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First evidence

G.A Askarian:   hydrodinamical emission in tracks of ionizing
particles in stable liquids. 1957



and later....

G.A.Askarian, B.A.Dolgoshein, A.N.Kalinovsky, N.A.Mokhov:
Acoustic detction of high energy particle showers in water.
Nucl. Inst. and Meth., 164 (1979), 267.
"... All this gives good reason to believe that the acoustical method of particle 
detection may find applications both at accelerators of the new generation and for 
detection of cosmic neutrinos in the Ocean"

experimentally confirmed by

L.Sulak, et al. :
Experimental studies of the acoustic signature of proton 
beams traversing fluid media", Nucl. Inst. and Meth., 161 
(1979),203



3. p+p p + N + π

→Neutrinos from succcesive  π and  µ

decay

4. Another mechanism: from π decay 

produced in  the interaction of p with 

CMB at energies above ~ 1019 eV

Neutrinos from where?

1. Emission of jets 

2. Fermi acceleration mechanism →

proton spectrum:   dNp/dE ~E-2

Production mechanism Cosmic source



An exemple: the ‘cosmogenic neutrino flux’

created by decaying charged pions produced in interaction of primary 
nucleons of energy above 5x1019 eV with CMB photons, the Greisen-
Zatsepin-Kuzmin effect(D.Semikoz, G. Sigl, hep-ph/0309328 29 sep 2003)



Why acoustic detection ?
•High energy neutrinos interact via DIS with matter  (1% probability in 1 km of water at 1020eV 
).

•Energy is shared between a quark ad a lepton; on the average 80% to the lepton and 20% to the 

hadronic shower (≈ Joule for 1020eV neutrinos) .

•The hadronic shower is confined  (typically a 2 cm. Radiux x 20 m length cylinder) and 
produces detectable pressure waves.

• the acoustic front has a typical  disk  shape(’pancake’), the pressure wave is bipolar, ≈ 50 µs 
period, amplitude ≅ mPa or higher depending on the initial energy and distance

•The signal propagates for several km (attenuation lenght of 1km at 20 kHz)

→
at high energies ( ≥ 1018eV) the acoustic  detection may be an 

alternative  to Cerenkov light detection (attenuation lenght ≅ 50 
m)



The production mechanism



T.Karg U.Erlangen ARENA 2005



The acoustic signal



T.Karg U.Erlangen ARENA 2005



Acoustic detection activity in Italy

GENOVA (University and INFN):  prototype of an  hydrophone  based
on the interference of light  in optic fibres.

PISA (University, INFN, IFAC-CNR): Developement of an Erbium
doped fiber laser as a deep sea hydrophone.

LNS (INFN) Ocean noise Detection Experiment

ITEP-ROMA : hydrophones calibration using a 100 and 200 MeV
proton beam



The Hydrophone in Genova

M.Anghinolfi
S.Cuneo
M.Ivaldi
L.Repetto
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Fiber optic hydrophone

Insensitive hydrophone

SS0

Present configuration

Response in air

..and in the sea

∅ = 22 mm, L=25 mm, 
fibre ∅ =125 µm, 
resonance freq. ≈ 10 kHz 
in air



Next step: increase resonance frequency 

∅: 22→15 mm, L:25→20 mm, fibre ∅ :125 → 80 µm
Expected resonance frequency in water ≈ 20 kHz



Production starts 



The hydrophone in PISA

DEVELOPMENT OF AN ERBIUM-DOPED
FIBER LASER AS A DEEP SEA HYDROPHONE

P.E.Bagnoli1,2, N.Beverini2,3, R.Falciai4, E.Maccioni2,3

M.Morganti2,3, F.Sorrentino3, F.Stefani1, C.Trono3,4

1Dipartimento di Ingegneria dell’Informazione, University of Pisa, Italy 
2Istituto Nazionale di Fisica Nucleare, Pisa, Italy

3Dipartimento di Fisica, E.Fermi“, University of Pisa, Italy
4Istituto di Fisica Applicata “ Nello Carrara”, IFAC-CNR, Firenze, Italy 



THE DISTRIBUTED BRAGG REFLECTOR
FIBER LASER (DBR-FL) 

Two Bragg gratings with identical reflection wavelength are directly inscribed 
on the core of an erbium doped (active medium) optical fiber. 

This structure forms a laser cavity which, when pumped at 980 nm, lases with 
emission peak at ~1530 nm



FIBER LASER SENSORS

Physical elongation (strain),  temperature and pressure variations, which changes the 
cavity length and fiber refractive index neff, produce a shift in the fiber laser emission 
line.

TYPICAL SENSITIVITIES FOR A BARE FIBER LASER
TEMPERATURE

~ 10 pm/°C @ 1550 nm

PRESSURE

~ -3.6 pm/MPa @ 1550 nm

STRAIN [ε]

~1.2 pm/µε @ 1550 nm



MACH-ZENDER INTERFEROMETER (MZI)

MZ 2

2 OPDϕ λ
λ

π⋅
∆ = ∆

For deep-sea applications, hydrophone sensitivity goal is the so-called Deep Sea State Zero 
(DSS0). At 1 kHz, the DSS0 level is 100 µPa/Hz1/2, which corresponds to a ∆λ=10-12 nm.This
requires an OPD of 300 m and a ∆ϕMZ ≈ 1 µrad, which is hard to gain, but realistic with the 
present technology.



DBR FIBER LASER

Photo of one of several DBR lasers realized. The green light is due to 
“up conversion” of pump laser radiation
The ED fiber is cut and spliced to a standard fiber (low loss <0.3 dB/Km) 
very close to the cavity.



The hydrophone in Catania - LNS









Hydrophone Calibration at ITEP
ITEP :V.Lyashuk, V.Lykiashin, A. Rostovstev
ROMA (University) :T.Capone,T.Chiarusi, C.De Bonis, R.Masullo

Water tank
50.8 cm × 52.3 cm × 94.5 cm 

proton beam
100 and 200 MeV

hydrophone



Signal amplitude vs beam current

E = 200 MeV

E = 100 MeV

RESON Hydrophone 



MC simulation  

T.Karg U.Erlangen ARENA 2005



Effective volume

T.Karg
U.Erlangen
ARENA 2005



Signal processing

Nikolai G. Lehtinen et al. for the AUTEC hydropone array



Still many things to do...

MC simulation: 
•generation of the signal, propagation in real  media (attenuation, reflection)
•Reconstruction algorithms
•Evaluation of effective volume as a function of energy and geometrical configuration

Signal processing
•Algorithms to improve signal/noise 
•Time correlations 
•Detailed measurement of the environmental noise

Hydrophones
•Calibration with known sources (proton beam,  sparks, implosion of small vessels)
•Tests in water tanks
•Developement of the present fiber optic hydrophones 
. . . . . .



... and in particular

Genova:  read out electronics; extension of the single hydrophone 
configuration to a multiple array

LNS: data analysis from a small (4) set of hydrophones; signal 
Processing; noise reduction

Pisa : signal processing; laser expert; read out electronics

Roma: R&D for absolute calibration of an hydrophone in the 
open sea



CONCLUSIONS

•Extremely high energy neutrinos (E ≈ 1018÷20 eV) are a challenging
probe to study the exotic phenomena in the Universe.

•The hadronic shower produced in their interaction with  water 
can be detected with hydrophones.

•A lot of activity is underway...but  still a lot of  R&D is needed.

• COLLABORATION usefull !!



Hydrophone:
Realization of one prototype; test in air using the present read out 
configuration  (A. Plotnikov).

Upgrade of the read out electronics: new ADC board (already available but 
not used); extension to an array of hydrophones (signal multiplexing)

Test of the Hydrophone in water (poliurethane coating, test on water tank , 
test in open sea)

Simulation of the acoustic propagation; reconstruction algorithms, effective 
volume in different hydrophone configuration, .... 

KM3net:
Relization of a module of an ANTARES string  (5 modules) to be located at 
the NEMO site.
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