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Abstract—Amplifying characteristics of the copper bromide 
vapor active media with the increased inversion duration are 
studied using the detailed kinetic modeling. The analysis of the 
gain radial profile and its time evolution at various points of the 
GDT profile is presented. The results show the possibility of 
application such active media to the tasks of the remote object 
visualization. 

Keywords—active medium, brightness amplifier, inversion, 
kinetic model, gain, active optical system. 

I. INTRODUCTION 
One of the promising directions of metal vapor active 

media application is using them in the nondestructive testing. 
The visual-optical control using active optical systems is based 
on brightness amplifiers allows diagnostics of processes that 
occur in extreme conditions [1–7]. In other words, active 
optical systems allow one to visualize processes that blocked 
by the intense background light (internal or external). In some 
real scientific and technical tasks, an observed process or object 
of diagnostics can be located at a considerable distance (remote 
object). To visualize such processes it is advisable to use active 
optical systems with brightness amplifiers operating at 
increased superradiance pulse duration mode [8]. Alternatively, 
an active optical system can be based on a bistatic 
configuration [9]. However, the use of a bistatic configuration 
requires the development of two active elements (an amplifier 

and a generator) that significantly complicates the development 
and increases the size of the system. 

The most common active medium in such systems is the 
active medium on copper bromide vapors. The typical duration 
of a superradiance pulses in such active media is 30-40 ns. In 
[8], it was shown that the active optical system with the pulse 
duration of 40 ns (on the base) does not allow high-quality 
visualization of objects located at a distance of more than 3 m. 
It corresponds to a 20-nanosecond travel of light back and 
forth. It indicates that to estimate the range of the high-quality 
imaging it is important to know not only the duration of the 
superradiance pulses but also the spatio-temporal gain profile. 
Earlier, in [10], the principal possibility of a significant 
increase in superradiance pulse duration was shown. In 
particular, the duration of 320 ns on the base was obtained. 

The results of development and experimental studies of the 
copper bromide brightness amplifier with the superradiance 
pulse duration of 100 ns are presented in [8]. The study made it 
possible to increase the distance to the object up to 10 m. An 
increase in the duration of the superradiance pulse was 
achieved by the reducing the pulse repetition frequency (PRF) 
and increasing the pulse energy storage. However, there are no 
detailed studies of the gain characteristics of active media 
operating in such mode. In particular, the evolution of the gain 
radial profile during the superradiance pulse is of interest. 

The development of the kinetic model of the copper vapor active medium
was supported by the Ministry of Science and Higher Education of the Russian
Federation, Project No. - 17-117021310150-0. 

The study of the spatio-temporal amplifying characteristics was 
financially supported by the Russian Science Foundation, Project No 19-79-
10096. 
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II. MODEL DESCRIPTION 
The study of spatio-temporal gain characteristics of the 

copper bromide active medium operating at increased 
superradiance pulse duration mode was performed using the 
kinetic modeling. A detailed description of the kinetic model is 
given in [11–14]. The experimental data presented in [8] were 
chosen as input parameters for the model. 

The simulation was carried out for the radiation pulse 
repetition rate of 3, 10, and 15 kHz. As in the experiment (for 3 
and 15 kHz), the energy stored in the capacitor per unit of 
frequency remained the same in the model. This was achieved 
by changing the capacity of the storage capacitor in the pump 
circuit. The simulation parameters of the copper bromide active 
medium are given in Table I. 

TABLE I. THE SIMULATION PARAMETERS 

Mode number Mode 1 Mode 2 Mode 3 

Pulse repetition rate, kHz 3 10 15 
The buffer gas pressure (Ne), torr  30 30 30 
Gas discharge tube (GDT) wall 
temperature, �  650 650 650 

Active zone diameter, cm 5 5 5 
Active zone length, cm 90 90 90 
Capacity of the storage capacitor, nF 3.4 1.1 0.75 

III. MODEL RESULTS 
In Fig. 1, amplified spontaneous emission (ASE), GDT 

voltage and current through the GDT pulses obtained by 
modelling of active media for different frequencies are shown. 

 Note that the obtained waveforms of the GDT voltage and 
current are consistent with the experimental data presented in 
[8]. As in the experiment, the amplitude of the GDT voltage 
decreases and the amplitude of the GDT current increases with 
an increase of the pulse repetition frequency. This is caused by 
an increase in plasma conductivity due to a decrease in the 
interpulse period, which leads to a decrease in the time for the 
plasma relaxation.  

Waveforms in Fig. 1 show that with a decrease of the pulse 
repetition frequency there is a significant increase in the 
duration of superradiance pulses in the case of a constant input 
energy. Thus, at the PRF of 15 kHz in the experiment the 
duration of the superradiance pulse was about 50 ns (on the 
base) and at the frequency of 3 kHz – 120 ns. In the model, the 
pulse durations were 40 and 150 ns, respectively. 

To analyze the gain characteristics for different 
superradiance durations, the spatio-temporal modeling of the 
gain was performed. Fig. 2 shows the radial dependences of the 
gain of the active medium at different time points, which 
correspond to the times in Fig. 1, and Fig. 3 shows the time 
evolution of the gain coefficients at various radial points of the 
GDT. 

It can be seen from Fig. 2 that the relatively uniform spatio-
temporal gain profile is observed only at the beginning of the 
ASE pulse. Then the gain in the GDT center decreases quite 
quickly. Thus, it is necessary to take into account the 
unevenness of the spatio-temporal gain profile for the use of 
such active medium as a brightness amplifier operating in the 

long-pulse mode in the visual-optical control of remote objects 
it is necessary to take into account the unevenness of the spatio-
temporal gain profile. Namely, the rapid decrease in the gain in 
the central region of the GDT and its increase in the wall areas. 

(a) 

(b) 

(c) 

Fig. 1. Time dependencies of the volume averaged ASE power (blue line), the 
GDT voltage (black line) and the current throgh the GDT (red line) at different 
modes: a – Mode 1, b – Mode 2, c – Mode 3 (Table I). 
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(a) 

(b) 

(c) 

Fig. 2. Radial dependences of the gain of the active medium: a – Mode 1, b – 
Mode 2, c – Mode 3 (Table I). 

At the same time, the results of modeling of the gain time 
evolution (Fig. 4) show that, in the case of the low PRF 
(increased duration of the inversion), a quasi-uniform gain is 
preserved for a long time at various points of the GDT profile. 
In particular, for the PRF of 3 kHz, the gain has a small change 
during the inversion time from 130 to 250 ns. Therefore, taking 
into account the radial unevenness of the profile and a small 

change in the gain for over 120 ns will allow the effective 
visualization of remote objects. 

(a) 

(b) 

(c) 

Fig. 3. Time dependencies of the gain of the active medium: a – Mode 1, b – 
Mode 2, c – Mode 3 (Table I). 

This is confirmed by the experimental results on the signal 
amplification at different distances to the object (3, 6 and 10 
m), which are presented in [8]. In particular, at distances of 3 
and 6 m the authors obtained similar pulses (in the shape and 
the amplitude) of the amplified signal. In other words, the 

944

Authorized licensed use limited to: Tomsk State University. Downloaded on February 25,2021 at 14:56:43 UTC from IEEE Xplore.  Restrictions apply. 



 

 

relative stability of the gain for some time was observed. At the 
same time, the removing the object at a distance of 10 m led to 
the decrease in the amplitude of the amplified signal. This fact 
is associated with a decrease in the gain at the end of the 
inversion time since, on its return to the GDT, a significant part 
of the superradiance fell into the time region of the low gain. 

At higher PRFs (10 and 15 kHz) the radial gain profile 
(Fig. 2) is more uneven. In this case, the time evolution (Fig. 3) 
of the gain also does not allow you to identify areas of its small 
change. 

IV. CONCLUSION 
The paper presents the results of detailed kinetic modeling 

of the spatio-temporal gain characteristics of the copper 
bromide active medium operating at increased superradiance 
pulse duration mode. The simulation results are in a good 
agreement with the known work on the obtaining of an 
increased pulse duration by the reducing the PRF of pumping 
pulses. 

The simulation showed that a decrease in the PRF can lead 
to a significant increase in the duration of the inversion. At the 
same time, it is necessary to maintain the stored energy into the 
active medium. The results of the modeling of the gain profile 
showed that a uniform radial profile is observed only at the 
initial moment of inversion. Then the gain shifts to the wall 
areas. However, when operating at the increased superradiance 
pulse duration mode, there is a small change in the gain for 
over 120 ns. 

The modeling study together with experimental data [8] 
show the principal possibility of using the increased 
superradiance pulse duration mode in metal vapor active media 
for the use of them in tasks of the remote object visualization. 
When operating in this mode, the active medium can maintain a 
relatively stable gain value for a long time. However, you 
should take into account the significant unevenness of the 
radial gain profile. 

ACKNOWLEDGMENT 
The development of the kinetic model of the copper vapor 

active medium was supported by the Ministry of Science and 
Higher Education of the Russian Federation, Project No. 

- 17-117021310150-0. 

The study of the spatio-temporal amplifying characteristics 
was financially supported by the Russian Science Foundation, 
Project No 19-79-10096. 

REFERENCES 
[1] G. S. Evtushenko, S. N. Torgaev, M. V. Trigub, D. V. Shiyanov, T. G. 

Evtushenko, D. V. Beloplotov, M. I. Lomaev, D. A. Sorokin, V. F. 

Tarasenko, Methods and Instruments for Visual and Optical Diagnostics 
of Objects and Fast Processes. New York: NOVA Science Publishers, 
2018. 

[2] A. P. Kuznetsov, R. O. Buzhinskij, K. L. Gubskii, A. S. Savjolov, S. A. 
Sarantsev, A. N. Terekhin, “Visualization of plasma-induced processes 
by a projection system with a Cu-laser-based brightness amplifier,” 
Plasma Phys. Reports, vol. 36, pp. 428–437, May 2010. DOI: 
10.1134/S1063780X10050090. 

[3] O. I. Buzhinskij, N. N. Vasiliev, A. I. Moshkunov, I. A. Slivitskaya, A. 
A. Slivitsky, “Copper vapor laser application for surface monitoring of 
divertor and first wall in ITER,” Fusion Engineering and Design, 
vol. 60, pp. 141–155, February 2002. DOI: 10.1016/S0920-
3796(01)00610-X. 

[4] D. V. Abramov, S. M. Arakelyan, A. O. Kucherik, V. G. Prokoshev and 
I. I. Klimovski , “Reconstructing the relief of a region of laser action on 
the basis of an image obtained by means of a laser monitor,” Journal of 
Optical Technology, vol. 74, pp. 569–572, August 2007. DOI: 
10.1364/JOT.74.000569. 

[5] G. S. Evtushenko, M. V. Trigub, F. A. Gubarev, T. G. Evtushenko, S. N. 
Torgaev, D. V. Shiyanov, “Laser monitor for non-destructive testing of 
materials and processes shielded by intensive background lighting,” Rev. 
of Sc. Instr., vol. 85, pp. 033111, March 2014. DOI: 10.1063/1.4869155. 

[6] S. N. Torgaev, M. V. Trigub, G. S. Evtushenko, T. G. Evtushenko, 
“High Prf metal vapor laser active media for visual and optical 
monitoring,” Journal of Physics: Conference Series, vol. 671, pp. 
012060, January 2016. DOI: 10.1088/1742-6596/671/1/012060. 

[7] M. V. Trigub, V. V. Platonov, V. V. Osipov, T. G. Evtushenko, G. S. 
Evtushenko, “Laser monitors for high speed imaging of materials 
modification and production,” Vacuum, vol. 143, pp. 486–490, March 
2017. DOI: 10.1016/j.vacuum.2017.03.016. 

[8] M. V. Trigub, V. V. Vlasov, S. N. Torgaev, G. S. Evtushenko, “An 
image-brightness amplifier based on copper bromide vapor for operation 
at increased superradiance pulse duration,” Technical Physics Letters, 
vol. 43, pp. 828–830, September 2017. DOI: 
10.1134/S1063785017090280. 

[9] M. V. Trigub, S. N. Torgaev, G. S. Evtushenko, V. O. Troitskii, D. V. 
Shiyanov, “A bistatic laser monitor,” Technical Physics Letters, vol. 42, 
pp. 632–634, June 2016. DOI: 10.1134/S1063785016060298. 

[10] F. A. Gubarev, V. F. Fedorov, K. V. Fedorov, D. V .Shiyanov, G. S. 
Evtushenko, “Copper bromide vapour laser with an output pulse duration 
of up to 320 ns,” Quantum Electronics, vol. 46, pp. 57-60, January 2016. 
DOI: 10.1070/QE2016v046n01ABEH015707. 

[11] S. N. Torgaev,  E. Kulagin, G. S. Evtushenko, “Kinetic modeling of 
amplifying characteristics of copper vapor active media for a wide range 
of input radiation power,” Optics Communications, vol. 460, pp. 1–6., 
April 2020. DOI: 10.1016/j.optcom.2019.125136. 

[12] S. N. Torgaev, A. E. Kulagin, T. G. Evtushenko, G. S. Evtushenko, 
“Kinetic modeling of spatio-temporal evolution of the gain in copper 
vapor active media,” Optics Communications, vol. 440, pp. 146–149, 
June 2019. DOI: 10.1016/j.optcom.2019.01.061 

[13] A. E. Kulagin, S. N. Torgaev, G. S. Evtushenko, M. V. Trigub, “Kinetics 
of the Active Medium of a Copper Vapor Brightness Amplifier,” 
Russian Physics Journal, vol. 60, pp. 1987–1992, March 2018. DOI: 
10.1007/s11182-018-1312-y. 

[14] G. S. Evtushenko, S. N. Torgaev, M. V. Trigub, D. V. Shiyanov, T. G. 
Evtushenko, A. E. Kulagin, “High-speed CuBr brightness amplifier 
beam profile,” Optics Communications, vol. 383, pp. 148–152, January 
2017. DOI: 10.1016/j.optcom.2016.09.001. 

 

945

Authorized licensed use limited to: Tomsk State University. Downloaded on February 25,2021 at 14:56:43 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>

    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /RUS <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


