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Introduction: Impact-induced vaporiza-
tion/devolatilization and post-impact chemistry may 
have played important roles in the chemical evolution 
on planetary bodies in the early solar system [e.g., 1]. 
Two-stage light gas guns are among the most suitable 
experimental apparatuses to investigate impact-driven 
processes because they can accelerate a macroscopic 
projectile (>0.1 mm in diameter) at room temperature 
up to several km s-1. To avoid chemical contamination 
from the acceleration gases of the guns, most previous 
studies have been conducted in closed systems [e.g., 2-
4], in which samples are completely covered by con-
tainers. In contrast, all natural impacts occur in open 
systems. The thermodynamic paths during decompres-
sion from shocked states to reference states in the 
closed systems are significantly different from that in 
the open systems because of following reasons; (1) the 
fast cooling of the shocked materials due to adiabatic 
expansion is prevented due to the limited volumes in 
the containers and (2) the total pressures in the closed 
systems are supported by the mechanical strength of 
the containers [e.g., 5, 6]. Thus, impact experiments in 
an open system are essential to accurately understand 
the impact-driven phenomena. 

In our previous study, we have developed an exper-
imental technique for two-stage light gas guns [6]. The 
method can prevent intrusion of the chemical contami-
nant gases from the gun and can measure the chemical 
composition of the produced gases [7] and the absolute 
amount of selected chemical species, accurately [6]. 
However, the procedure needed to use a plastic dia-
phragm, which leads to destruction of weak projectiles, 
such as quartz glass [6], and chemical contamination 
with a trace amount of carbon (ppm level). This weak 
point prevents further extension of the gun system, 
such as a detailed investigation of the generation of 
complex organics in an impact-generated vapor. 

In this study, we present a modified experimental 
procedure without any diaphragms.  

Experimental system: We developed the gun sys-
tem for studies related to shock-induced vaporization 
and post-impact chemistry at the Planetary Exploration 
Research Center of Chiba Institute of Technology 
(PERC/Chitech), Japan. We newly introduced two au-
tomatic gate valves into the gun system. Figure 1 
shows a schematic diagram of the system.  

Experimental procedure: Prior to a shot, the valve 
#1 and #2 are closed and opened, respectively. The gun 

side (the upstream from the valve #1) is evacuated and 
the green shaded region is filled with a chemically in-
ert gas, such as He and Ar. We produce a gas flow us-
ing a rotary pump. To keep the total pressure of the 
experimental chamber to be constant, the inert gas is 
continuously introduced into the experimental chamber 
with the same gas flux against the evacuation. Using a 
pulse generator, we input signals with time delays to 
the valves #1, #2, and the two-stage light gas gun. At 
the beginning, the valve #1 is opened, leading to the 
expansion of the inert gas into the dissipation chamber 
due to a strong pressure gradient. Then, the gun is op-
erated and a projectile is launched to the target placed 
at the experimental chamber. The contaminant gas fol-
lowing the projectile is not able to intrude into the ex-
perimental chamber due to the outflow to the upstream 
of the gun. In contrast, the solid projectile is able to 
penetrate into the outflow and to collide with the target. 
Since the time required for the projectile acceleration 
is much shorter than the time duration of the outflow 
of the inert gas, the impact occurs under a pressure 
with 90% or more of the initial pressure. Immediately 
after the impact, the valve #2 is closed to keep impact-
generated vapor in the experimental chamber. Subse-
quently, the gas generated by the impact is introduced 
into a quadrapole mass spectrometer (QMS, Pfeiffer 
vacuum, Prisma plus QMG220) by the inert gas flow 
produced by the rotary pump. 

 
Figure 1. A schematic diagram of the system. 
 

Experiments: We conducted three impact experi-
ments using natural calcite samples to demonstrate the 
new system. We summarized the experimental condi-
tion as follows.  

Experimental conditions. An Al2O3 sphere with the 
diameter of 2 mm was used as a projectile. A nylon-slit 
sabot [8] was used to accelerate the projectile. The im-
pact velocities were from 5.4 km/s to 5.7 km/s. A high-
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speed video camera (Shimadzu, HyPer Vision-X) 
placed at the side of the experimental chamber was 
used to observe an impact event. We used Ar as the 
chemically inert gas. The pressure in the chamber un-
der a steady state of the Ar gas flow was varied from 
500 Pa to 3000 Pa. Natural calcite samples with the 
masses of ~2 kg were used as targets. The density of 
the samples is closed that of crystalline calcite (2.67 
g/cc). Calcite was chosen because we have already 
studied the devolatilization from calcite in the previous 
study using the previous experimental system [6]. The 
total pressure inside the QMS was fixed at 10-4 Pa. 

Results:  
Projectile: We confirmed that the launched pro-

jectile was intact prior to the impact. Thus, the new 
method allows us to use an arbitrary combination of a 
solid projectile and a target with strength. In fact, we 
were able to use a quartz glass projectile of which 
strength is much smaller than Al2O3 sphere in another 
on-going series of experiments.  

Characteristics of the system: Figure 2 shows the 
temporal change in the total pressure of the experi-
mental chamber in the case of the Ar pressure of 500 
Pa. The total pressure gradually decreased with time 
after the valve #1 is opened down to ~450 Pa. We ob-
served a small rise in the pressure (~10 Pa) around 0.1 
s after the impact. The fluctuation in the pressure of 
this shot was within ~10%. Figure 3a shows the time 
variation of the ion currents for M/Z = 2 (H2) I2, which 
is the major contaminant gas from the gun, with differ-
ent pressures of the Ar gas flow. Although a small 
amount of molecular hydrogen was detected, the peak 
values of the ion current were in order of 10-12 A to 10-

11 A, which were 4–5 orders of magnitude smaller than 
the dominant ion current for M/Z = 40(40Ar). Figure 3b 
shows the ion currents for M/Z = 36 (36Ar) and for M/Z 
= 44 (CO2), I36 and I44, as a function of time. The time 
profile of the ion current for M/Z = 44 was close to that 
obtained in our previous study [6]. A lower Ar pres-
sure leads to a higher current ratio of I44 to I36, suggest-
ing that a higher signal-to-noise ratio (S/N) was ob-
tained at a lower Ar pressure because the CO2 produc-
tions for the three shots discussed here are expected to 
be similar due to the fact that the impact velocities for 
the three shots are close to each other. Thus, we should 
choose Ar pressure by considering a trade-off of the 
degree of chemical contamination and the S/N. 

Future plan and Conclusions: The measurement 
of the absolute amount of the vapor is still a problem 
for the system. Now, we are developing a calibration 
system to quantify the sensitivity of QMS or the other 
measurement devises. This system contains a chamber 
for preparing a gas mixture with a known mixing ratio,  

 
Figure 2. The temporal change in the total pressure of 
the experimental chamber. The timings of the open of 
the valve #1 and the impact are indicated as vertical 
lines. 

 
Figure 3. The ion currents for selected species. (a) M/Z 
= 2. (b) M/Z=36 and 44. The equilibrium pressures of 
the Ar gas flow are indicated in the panel (a). 
 
a small volume accurately measured, and another au-
tomatic gate valve. The system can introduce the gas 
mixture with a known volume within a short duration. 
This situation is similar to actual impacts.  

We demonstrated that the new system allows us to 
investigate shock vaporization/devolatilization and 
post-impact chemistry in an open system without (1) 
the intrusion of the contaminant gases from the gun, 
(2) projectile destruction prior to the impact, and (3) 
the contamination from the plastic diaphragm used in 
the previous study. The new system can apply the 
measurements of the chemical composition of vapor 
generated by a collision of any combination of a pro-
jectile and a target.  
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