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Importance of the Experimental Simulation of 

the Martian Surface Environment:  The surface en-

vironment of the Mars is unique in the solar system and 

very hard on the instruments for planetary explorations.  

The low temperature and pressure conditions of the 

Martian atmosphere are serious to the instruments, es-

pecially to the movable components, sensors, and elec-

tronics.  Carbon dioxide, the dominant molecular spe-

cies in Martian atmosphere, can easily condense at the 

low temperatures of the Martian surface and exert bad 

influences on the instruments.  Furthermore, instru-

ments must be proof against the strong winds and ab-

undant dust on the Martian surface.  Thus, an artificial 

reproduction of the surface condition of the Mars is 

essential to develop, construct, test, and calibrate the 

instruments for future Martian exploration missions.   

In addition to the instrumental research and devel-

opment, the artificial reproduction of the surface condi-

tion of the Mars plays important roles to investigate the 

geologic, geomorphologic, meteorological and/or bi-

ologic processes occurring on the surface of the Mars.  

Recently, many complicated and interesting geologic 

and geomorphologic features of the Martian surface 

have been observed in detail.  However, the formation 

mechanisms of the geologic and geomorphologic fea-

tures are poorly understood.  The geologic and/or 

geomorphologic analogue experiments in artificial 

Martian environments and detailed investigation of the 

formation mechanisms are required to understand the 

implications to the evolution of the Mars.  Astrobiolog-

ic studies are also ones of the most important and ap-

pealing subjects of the Mars.  It is important not only to 

search and assess the possibility of the existence of life 

on the present and/or past Mars, but also to discuss 

about the migration of the terrestrial life caused by 

artificial spacecrafts and natural processes such as 

hypervelocity impacts [e.g., 1].  Experimental study of 

the habitability of microorganism on the artificially 

reproduced Martian environments strongly helps us to 

understand the possibility and distribution of the life on 

the Mars.   

Development of Mars Environment Simulation 

Chamber at PERC/Chitech:  A new Mars environ-

ment simulation chamber is being developed in the 

Planetary Exploration Research Center (PERC), Chiba 

Institute of Technology (Chitech) in Japan.   The aim 

of its development is to reproduce the surface condi-

tions of the Mars and to contribute the instrumental 

development and Martian science.   

The Mars environment simulation chamber is 

planned to have a main room of 70 cm in the diameter 

and length and an extension tube unit of 20 cm in the 

diameter and 8 m in the total length.  Most of the expe-

rimental studies of the instruments and Martian science 

are planned to be conducted using the main room.  The 

extensional tube unit is focused on the purpose of de-

velopment of the laser induced breakdown spectrosco-

py (LIBS) system that are investigated in 

PERC/Chitech [2, 3] and planned to contribute to the 

scientific observations of the future Japanese missions 

for planetary exploration.    

The main room of the chamber is planned to be 

cooled down to -120 °C.  The main room is equipped 

with an aluminum internal shroud with tubes for heat 

transfer fluid to cool the chamber.  A sample table is 

also equipped in the main chamber.  The height of the 

table is adjustable.  Temperature of the table is also 

equipped with tubes for heat transfer fluid and planned 

to be decreased down to -120 °C and to be controlled 

independently to the shroud.  We have three choices of 

cooling method and temperature controlling systems at 

present.  (i) Cooling using liquid nitrogen directly in-

jected into the tubes equipped in the internal shroud 

and the sample table. The temperature of the shroud 

and the sample table is controlled by the flow rate of 

the liquid nitrogen.  This method is easy to cool them 

down to -120 °C.  However, there are some problems 

such as the lack of uniformity of the temperature and 

the condensation of the atmospheric carbon dioxide gas 

at the coldest part of the chamber.  (ii) Cooling using 

cold nitrogen gas.  The cold nitrogen gas is generated 

by controlled heating of liquid nitrogen.  The tempera-

ture of the gas can be as low as -120 °C.  This method 

can achieve the temperature cold enough, decrease the 

temperature gradient in the shroud and the sample table, 

and avoid the condensation of the carbon dioxide.  

However, the timescale of the temperature decrease of 

the method (ii) is much longer than that of the method 
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(i) and (iii), because the heat capacity of nitrogen gas is 

much smaller than that of liquid nitrogen and organic 

heat transfer liquids.  (iii) Cooling using organic heat 

transfer liquid.  The organic heat transfer liquid is 

cooled by liquid nitrogen and its temperature can be 

precisely controlled.  This method can also decrease 

the temperature gradient in the internal shroud and the 

sample table and causes no condensation of the carbon 

dioxide.  The cooling timescale using method (iii) is 

quite short, because the organic heat transfer liquid has 

heat capacity large enough.  However, the available 

temperature range of the organic heat transfer liquid is 

higher than -100 °C or -110 °C and it can be insuffi-

cient to simulate the very cold Martian surface envi-

ronment accurately. 

The extension tube unit is planned to have five 

short tubes and the total length of ~8 m.  Each short 

tube is set on rails and movable along the rails.  The 

system of the rails and the extension tubes are designed 

mainly for experiments of laser induced breakdown 

spectroscopy.  We can conduct laser breakdown expe-

riments at the various distances (Fig 3a).  The system 

of the rails allows us to compare precisely the experi-

ments using a laser equipment set in the main room and 

set on an optical table (Fig3b).  These experiments 

strongly promote the investigation of the physics of 

LIBS and development of planetary LIBS system. 

References: [1] Yamagishi A. et al., (2007) Bio-

logical Sciences in Space, 21, 3, 67–75.  [2] Ishibashi 

K.  et al. (2009) LPS XXXXI.  [3] Ishibashi K. et al. 

(2009) Proceedings of the 42th ISAS Lunar and Plane-

tary Symposium.   

 

 

 
Figure 1.  Schematic of the Mars environment simula-

tion chamber in PERC/Chitech. 

 

 

 

 

Figure 2.  Schematic of a cross section of the main 

room of the Mars environment simulation chamber. 

 

 

 

 

 

Figure 3.  Schematic of the extension tube unit and the 

system of rails of the Mars environment simulation 

chamber. 
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