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Acoustic panel

Detection of Very High Energy Neutrinos



  

Participants
● Ernst-Jan Buis is a Physicist at TNO in Delft, is a member of km3net, 

and responsible for the system engineer. He developed over the past 
years an expertise for the acoustic detection of cosmic neutrino.

● Yohann Brelet is an Engineer of the lab, working on instrumentation 
with past experiences in optical devices.

● Sylvain Girard is an Assitant Professor at the Ensicaen making his 
research in the cimap lab. His research interests are mainly focused 
on Solid-state lasers, Fibre lasers, Optical Sensors,  and Non linear 
optics. 
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The neutrino Landscape

SoLid ORCA ARCA

 - SoLid : 
    - 1.6 m3

    - 12800 cubes
    - 3200 MPPC

 - KM3NeT :
   - ORCA :
       - 6 700 000 m3 = 0.0067 km3 
       - 2 070 DOMs
       - 64170 PMTs
   - ARCA :
       - 1 km3 
       - 4 140 DOMs
       - 128340 PMTs
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 How to reach higher energies ?
Bigger volume needs new methods.



  

Acoustic signal
● Signal generation

● Topology

● Frequencies and sensibilities to detect acoustic signal



  

Fiber-sensor
● How it works
● The multi-sensors



  

Fiber-Sensor as Acoustic detector
● Development at TNO



  

Mettre en œuvre des fibres photoniques creuses en 
configuration interférométrique (ou non ?) pour la détection 
d’ondes de pression mécaniques (domaine acoustique) de 

très faibles amplitudes, signature acoustique de l’interaction 
des neutrinos (> 100 PeV) dans l’océan profond.

Implementing hollow core photonic fibers (HCF) in 
interferometric configuration (or not?) for the detection of 
mechanical pressure waves (acoustic domain) of very low 

amplitudes, acoustic signature of neutrinos (> 100 PeV) 
interaction into the deep sea.



  

Thèse D. Ferachou (2012)

Da Silva et al. (2024)

Some very recent litterature on the proof-of-principle

2D diaphragm
nanoparticles/flakes in a Fabry-
Pérot configuration



  

Hollow core fiber (HCF) with ad hoc pattern (such as Kagomé, …) ?

All-fiber acousto-optic interferometric device?

 Which gas: N2, Ar, Ne, Xe, Air, …? 
 Which laser power? Pulsed?
 Which gas pressure?
 A (very) costly solution? But flexible!
 ... 

Because, compared with standard silica fibers => more sensitive to mechanical constraint 
(Young’s Modulus is lower), but is it (highly) sensitive enough to detect a pressure wave 
magnitude on the mPa, even µPa, order?

X 10 to 100 km³

Potential collaborations: NIKHEF, TNO, XLIM, LAAS, CEMES, FOTON, LAUM, LMA, CIMAP, CRISMAT, 
…. 
Local ETPs (@LPC): Instru’ + Meca + µElec => 2
Need for elaboration and characterization of HC fiber

Here, acoustic sensors would thus be based on the interferometric detection of pressure-
induced phase shift of light propagating inside an optical fiber (air-silica honeycomb)



  

Miscellaneous and other (challenging) hints to explore:

● Phase-matching water-silice(polymer) interface
● Sea salinity OK with fiber
● The etched fiber was then coated with Parylene C
● Femtosecond structuring micromachining
● Acoustic/Optic Metamaterials
● MEMS hydrophone
● Wave-mixing (four, two, …. waves …. )
● MOEMS (MEMS + Optics)
● Opaques Scintillators (embedded)
● Photonic integrated Microresonator
● 2D membrane (2D material) => But must manage the deep-sea pressure! (biomimetism)
● Acoustic valley edge states (valleytronics equivalent)
● Acoustic Topological Chiral Metamaterials/Insulators (confine, guide, amplify, select, 

absorb, modulation, …)
●

Could be a mix of some of them + use of Additive Plastronics

Why? To gain in high-sensitivity, decrease propagation losses, sturdy, ….



  



  

Where is the next place to fish 
neutrinos ?

●  Noise and wave propagation



  

Where to put some effort ?
● Simulation (Shower and acoustic, detector)
● Sensors
● Acquisition
● Mechanical implementation
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