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with a high-power optical pumping: new emission lines

G.N. Grachev, 1.V. Zaikovskii, V.F. Zakhar’yash, V.M. Klement’ev

Abstract. Five new emission lines in the wavelength range of
70-140 pm are obtained from a CH;OH submillimeter laser
pumped by high-power periodic (500 Hz) quasi-stationary 70-
ps pulses from a CO, laser. The wavelengths (with an error of
0.5 %), the threshold pump powers, and the optimal pressure
are measured. It is shown that no saturation is present at
pump powers of 1000—3000 W.

Keywords. submillimeter laser, high-power optical pumping, multi-
functional CO, laser.

One of the main trends in the studies of optical pumping of
submillimeter (SMM) lasers has always been the search for
new lasing lines in active media based on many well-known
substances used in optically pumped SMM lasers The
works devoted to solving this problem utilise mainly the
following methods: the use of isotope-substituted modifi-
cations apart from the basic molecules extending the
frequency range of the pump radiation [[2-3]] improving
the design of the SMM cavity [[6, 7]|and increasing the
pump power (a pulse mode is used) )] which allows
the observation of weaker lines or lasing lines in a certain
spectral region.

Note that, in these studies, the active media are usually
pumped optically either in a continuous mode at a power of
40 W or by pulses with a duration of ~ 100 us and a
maximum pulse power of 100 W.

The aim of this work was to study the effects occurring
upon pumping molecules by high-power laser radiation. The
main attention was drawn to the search of new lasing lines
in the SMM wavelength range. Freon (CH,F,) and metha-
nol (CH;O0H) were chosen as the active media. Extensive
studies of SMM lasers based on these media have demon-
strated their high efficiency. This is explained by a good
coincidence of the absorption bands of these molecules with
the frequency range of the CO, laser lines and also by the
significant dipole moment of molecules and their rich
vibrational —rotational absorption spectrum |[11, 12]] A
repetitively pulsed mode of pumping CH,F, and CH;OH
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molecules was chosen on the basis of earlier results
but in our case the pulse pump power was increased to
several kilowatts.

In the experimental setup described in our previous
paperd%_% the design of SMM laser (/) was significantly
modified (Fig. 1). The SMM laser used had a 1-m-long open
cavity that consisted of two gold-plated metal mirrors
40 mm in diameter. The flat input mirror had a 4-mm-
diameter coupling hole; the output mirror was spherical
(R =2.36 m) and had a 3-mm-diameter hole for extracting
SMM radiation. A 0.4-mm thick silicon plate installed in the
mirror’s central part had a coating with a high reflectivity
for the pump radiation. The loss introduced by this coating
for radiation in the SMM range was insignificant. Thus, the
pump-radiation loss was lowered and the exit crystal-quartz
window of the SMM laser was protected. The laser also
included system ( /3) for scanning the cavity length designed
for automating the wavelength-calculation procedure.
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Figure 1. Scheme of the experimental setup: (/) submillimeter laser; (2)
diaphragm; (3—8) mirrors; (9) attenuator; (/0) IR detector; (1)
SMM detector; (12) reflecting wedge; (/3) system for scanning the
cavity length; (/4) CO, laser.

A multifunctional CO, laser generating up to 70
lines in the 9.4 and 10.4-um bands which could be tuned
from the line centre within a range of 8 MHz, was used for
pumping. The laser emitted ~ 70-pus pulses with a repetition
rate of 500 Hz. The maximum time-averaged pump power
was limited by the radiation resistance of the reflecting
silicon plate at the centre of the output mirror and
amounted to 120 W. The mean pulse power thus exceeded
3 kW.
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Additional changes introduced into the optical pump
system ensured a more uniform distribution of the pump
radiation intensity over the SMM cavity and prevented
undesirable CO,-laser self-excitation effects associated with
a back reflection of pump radiation from the output mirror
of the SMM laser. The pump CO,-laser radiation passed
through system of spatial filtration (6), (2), (5) that
transformed its beam into a near-Gaussian beam and
multiply attenuated the pump radiation intensity propagat-
ing in the opposite direction in the optical path. The pump
radiation was then focused to the coupling hole in the input
mirror of the cavity by a system with a focal length F =
1.2 m.

The SMM laser radiation focused by spherical mirror
(8) with R = 30 mm was detected by pyroelectric detector
(11). The latter was preliminarily calibrated in the wave-
length range of up to 200 pm, which allowed the absolute
value of the output laser power to be determined. When
searching for new lines, all the lines of the CO, laser were
sequentially verified by pumping the active medium at three
pressures (70, 200, and 350 mTorr).

The wavelength of the observed SMM radiation was
determined using the technique of scanning the cavity length
which was smoothly changed within the range of

Smm by the output mirror of the SMM laser. Upon
each change in the wavelength by an integer number of half-
waves, we observed the output-power maximum corre-
sponding to a successive change of the longitudinal
modes in the cavity. The readings of the SMM detector
were recorded simultaneously with displacements of the
output mirror using a recorder. The wavelength was
calculated from the expression A =2AL/N, where AL is
the change in the cavity length corresponding to the change
of N longitudinal modes. The error in determining the
wavelength by this method was 0.5 %. Five new lasing lines
in the short-wavelength SMM spectral region were obtained
for CH;OH molecules, while no new lines were observed for
CH,F, molecules.

In this work, CH3OH with a purity of 99.9 % was used
as the active medium, but we had no information on its
isotope composition. Therefore, all of the lasing lines
observed were verified by comparing with the data obtained
earlier for all of the existing isotope modifications of the
working molecule All the lasing lines corresponded to
the '*CH4'®*OH molecule.

Table 1 presents the parameters of the SMM lasing lines
of CH3;OH molecules and the corresponding pump lines; the
SMM radiation power, the optimal CH;0OH pressure, and
the corresponding pump power are given. The polarisation
of the SMM-laser output radiation was not recorded.

As the pump power increased, the lasing power increased
linearly at all new lines. The lasing thresholds for all the
lines are 600—1500 W (Table 1). It is probably the high

Table 1. Lasing lines obtained for CH3;OH molecules.

doi> B0

s 3.

= 4.

doi> ol

[I& 6.

doi> K

doi> 08

known that, upon high-power optical pumping, the
energy levels responsible for SMM lasing can be shifted in
high-intensity fields (the field shift). As a result, the pump
lines and the absorption band of the active medium may
overlap, thus leading to lasing. Since the field shift in
optically pumped SMM lasers has not been properly
studied, it is planned in the future to perform such studies,
which is necessary for determining the energy levels par-
ticipating in the radiative transitions upon SMM lasing on
lines with high thresholds.

Comparatively low lasing powers (0.12—1.45 mW) were
obtained at all new lines. This is explained by the fact that a
nonoptimised high-Q cavity was used in this study. Increas-
ing the output power requires that optimal cavity
parameters be selected for each lasing line.

Therefore, five new lines have been discovered for
CH;OH molecules in the setup with high-power optical
pumping. The optimal pressure, the threshold power, and
the wavelength (with an accuracy of 0.5 %) were measured
for each lasing line. At pump powers of 1000—3000 W, the
absence of saturation is typical of all the lines.

The results obtained point to the high efficiency of
applying high-power optical pumping in SMM lasers, which
can be used in a search for new lasing lines of both the well-
known and insufficiently studied molecules. The data of
more detailed studies can also be useful in molecular
spectroscopy.

threshold i ower that causes the generation of new lines. It is

Acknowledgements. This work was supported by the
Russian Foundation for Basic Research (Grant No. 01-
02-16922).

References

1. Douglas N.G. Millimeter and Submillimeter Wavelength Lasers
(Berlin: Springer-Verlag, 1989).

Vasconcellos E.C.C., Allen M.D., Zink LR.. Evenson K.M.

Int. J. Infrared Millimeter Waves, 2.1, 725 (2000)

Telles EM., Zmk LR., Evenson K.M. Int. J. Infrared Millimeter
Waves, 20, 1631 (1999).

Vasconcellos E.C.C., Zerbet:o $.C., Zink LR.. Evenson K.M.
Int. J. Infrared Millimeter Waves, 21, 731 (2000).

Telles EM., Zmk L.R., Evenson K. M. Int. J. Infrared Millimeter
Waves, 20, 741 (1999).

Evenson K.M., Sanford Q., Smuth C., Sullivan J., Sutton D.,

Vershure E . Jackson M. App!. Phys. B, 74, 613 (2002)
7. Jackson M., Telles E.-M., Allen M.D., Evenson K.M. Appl. Phys.
B, 72, 815 (2001).

Moretti A., Bertolini A., Garelli G, Manizzi M ., Moraes J.C.S.
IEEE J. Quentum Elecitron., 37, 459 (2001).
Viscovini R.C., Scalabrin A , Pereira D. [EEFE J. Quantum

Electron., 33, 916 (1997).
10.  Telles EM., Moraes J.C.S., Scalabrin A., Pereira D., Moretti A.,
Strumia F. Appl. Phys. B, 52, 36 (1991).

CO,-laser Pump SMM lasing SMM lasing Optimal pressure Pump threshold
pump line power / w wavelength / pm power / mW / mTorr power / w
9P(10) 900 77.34+0.3 1.44 500 650

9R(30) 1440 137.4 £0.07 0.31 310 500

10P(30) 2760 118.3+0.2 1.45 500 800

10R(8) 1800 97.4+0.2 0.12 420 650

10R(14) 3300 80.1 £0.2 0.23 330 1600



ivlena
*'�+$�+	&&$� ˜�����, �&&	� -�˘�, ./�0 ��1�, ˜ 	��$� 2�-�

ivlena
3�	˘ 4˘ 3��
�
�0 /������	�
 1�˝��, &�% -$+ �$///�

ivlena
3	&&	� ˜�-�, ./�0 ��1�, ˜ 	��$� 2�-� 3�	˘ 4˘ 3��
�
�0 /������	�


ivlena
1�˝��, &�% ˚,&˚ �˚<<<� 

ivlena
*'�+$�+	&&$� ˜�����, .	
�	��$ ����, ./�0 ��1�, ˜ 	��$� 2�-�

ivlena
3�	˘ 4˘ 3��
�
�0 /������	�
 1�˝��, &�% -&˚ �$///� 

ivlena
3	&&	� ˜�-�, ./�0 ��1�, ˜ 	��$� 2�-� 3�	˘ 4˘ 3��
�
�0 /������	�


ivlena
1�˝��, &�% -1˚ �˚<<<

ivlena
˜ 	��$� 2�-�, �'�4$
5 ˚�, ��/�6 ��, ��&&/ '� 7�, ����$� ˘

ivlena
-$
	��/ ��, �	
�$&/�/ ��, )'
	&&/ )�, -'�/88/ -�, -$
'	� 7�����

ivlena
3˚˚˚ 4˘ $���	�� ˚���	
���, ˆ�% 1.< �$//˚� 

ivlena
*/�+$ /�/ 1���, �+'&'�
/� ��, �	
	/
' ˘� 3˚˚˚ 4˘ $���	��

ivlena
˚���	
��˘, ˆˆ% <˚, �˚<<-� 

ivlena

ivlena

ivlena

ivlena

ivlena

ivlena

ivlena

http://dx.doi.org/10.1023/A:1026456425454
http://dx.doi.org/10.1023/A:1021738704734
http://dx.doi.org/10.1023/A:1026408509524
http://dx.doi.org/10.1023/A:1021753613395
http://dx.doi.org/10.1007/s003400200864
ivlena
*	
�6�
	 ˜�, 7'+0�$� -� #���˘ 5
˛�˘ 6� ��% ,˚& �$//$�

http://dx.doi.org/10.1109/3.914396
http://dx.doi.org/10.1109/3.585477

518

G.N. Grachev, 1.V. Zaikovskii, V.F. Zakhar’yash, V.M. Klement’ev

= 11.

12.

13.

14.

15.

17.

18.

Hu L.H., Lees R.M., Vasconcellos E.C.C., Zerbeito C.,

Zink R.L., Evenson K.M. IEEE J. Quenium Electron., 32, 392
(1996).

Danielewicz E.J., in Reviews of Infrared Millimeter Waves.

Ed. by K.J. Button, M. Inguscio, F. Strumia (New York: Plenum
Press, 1984) Vol. 2, p. 223.

Moruzzi G., Moraes J.C.S., Strumia F. Int. J. Infrared Millimeter
Waves, 13, 1269 (1992).

Telles EIM . Odashima H., Zink R.L., Evenson K.M. J. Molec.
Specir., 195, 360 (1999).

Grachev G.N., Zwlovskii 1.V., Zakhar’yash V.F.,

Klement’ev V.M. Kvantovaya Elektron , 32, 460 (2002) [ Quantum
Electron., 32, 460 (2002)].

Grachev G.N., Ponomarenko A.G., Smirnov A.L.,

Shulyat’ev V.B. Proc. SPIE Int. Soc. Opt. Eng., 185, 4165 (2000).
Douglas N.G. Millimeter and Submillimeter Wavelength Lasers
(Berlin: Springer-Verlag, 1989) p. 17.

Massa C.A., Moraes J.C.S., Moretti A., Pereira D., Scalabrin A.,
Strumia F., Telles E.M. Int. J. Infrared Millimeter Waves, 15, 1
(1994).

Grigor’yants V.V., Zhabotinskii M.E., Zolin V.F. Kvantovye
standarty chastoty (Quantum Frequency Standards) (Moscow:
Nauka, 1968).


ivlena
"� ��"�, �		� 1�-�, *'�+$�+	&&$� ˜�����, .	
�	��$ ��,
./�0 1���, ˜ 	��$� 2�-� 3˚˚˚ 4˘ $���	�� ˚���	
���, ˆ&% &<$
�˚<<,� 

ivlena
3	&&	� ˜�-�, ˇ5'�6/�' "�, ./�0 1���, ˜ 	��$� 2�-� 4˘ /����˘
 ���	
˘% �8"% &,/ �˚<<<� 

ivlena
)
'+6	 )�(�, .'/0$ �0// ˆ�*�, .'06'
A<'�6 *�:�,
2&	�	��A	 *�-� ˙˝��	�˝�˛� ˚��˜	
��˘% ˆ&% 1,/ �$//$� ˛ $���	��
˚���	
��˘% ˆ&% 1,/ �$//$�˜ 

ivlena

ivlena

ivlena

http://dx.doi.org/10.1109/3.485389
http://dx.doi.org/10.1006/jmsp.1999.7834
http://dx.doi.org/10.1070/QE2002v032n05ABEH002219


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [1800 1800]
  /PageSize [595.276 841.890]
>> setpagedevice


