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= 17.3°K, obtained by investigation of the inelastic
scattering of neutrons. In this case it was shown
that the function € (p) in this region has a nega-
tive second derivative, i.e., that the spectrum be-
gins to “bend.” In the opinion of the authors of the
communication, this suggests the presence of a
second maximum in the function € (p).

The purpose of the present note is to turn atten-
tion to the fact that this phenomenon actually has
another explanation. That is, we have shown? that
the curve of the energy spectrum of liquid helium
IT generally cannot rise above the energy € = 2A.
This is connected with the fact that an elementary
excitation with energy € = 2A can divide into two
excitations with energy € = A. At the energy €
= 2A the curve € (p) reaches a maximum and
breaks off, so that this point is the end point of
the spectrum. Close to it the spectrum has the
form

e(p) =2A —aexp[—a/(p.— p), (1)

where p, is the momentum for which the energy
is equal to 2A while o and a are certain con-
stants. Thus the complete curve of the spectrum
of elementary excitations of liquid helium II has,
qualitatively, the form shown in the drawing. How-
ever, it should be noted that, until experimental
data become available, theoretical prediction of
the behavior of the curve € (p) was not com-
pletely unique, inasmuch as the possibility was

not excluded that the velocity of the excitation at
some point with € < 2A would not equal the ve-
locity of sound.* In this case the curve € (p)
would be gradually washed out because of radia-
tion of phonons, not achieving the value 2A. The
data obtained in reference 1 precisely show that
this is not the case, i.e., that the spectrum without
damping achieves the energy 2A where it must
terminate.
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We also note that the probability of the creation
of a single excitation with energy € by a neutron
vanishes as € — 2A according to the law
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(2A —¢) In —2 @)

w= A" 2A —&-

This is in qualitative agreement with the fact that,
for the maximum energy obtained in reference 1,
€ = 17.1°K, the probability of the creation of an
excitation amounts to 6 per cent of the probability
of the creation of an excitation with € = A.

*We do not mention another method of termination of the

spectrum described in reference 2, inasmuch as it is extreme-
ly improbable in helium.

1Henshatw, Woods, and Brockhouse, Bull. Am.
Phys. Soc. 5, 12, C3 (1960).

21. P. Pitaevskii, JETP 36, 1168 (1959), Soviet
Phys. JETP 9, 830 (1959).

Translated by R. T. Beyer
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SCHAWLOW and Townes! have considered the
use of negative absorption for the amplification
and generation of radiation in the optical region
of the spectrum. As an example they have con-
sidered potassium vapor, excited by ultraviolet
light from a potassium lamp. However, the inten-
sity of the exciting light proved to be insufficient,
and this behavior is typical for metals. The use
of a different source cannot be a universal method,
since there exist at most 2 or 3 coinciding pairs
of lines from different elements suitable for the
purpose in view. There is therefore a limited
outlook for the direct optical excitation of metal
vapors. It seems possible to circumvent this dif-
ficulty by working with a mixture of two gases, in
which a resonance level of one gas is close to an
excited level of the other. Under these conditions
we can expect an intense optical excitation of the
first gas and an effective population of the neigh-
boring level in the other, thanks to resonance
transfer of the excitation energy. It is this effect,
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in fact, which leads to an intense sensitization of
fluorescence.?3

As an example, let us consider a mixture of
sodium and mercury vapors, irradiated by Hg
resonance radiation, A = 2537 A. The displace-
ments AE of a number of Na levels from the Hg
6%P; resonance level, and their radiation widths
A, are given in the table. Using the data of ref-
erence 4 on the intensity of sensitized fluores-
cence, and knowing the transition probabilities, it
is easy to ascertain that the levels 9%S and 8°P
are populated approximately in the ratio 1:5,
while their populations exceed those of the other
s and p levels by at least one order of magnitude.

Levels E, cm™ AE, cm=! | Ax 106, sec™

1028 39983.0 573 —_
9zs 39574.5 162 1.5
828 38968.3 —444 2.4
728 38011.7 —1400 3.8
9P 39794.3 382 —
82p 39208.8 —113 0.25
7*P 38540.8 -—871 0.45
8:D 39728.1 316 —
72D 39200.4 —212 3.1
62D 38387.1 —1025 5.2

Let us calculate Ngp, the absolute concentra-
tion of sodium on the 82P level. An estimate of
the effective cross section o for the transfer of
excitation in the case of exact resonance (AE = 0)
gives o~ 3x 10 % cem? If E = 0, but Vo AE/vh
~ 1, as in our case, then the cross section dimin-
ishes, but not by more than an order of magnitude.
Hence we can take as the lower limit o =3 x 1071
cm?. An estimate of the probability of quenching
collisions and of the transfer of excitation energy
from Na to Hg shows that, for a partial concen-
tration of 10 to 10!® cm=3, which is convenient
for a number of reasons of an experimental nature,
these processes can be neglected. Under these
circumstances

w=""""Z =&, Bmciwy HE

where Nyng and Npg are the total concentrations
of Na and Hg, A”% and A are the radiation
widths of the Na 8?P and the Hg 6°P; levels, b
is the excitation probability of Hg, v is the rela-
tive velocity, & is the intensity of illumination,
and 6v is the line width of the excitation. Bac-
tericidal and other similar low-pressure mercury
lamps permit one to obtain® £ ~ 10712 w/cm?
when 6v< 1 cm™!. When NNa = 5 x 10%, NHg
=2 X 10, and T =600°K we have Ny, =3 x 10°
cm ™,
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As has already been mentioned, the n%S and
n’D levels lie below 82P, and are considerably
less populated. Therefore the absorption coeffi-
cients k for the transitions n?S—8%P and
n’D—8%P are negative. This means that the
stimulated emission exceeds the absorption.
Under the given conditions, the line widths are
determined by the Doppler effect 6v = dvp, and
in that case, as is well known,

k| =2V 72 (e me) [Ny | vy,

where f{ is the oscillator strength for a transition
from the 82P level. The most convenient transi-
tions are 828—82P (A = 30.2u; f=1.1) and
728—82P (A =17.77p; £ = 0.037). In the first case
|k| =2, and in the second |k| =0.02. Both these
values of |k| are large enough to be used in the
proposed system for the purpose of amplifying
and generating infrared radiation.* The transi-
tions n’P—9%S can also be used.

The high values of Ny, and |k| have arisen
as a result of the high density of the resonance
radiation (see reference 1, where the excitation
of non-resonant radiation is considered). Note
also that we have not considered the effect of
“imprisonment” of radiation in the above treat-
ment. Since ovNyy /A ~ 1072, the quenching of
the mercury resonance fluorescence is not impor-
tant, and this effect leads to an increase in Ngj,.

The authors express their thanks to P. A. Ba-
zhulin for discussions of the work.

*The Na level scheme which we have considered above
shows that the corresponding frequencies will not be absorbed
because of transitions from the 8P level to higher levels.
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WE shall consider the process of collision of a

photon with a nucleon for very high incident pho-
ton energies w > m, where w is the photon
energy in the c.m. system and m is the mass of
the nucleon. At such energies, processes involv-
ing the production of two or more ™ mesons, as
well as processes involving the production of
heavier mesons, etc., are already possible.

In order to obtain some information on the be-
havior of the total cross section for the photopro-
duction of ™ mesons at high energies, we shall
estimate the contribution to this cross section
from peripheral interactions. The condition for
a collision to be peripheral is I > w/u,! where
u is the mass of the ™ meson, and I is the or-
bital angular momentum. For such large I the
basic contribution to the amplitude is made by
terms corresponding to a diagram with one vir-
tual meson (see figure). Making use of the re-
sults of reference 2 [see formula (6)], we obtain
the following expression for the amplitude of the
photoproduction of 7 mesons with an orbital an-
gular momentum [ and parity (- 1)1,

(1)

lal:tL.l.M
2

| = (egmp?/20%) V o/ 2uexp (—pl o). (1)
Here g?=0.08(2m/u)?% e*=1/137; M==x%, and
+ 1/2 are the projections of the total angular mo-
mentum on the z axis (the z axis is chosen in
the direction of the incident photon momentum ).

The total cross section of the process can be
written in the form o =0y + 0y. Here o, contains
the contribution from the nonperipheral part of the
m-meson photoproduction process, oy is the pe-
ripheral part of the cross section. Only one-
meson amplitudes with orbital angular momenta
1 > w/un contribute to it.

The cross section oy is written in the follow-
ing way:

o Y
=32 3 lagP (2)

i l=w/p M=—3,

Performing the summation, we obtain
o = e2g’n?u? [ 15wt

This expression corresponds to small scattering
angles 6 < u/w. Since oy > 0, then

o > g% [ 150t (3)

Hence the total cross section for the m meson
photoproduction process at high energies cannot
drop more rapidly than wféb, where wp,p, is the
photon energy in the laboratory system. This con-
clusion is evidently not in agreement with the re-
sults obtained from the statistical-hydrodynamical
theory of multiple production of particles,®* which
predicts that the total cross section of the process
at high energies should drop exponentially with an
increase in energy: o ~ exp (—kEV4).

In conclusion, I wish to express my graitude to
I. Ya. Pomeranchuk for suggesting the problem
and for helpful comments.

11, B. Okun’ and I. Ya. Pomeranchuk, JETP
36, 300 (1959), Soviet Phys. JETP 9, 207 (1959).

2V. B. Berestetskii and E. D. Zhizhin, JETP
39, 418 (1960), Soviet Phys. JETP 11, in press.

3E. Fermi, Progr. Theoret. Phys. (Kyoto) 5,
570 (1950); Phys. Rev. 81, 683 (1951).

‘1. D. Landau, Izv. Akad. Nauk SSSR, Ser. Fiz.
17, 51 (1953).

Translated by E. Marquit
45



