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The temperature dependence of the line width is investigated for ESR at T> TN' for NMR of the FeS7, 

CI3s and CI37 nuclei at T < TN and for AFMR in magnetically ordered FeCI,. The critical exponent that 
describes the broadening of the ESR line as the temperature approaches TN = 9'K is found to vary 
between 2.5 for T> 22'K and 0.56 for T < 20°K. The NMR spectrum of FeS7 corresponds to 
Hh/ T --+0) = 487 kOe whereas the NMR spectrum of the C!,S and CI37 nuclei is almost continuous in the 
20-55 MHz frequency range. The temperature dependence of the NMR spectrum is not described by a 
Brillouin function. The AFMR spectrum was observed in the 28 to 57 GHz frequency range. The 
frequency and field dependences of the AFMR spectral lines do not agree with those expected for a 
uniaxial antiferromagnet. A discussion of the results shows that they are consistent with the complex 
helicoidal magnetic structure of FeCl3 obtained by neutron-diffraction measurements. 

PACS numbers: 76.50.+g, 76.60.-k, 75.50.Ee 

FeCla crystals belong to the BiIa structure type 
(space group R3),1] and are similar in structure to the 
layered ferromagnet CrBra _ There are indications 
that FeCls can go over at T< 250 OK into a different 
structural form, ,2] but it is stated in,3], where the mag
netic structure was investigated by neutron diffraction, 
that the crystal structure of FeCls in the magnetically
ordered state corresponds to that described in,l] (Fig. 
1) with slightly modified lattice parameters. An investi
gation of the susceptibility,4] and of the Mossbauer ef
fect'S] have yielded the antiferromagnetic ordering tem
perature TN== 9.1 OK, whereas a value TN== 15 OK is 
reported in,a,6]. 

It is reported in'S] that the magnetic structure of 
FeCla is complicated and such that the spins of the Fe3+ 
ions that are closest to one another along the hexagonal 
axis are oppositely directed and lie in the crystallo
graphic plane (1450) (hexagonal Miller indices), but the 
directions of the spins in the nearest adjacent planes 
of the (1450) type are rotated relative to one another 
through an angle 21T/15. Thus, the antiferromagnetism 
vector forms a helical structure with a helix axis along 
the [1450] directions and with a period equal to 15d, 
where d is the distance between the nearest planes of 
the (1450) type. Measurements of the Mossbauer ef
fect on Fe 57 ,7] yield a value Hbf == 487 ± 15 kOe for the 
hyperfine field. The measurements of the temperature 
dependence of Hbr in these studies are not accurate 
enough, and measurements in external magnetiC fields ,5] 

do not allow us to state whether a helical magnetic 
structure is present or not, owing to the small values 
of the employed fields. 

Taking into account the contradictory character of 
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the information on the magnetic properties of the FeCl3 

crystals, and also the interest in the helicoidal mag
netic structures, we have carried out a group of in
vestigations of FeCl3 crystals, including the following: 
a) electron spin resonance (ESR) at T> Tn' b) nuclear 
magnetic resonance (NMR) in the magnetically ordered 
state, and c) antiferromagnetic resonance (AFMR). 

FIG. 1. a) R3 crystal structure of FeCl3; b) projection of the 
FeCl3 "sandwich" on the (0001) plane: .-Fe in the (00001) 
plane, o-Cl above the (0001) plane, dashed circle-Cl below 
the (0001) plane. Shaded part-area of unit cell. al,a2,a3) axes 
of the chosen coordinate system. Straight lines-traces of the 
intersection of the (0001) plane with planes of the (1450) type. 
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FIG. 2. Temperature dependence of the width of the ESR line: 
A-C31.Ho, o-C3 II Ho. 

SAMPLES AND MEASUREMENT METHODS 

Anhydrous FeCl3 was synthesized by roasting chemi
cally pure iron in a chlorine stream at 220 < T < 300 ° C. 
The obtained product was additionally purified by dis
tillation in a CI current at T-300 °e, and was sealed 
in a quartz cell alter forevacuum pumping and heating. 
The cell was placed in a furnace with temperature 
306°C in the melting zone, and was slowly dropped 
(2 mm/h) to a region with large temperature gradient, 
alter which the grown crystal was annealed. The ob
tained material was a concretion of large (up to 1. 5-2 
cm 3) single-crystal blocks, which could be readily 
separated from one another. It should be noted that 
FeCl3 is exceedingly hygroscopic, so that the prepara
tion of the samples for the measurements and the stor
age of the grown crystals call for particular precau
tions. The crystals had a clearly pronounced basal 
plane, a property used to orient the samples. For 
NMR investigations we used single crystals measuring 
5X 8x 25 mm and polycrystalline samples in hermetical
ly sealed test tubes filled with dried CaCl2 to protect 
against moisture. For the ESR and AFMR measure
ments we used single crystals measuring O. 5 x 1. 5 x 3 
mm, sealed in paraffin or placed in fused lavsan
polyester envelopes. 

The ESR measurements were performed in the 3-cm 
band with a type RE-1301 spectrometer provided with a 
cryostat with temperature controls (temperature main
tained accurate to - ± 0.05 OK) in the interval 4. 2-300 OK. 
The AFMR measurements were performed with a setup 
described in[Sl, and the NMR measurements were made 
by the spin-echo method with an installation of the IS-3 
type equipped with a controlled cryostat (1. 5 < T < 300 OK, 
accuracy - ± O. 2 OK at T> 4. 2 OK). A superconducting 
solenoid was used for the NMR magnetic-field mea
surements. 

EXPERIMENTAL RESULTS AND DISCUSSION 

A. ESR temperature dependence of line width 

One of the methods of determining the temperature of 
the antiferromagnetic transition is to investigate the 
behavior of the ESR line near the critical temperature. 
For different crystal symmetries, the ESR line becomes 
weaker and vanishes at T - TN' while for other sym
metries (in particular, for uniaxial crystals), the ESR 
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undergoes critical broadening as the Neel temperature 
is approached. [9-11] In this case 

LlH(T)= LlH~ ( T-/N r', (1) 

where AH(T) is the ESR line width at the given tempera
ture, AH .. is the spin-spin contribution to the ESR line 
width at T » TN' and (3 is the critical exponent. A 
theoretical calculation of the critical exponent (3 was 
carried out by different workers and its measurements 
were performed on many objects, but no reliable 
agreement between theory and experiment was reached, 
this being apparently a reflection of the high sensitivity 
of (3 to the details of the character of the exchange in
teractions and of the anisotropy of the concrete crys
tals. Nonetheless, the determination of (3 makes it 
possible to draw certain qualitative conclusions on the 
singularities of the antiferromagnetic transition, and 
approximation of the experimental data by (1) makes it 
possible to determine TN' The ESR of FeCl3 at T » TN 
constitute a single line (g,,=2.015±0.008, g.L=2.035 
± 0.008), the width of which increases with decreasing 
temperature. 

The temperature dependence of the ESR line width 
was measured at frequencies 9300 and 7400 MHz. The 
line widths at these frequencies were the same at the 
same temperatures. 

The ESR line does not change position within the lim
its of the measurement accuracy, and its width increases 
with decreaSing temperature. At T= 9 OK, the line 
vanishes, although in a number of samples a weak and 
extremely broad line was observed at T < 9 OK, and is 
obviously due to partial hydration of the samples. In 
the entire temperature interval 1'.> 9 OK, the line re
tains a Lorentz shape. The dependence of AH L on T 
is shown in Fig. 2, while Fig. 3 shows the same de
pendence in coordinates 10gAHL and log [(T - T N)/T]-l, 
where the value TN = 9 OK, which follows from Fig. 2, 
was used. It is seen that the AHL(T) dependence has 
three characteristic sections: 1) high-temperature, 
T> 70 OK, 2) intermediate, 25 OK < T < 60 OK, and 3) low
temperature, T < 20 OK. The critical exponent (3 in the 
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FIG. 3. Temperature dependence of the ESR line width in 
logarithmic coordinates: o-sample No. I, C31.Ho; A-sample 
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FIG. 4. NMR spectrum in FeCls: a) T=4.2'K (H .. t = 0); b) 
hypothetical NMR spectrum calculated for Cls5 (large strokes) 
and Cls7 (small strokes) (H.xt=O); c) T=4.21 'K (H.xt=20 kOe), 
hRFIl H .1 Cs• 

"low-temperature" section is equal to 0.56 ± 0.05, which 
is close to the theoretical values obtained [9,12J for dif
ferent models of the critical fluctuations, whereas in 
the "intermediate" section {3= 2. 5 is anomalously 
large, and finally, in the high-temperature section the 
dependence of the line width of the temperature is 
negligible. The values of tlH", depend insignificantly 
on the crystal orientations relative to the external mag
netic field, and are different in the three different tem
perature sections: tlH",,, '" tlH"'l'" 690 ± 10 Oe in the low
temperature section, tlH",,, = 285 Oe and tlH""l = 263 Oe in 
the intermediate section, and tlH"",,= 367 Oe and tlH"'l 
x 324 Oe in the high-temperature section. The anomalous 
value of (3 in the intermediate region, as well as the 
large width of this region, may indicate that in the in
termediate region the short-range order fluctuations 
are connected with the relatively strong exchange inter
action inside the layer, which, being "two-dimensional" 
because of the small anisotropy and the small value of 
the "three-dimensional" interaction between the layers, 
cannot lead to establishment of long-range magnetic 
order. At the same time, in the "low-temperature" 
region, there appear fluctuations of three-dimensional 
short-range order, due to the interaction between the 
layers, which leads to the usual value of (3. 

B. Nuclear magnetic resonance 

The nuclear quadrupole resonance of the nuclei Cl35 

in FeCl3 was investigated by Narath. U3J He observed 
at T= 76 OK one broad line at a frequency 10.118 MHz. 
We were unable to observe by the spin-echo method 
any lines at T> 7 OK, possibly because of the short re
laxation times T1 and T2 in the interval T> 7 OK. At 
T< 7 OK we observe an NMR spectrum in the absence of 
an external magnetic field. The form of the spectrum 
at T= 4.21 OK is shown in Fig. 4a. When an external 
magnetic field was applied in the basal plane of the 
single-crystal sample, perpendicular to the radio-fre
quency field hRF' also located in the basal plane, the 
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spectral lines became weaker and were difficult to ob
serve at fields> 10 kOe. Lines with frequencies lower 
than 60 MHz were furthermore regrouped in this case. 
Application of a magnetic field in the basal plane of the 
crystal parallel to the radio-frequency field caused some 
of the lines to shift from their positions, become 
weaker, and vanish, while the remaining lines were 
regrouped and became stronger. The line at 63.8 MHz 
shifted very little, changing only in intensity. The 
form of the spectrum in a 20-kOe field at T= 4. 2 OK is 
shown in Fig. 4c. The noted behavior of the spectrum 
in a magnetic field makes it possible to draw immediate
ly definite conclusions. First, starting with weak 
fields, H?l kOe, the directions of the spins become' 
perpendicular to the static field H, which leads to an 
enhancement of the signal for h RF II H and to a weaken
ing at hRFl H, inasmuch as the component hRF perpen
dicular to the spin direction is responsible for the mag
netic resonance. This pOints to antiferromagnetic or
dering with small anisotropy, and the ordering is not of 
the "easy-axis" type. Second, it can be stated that the 
line at the frequency - 64 MHz and the remaining lines 
of the spectrum are of different origin. Comparison 
with the data on the Mossbauer effect shows that the 
- 64 MHz line is due to NMR of Fe 57 [H"f(O) = 487 kOe], 
whereas the remaining lines are due to NMR of Cl35 and 
C137 • Inasmuch as for Fe 57 the main contribution to the 
hyperfine field Hhf is due to the interaction with its own 
electron shell, and Hllf is much larger than the employed 
external fields (H"" 20 kOe), this line is not very sensi
tive to the external field. In addition, the smooth 
evolution of the spectrum of the CI nuclei when a mag
netic field is applied indicate that the turning of the spin 
takes place without a phase transition. The part of the 
spectrum which vanishes in the strong field is probably 
connected with antiferromagnetic domains resulting 
from the presence in the crystal of several equivalent 
ordering directions (planes). 

Whereas the NMR spectrum of Fe 57 is determined 
by interaction with its own electron shell, and only a 
single line exists when the spin of the Fe 57 nucleus is 
equal to 1/2 (the insignificant splitting of this line indi
cates the presence of a certain non-equivalence of (S) 
for different ions in the lattice), the NMR of the Cl nuclei 
(I = 3/2) is determined by the interaction of at least two 
nearest Fe3+ ions. If we examine the structure of FeCl3 

(Fig. 1) from this pOint of view, then we obtain 

( 1 _ ( + (0 ) ,60 2 ( 6, ) 6, )] X ~Slll Cf cos e -- Sill - + -= sin e + - sin -
Y3 '2 21'6 2 2 

+1, [ ~-(all+5aJ.)sin'l'Sin (tJ+ ~) cos ~' -(all-a.L) 

( 1 (6, ) 6, 2 ( 6, ) 6, )] X -:-=ccos'l'cos 8+- sin-+--=-cos 8+- cos-
,3 2 ' 2 31'2 2 2 

[ 2 (6,) 6, +1, --y(all+2aJ.)cos e +2 cos T + (all-a.L) 

( 2 (60 ) 6,- (60 ) 6, )]} , X 1'6 C08 '1'C05 8+ 2 sin2-¥'/S5in'l'Sin 8+ 2 C08'2 +J'6'Q. 

(2) 
Here (S,) is the average value of the projection of the 
electron spin on its individual ordering direction (in a 
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FIG. 5. Temperature dependence of the frequencies of the NMR 
transitions in FeCl3 (Hext = 0). Fe57 nuclei: I-Mcissbauer effect 
datal71 ; 2-neutron-diffraction datal3J ; 3-NMR experimental 
results; 4-Brillouin function a=B 5(3So/(S+ 1)T) for Fe (S = 5/2) 
at TN = 9 oK. Cl35 and Cl37 nculei: curve 5-experimental NMR 
results. 

helicoidal structure, these directions will be different 
for the different spins, whereas I (Sf> I will be the same); 
the axes x, y, and z for the different CI nuclei in the 
FeCl3 structure are different-the x axis coincides with 
the direction of the Fe- Fe bond of the Fe3+ ions closest 
to the given CI nucleus, the y axis is perpendicular to 
this direction, and the z axis is parallel to the axis of 
the crystal and is directed towards the investigated CI 
nucleus (there are CI- ions above and below the plane 
containing the metal ions); an and a~ are the constants 
of the hyperfine interaction of the Fe3+ ion with the CI 
nucleus (the symbols 11 and 1 pertain to the direction of 
the Fe-CI bond); cp is the angle between the direction 
of the x axis and the plane containing the z axiS, and 
the direction of the spins of the Fe ions: 6 is the angle 
between the z axis and the spin direction of the first Fe3+ 

. ion (the x axis is directed from the first Fe3+ ion to .the 
second), while 60 is the angle between the direction of 
the spins of the first and second ions, and ir Q is the 
Hamiltonian of the quadrupole interaction. 

Analyzing (2) with account taken of the spectra of 
FeCI3 , we find that in the case of collinear easy-plane 
ordering we should have three groups of nonequivalent 
CI nuclei. Taking into account 1= 3/2 and the presence 
of quadrupole moments of the chlorine nuclei, we should 
observe in a zero external field nine lines from each of 
the two isotopes Cl35 and C137, but this does not agree 
with experiment. In the case of a helicoidal structure 
with helix axis {ikLO}, 9n lines should be observed from 
each isotope (n is the periodicity of the heliCOid), i. e., 
for the structure obtained by Cable et al. [3] there 
should be observed 135 lines from each isotope. 
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Naturally, such a spectrum should be practically con
tinuous, and the intensity distribution in it will be de
termined by the line density per unit frequency interval, 
which depends on the relation between an, a ~, and 
eZqzz Q. Recognizing that (an - a~), as a rule, is small 
in comparison with As = (an + 2a~ )/3, we have plotted a 
hypothetical summary NMR spectrum of both CI iso
topes under the assumption that an = aH and neglecting 
the quadrupole splitting. In this case, the NMR spec
trum for each CI- isotope in FeCl3 is represented by 
3n= 45 lines. Their positions for Cl35 on a frequency 
scale in units of AiI35(Sf> were calculated from (2) and 
are shown in Fig. 4b by large vertical strokes. The 
positions of the NMR spectral lines of the iostope Cl37 
are shown on the same frequency scale (small strokes) 
with allowance for the fact that A~5 / A~7 = J1. 35/ J1. 37 = 1. 201. 
The height of the strokes reflect the intensity of the 
NMR Signals of the Cl- isotopes in accordance with their 
natural abundance. The envelope of the spectrum was 
drawn under the assumption that the width of the line 
corresponding to each stroke, - 0.2 in A~13\S> units, 
and the intensity is proportional to the height of the 
stroke. A qualitative examination of the transforma
tion of the "hypothetical" spectrum in a magnetic field 
under the assumption that H is parallel to the helix axis 
and that the spins become inclined to the field direction 
with increasing H without changing the pitch of the helix, 
shows that the spectrum should become compressed to
wards the center when the external field is applied. 
Naturally, the hypothetical spectrum cannot be com
pared in detail with the experimental, in view of the 
rough assumptions made, but such qualitative charac
teristics as the ratio of the maximal and minimal fre
quencies in the spectrum and the grouping of the lines 
in the central part of the spectrum allow us to state 
that the experimentally observed spectrum indicates 
that FeCl 3 has a many-sublattice or helical magnetic 
structure, and does not contradict the magnetic struc
ture proposed in[3]. It is also possible to estimate the 
values of AS(Sf> in frequency units A~13\Sf>'" 20 MHz, 
which leads, in accordance with the arguments pre
sented in [14], to an electron density as'" O. 96% for the 
3d electron of Fe3+ on the 3s orbit of Cl-; this is some
what larger, albeit of the same order, than the value of 
the analogous parameter for NiClz, CoClz, and FeClz. [14] 

This result, which indicates that the degree of s-hy
bridization of the metal-halide bond in FeCl3 is in
creased in comparison with NiClz, CoClz, FeClz, 
agrees with the increase of the quadrupole interaction 
in this compound in comparison with di-halides. 

The temperature dependence of the NMR spectrum in 
a zero external field is shown in Fig. 5. We have paid 
prinCipal attention to the investigation of the signal 
from the Fe 57 nuclei, since this signal is practically 
insensitive to the complicated magnetic structure and 
its frequency is proportional to (Sf>' whereas the dis
tribution of the intensities in the spectrum of the chlo
rine nuclei depends on additional factors. But none
theless, the dependence of the NMR frequencies of the 
CI and Fe 57 nuclei is qualitatively of the same type. 
For comparison, the figure shows the data of the Moss
bauer experiments [7] and the Brillouin curve for S= 5/2 
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atTN=9°K. As seen from Fig. 5, IINMRFe57(T) has a 
gently sloping section at T< 3 OK, an almost linear sec
tion in the region 3 OK < T< 6 OK, and a steep decrease 
at higher temperatures. The transverse relaxation 
time T2startingwith T 2 = 60 J.lsec at T= 4. 2 OK decreases 
with increasing temperature; on the 4.2-5.2 OK section 
it is linear with a rate 40 J.lsec/deg; on the 5.2-7 OK 
section it varies like 26(T N /N - 1) at T N= 9 OK. At 
T> 7 OK, the spin-echo method becomes ineffective, and 
therefore the section with the steep decrease of the 
magnetization (Fig. 5) cannot be investigated in suf
ficient detail. The presence of a gently sloping section 
can be regarded as evidence of the presence, in the 
spin-wave spectrum of the crystal, of an energy gap 
with l:t.E= kX 3 OK'" 2 cm-1 (k is the Boltzmann constant), 
which should correspond to the AFMR frequencies on 
the order of 60 GHz in a zero field as T-O. The near
ly linear decrease in the next temperature interval indi
cates that the magnetic interactions in the crystal are 
essentially two-dimensional. 

The NMR spectrum of the CI nuclei is not substantial
ly transformed when the temperature is varied, thus 
indicating stability of the magnetic spectrum (invariance 
of the period of the helicoid). 

C. Antiferromagnetic resonance 

The AFMR spectrum was investigated in the frequency 
interval 26-42.5 and 52.5-57 GHz and in the tempera
ture interval 4.2-9 OK. Above 9 OK, the observed ESR 
spectrum at the indicated frequencies is analogous to 
that described in Sec. A). At the experimental geome
try Ho" hmlerl C3 (C3 is the crystal axiS), no absorption 
was observed in the indicated frequency interval. We 
observed AFMR absorption at geometries Hmler l Ho" C3 , 

hmlerl Hol C3 , and hm1erl Ho, and with Cs making a 
definite angle with Ho. The measurements were made . 
complicated by the fact that the dimensions of the sam-
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pIes were comparable with the length of the microwave, 
but this effect was filtered out by comparing the re
sults obtained with samples having different geometric 
shapes. A characteristic feature of the absorbed lines 
is that they are observed only in weak fields, becoming 
weaker with increasing field. Therefore, in fields 
above 20 kOe (and also at frequencies below 28-29 
GHz), we were unable to observe AFMR lines. The 
frequency-field dependences of the observed spectra 
at different temperatures are shown in Fig. 6. Figure 
7 shows plots of AFMR at different temperatures for 
one of the frequencies. It should be noted that in 
practically all the cases, with the exception of the II(H) 
lines, which are shown in Fig. 6, additional weaker· 
lines were observed, the frequency-field dependences 
of ~hich are 'difficult to trace because of the overlap 
with the strong lines. Qualitatively, however, it can be 
noted that for the experimental geometry of the type of 
Fig. 6a, the additional lines behaved in analogy with 
the principal lines in the geometry of Fig. 6c, and 
conversely, at the geometry of Fig. 6b, the number of 
additional lines was the largest. In the geometry of 
Fig. 6c, the principal and additional lines in the fre
quency interval 52-57 GHz were of comparable in
tensity, so that we were unable to separate the be
havior of the individual lines, and these lines are not 
shown in Fig. 6c. In practically all the samples, 
simultaneously with the lines shown in Figs. 6a, 6b, 
and 6c, a broad ESR-like line was observed, with in
tensity comparable with that of the AFMR lines, but 
the ratio of its intensity to the intensities of the lines 
produced only in the antiferromagnetic state varied 
from sample to sample. This line may be a low-fre
quency ESR-like AFMR line, and the variation of its 
intensity is connected with the random character of the 
placements of the external and microwave magnetic 
fields relative to the directions in the basal plane of the 
crystal. Another cause of the onset of the ESR-like 
line is partial hydration of the samples or the presence 
of defects in them. 

The observed AFMR spectra do not correspond to the 
spectra that can be expected in the case of a simple 
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FIG. 7. Family of plots of AFMR 
spectra (11=40.28 GHz, Cs.LHo.L 
hm1c,.) at· different temperatures (in 
degrees K): 1-4.2; 2-4.38: 3-
4.55: 4-4.7: 5-4.94: 6-5.1: 
7-5.21: 8-5.48: 9-5.71:10-5.85; 
11-6.05; 12-6.35; 13-6.56; 14-
6.85; 15-8.2; 16-9.1. 
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magnetic structure. They are closer in character to the 
possible spectra of a rhombic antiferromagnet, but the 
presence of additional lines and the variation of the line 
intensities with increasing magnetic field indicate that 
the spectrum contains more than two AFMR branches, 
and the microwave polarization necessary to observe 
the AFMR seems to depend on the field. Thus, prop
erties of AFMR may correspond to a helicoidal struc
ture, but a more detailed analysis of the experimental 
data can be based only on a theoretical investigation of 
the spin-wave spectrum of the proposed magnetic struc
ture. 

CONCLUSION 

Thus, the presented aggregate of investigations points 
to a complex magnetic structure of FeCl3 and does not 
contradict the antiferromagnetic helicoid structure. [31 
A definite part of the details of the experimental re
sults lies outside the scope of the present article, but 
their discussion, as well as a more detailed analysis 
of the presented principal (from our point of view) re
sults, call for a special theoretical consideration. 
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A theory of parametric generation of short-wave acoustic phonons during the two-phonon absorption of 
infrared radiation is constructed. The generation thresholds and the nature of the prethreshold 
nonequilibrium-phonon distribution arising in broad- and narrow-band pumping are found. As a 
mechanism limiting the growth of the number of phonons near the threshold, the merging of 
nonequilibrium phonons into phonons of a higher equilibrium branch is considered. Such a mechanism 
turns out to be effective only for broad-band pumping. The results of the paper can easily be extended to 
the case when the phonon generation is effected by the beats of two light beams in the optical range. 

PACS numbers: 78.20.Hp 

INTRODUCTION 

Orbacho1 first drew attention to the fact the decay of 
a long-wave optical phonon into two short-wave acoustic 
phonons (0 - 2A) is a parametric process, and that, 
therefore, in generating optical phonons with the aid of 
light (v- 0), we can expect the appearance of an in
stability in the system of acoustic phonons. The in
stability threshold should be especially low for decay 
into transverse acous tic phonons (T A), whose lifetime 
is anomalously long. [2] 

The corresponding experiment was performed by 
Colles and Giordmaine. [31 The indubitable result of the 
experiment is the generation of nonequilibrium acoustic 
phonons, but the existence of a sharply defined thresh
old does not follow from it. 
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The theory developed in[41 showed that there is no 
parame tric ins tability in the process v - 0 - 2A. The 
point is that as the light intensity and, hence, the acous
tic-phonon concentration increase, the rate of decay 
of the optical phonons also increases, since their decay 
becomes stimUlated. As a result, the growth of the op_· 
tical-phonon concentration slows down, and it turns out 
that this concentration reaches saturation, not having 
attained the threshold value. The same result was ob
tained by Sparks and Chow. [51 

As can be seen from these arguments, the absence 
of the acoustic-phonon instability is due to the presence 
of a real intermediate particle (the optical phonon). 
Such a situation obtains only in resonance pumping, 
when the light frequency Vo is close to the optical-pho-
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