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https://jeb.biologists.org/content/jexbio/201/9/1447.full.pdf



Current Status I

• Multiple studies exist
• J. Rohr et al. (1998) (Dolphins)

• M. I. Latz et al. (2004) (Nozzle)

• …

• For specific cases

• For neutrino telescopes
• I.G. Priede et al. (2008) (KM3Net, ANTARES)

• J. Craig et al. (2009)

• …
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Correlation between 
stress/acceleration 

and emission!

Strong assumptions



Current Status II

• The neutrino telescope studies exclusively assumed collision 
responses

𝐼𝑚𝑝𝑎𝑐𝑡𝑠 𝑠−1 = 𝜋
𝜙𝑠𝑝ℎ𝑒𝑟𝑒

2
+
𝜙𝑎𝑛𝑖𝑚𝑎𝑙

2

2

× 𝑣 × 𝜌

• For 𝜌 ∈ 0.01, 0.05 𝑚−3 the expected number of flashes is approx. 1 
per hour
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Predict more light
downstream due to 

shear stress
-> No calculation



What we’ve done I:
A new simulation Framework
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Fourth Day Firedrake

• Population Modeling
• Light Propagation
• Detector Response

• Water Current Modeling
• Navier-Stokes solver
• Added discretization and stabilization

Together model 
realistic 

populations and 
water flows

Python package
Monte Carlo simulation
Modular
https://github.com/MeighenBergerS/fourth_day

Interface included in
Fourth Day
https://www.firedrakeproject.org/

https://github.com/MeighenBergerS/fourth_day
https://www.firedrakeproject.org/


What we’ve done II
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𝜕𝑡𝒖 + 𝒖∇ 𝒖 + ∇𝜌 − 𝜈Δ𝒖 = 0

Solve for Reynold’s 
numbers 𝑅𝑒 ∈
[300, 30000]

Mesh we use

𝒘,𝒖𝑡 + 𝒘, 𝒖∇ 𝒖 + 𝑃 𝒖, 𝑝;𝒘 + 𝜏 𝒖∇ 𝒘, 𝑢𝑟𝑒𝑠 = 0 ∀𝒘 ∈ 𝑉𝑢

Cauchy stress 
tensor

Space-discretized

SUPG 
stabilization

𝑢𝑟𝑒𝑠 = 𝜕𝑡𝒖 + 𝒖∇ 𝒖 − ∇𝜎 𝒖, 𝑝 Residual

𝜏 =
1
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+ 9
4𝜈

Δ𝑥2
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𝜅 𝑥 = 1, 𝑥 < 2.75 𝑚; 𝜅 𝑥 =
1

6
else

Stabilization 
parameter



What we’ve done III
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𝑃𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 = 𝛼∇𝒖

Linear 
emission 

probability

Flow near 
the detector

Flow in the simulated region

Each organism 
has a host of 

properties

Model 
movement 

and emission 
using a MC 

scheme



Intermission - How to run a simulation
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Options for
the desired

scenario

Two types of 
output 1) Population 

statistics

2) Measured 
counts



New Results I

Confirm more light downstream; 1000x higher rate than pure collisions
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Emitting and dormant organisms in 
red, green respectively

Color scale chosen to emphasize the 
vortices

Color scale chosen to represent 
region where emissions are likely

Most flashes happen in 
the detector’s wake. 
The organisms have 

more time to respond 
to the applied 

shear/acceleration 
stress!



New Results II
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• Photon counts when using a detector like 
the PMTSpec of STRAW-b

• Each PMT measures different wavelengths 
and has a different FoV

• Organisms drift from FoV to FoV causing a
single emission to appear as multiple

• Effect depends on the geometry and water
current



New Results III
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• Example how the emission PDF of a single 
species (left) appears in the detector (right)

• These types of simulations can be used to 
categorize the organisms flowing past the 
detector



New Results IV
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• Simulated spectrum vs chaotic background spectrum
• No significant difference between chaotic and 

simulated spectra

• The average number of flashes per hour
• Usually this is modeled using a linear fit
• Not possible in our case, require a Poly 2nd order



Plans for the Future

• Submit a paper
• Preprint on arxiv in the next few days

• Write documentation
• Code is easy to use for most cases

• Estimate 3D effects
• 2D should be enough for most cases

• Cross-check some solver stuff
• Strouhal number is still a little high
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Thank you for your attention!
Questions?
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