma will only "spread" 
over the volume of the crystal, and in the spectrum of 
its RR we would see a band that becomes narrower and 
shifts on the energy scale with time [19J • 

The experimentally measured delay in the appearance 
of the e-h plasma band (or the P band) is in our opinion 
precisely a characteristic of the time during which the 
system acquires a density no(T) corresponding to the 
minimum of the free energy2). Further recombination 
takes place at a density close to no(T). This is precisely 
why the width of the e-h plasma band changes inSignifi­
cantly when the intensity at its maximum changes by one 
order of magnitude (Fig. 5). In other words, the recom­
bination proceeds with practically unchanged Fermi­
surfaces of the electron and hole bands. 

It is quite interesting that at helium temperatures the 
P band appears also at relatively low densities of the 
e-h pairs, n - 1016 cm-3 (pump J - 104 W/cm2), when the 
Coulomb interaction is not screened. Since the minimum 
of the e-h plasma energy lies much deeper than the ~ 
exciton term, the carriers find it more profitable 
energywise to condense into plasmoids either as a result 
of collisions between the excitons or because of the 
presence of some condensation centers, i.e., in this 
sense, just as in Si and Ge crystals at low temperatures. 
Estimates show that the time of the binding of the exci­
tons into a drop, Tb' at average concentrations ne h 
- 1016 cm-3, the thermalization time TT' and the radia­
tive lifetime TR are all of the same order (Tb - TT - TR 
- 10-9 sec). 

The intensity and the width of the P band at low 
(J - 104_105 W/cm2) and fixed excitation densities de­
pend strongly on the dimensions of the exciting spot. 
Since a sufficiently narrow P band (on the order of sev­
eral A) is observed only at relatively large linear dimen­
sions of the excitation region on the crystal (1 - 0.5 mm), 
it can be assumed that under these conditions it is in­
duced luminescence on a large number of electron-hole 
drops with an equilibrium density no - 1018 cm-3, which 
are randomly distributed over the volume. 

In conclusion, we are grateful to L. V. Keldysh and 
E. I. Rashba for useful discussions. 

I)There is at present no meeting of minds concerning the nature of the M 
(and also 1M) bands in CdS and CdSe crystals. In [8) the M band is at­
tributed to biexciton radiation. In [9) , however, there are serious argu­
ments against the biexciton concept, and the very origin of the M and 
PM bands is attributed to induced radiative decay of an exciton-im­
purity complex with emission of acoustic phonons. 

2) A similar delay (-0.4 nsec) in the appearance of the P band was ob­
served [18) following excitation of the luminescence of CdSe with the 
aid of picosecond laser pulses. 
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