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METHODS

INTRODUCTION
• Due to the harsh surface environment with

high pressure and temperature, balloon
platforms might be one of the only realistic
option to investigate Venus' seismicity [1].

• Seismoacoustic coupling is efficient on Venus
due to its dense atmosphere: seismic waves
couple to the atmosphere as infrasound
which can be recorded by a balloon.

• Here we provide the first assessment of the
global detectability of these seismic
infrasounds at high altitude based on
numerical modeling.

CAN A BALLOON DETECT A VENUSQUAKE OVER THE ENTIRE 
DURATION OF A MISSION?

HOW DOES SEISMICITY INFLUENCE DETECTABILITY?

#1Estimate the spatial and temporal 
venusquake distribution 𝝀𝝀𝒒𝒒 in terms of 
magnitude, based on Earth scalings [2,3].

Infrasound amplitude modeling using 
seismic Green’s functions and ground-to-
balloon scaling for a 2-layer Venus subsurface.

#2

#3Determine probability of observing at 
least one venusquake with 𝑺𝑺𝑺𝑺𝑺𝑺 > 𝒅𝒅 over 
a time period 𝑡𝑡, i.e., the Poisson process:
ℙ 𝑆𝑆𝑆𝑆𝑆𝑆 > 𝑑𝑑, 𝑥𝑥𝑡𝑡𝑜𝑜𝑜𝑜𝑜𝑜, 𝑡𝑡 = 1 − exp 𝜆𝜆 𝜆𝜆𝑞𝑞 , 𝑆𝑆𝑆𝑆𝑆𝑆 > 𝑑𝑑 𝑡𝑡 .

Integrate probability #3 along a balloon 
trajectory freely drifting with horizontal winds

ℙ 𝑆𝑆𝑆𝑆𝑆𝑆 > 𝑑𝑑, 𝑥𝑥𝑜𝑜𝑏𝑏𝑏𝑏 = 1 − �
𝑡𝑡≤𝑡𝑡𝑚𝑚𝑎𝑎𝑎𝑎

1 − ℙ 𝑆𝑆𝑆𝑆𝑆𝑆 > 𝑑𝑑, 𝑥𝑥𝑡𝑡𝑜𝑜𝑜𝑜𝑜𝑜

#4

1 day observation time – high seismicity

SNR = 5 SNR = 1

A balloon here would have a ~1% 
chance to detect any venusquake on 

the planet over 1 day.

Uncertainty: 0.25 and 
0.75 quantiles; 50 

simulations; focal depths 
5–50 km.

1 day - low seismicity

Tectonic settings

15 days mission – high seismicity Detection probability vs time

Global venusquake rates for each 
seismicity scenario

WHAT COULD THIS MEAN FOR FUTURE 
MISSIONS?

• Current seismicity models lead to low detection
probabilities (< 12.5 %) for short duration missions.

• However, we have large uncertainties behind the
predicted infrasound amplitudes due to the choice of
seismic velocities, attenuation, and atmospheric scaling.

• Several research questions should be addressed to
constrain the range of detectability:

a) How would amplitudes extracted from full-waveform
simulations [4] affect detectability?

b) How sensitive are the predicted amplitudes on the choice
of Venus subsurface models?

c) Can a balloon network vs a single balloon increase the
detectability likelihood?

d) How accurately can we constrain the crust/mantle velocities
from low-SNR infrasound?

Coming, soon! 
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twitter.com/QuentinBrissaud
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Balloon trajectory color-
coded by the cumulative 

detection probability.
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