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In-situ observation of dust formation via homogeneous nucleation in vapor phase 
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Abstract: To know the formation process of cosmic dust particles, we attempted for the first time 
interferometric observation to a condensation experiment in vapor phase, the gas evaporation method.  
Homogeneous nucleation is a fundamental process of dust formation in universe.  For the first step, 
temperature distribution around evaporation source was measured with respect to the source 
temperature in the gas evaporation method for the first time in a quarter century.  We visualized a 
condensation of smoke particles in gas phase and temperature history including a cooling rate of 
produced particles after nucleation was recognized.  Homogeneously condensed WO3 nuclei initially 
maintain their temperature for ~5 ms and then cool down with a rate of ~5×104 K/s.  The degree of 
supersaturation during the nucleation was at least as high as 107. 
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Fig. 1  Optical set up of a Mach-Zehnder type 
interferometer.  Tungsten (W) wire, which was prepared 
in the smoke generator, is an evaporation source 
certainly parallel to the optical path.  Polarized He/Ne 
laser with 50 mW at 632.8 nm were used.  Source 
temperature was measured using a pyrometer and 
occasionally thermocouple and recorded using a data 
logger.  IR filter is to cut the radiation from the 
evaporation source.  Interferogram was captured using a 
HD-TV camera and recorded by a HD recorder. 
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Fig. 2 Typical interferograms around the evaporation 
source at (a) room temperature and (b) 1200oC, respectively, 
in Ar gas of 1.0×104 Pa.  The numbers in each figure have 
been corresponded. 
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Fig. 4 A typical interferogram of a WO3 smoke, which 
produced by an electrical heating of a tungsten wire in a 
mixture gas of Ar 9.0×103 Pa and O2 1.0×103 Pa. 
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Fig. 3 Temperature gradients around the evaporation 
source heated at (a) 1200oC and (b) 1400oC, respectively, in 
Ar gas of 1.0×104 Pa. 
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