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Highest Energy Neutrinos

• astrophysics: 

origin of UHECR

GZK neutrinos

• cosmology: 

top-down scenarios 

topological defects

• particle physics:

neutrino cross section
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(U)HE n Detection Methods
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Acoustic Detection - Principle
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Acoustic Signal Properties
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Ecasc= 100 EeV @ 1km

bipolar signal (~10kHz)  with  disk-like geometry

Acorne Coll. astro-ph/0704.1025

peak 

pressure

(mPa/EeV)

T. Karg, astro-ph/0608312v1
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Refraction and Absorption

• depth profile of sound speed in the sea  
⇒ refraction of sound rays (deformed disk)

• chemical processes ⇒ absorption
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J. Vandenbroucke et al., astro-ph/0406105 T. Karg, astro-ph/0608312v1

sound rays:

straight

refracted



N.G. Lehtinen et al., astro-ph/0104033

Persistant Ambient Noise
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~10mPa (RMS)  ≅ Pn (1EeV @ 200m)

+ transient sources (fauna, anthropogenic)

noise level 

dominated by 

wind speed



Simulations of an Acoustic Detector

strong dependence: Veff(Pthres) 

⇒ 5mPa level seems reachable

Kay Graf (ECAP) – 44th Rencontres de Moriond (La Thuile) – February 2009 8

T. Karg, arXiv:astro-ph/0608312

P
thres

1020eV

~10km3

~1km3



Acoustic Detection Setups
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ACORNE

(military array)

AMADEUS

(custom-built array) Lake Baikal 

(custom-built sensor cluster)

onde

(custom-built sensor cluster)

SAUND

(military array)

SPATS

(custom-built array)



The AMADEUS Project

Feasibility Study

• detector environment (hybrid)

• sensor design and positioning

• background studies

• signal processing techniques

integration of acoustic setup into 
ANTARES neutrino telescope

Kay Graf (ECAP) – 44th Rencontres de Moriond (La Thuile) – February 2009 10



The ANTARES Neutrino Telescope

• optical Cherenkov 
Telescope

• ~900 PMT

• at 2500m water depth

• Vinst ~ 180 x 180 x 350 m3
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The AMADEUS System

2m



AMADEUS Facts

• characteristics

- 36 sensors at 6 storeys 

(1 – 350m distance, 34 active)

- continuous data taking

since 12/2007 (3 storeys)  

and 05/2008 (6 storeys)

- ~85% uptime

• data acquisition

- raw: 20 MByte/s (1.5 TByte/d) 

- filtered: 0.3 MByte/s (4 GByte/d), up to now: 1.9 TByte 

- excellent stability of all DAQ parts
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Data Samples: Amplitude Distributions

noise at different sensors

• gaussian profile

• linear amplitude response

(strong correlation 
between sensors)
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noise  and  transient

• additional tails

• noise distribution 
unaffected
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Direction Reconstruction: A Dolphin

• beam forming algorithm

• uncertainty  <1° (mainly due to binning)
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ANTARES layout

Angular Distribution of Marine Sound Sources
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Storey 2

storey at 2300m 

below sea surface 



Summary

• acoustic method is promising for 

detection of UHE neutrinos

• complementary to optical and radio techniques 

(hybrid detection)

• R&D on all major topics at several places

• AMADEUS in ANTARES: 

feasibility study for future acoustic detector

• dedicated array in detector environment –

hybrid detection possible

• successfully operated since 12/2007

• first results
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