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Abstract: To study the effect of buffer gas on the three-dimensional gas temperature distribution and output
performance of flowing-gas circulation diode-pumped alkali vapor laser (DPAL), the beam propagation equation
is introduced into the theoretical model of flowing-gas circulation DPAL in this paper. The effects of the
composition and pressure of the buffer gas on the output performance of the end-pumped transverse flow cesium
vapor laser are simulated and analyzed. The three-dimensional distribution of work temperature and output power
are obtained. The results show that when using pure alkanes as buffer gas, the temperature in the vapor cell
corresponding to ethane is lower than methane with same pressure, and the laser output power is higher. When the
mixture of alkane gas and inert gas is used as a buffer gas, if the pressure of alkane is low, adding an appropriate
amount of He or Ar can reduce the temperature in the vapor cell and increase the laser output power.
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Fig.l Diagram of cesium atomic energy level transition
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Fig.2 Schematic of diode end-pumped transverse flow Cs-DPAL
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Tab.1 Parameters of gas flowing diode pumped cesium laser

Parameters Value Parameters Value
Central wavelength of pump light/nm 852.3 Waist radius of pump light/mm 1
Pump light linewidth/GHz 70 Pump light transmittance of M1 and M2 100%
Pump light transmittance of M3 99% Laser reflectivity of M4 50%
Distance between waist of pump light and central of vapor cell/mm 0 Sidewall temperature of vapor cell/°C 100
Distance between vapor cell and M3/mm 50 Distance between vapor cell and M4/mm 50
Gain length of vapor cell/mm 20 Velocity of flowing gas/m-s™ 20
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Tab.2 Molar heat capacity, thermal conductivity and

viscosity of buffer gases

Buffer Molar heat Thermal conductivity/  Viscosity/

gases  capacity/J-mol "K' W-m "K' Pa's’!
Ethane 72.027 4.464x107 1.353x107°
Methane 43.550 5.906x1072 1.566x107
Helium 20.785 2.066x10"" 2.636x10°°
Argon 20.810 2.451x1072 3.138x107°
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Fig.3 Relationship between temperature distribution and buffer gas pressure in vapor cell. (a), (¢) and (e) correspond to 400 torr, 700 torr and 1000 torr

methane pressures, respectively; (b), (d) and (f) correspond to 400 torr, 700 torr and 1000 torr ethane pressures, respectively
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Fig.5 Relationship between temperature distribution and buffer gas pressure in vapor cell using mixed gas as buffer gas. (a) 700 torr methane and

400 torr helium; (b) 700 torr methane and 400 torr argon; (c¢) 700 torr methane and 700 torr helium; (d) 700 torr methane and 700 torr argon;
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