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1. It is known that the propagation of a powerful light pulse in an amplifying or an
absorbing medium with single-quentum transitions has a nonlinear character, owing to the
saturation of the level population. The dependence of the gain of the medium or of the
transmission of a saturating filter on the radiation intensity makes it possible to obtain
powerful short and ultrashort pulses of coherent light [1-4].

In this paper we propose to use for this purpose a nonlinearity of entirely different
type - the nonlinearity of multiphoton processes. In particular, two-quantum transitions in
a medium with inverted population lead to a nonlinearity of the gain even without saturation
of the level population. When a powerful light pulse propagates in a medium in which gain
is produced by the two-quantum transitions, the pulse width is very effectively reduced, since
the coefficient of two-quantum amplification is proportional to the instantaneous pulse in-
tensity.

We note that generation of emission with the aid of two-quantum transition was first
considered by Prokhorov and Selivanenko [5] and by Sorckin and Braslau [6], but was never
observed experimentally. It will be noted below that this method of amplification of ultra-
short powerful pulses of light is much more convenlent for the production of negative absorp-
tion via two-quantum transitions than the generation method.

2. Let a light pulse of frequency o propagate in a medium with inverted population of
two levels with energy difference AE = 2 w. We consider a case in which the pulse duration
™ is much longer than the reciprocal of the spectral width of the transition 1/aw (1 >> Aw'l),
and the pulse energy & is much smaller than the energy of population saturation due to the
two-quantum transitions &_ (6 <« SS). In this region, the mechanism of nonlinearity due to
saturation is not effective. Then the change in the pulse intensity is described in the
one-dimensional case by the equation
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where T = t - x/c, ¢ 1is the pulse velocity, a(P) is the gain per unit length due to the two-
quantum transitions, and y is the coefficient of linear loss per unit length. The two-quantum
gain a is given by the expression [7,8]

Q(P) = o(P)N = ~dn = 5" (w) EZ, (2)
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where o(P) = olP is the cross section of the two-quantum transition, N the density of the
inverted population, and X"(w) is the nonlinear susceptibility of the active particles at
the frequency w.
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The solution of (1) is
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where PO(-r) = P(x = 0, 1) is the shape of the pulse at the boundary of the medium. If the
maximum gain of the initial pulse, oy = cx.(Po( 'rm)) ('rm is the point of maximum intensity),
exceeds the loss 7, then the intensity of the pulse at the maximum becomes infinite at a

certain distance
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It can be shown that the pulse duration vanishes at the same point:
rp =roll-yag, (1~ N2, (5)

and the pulse energy 6 = -rmP('rm) also increases without limit:
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where o and &O are the initial duration and energy of the pulse.

Relations (4) - (6) are valid until the nonlinearity mechanism due to saturation comes
inte play. In the population saturation region, the pulse width is reduced further, but now
as a result of two nonlinearity mechanisms.

No total "collapse" of the pulse occurs, of course, since effects of nonlinear absorp-
tion due to multiquantum processes of higher order, dispersion of the refractive index, etc.
come into play at high intensities (~lO]2 W/ cme) and short durations (~lO"13 sec). An ana-
lysis of the role of these effects requires a separate study. We note, however, that the
limiting duration of ultrashort pulses is much smaller in this method than in a laser with
self-phasing of the modes by nonlinear absorption [3,4], since the pulse duration does not
depend here on the lifetime Tl of the particles at the upper level.

3. For an experimental realization of the proposed method, it is most convenient to
use an initial pulse of duration ~10 ' sec and energy ~1073 - 1072 J/cm2 , obtainable, say,
from a laser with self-phasing of the modes (for example, at A = 1.06 p) [3,4]. Promising
media for two-quantum amplification are organic dyes, which have strong ebsorption in the
region A = 0.3 - 0.4 u (pumping by the second harmonic of & ruby laser is possible) and a
wide band of prolonged fluorescence in the A = 0.53 u region. If one succeeds in finding a
dye with two-quantum gain aj =~ 107 em ™t in a field of energy density 50 MW/ cma, then it is
advantageous to place this dye inside a laser with mode self-phasing by a nonlinear absorber
as the second nonlinear element, which goes into operation after the action of the saturating
absorber ceases. Such a laser will apparently be able to emit light pulses with duration up
to 10713

4, An advantage of this method of amplification as compared with the generation

sec and energy wp to 0.1 - 1 J/cmg.
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method for obtaining two-quantum negative absorption is connected with the possibility of

vorking with radiation pulses having an intensity lower by two or three orders of magnitude

than in the case of generation. This is due to the relatively long pulse time (>1o'9 sec)

in the case of generation, owing to the finite dimensions of the resonator. In the ampli-

fication method it is possible to operate with pulses shorter by several orders of magnitude.
The author is deeply grateful to Academician N. G. Basov for valuable discussions and

support of the present work.
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It was observed in a number of experiments on plasma heating by high-frequency electro-
magnetic waves [1,2] that the rate of absorption of the energy of the hf field is anomalously
large compared with the value calculated with only pair collisions taken into account. Thus,
in experiments of plasma heating by a magnetosonic wave [1] it was established that the pro-
tons are heated to a temperature 100 eV. The main parameters of the experiments were: gen-
erator frequency f = 2 x lO7 sec-l, constant magnetic field intensity HO =2 X lO3 Oe, al-
ternating field intensity H_ < 60 Oe, charged-particle concentration n ~ lOl3 cm—3, electron
temperature Te < 10 eV, transverse dimension of plasma pinch Ty = 3 cm, and magnetosonic wave
damping decrement 2 x 107 sec”t [sic!].

We shall show theoretically in this note that under the conditions of the experiments
of [1] the electric current flowing through the plasme can be the cause of the instability.
We present an equation for the heating of the plasma ions, determine the limiting values of
the lon temperature and the wave decrement in the plasma, and compare them with the experi-
mental results of [1].

1. The electromagnetic wave produces a current in the plasma. We are interested in
the instability of a current-carrying plasma under conditions when the ion temperature ex-
ceeds the electron temperature. This problem was analyzed in [3,4]. The instability can be

determined from the following dispersion equation:
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