
mined by formulas such a s  (4.2)-(4.6), where i t  is nec- 
esmry  to replace the frequency nw by (n * 1)w and the 
matrix element Wol by the composite second-order ma- 
tr ix element f@ol. The spectral characteristics of the 
stimulated absorption do not differ in this case from 
those examined above, and the absorbed (emitted) en- 
ergy is lower than in the vicinity of the resonant fre- 
quency by a factor (F0/~,)'. When a- W, the dissipated 
energy is determined by an expression of the form 
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Multiphoton processes in the radiation field of a 
multimode laser 
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P. N. Lebedev Physics Institute, USSR Academy of Sciences Moscow 
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The of multiphoton ionization by single-mode and multimode laser pulses of given mean field 
strength have been measured. For a power-law five-photon process, the probability in the field of the 
multimode laser is greater by a factor of 5! For an eleven-photon process, the corresponding factor has 
been found experimentally to be much less than l l !  This reduction is explained by a departure from the 
power-law variation in the region approaching tunneling. 

PACS numbers: 42.60.He, 42.65.B~ 

$1. lNTRODUCTlON sitions. C1*21 For  technical reasons, the experimental 
data a r e  usually more readily obtained by using the ra- 

One of the main problems in studying elementary non- diation from multimode lasers. For a given mean in- 
linear optical processes is the determination of the ab- tensity in a radiation pulse, the transition probability is 
solute probabilities of bound-bound and bound-free tran- determined essentially by the mode content of the laser 
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radiation. When the transition is highly nonlinear, the 
probability in the field of a multimode laser  may exceed 
by several orders of magnitude the probability in the 
field of the single-mode radiation for the same mean in- 
tensity W,. 

A well-known example is the radiation field emitted 
by a thermal source and a power-law nonlinear process 
for which the probability ratio is 

where k ,  i s  the number of absorbed photons and the sta- 
tistical factor Gko is the ratio of the corresponding higher 
correlation functions. It is known that the mode content 
of the radiation from a powerful solid-state laser op- 
erated under giant-pulse conditions is very dependent 
both on the laser design and on the operating conditions. 
From the point of view of using the laser  radiation for 
studying nonlinear optical phenomena, i t  is clearly valu- 
able to operate the laser  so  that the properties of i t s  
multimode radiation a re  a s  close a s  possible to the 
properties of the radiation emitted by the thermal 
source. When this can be done, i t  is possible to repro- 
duce the results in successive experiments, and to com- 
pare the results obtained in the field of a multimode la- 
s e r  with the theoretical calculations which, a s  usual, a re  
performed on the assumption that the radiation is per- 
fectly monochromatic. It is then necessary for the la- 
s e r  to emit a sufficient number of modes with a random 
distribution of amplitudes and phases. 

From our point of view, the only case of acceptable 
multimode operation of a powerful neodymium laser 
with a random distribution of amplitudes and phases of 
the generated modes is reported incs1. To ensure that 
the radiation field of this kind of multimode laser is 
equivalent to the radiation field of a thermal source, 
the number of generated modes must increase with the 
number of photons involved in the nonlinear process un- 
der  investigation. C4-61 Experimental datats1 have clearly 
shown that the statistical factor G,, depends on the num- 
ber of generated modes and their degree of locking. 
However, there has been no direct experimental demon- 
stration of the fact that, when the number of random 
modes and the degree of nonlinearity of the process k ,  
a r e  large enough, the statistical factor i s  given by 

All the available experiments were performed for pro- 
cesses with k ,  = 2 o r  3. 

The results of an experiment corresponding to k ,  = 5 
a r e  given in Sec. 3 of the present paper. Sections 4 and 
5 a re  concerned with the elucidation of the restrictions 
imposed on (1) by the high degree of nonlinearity of the 
process and hence the very high field strength for which 
the process was observed. 

The same phenomena that lead to the dependence of 
the output of the nonlinear process on the number of 
modes and on mode locking a re  also responsible for 
fluctuations along a series of emitted laser pulses with 
fixed mean intensity per pulse. For a random distribu- 

tion of phases, the variance of the output is determined 
by the number of modes and the degree of nonlinearity of 
the process, and may exceed the mean output. ''I We 
have selected for investigation the direct multiphoton 
ionization of atoms and the field of a neodymium glass 
laser producing giant pulses. The probabilities of mul- 
tiphoton ionization in the field of single-mode and multi- 
mode lasers  was compared for a given measured mean 
intensity per  pulse. 

52. FORMULATION OF EXPERIMENT 

A standard experimental arrangement was used to ob- 
serve the multiphoton ionization of atoms (see, for ex- 
ample, "]). Light from the laser was used to illuminate 
a target consisting of neutral atoms. Ions produced in 
the target and the intensity of the radiation in the region 
in which the ions were produced were recorded. 

A. Laser radiation. We used two neodymium glass 
lasers  producing giant pulses. Both l a se r s  generated a 
single simple transverse mode, and this was achieved 
by the standard method of inserting a diaphragm into 
the resonating cavity. One of the lasers  produced one 
longitudinal mode; use was made of a dye for passive 
Q-switching and a composite resonator was employed. 
The other laser generated many longitudinal waves; 
here, Q switching was achieved with a rotating prism. 
Dispersing elements (Fabry-Perot etalons) were intro- 
duced into the cavities of both lasers  and ensured that 
the generation frequency could be varied continuously 
within the limits of about 50 cm-' on either side of the 
luminescence peak of the neodymium glass (= 9440 cm-'). 
In both lasers, the radiation density was less than the 
threshold value (approximately 100 MW/cm2), above 
which the nonlinear properties of the neodymium glass 
became appreciable. Amplifying stages operating un- 
der  linear conditions were used to produce the high in- 
tensity necessary for the experiments. 

Particular attention was paid to the control of the 
mode content of the laser  radiation from both lasers. 
The spectrum of the multimode laser radiation was mea- 
sured with a diffraction grating spectrograph having a 
dispersion of about 1 cm" per  millimeter. The spec- 
trum of the multimode laser radiation had a bell-shaped 
form with a half-width of about 10 cm-' which, for the 
particular geometry of the cavity, corresponded to about 
4000 longitudinal modes. Single-mode generation con- 
t rol  was achieved with the aid of the same spectrograph 
and a Fabry-Perot interferometer with a resolution of 
0.01 cm-', and by recording the time distribution of the 
radiation with a resolution down to lo-' sec. When the 
mode separation was l e ss  than 0.01 cm-', beats between 
the modes distorted the smooth time distribution corre- 
sponding to the single-mode generation. The criteria 
for single-mode generation were the presence of a single 
line recorded by spectrograph and interferometer, and 
a smooth bell-shaped time distribution. Single-mode 
generation control was carried out for  each laser pulse. 
When the laser was properly tuned, the single-mode 
generation could be achieved for more than 90 out of 100 
successive giant pulses. The radiation from both lasers  
was accurately plane-polarized. 

474 Sov. Phys. JETP 45(3), Mar. 1977 Anlanbekov et a/. 474 



B. Measurement of ionization probability. I f  we sup- 
pose that the ionization probability W is related to the 
radiation intensity F by the power-law formula 

where a,, is the cross section for direct ionization con- 
nected with the absorption of k, = (I/Ew + 1) photons, the 
amplitude of the ion signal is given byC" 

In this expression, P is the sensitivity of the ion record- 
ing equipment, no is the density of neutral atoms, F is 
the radiation intensity in the region in which the ions a r e  
produced, and 

are, respectively, the effective pulse length and target 
volume for the process connected with the absorption of 
k, photons. 

The radiation intensity is given by 

where Q is the energy in the radiation pulse, 

are, respectively, the area of the focal spot and the 
length of the laser pulse normalized to the maximum of 
the functions q and Ji, and T is the length of the giant 
pulse over whose envelope the integration is carried out. 

The space-time distributions of radiation from the two 
lasers were different because of differences in the ge- 
ometry of the resonating cavities and the operating con- 
ditions. The values of +, q, and cp were therefore mea- 
sured in each experiment. Since the target was illumi- 
nated simultaneously by both lasers, it was assumed that 
the quantities @ and no remained constant during the mea- 
surement process. Since the same equipment was used 
for measuring A,, Q, Ji, q, and cp, only random mea- 
surement e r r o r s  had to be taken into account, and this 
substantially increased the precision of the experiment. 

It is important to note that, when an atomic medium is 
ionized by multimode laser radiation, the ion signal will 
fluctuate even when the energy of the radiation, the field 
distribution in space, and the time envelope of the giant 
pulse remain constant along a ser ies  of successive 
pulses. Changes in the ion signal will occur under these 
conditions because the time fine structure of the giant 
pulse, which is usually smoothed out when the radiation 
is recorded with a photodiode and an oscillograph, can- 
not be reproduced exactly. The spread in the ion signal 
can be estimated with the aid of the probability density 
function P(F/F,) for the intensity of the multimode la- 
s e r  radiation, where FT is the mean intensity in a time 
T (the axial period of the radiation). 

This function has a characteristic feature: i t  vanishes 
when F/F~ is greater than the number N of longitudinal 
modes. This behavior of ~(F/F,)  is connected with the 
fact that there a r e  only N independent values of instan- 
taneous intensity during the axial period (according to 
the number of correlation intervals that can be fitted 
into the axial period), and the maximum difference be- 
tween F and F, is realized when the entire energy of the 
axial period is localized in the shortest time interval, 
i. e., al l  the values except one a r e  zero. It is possible 
to obtain an explicit expression for P ( F / F ~ )  by equating 
FT to the average over N independent intensity values. 
Assuming that the laser  radiation field follows a Gauss- 
ian distribution, and using the well-known v2 distribution 
for the ratio of the sums of normal quantities, we obtain 

0 in the remaining cases . 
The probability density P(F/B,) can be used to calcu- 

late the dependence of the mean normalized ion signal 
on the degree ko of the nonlinearity of the process and 
the number N of longitudinal modes: 

We note that an analogous relationship was obtained 
by a different method. The function P ( F / ~  can 

also be used to calculate the variance of the normalized 
ion signals: 

It is clear from (4) and (5) that, for given k, and N, 
the variance may exceed the average which, in princi- 
ple, is not unexpected for nonlinear processes. Thus, 
for N- 1000 and u,/G, - 0.3, we have a,,/G,, - 10. This 
last  result shows that measurements corresponding to 
k ,  = 11 may encounter difficulties connected with the 
large spread of the ion signals. To ensure the neces- 
sary  precision of measurement, the receiving apparatus 
must have a sufficient dynamic range, and the number of 
laser pulses must be sufficiently large. In the above 
example, the measurement e r ro r  for ko = 11 is compara- 
ble with the mean when the number of laser  pulses i s  - 100. 

Unfortunately, the dynamic range of the apparatus 
used to measure the amplitude of the ion signal was too 
low (- 1000) and, therefore, the signal amplitude could 
not be directly measured for a fixed mean intensity of 
single-mode and multimode laser  radiation. The ex- 
periment was, therefore, designed to measure the ra- 
diation intensities for which the ion-signal amplitudes 
were equal. These data can be used together with the 
data on the function W(F)  to calculate the factor G. 

Since the results of our investigation were quantitative 
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in character, particular attention was paid to  their re- 
producibility, and different control experiments were 
also performed. The quantities A, and F were measured 
by a method well established for measurements of multi- 
photon cross sections ( ~ e e ~ ' * ~ ' ) .  

$3. FIVE-PHOTON POWER-LAW PROCESS 

We recorded the five-photon direct ionization of the 
sodium atom. Previous experimentsc8] gave exhaustive 
information on the five-photon ionization of sodium by 
neodymium-glass laser radiation. The ionization is ob- 
served for field strengths of E p =  lo6 v/cm and adiabatic 
parameter y = T,,,/T= 5x  lo2, where T,,, is the electron 
tunneling time and T i s  the period of the external field. 
The condition y>> 1 corresponds to the power law given 
by (2) for the ionization probability a s  a function of ra- 
diation intensity with ko = 5. This value is satisfactorily 
confirmed by experiment. When the neodymium-glass 
laser radiation is linearly polarized, we have direct 
ionization: the initial detuning between the energy k i k ,  
of photons with frequency w = 9440 cm-' and the energies 
of transitions between the bound states is large and does 
not vary very much with the field. In accordance with 
the data in the literature, 14"] the number of modes with 
a random phase distribution in the case of the five-pho- 
ton process should be greater than 50 for the realization 
G = 5 ! As indicated above, our multimode laser emitted 
4000 modes. The five-photon process which we have 
chosen was therefore a perfect detector for measuring 
the function G,. 

Figure 1 shows the results obtained in the field of a 
single-mode and multimode laser, indicating the preci- 
sion of the relative measurements of the ion-signal am- 
plitudes and the radiation intensity. When the ion signal 
is not saturated, i. e., 

where T is the pulse length, the experimental data can 
be approximated to by a power law. The quantity k 
= a logA,/a log Q is equal to 4.95 i 0.05 in the case of the 
single-mode laser and 4.8 i 0.2 in the case of the multi- 
mode laser, i. e., to within experimental e r r o r  k = 5 =k, .  

It is quite clear that a constant signal amplitude (con- 

FIG. 1. Number of sodium ions 
as a function of the pulse-aver- 
aged intensity of single-mode 
(1) and multimode (2) laser 
radiation. The relative pre- 
cision with which Ai and F were 
measured i s  indicated. 

70' 70' 
F. re]. units 

FIG. 2. Spread of the ion signal at constant laser radiation in- 
tensity: a) ionization of the sodium atom, b) ionization of the 
xenon atom. 

stant ionization probability) is achieved for relatively 
high mean radiation intensity of the single-mode laser 
a s  compared with the mean intensity of the multimode 
laser: Fo/F, = 2.56 i 0.25. Analysis of the experimental 
results, assuming the validity of the power law (2) with 
k, = 5, yields the following ratio of ionization probabili- 
t ies for fixed multimode and single-mode radiation in- 
tensities (W, and w , ) ~ ~ ] :  

The measured value of G, is equal to 5! =lozeo8 to within 
the experimental error.  The spread of the ion signals, 
referred to a common intensity, is shown in Fig. 2a. 
The result $/G, = 0.25 is in good agreement with esti- 
mates based on (4). 

Summarizing the results of this experiment, we note 
that the data obtained for ko = 5, taken together with the 
previous results for k, = 2 and 3, cover practically the 
entire range of nonlinearity that is of interest in prac- 
tice. There is also the fundamental point that, if we re- 
main in the optical frequency band, the observation of 
processes with a greater degree of nonlinearity requires 
much greater field strengths, which leads to a reduction 
in the adiabatic parameter to values for which the con- 
dition y>> 1 ceases to  be satisfied. ['] As noted in the 
Introduction, one would then expect a reduction in the 
difference between the output of nonlinear processes in 
the single-mode and multimode radiation fields. Our 
experiment on the ionization of the xenon atom was con- 
cerned with this case. 

$4. IONIZATION AT 7 = 5 

The ionization of the xenon atom by neodymium-glass 
laser radiation was investigated in detail inc'*lO1. Ion- 
ization is observed when the field strength is - 5 x  10' 
V/cm, which corresponds to adiabatic parameter y= 5. 
~ x p e r i m e n t ~ ' ~ ]  shows that the spectrum of the xenon 
atom is highly disturbed by the field, but i t  is possible 
to choose a radiation frequency for which the ionization 
process is direct, i. e., there a re  no intermediate res-  
onances with bound electronic states. When the experi- 
ment on the ionization probability is performed in the 
field of two lasers, namely, single-mode and multimode 
lasers, there is the additional problem of finding- the 
radiation frequency a t  which, in both cases, the ioniza- 
tion process has a direct character. Existing experi- 
mental data could not be used for this purpose because 
the xenon spectrum was too highly perturbed and the 
precision of absolute determinations of the radiation in- 
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tensity was not high enough. The frequency dependence 
of the ionization process was also investigated by the 
method described inc"], in which the amplitude of the 
ion signal was measured a s  a function of the radiation 
frequency for a fixed radiation intensity. In both cases, 
there is a region in which the signal amplitude is inde- 
pendent of frequency, and this is used a s  a criterion for 
the absence of intermediate resonances. It is impor- 
tant to note two facts: firstly, the data obtained for the 
multimode laser a re  in good agreement with the data for 
the analogous laser reported previously inc'''. At the 
same time, the data for the single-mode laser a r e  sub- 
stantially different, which is probably connected with a 
difference between the field strengths in which the ion- 
ization was observed in the two cases, and hence with 
different perturbation of the atomic spectrum. Secondly, 
there i s  a frequency band at 9410 cm-', in which the ion- 
ization process has a direct character in both cases. 
The ionization probabilities in the fields of the two la- 
s e r s  were therefore measured a t  the frequency of 9410 
cm" . 

If we suppose that the ionization process can be de- 
scribed by a power-law formula with exponent k,, = ll, 
then existing datac"] show that about 1000 random 
modes a re  necessary to ensure that G,, = 11 ! Our multi- 
mode laser radiated 4000 modes. The results of our 
measurements a r e  shown in Figs. 3 and 2b. As in the 
case of sodium, it is clear that, to produce fixed ioniza- 
tion probability in single-mode radiation, the pulse- 
averaged intensity must be much greater than for the 
multimode radiation: Fo/F, =2.85 +. 0.5. In the absence 
of saturation, k = 10.8 * 0.8 for single-mode radiation 
and k = 10.7 * 0.7 for multimode radiation. 

It is also clear that the relative spread of the ion sig- 
nals, i. e., ul1/G1, = 0.65, is greater than for k, = 5 al- 
though it is much smaller than the spread corresponding 
to (4). One of the reasons for this difference between 
the calculated and experimental data may be the small 
dynamic range of our apparatus (- 100). A further rea- 
son may be the fact that we did not record cases for 
which the amplitude of the ion signal lay outside the dy- 
namic range, o r  signals for which the energy in the ra- 
diation pulse measured by the monitoring calorimeter 
deviated from the mean by more than a given amount 
(- 5%). This method of measurement automatically re-  
duces the number of large deviations. Assuming that 
ko = 11, we obtain the following ratio at constant mean 
intensityc"]: 

The measured G ( y =  5) is much less than GI, = ll! =107.6. 

In principle, there a r e  three possible methodological 
reasons for this difference. They are: the presence of 
uncontrollable errors,  partial mode locking, ''I and in- 
sufficient number of generated modes. The first  two of 
these must be excluded because our experiment was per- 
formed under conditions identical with those used in the 
experiments with sodium, in which the magnitude of G 
was in good agreement with G, = 51 Although the number 
of generated modes was such that we did not have an 

A , ,  rel. units 

704t 

FIG. 3. Number of xenon atoms 
a s  a function of the pulse-aver- 
aged intensity of single-mode (1) 
and multimode (2) laser radia- 
tion. The relative precision of 
the measurements is indicated. 

70' l o z  
F,  rel. units 

appreciable margin in the experiment with xenon, a s  
compared with the theoretically required magnitude, the 
data obtained by calculation and by experiment 
inC61 show that the observed value of G could be realized 
only when the number of modes was - 10, which was so 
much smaller than the 4000 actually realized in our ex- 
periments that this particular factor could not play an 
important role. We a r e  therefore forced to  assume that 
there a r e  departures from the power-law form of W(F) 
due to the fact that the adiabatic parameter is not large 
enough ( y e  5 is closer to y-  1 than to y>> 1). 

55. DEPENDENCE OF THE STATISTICAL FACTOR 
ON THE ADIABATIC PARAMETER 

It follows from the Keldysh theoryc12] that the power- 
law formula (2) relating the ionization probability and 
radiation intensity is valid only for y>> 1. In the other 
limiting case, when y<< 1, the function W(F) is an ex- 
ponential, typical for the tunnel effect. In the interme- 
diate region in which we a r e  interested, in which y- 1, 
the function W(F) deviates from the power-law depen- 
dence and varies much more slowly. This may be looked 
upon a s  an indication that, a s  y approaches unity, the 
statistical factor should decrease. 

To calculate the statistical factor a s  a function of y, 
we use the expression for the ionization probability a s  
a function of the adiabatic parameter, obtained theoreti- 
cally inc'2*13' in the quasiclassical (adiabatic) approxi- 
mation: 

The functions D(y)  and S(y, w )  in (6) a r e  slowly-varying 
functions of y a s  compared with the exponential function, 
so  that we took into account only the exponential term. 
The probability (6) was averaged over the statistical en- 
semble with a Gaussian weight function 

where the mean is given by 

The ionization probability in the field of the multimode 
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FIG. 4. The function G(y) corresponding to (8). The calcula- 
tion was carried out for the two cases k o = l l  and ko= 5. 

laser is, therefore, given by 

It is readily seen from (7) and (8) that, when y>> 1, for 
which ~,,,(n - ~ ' 0 ,  we have G = wm(n/Wo(F) = k,! If we 
substitute the explicit form of f(y) from (6) in (8), and 
carry out the numerical integration, we obtain the func- 
tion w, (~ /w,  = G(y) shown in Fig. 4 for two special 
cases (W, is the ionization probability in the field of the 
single-mode laser). C"*'5' 

It is clear from Fig. 4 that, when y= 5, the statistical 
factor G(y) corresponding to k, =11 is substantially dif- 
ferent from GI, = ll!, and agrees to within an order of 
magnitude with the result obtained in the experiment 
with xenon, discussed in the previous section. Calcu- 
lations thus confirm that the observed deviation of the 
statistical factor from ll! is a consequence of the inter- 
mediate character of the ionization process for y = 5 
and, in particular, of the fact that the power-law for- 
mula given by (2) is not accurate enough to describe the 
probability of ionization a s  a function of light intensity. 

Integration shows that the main contribution to (8) for 
yZ1 is due to the field region F= k,F. This enables us 
to carry out a number of simple estimates. Thus, we 
can readily estimate the precision with which (6), valid 
for a short-range potential, is also valid for the ioniza- 
tion of a real  atom. Using published datac"' for y <  yc 
= (&,/z)"~ (it is clear that this is satisfied in our case), 
we find that the factor representing the long-range Cou- 
lomb potential is fc - 1/F and provides the factor - l/ko 
in G(y). Although this reduces the effect, the reduction 
is small for y = 5, i. e., in the case in which we a re  in- 
terested. 

There is no doubt that a more accurate calculation of 
G(y), including the effect of polarization, is necessary. 
Such data a re  essential, in particular, for the analysis 
of the polarization dependence of ionization probability 
measured for y- 1 in the radiation field of a multimode 
laser. However, even the estimates made above indi- 
cate the overall character of the function G(y). 

We note that the calculations of G(y), shown in Fig. 4, 
do not answer the question a s  to what a r e  the conditions 
for the nonlinear process to become independent of the 
mode content of the laser radiation. The point is that, 
if we remain in the optical frequency band, data obtained 
for y<< 1 a r e  meaningless because the condition 8 << gat 

is violated in this region and the original theoretical re- 
lationships for w(~)~"* '~ '  a r e  no longer valid. However, 
simple analysis of the general formula for  W(y), given 
by ~ e l d ~ s h ~ ' ~ '  (see, for example, 'I1), will show that, 
even for y<O. 1, the ionization probability is practically 
independent of the electromagnetic field strength, and 
ionization occurs in a time comparable with the charac- 
teristic atomic time. Clearly, under such conditions, 
the ionization probability will also be independent of the 
mode composition of the laser radiation. 

At f i rs t  sight, it might appear that the conclusion that 
there is an appreciable deviation from the power-law 
process in the ionization of xenon a t  y = 5 is in conflict 
with the form of the function W(F) observed in the same 
experiments and approximated to  by an expression of the 
form W- F. " However, there is, in fact, no contradic- 
tion. The power-law approximation over a small inter- 
val corresponding to y = 5, using W(F) calculated from 
the formula taken f r ~ r n ~ ~ ~ * ' ~ ' ,  and f rom the exact formula 
for circularly polarized light, C'81 yields k = 10.6 (seec"]), 
and this agrees to within experimental e r r o r  with k, = 11. 

$6. CONCLUSIONS 

Summarizing the results of our investigations, we 
may conclude that the statistical factor for power-law 
processes excited by multimode laser radiation contain- 
ing a sufficient number of random modes is equal to  k,!, 
where k, i s  the number of photons absorbed in the ele- 
mentary event. In the case of bound-free transitions 
(ionization), the statistical factor decreases a s  the adi- 
abatic parameter approaches unity, and this is connected 
with the fact that W(F) is a more slowly-varying function 
in this region a s  compared with the corresponding 
power-law dependence. The question of bound-bound 
transitions (multiphoton resonance) will require a sepa- 
rate experimental investigation since, among other 
things, theory predicts a number of new effects. C'll 
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Features of absorption of intense IR emission by SF, 
molecules 

N. G. Basov, V. T. Galochkin, V. G. Kartyshov, A. G. Lyapin, I. M. Mazurin, 
A. N. Oraevski, and N. F. Starodubtsev 
P. N. Lebedev Physics Institute, USSR Academy of Sciences 
(Submitted July 21, 1976) 
Zh. Eksp. Teor. Fiz. 72, 918-927 (March 1977) 

It is demonstrated experimentally that the frequency of the minimum absorption by SF, molecules is 
shifted into the long-wave region at high intensities of the incident radiation and at high IR pulse 
durations exceeding the times of rotational and vibrational relaxation. The observed singularities of the 
absorption spectrum are illustrated with the chemical reaction SF,+H, as an example, and an explanation 
of the results is presented. 

PACS numbers: 33.20.Ea, 82.30.Eh 

A studyc1' of the  select ive dissociat ion of t h e  SF, mole- 
cule i n  a s t rong  W laser field has revealed a frequency 
shif t  that  b r ings  about a m o s t  effective rate of collision- 
less dissociation of th i s  molecule. We have shown ear- 
lier"' that  when the  SF, molecule is exposed t o  a strong 
pulse of CO, l a s e r  radiation with a pulse duration T, ex- 
ceeding the rotational and vibrat ional  relaxation t i m e s  
(T,, and 7,-,), a s t rong  change is observed i n  t h e  ab- 
sorpt ion spec t rum of t h e  SF, molecules  when t h e  inten- 
s i t y  of the  incident radiat ion is changed. T h e  presen t  
paper  is devoted to a m o r e  detailed study of t h i s  phe- 
nomenon at various IR intensities. 

1. EXPERIMENTAL SETUP 

An osci l logram of the  i r radiat ing pulse is shown i n  
Fig. 1. The  radiation s o u r c e  w a s  a pulsed electr ic-dis-  
charge a tmospher ic -pressure  CO, laser similar t o  that  
descr ibed incs1. The  electrode length w a s  90 cm, and 
the dis tance between electrodes w a s  5 cm. The  l a s e r -  
radiation frequency select ion w a s  effected with a diffrac-  
tion grat ing operating in the  self-collimation regime. 
The  exit m i r r o r  of the  laser w a s  a n  NaCl subs t ra te  on 
which a dielectr ic  coating having a reflection coefficient 
4Wo w a s  sputtered. T h e  working medium w a s  a mix ture  
of the g a s e s  C 4 ,  N, and He i n  a ra t io  1 : 1 : 2. The  las- 
ing pulse duration (Fig. 1) w a s  - 3 p s e c  at half-height. 
The CQ laser energy on  individual vibrational-rotational 
transitions reached 6 J. 

The  cell (Fig. 2) f o r  the  investigation of the  IR ab- 
sorpt ion and f o r  t h e  initiation of t h e  chemical  react ion 
i n  the  SF, +H, mixture  w a s  40 c m  long. The  cell win- 
dows w e r e  made  of NaCl and w e r e  inclined a t  the  Brew- 
ster angle. The  (2%-laser radiation incident on the  cell 
w a s  collimated into a b e a m  of - 6 m m  diameter  and 
pract ical ly  homogeneous over  its c r o s s  sect ion (over 
the  e n t i r e  length of the  cell). T h e  waveform of the las- 
ing pu lses  w a s  reg i s te red  with a G e  : Au photoresis tor  
(T,,,, = 77 K), t h e  s igna l  f r o m  which w a s  fed t o  the  input 
of a n  S8-2 osci l loscope with a bandwidth up t o  8 MHz. 
T h e  t i m e  constant of t h e  radiation receiver w a s  not 
w o r s e  than 200 nsec. The  ca lor imet r ic  energy m e t e r s  
(of t h e  KIM type) ensured a measurement  reproducibility 

FIG. 1. Oscillogram of COz-laser pulse. Time sweep 1 
psec/div. 
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