
S2 Appendix : Gaseous target backscattering model

We define the flattening factor ε as the ratio of half large and small axis of the prolate spheroid and the
equivalent spherical radius aeq with: aeq = a(ε)−2/3.

The TS of gaseous target close to resonance can expressed, according to [1] and compatible with
[2], and [3].

TS = 10 log10

(
χ2×a2eq[

( f0f )2 − 1 − 2 δ0ω kaeq
]2

+

[
2 δ0ω + ( f0f )2kaeq

]2

)
(1)

Where f is the frequency of the transmitted sound wave, f0 is the resonance frequency, , δ0 the
damping factor other than radiative one and χ the correction factor of the spheroid flattening [4] [5],
expressed by:

χ = ε−1/3

(
log(

1+(1−ε)1/2
ε )

(1−ε)1/2

)−1/2

(2)

Resonant frequency f0 of the bubble is expressed as a function of equivalent spherical radius aeq,
of the ratio of gas specific heat γ (1.4 for air), of the hydrostatic pressure P , of the surrounding medium
density ρ, of the surface tension of the bubble τ [1] and of the correction factor χ :

f0 =
χ

2πaeq
×
(

3γP+2∗ τ
aeq

×(3×γ−1)

ρ

)1/2
(3)

The hydrostatic pressure P (en Pa) at depth d (en m) is express as:

P = (1 + 0.1d)105 (4)

The damping factor δ0 is express as:
δ0 = δvis + δth

With δvis the surrounding fluid viscosity damping factor and δth the gas thermal dissipation damping
factor.

The viscosity damping δvis is defined by:

δvis =
2ηs
ρωa2eq

(5)

with ηs the dynamic viscosity of the fluid surrounding the bubble, that express the fluid resistance to
the shearing stress generated by the oscillation of the bubble around its balanced position.

The thermal damping δth is defined by:

δth =
3Pgas
ρω2a2eq

Im(Γ) (6)

With Pgaz the balance gas pressure as a function of hydrostatic pressure P of surrounding fluid and
the surface tension τ :

Pgaz = P +
2τ

aeq
(7)

1



and the adiabatic complex coefficient :

Γ =
γ

1 −
[

(1+i)X/2
tanh[(1+i)X/2] − 1

]
6i(γ−1)
X2

(8)

Where X is the rapport of thermal diffusion:

X =
aeq
lth

(9)

With lth, the specific length of heat diffusion link to the diffusivity D by :

lth =

√
D

2ω
(10)

With in particular the air thermal diffusivity : Dair = 1, 9.10−5(m2/s).
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