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Collective movements are a fascinating phenomenon that can be observed in living organisms at 

different scales, from bacteria to human crowds. We are interested in the case of schools of fish and 

more particularly in their evacuation through an opening of a size comparable to the size of the fish. We 

have recently shown that the escape of fish is analogous to that of bubbles[1]. Indeed, the fish outflow 

(fish/s) is well fitted by the Beverloo law used for bubbles in a similar situation by Bertho et al.[2]. We 

have modeled the fish as surrounded by a cognitive bubble that governs their outflow statistics (Figure, 

left). 

We would like to further explore this analogy 

and its limits. To this end, we have recently built 

an experiment (Figure, right) allowing the 

evacuation of bubbles through one or two slits. 

We can vary the size of the opening, the 

evacuation stress and the size of the bubbles. 

The aim of the internship will be to analyze the 

statistics of evacuation time intervals, in the 

same way as we did for fish, and see whether the 

model proposed for fish is valid for bubbles.  

The physical questions are many and open: how 

intermittent is bubble evacuation? Can we 

observe blocking phenomena such as those seen with active particles or grains? What are the 

interactions between slits and their consequences on bubble evacuation rates? Do all the bubbles flow 

like grains in an hourglass, liquid in a clepsydra, or something else entirely? 

Based on preliminary work, the trainee will have to finalize the experimental protocol by identifying the 

most controlled bubble injection conditions possible, and carry out the various experiments with the 

bubbles. He/she will then analyze the images obtained and take part in the modeling. 

The internship can be extended into a PhD. 
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(Left) Model of fish surrounded by a cognitive bubble 

while passing through a bottleneck. (Right) Preliminary 

results of bubbles evacuating through an opening.  
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