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Introduction:  Sound propagation properties 

strongly depend on the physical conditions 
(temperature, density, pressure) as well as the 
composition of the medium within which acoustic 
waves travel. The two microphones of the Perseverance 
rover [1-3] are the first ones to be deployed in the Mars 
atmosphere with the landing of the mission on Mars on 
Feb 18, 2021. The SuperCam microphone which was 
primarily designed to study the acoustic signal 
generated by the laser-induced breakdown spectroscopy 
technique (LIBS) [3] has recorded numerous other 
sounds on Mars, some created by atmospheric 
phenomena such as winds and turbulences due to the 
day/night cycle [4] or rover-induced mechanical noise. 
In addition, microphones can be used to probe and 
characterize the atmosphere [5-6].   

In fact, in situ measurements are still needed to test 
existing sound propagation models of the Mars 
atmosphere. The main source of uncertainty for such 
models is the attenuation related to the relaxation time 
of CO2 at Mars pressure and temperature. Two models 
were developed in anticipation of the 1998 Mars Polar 
Lander, one using a quasi-empirical approach [7], and 
one using theoretical considerations [8]. A more recent 
model was developed using first-principles calculations 
[6].  These models predict different attenuation level in 
the frequency band generated by LIBS [9] (Chide, pers. 
comm.). Measurement of the amplitude of acoustic 
signal with controlled sources and for different 
frequency bands are needed to determine attenuation 
properties of atmospheres of different planets/moons 
and establish attenuation models.  

Another benefit of laboratory experiments are that 
they offer the possibility to interpret SuperCam 
microphone data. In the laboratory, LIBS experiments 
can be carried-out in very controlled atmospheric 
conditions allowing to explore effects of LIBS target 
surface properties such as hardness (Lanza et al, 2020), 
optical absorption, porosity… [10-11] 

    

 

 
 
Methods:   
LIBS acoustic data.  In 2020, we performed a series 

of acoustic experiments in a large (~2m long and 1 m 
diameter cylinder) thermal-vacuum (TVAC) chamber at 
the Los Alamos National Laboratory (LANL) that is 
designed for testing space hardware under a variety of 
relevant environmental conditions (Fig. 1). 

A standoff LIBS experiment was set up in the TVAC 
chamber.  Samples were placed at one end of the 
chamber opposite the chamber window and two 
microphones were placed at 28cm and 67cm from the 
sample plate. The two microphones are Brüel Kjær 
(B&K) microphones for the frequency range 20Hz to 
20kHz, one ¼’’ diameter and the other one 1/8’’ 
diameter. A BigSky/Quantel class 4 laser operating at 
20 Hz and a range of energies (11-59 mJ/pulse) was 
used to produce a LIBS spark on targets within the 
TVAC chamber. Samples were shot for about 45s (~900 
shots).  

The recording system was set-up to be triggered by 
the laser which allows to measure the travel time of the 
acoustic signal from the sample to the two microphones.  

Atmosphere conditions data. Acoustic data were 
collected with TVAC filled with 100% CO2 and at 
Mars-relevant pressure and temperatures which were 
varied around the values of 7 Torr and -20⁰ C. 

 
Results and Discussion:  
Sound speed changes with atmospheric condition.  

In Fig. 2 is plotted the acoustic peak pressure versus the 
arrival time for a series of LIBS shots on a sandstone at 
different pressure and temperature. The acoustic peak 
pressure is calculated by converting voltage to Pa using 
the conversion factor provided by B&K. We report 
negative pressure because we observe that the first peak 
corresponds to a negative voltage. We will correct for 
polarity when we will have documented better that 
issue.  The ideal gas law theory predicts that the speed 
of sound changes with temperature following: 𝑐 =
	$𝛾𝑅𝑇/𝑀, where 𝛾 is the adiabatic constant, R is the 
gas constant (8.31J/mol), T is the temperature in Kelvin, 
and M is the molar weight.  
The arrival time at the microphone 2 is consistent with 
this theory as it increases as the temperature decreases 
(i.e. speed decreases).  

Figure 1. TVAC and the LIBS standoff LIBS setup.  
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Pressure has no effect on the speed of sound according 
to the ideal gas theory. However, gas theory may break 
down at low pressures which we are planning to explore 
with future experiments. It can be noted that the 
amplitude seems different for experiments done around 
4 Torr than the experiments done at 5 Torr.    

 

 

 
Nonlinear effect.  Fig.2 also shows that the arrival 

time (and thus the speed of sound) is dependent on the 
sound peak pressure. The trend shown by the data is an 
decrease of the speed of sound with the amplitude of the 
acoustic arrival. We highlight that this result was 
obtained thanks to the triggering set-up of our 
experiment. This behavior is characteristic of non-linear 
processes inherited from the wave generation process. 
LIBS acoustic signal is created by a blast wave that is 
generated when the air and target surface are suddenly 
vaporized by the laser. This non-linear effect is 
explained by the supersonic speed of the shockwave 
during the first µs of the propagation (Harilal et al. 
2012).  
 

Conclusions and perspectives:  
In this paper, we report on the measurement of 

arrival time of the LIBS acoustic signal with changing 
atmospheric conditions. Our results concur with the 
ideal gas theory but also show evidence of non-linearity 
and pressure effects. We plan to perform more 
experiments in the future by changing the LIBS setup 
and targets to help with the interpretation of Mars2020 
data as well as improve the relevance of laboratory 
experiments.  

This paper focusses on measurement of the speed of 
sound from LIBS acoustic experiments but we also have 
data obtained with a transducer and different speakers 
to generate acoustic signal at different frequency bands. 
These data and future data may be used to establish 
models of Mars atmosphere, by extracting attenuation 
measurements.  
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Figure 2. Amplitude of acoustic signal versus arrival time for 
LIBS acoustic in different pressure-temperature conditions.  
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