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TEA LASER EFFECTIVE OSCILLATION ON 0111-1110 HOT
BAND LINES OF ISOTOPIC SPECIES CARBON DIOXIDE
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cations; uranium isotope separation.

I.M.Bertel!, V.V.Churakov, V.0,Petukhov and S.A.Trushin
Institute of Physics of the BSSR Academy of Sciences,
Minsk, USSR

The increase of frequency number generated by
conventional CO2 laser systems is undoubtedly of inte-
rest for various applications associated with selec-
tive action on substance.

In this paper we report on TEA CO2 laser oscilla-
tion spectrum expanding owing to 0111-1110 hot band
lines of12002 (10.9-11.4 pm) and 13c02(11.4-11.9 pm)

molecules at high laser system efficiency.¥* Besides

¥ For the first time the weak 12CO2 hot band os-
cillation was registered by C.Frapard et al. in longi-
tudinal discharge system.1
403
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the possibility of effective powerful radiation

source development with A = 12.15 pm that may be
used for commercial laser separation of uranium isoto-
pes is also discussed.

To obtain considerable hot band gain ]% of CO2

molecule it is necessary to heat up V2 mode, charac-

terized by vibrational temperature T along with the

2’
excitation of 03 mode (temperature T3). For the con-

ventional values of T3'v1600 - 2200 K realized in an

electrical discharge J{h gain is shown to achieve its

2
maximum if T.~% T_ % Such a relationship between T2

2 33
and T, can be reached in gas mixtures with greater CO2

and 1isser He contents, as compared to those optimal
for 10.6]nm regular band oscillation % In addition, an
increased specific energy input is also required.

The hot band gain investigations have shown the

COZ:N tHe = 1:0.8:1 mixture to be optimal for the UV-

2
preionization TEA CO_ laser described in details in4.

The maximum gain of 3.7 m--1 for that mixture was
achieved at total pressure of ~ 220 Torr, 0.25mF ca-
pacitor bank voltage of ~ 30 kV and operational volume
of 4x2x70 cms. In this case the vibrational temperatu-
res T3 and T2 are ~ 1850 K and ~630 K, respectively,
according to the technique described in4.

The hot band line oscillation spectrum studies
have been performed for the above optimal active medi-~
um parameters. The laser cavity was formed by a full

reflective 5-m radius concave AL-coated mirror and
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100-1line/mm Al-coated grating used as an output coupl-
er, The cavity length was ~1 m. Grating reflectivity
could be changed depending on the plane of inéident
radiation polarization from ~60% to 90%. In this case
output coupling changes from ~ 37% to 7%, respective-
ly. Polarization changing was obtained by NaCl Brewst-
er window rotation around the cavity axis. Such a gra-
ting mode enables the optimal output coupling to be
chosen for rotation-vibration lines with variable J R
that is essential for effective oscillation on lines
with strongly different gains.

Figure 1 shows the output energy distribution on
13

hot band P-~branch for 12CO2 and

cations. Figure 1 a) also shows the output energy va-

CO2 isotope modifi-

lue for 00°1-10°0 regular band P(42) line obtained un-
der similar conditions. Oscillation spectrum identifi-

cation was accomplished with Carl Zeiss Jena mirror

5,6 4

monochromator SPM-2 and the spectroscopic data. s~

cillation was achieved on 36 lines over the range of

10.9-11.4 pm with pulse energy exceeding 200 mJ for
12CO2 molecule. The strongest line oscillation energy
was about 2.3 J, that is approximately 35% when compa-
red to the regular band strong line output energy for
the laser system in optimal mode. In this case the hot

band line oscillation efficiency was ~2.3%, and spe-
cific output energy was ~21 J L_1 atm-l.

13COz isotope molecule oscillation was

obtained on 33 hot band lines over the range 11.45 to

In case of
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Fig.1l. The output energy distribution on the hot band

P-branch for 12COZ and 13CO2 molecules
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11.9 pm. The strongest line oscillation energy was
about 1.5 J. Slightly lower efficiency as compared to
that of 12CO2 molecule was due to gain reduction be-
cause of carbon dioxide mixture use with 13CO2 ~ 69%
and12C02 ~ 31%.

Note, that abnormaly high output energy values
for a number of hot band lines for both isotopic spe-
cies may be explained by their overlapping with the
adjacent lines of 00°1-10°0, 10°1-20%0 ... bands.

The use of isotopic 13CO2 molecule enables mega-
watt radiation pulses with frequencies spanning the
promising spectral range over 11.4 to 11.9 pm at
~1 cm-'1 interval to be received for the first time.
The radiation with such parameters may be used for the
develdpment of NDs-optical pump laser with oscillation
wavelength about 16 pm range.

The spectral range of 12-12.35 am which is co-
vered by 14CO2 molecule hot band lines is of special
interest for some applications. In this paper we have

14

CO, molecule. However, the presented

2
results and analysis of some papers on 14CO2 molecule

not dealt with

regular band oscillation6 reveal no principal physical

difficulties in obtaining the effective 14002 molecule

hot band oscillation.
The most promising hot band 14CO2 laser applica-

tion may be its radiation use on one of the strong hot

band lines ( ¥V = 823 % 0.5 cm_l) for uranium isotope

separation by multiphoton dissociation of UF6.7 To
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date TEA CO2 power lasers are well developed and wide-

spread, therefore the proposed source can be easily

scaled for commercial uranium isotope separation.

ll
2.
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