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5 TheCO,laser

The CQ laser works in the mid-IR range, 9—fuf, on ca. 100 vibration—rotation transitions.
In its classical version it operates at a pressure of 10—20mvith a mixture of

CO2:N2:He~ 15%:15%:70%. The laser is pumped with current dischargeutih a tube of
1-2m, requiring voltages of 10—-20kV and a current of 10—20@kass is opaque at fih so
transmissive optics are made of NaCl, ZnSe, Ge or other IRrakste
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The vibration level structure of CQand N> is shown in the figure. The; mode in CQ is
the symmetric stretch vibration (the C atom stationaryg vthmode is the bending vibration of
the otherwise linear molecule and thhemode is the asymmetric stretch vibration.

The N, molecule provides an effective pump channel with near rasoa with the upper
laser level. The energy difference is only 18chtompared tkT=208cnt! at T = 300 K.
Helium acts as a cooling medium and speeds up the depoputHttbe lower levels.

Each of the vibration levels is split into rotation levels nked with a rotation quantum
number J. The rotational energy is given with

Erot =BJ(J+1) (1)

The energy constar ~ 0.387cnt! is inversely proportional to the moment of inertia of the
molecule. The J levels communicate fast with each other aviifetime of only a few nanosec-
onds, whereas the lifetime of the vibration channels is tdmsicroseconds. We can therefore
assumd,ot = Tiransl- The rotational population distribution is given wit{J) = Nyipr f3, where

f(J)=1[(2J+1)exp(—BI(I+1)/KT)]/Zrot (2)

Zyot Is the partition function for the rotation levels.

Transitions are governed by the selection rudds= 0,+1. Transitions withAJ = +1
(Jiower — Jupper) are called P-lines, lines with] = —1 R-lines and lines witihJ = 0 Q-lines.
The CQ laser has only P— and R-lines since for symmetry reasons ther lgsser level has
only oddJ-values and the lower levels only evénvalues. The spectral lines are arranged in
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bands Where the R—bands have higher frequency than the P--bEmel® is a pair of bands
for each of the lower vibration levels. At temperaturesvaie to CQ laser dischargé; peaks
around] = 20 and in each band lasing can be achieved at 20-25 linesofh@timber of lines
is thus 80-100 all in the range of 9-irh.

Line separation is of the order 50 GHz while linewidths Axgy = 30 MHz andAv, =
30 MHz. Saturation intensity is of the order 100 Wcwhich makes the C@laser a powerful
beast. The saturation intensity can be scaled up with pressip?.
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