
“Multibubble”

Sonoluminescence

* Discovered in 1933 by Marinesco and   
Trillat, during ultrasonic emulsification 
experiments

* Investigated by means of photographic 
techniques from 1935, Marinesco e 
Reggiani (multiple bubbles)

* Re-discovered in 1992 by Gaitan and Crum.

Actually:
Cavitation Luminescence

(no direct conversion from sound to light)

has a long story in scientific literature

“Single-Bubble”

(can be obtained in two “flavours”!)

* Discovered in 1962 by Yosioka and Omura.

“The light emission from a single bubble driven 
by ultrasound and the spectra of acoustic 
oscillation”, Proc. Annual Meet. Acoust. Soc. Jpn, 
pp 125-126, in Japanese









Repeated light flashes emission 

from a single (and the same?) 

cavitating gas bubble in a 

stationary sound field.

Single-Bubble Sonoluminescence

Acoustic Period: 

T~50μs

Light flash duration: 

Δt~100ps

Collapse time scale: 

T~20ns

I.E.N.G.F. 1999



Light Flashes: featureless spectra 
from Single Bubbles in (salt) Water 

Single-Bubble Sonoluminescence:

… but not in Sulphuric Acid:



This phenomenon requires a fine tuning of parameters. 

Main Actors:

Single-Bubble Sonoluminescence

Acoustic 

Trapping 

Conditions

Gas 

Diffusion 

Equilibrium 

(Rectified 

Diffusion) Acoustic Pressure 

Shape stability

Liquid Material Parameters: 

surface tension, viscosity, gas 

solubility, vapour pressure

SBSL was observed only in 

Water, Concentrated Acids, 

Polar Aprotic liquids –

adiponitrile, methyl formamide -  

(with some caveat) 
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Why SBSL is so interesting for physicists?.

Single-Bubble Sonoluminescence

Nearly isothermal expansion

Adiabatic Collapse

High Pressure and Temperature

Gas bubble as a thermodynamic motor

Is it possible to upscale the emission?.



A very useful TOY MODEL:

-Bubble-wall dynamics -> simplified Keller-Prosperetti equation:

-Gas bubble -> uniform pressure, uniform temperature, constant gas content

-Liquid -> Isothermal

- Simple heat-exchange equation, gas γ depends on T R, R’

Single-Bubble Sonoluminescence



Bubble-wall dynamics  can be slightly improved using the GILMORE equation, 1952 (in SBSL 

conditions, the bubble wall motion remains subsonic…)

Single-Bubble Sonoluminescence



Role of the Acoustic Pressure Level: non-linear oscillations

Ro=2.0 µm, Pac=0.1 MPa

Ro=2.0 µm, Pac=0.13 MPa
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Acoustic Trapping/Levitation: Primary Bjerknes Force

Single-Bubble Sonoluminescence
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The Acoustic antinode trap becomes 
less effective at high driving pressure 



- Diffusive Stability

Single-Bubble Sonoluminescence

Mass gain

Mass loss

Equilibrium Radius / [µm]



- Diffusive Stability: Sonoluminescing Bubbles Rectify Argon 

Single-Bubble Sonoluminescence

“Jittering” State



Mie Scattering: 

Bubble Section ~ R2

Acoustic Pressure-hydrophone Signal

Shock Wave from implosion

INRiM experimental apparatus: plastic spherical 

resonator (not so good for spectra collection). 

Degassed water + Air

Single-Bubble Sonoluminescence



Advantages of spherical resonators:

- All radial modes can trap a 

bubble at the same position

- Imaging by means of spherical 

lenses is simpler

- Higher  quality factors: less 

electrical power needed

Single-Bubble Sonoluminescence

The shape of the resonator is not so 
important - if you have a needle 
hydrophone…! 
A “wine-bar glass” SBSL apparatus 

INRiM 60 mm diameter 
polycarbonate resonator can 
sustain SBSL in the frequency 
range 25kHz-250 kHz



The upscaling problem-1: Hilgenfeldt’s toy model predicts stronger collapses 

lowering the forcing acoustic frequency 

Single-Bubble Sonoluminescence

… but:



The upscaling problem-1: Hilgenfeldt’s toy model predicts stronger collapses 

lowering the forcing acoustic frequency 

Single-Bubble Sonoluminescence

We tried this experiment in water, 
with the same disappointing results…

The “fat” resonator:
- 20 litres volume
- Inner diameter about 330 mm
- Lowest trapping and 

sonoluminescing frequency: 4.7 kHz



The upscaling problem-2: high frequency drive (1 MHz)

Single-Bubble Sonoluminescence

Lower water vapour content
Smaller bubbles < 1 µm: the emitting region becomes 
transparent -> no black-body radiation
Bremsstrahlung fit ≥ 500 000 K (=> gas T~ 100 000K)
Acoustic Pressure: 500 kPa



The upscaling problem-3: is it possible to reach higher temperature levels or emission 

intensity, perhaps abandoning some of the constrains imposed by the “classical” SBSL 

apparatus?

Single-Bubble Sonoluminescence

- Not the “same” trapped bubble; resonators used only to produce very 
high acoustic pressure levels.

Transient Cavitation (as Galloway or Strasberg original layout!)



The upscaling problem-3: is it possible to reach higher temperature levels or emission 

intensity, perhaps abandoning some of the constrains imposed by the “classical” SBSL 

apparatus?

Single-Bubble Sonoluminescence

- High ambient pressure: 30 MPa 
(no degassing needed)

- High acoustic pressure: 35 MPa
- Sinusoidal Drive
- Single bubble generated by 

Laser

- SL Flashes 1000 times brighter than SBSL!



The upscaling problem-3: is it possible to reach higher temperature levels or emission 

intensity, perhaps abandoning some of the constrains imposed by the “classical” SBSL 

apparatus?

Single-Bubble Sonoluminescence

- Single, but not conserved bubbles; NO periodic acoustic drive
- Bubbles are laser-generated or directly injected from a gas reservoir

- Arrest Tube under vacuum
- Shock waves



Single-Bubble Sonoluminescence

- Drop Tube: big bubbles, 3.5 mm radius; high positive pressure drive, 
250 KPa; liquid vapour pressure = ambient pressure.  

Light Flashes: 
very intense, 
but not so 
“hot”, 10 000K



Single-Bubble Sonoluminescence

- Shock waves: positive pressure step, 2.2 MPa; laser induced, 1.8 mm 
radius, vapour bubble .  

What next?



From Sonoluminescence to sonofusion

Taleyarkan et al., Science (2002)



Single-Bubble Sonoluminescence
*Shape instability problem

“Afterbounce” 
instability



Single-Bubble Sonoluminescence

*Shape instability problem

Parametric 
instability



Single-Bubble Sonoluminescence

*Shape instability problem

Rayleigh-Taylor 
instability
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