Gas laser with solar excitation
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The possibility of effectively converting solar energy into laser radiation is
analyzed. A solar-excited gas laser based on a mixture of the gases CO,, Br,,
and He is considered by way of example.

PACS numbers: 42.55.Hq

The use of single crystals as active media of lasers pumped by sunlight (see,
e.g. ,1=3 has so far involved complicated installation and low laser-emission
intensity. The use of gases for amplification offers advantages due to the pos~
sible utilization of large volumes of the active medium with lower values of the
pump threshold. It is natural to hope to obtain cw lasing of appreciable power
under relatively simple conditions.

The difficulties in the choice of the active medium of a solar laser are brought
about by the low density of the solar-radiation flux incident on the earth
(o ~1 kW/m?) and by the fact that the major fraction of this radiation lies in
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the long-wave (visible} region of the spectrum, which is not convenient for
pumping. We shall illustrate the possibility of triggering a solar laser with a
gaseous active medium by analyzing the amplification of light in a particular
mixture, Br,—CO,—He. The choice of the gas composition was governed by
the following considerations: the solar radiation should be absorbed by the
bromine in the course of the dissociation Br,+hvso— Br* + Br. The metastable
atoms Br* = Br(42P1 /9 broduced thereby excite an asymmetric oscillation mode
of the carbon dioxide molecules
K

CO, + Br* - CO,(001) + B S
2 > 2 r+ AE,.

The helium improves the cooling of the gas by heat conduction to the walls of
the vessel. The population inversion and lasing are obtained on the 001—+100
transition of the CO, molecule. Besides (1), important channels for deactiva-
tion of the Br atoms are the collisions

K, ) (2
Br* + CO, » Bec+CO; +AE,,
K
3
Br* + Br, » Br+Br, + AE,;
(3)

we assume for the sake of argument that (2) does not include the acts (1), i.e.,
CO§¢ CO,(001)., Harmful effects impeding the population inversion are also the
heating of the gas and the deactivation of the upper working level in the colli-
sions (M = CO,, Br,, Br, He)
KM/
C0,(001) + H—> CO,(6,,6,,0) + M. 4)

It is important to note here that a laser with the mixture Bry,—CO,—He has
already been realized, albeit in a pulsed regime and pumped by a high-power
flash lamp. 1! This, of course, is insufficient for the task discussed in the
article. We shall show that the chosen medium makes it possible to realize
continuous lasing with solar pumping, at realistic values of the solar-radiation
concentration, The stationary values of the concentration of the excited Br*
atoms and CO, (001) molecules on the upper working level of the laser will be
described by the equations

dNB o*

dt

=0=KthBl’2_NBl* [(K1+K2) NC02+K3NBI'2]’ (5)

dN

100 = 0= KNy Moo, = Noor 2 KM /Ny

dt M

Here K ;= oc®AM is the frequency of the photodissociation act of the bromine
molecule by the solar photons, & is the flux intensity of the solar-radiation
quanta in the active medium, referred to one angstrom of the spectrum, Ax
21500 A is the bandwidth of the spectra absorption that leads to the formation
of the Br*, and o~ 3x10-!? em? is the average photo-absorption cross section
in this band. Recognizing that as a result of the collisions the population Ny
of the lower working level of the laser is close to equilibrium, we obtain

AN = Nogt = Nigo = A® = Neg oxP (= Eyq0/T). (6)

We have used here the notation

153 JETP Lett., Vol. 26, No. 3, 5 August 1977 Gordiets et af. 163



A

co -
Ko AMla (K, + K,)+ K 1K, 7+ (b/a) KW l;NB,Z: Neoy : e
=1t a:b;

3 B

o W

is the energy of the CO, (100) level; T is the temperature of the medium., At T
=300 K we have

K~ 6x10"2cm3/sec ,“? Ky~ 10" cm?/sec , 15 K, ~ 2x 101 cm¥/sec , )
K§Oor~ KHe~ 1071 cmd/sec, 16!

The gas temperature, meaning also the value of A, depends on the intensity &
of the solar-photon flux in the medium, as well as on the pressure and com-
position of the mixture. Therefore AN is not a monotonic function of the param-
eters written out above. Analysis shows that inversion takes place when the
following conditions are satisfied

(I)/NBrz > _3.. exp(—Emo'/Z;)-. (I)NBrz << K[hgoA)‘IZ(EmO/T;)]_I, @)

where « is the coefficient of thermal conductivity of the mixture (convection
only faiilitates the cooling of the gas); kv is the average energy of the solar-
radiation photons absorbed in the course of dissociations; T, is the temperature
of the vessel walls; ! is the vessel dimension and determines the thermal con-
ductivity to the walls,

Proceeding to numerical estimates, assume that the vessel with the active
medium has a square cross section with side lengths H, consisting of a set
n=H/l cells, For a mixture with a component-density ratio Nm2 :Nco, :NHe
=1:2:8at Ty=230 K, I=2 cm, n=10, and a total gas pressure ~10 Torr, the
conditions (7) are satisfied at a solar-radiation flux density ~100, The laser
gain in the medium is then ~4x10-% em™!, and the specific lasing power is
~ 10 W per meter of length of the active medium. The length required for
reliable lasing is therefore LS 10 m. The chemical composition above is most
likely far from optimal. The energy conversion coefficient cannot exceed here
~ 1% (bromine absorbs ~ 0. 3 of the incident solar radiation, and the quantum
yield of the medium is ~1/20), The real efficiency will be lower, since to
satisfy condition (7) and thus ensure a low population Ny, it is necessary to
have a rather low gas pressure; the absorption of the sunlight by the medium is
thereby decreased. By calling attention to the feasibility of high-power solar
lasers, we wanted this article to stimulate a search for the corresponding active
media.

The authors are grateful to I. I. Sobel’man for a discussion.
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