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●  A historic introduction to acoustic neutrino detection 
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●  Status and results 
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detection 
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The acoustic Askariyan effect 
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1957: Use hydrodynamic radiation to detect particles 
          (detection of neutrino published in Science on 20 July 1956)   
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The thermo-acoustic effect 
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First ideas presented at the 1976 DUMAND workshop independently  
by T. Bowen and B.A. Dolgoshein,  
Proceedings not accessible (to me) but see: 

G. A. Askaryan and B.Dolgoshein, JETP Lett. 25 (1977) 213 
T.Bowen, Proc. 15th ICRC, Plovdiv, 1977, V6, p. 277 

From R. Nahnhauer, ARENA 2010; 

Thermo-acoustic effect: (Askariyan 1979) 
energy deposition ð local heating (~µK) ð expansion ð pressure signal 
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Confirmed in laboratory experiments (see next slide) 
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Measurements of thermoacoustic effect 
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Figure 14: Comparison of signals recorded for the proton beam with hy-
drophone 1 at di↵erent temperatures. For each temperature, the signals were
first smoothed with a 100 kHz second order Butterworth low pass filter. Subse-
quently 1000 waveforms were averaged, as described in Sec. 3. To allow for an
easy comparison of the signal shapes, a point in time at the onset of the acoustic
signals was chosen as zero time and for all signal amplitudes the corresponding
o↵set was added or subtracted to yield a zero amplitude at that time.

able at 4.0�C and the signal inverts its polarity between 4.0�C471

and 4.5�C. In view of the results from the laser beam measure-472

ments and the obvious systematic nature of the deviation from473

the model visible in Fig. 13, we subtracted the residual signal474

at 4.0�C, which has an amplitude of 5% of the 15.0�C signal,475

from all signals. Thus a non-temperature dependent e↵ect in476

addition to the thermo-acoustic signal was assumed. The re-477

sulting amplitudes shown in Fig. 15 are well described by the478

model prediction.479
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Figure 15: Measured signal amplitude of the bipolar acoustic signal induced
by proton pulses at di↵erent temperatures fitted with the model expectation as
described in the text. The non-thermo-acoustic signal at 4.0�C was subtracted at
every temperature. The amplitudes were afterwards normalised to 1 at 15.0�C.
The insert shows a blow-up of the region around 4� C where the sign of the
amplitude changes.

The production mechanism of the underlying signal at 4.0�C,480

which was only observed in the proton experiment, could not be481

unambiguously determined with the performed measurements.482

From the model point of view, the main simplification for the483

derivation of Eq. (10) was to neglect all non-isotropic terms484

and momentum transfer to the medium in the momentum den-485

sity tensor ⇧B
i j by setting � = 0 in Eq. (7). As discussed in486

Sec. 2, dipole radiation could contribute significantly near the487

disappearance of the volume expansion coe�cient for the case488

� , 0. Also other non-thermo-acoustic signal production mech-489

anism have been discussed in the literature which could give490

rise to an almost temperature independent signal, see e.g. [2].491

The obvious di↵erence to the laser experiment are the charges492

involved both from the protons themselves and the ionisation493

of the water which could lead to an interaction with the polar494

water molecules. Another di↵erence are the massive protons495

compared to massless photons. Residual signals at 4.0�C were496

found in previous works as well [4–6, 8], as will be discussed497

in more detail in Sec. 6.6.498

For clarification further experiments are needed either with499

ionising neutral particles (e.g. synchrotron radiation) or with500

charged particles (e.g. protons, ↵-particles) with more sensors501

positioned around the Bragg-peak. With such experiments it502

might be possible to distinguish between the e↵ect of ionisation503

in the water and of net charge introduced by charged particles.504

6.6. Comparison with Previous Experiments505

With the analysis that has been described above, the sig-506

nal production according to the thermo-acoustic model could507

be unambiguously confirmed. While the model has been con-508

firmed in previous experiments, the simulations presented in509

this work constitute a new level of precision. The most puz-510

zling feature, a residual signal at 4�C that was also observed511

in previous experiments, was investigated with high precision512

by scanning the relevant temperature region in steps of 0.1�C.513

The observed shift of the zero-crossing of the amplitude to-514

wards values higher than 4�C, caused by a leading rarefaction515

non-thermal residual signal at 4�C, is in qualitative agreement516

with [5]. In [4], a residual signal at 4�C was also reported. Since517

in that work the zero-crossing of the amplitude is observed at518

6�C, i.e. a higher value than the expected 4�C, it can be assumed519

that the corresponding residual signal has a leading rarefaction.520

In [8], a residual signal is found at 4.25�C, however with a521

leading compression rather than rarefaction. The authors con-522

clude that this may lead to a signal disappearance point below523

the expected value, in contrast to [4, 5] and the work presented524

in this article.525

For the measurements with a laser beam reported in [6], a526

residual signal was also observed at 4�C, albeit with a leading527

compression and a subsequent reduction of the temperature of528

the zero-crossing of the signal amplitude to about 2.5� � 3.0�C.529

This observation is in contrast to the laser experiment presented530

in this article.531

In conclusion, the works of all authors discussed here indi-532

cate a non-thermal residual signal for proton beams, albeit with533

varying results concerning the size of the e↵ect and the shape534

of the underlying non-thermal signal. The results for the laser535

beam reported in [6] di↵er from those described in the article536

at hands. It should be pointed out, however, that in [5] and537

10

More details: 
https://arxiv.org/abs/1501.01494 
(neither first nor only measurement – 
 see also references in that publication) 



strongly connected to the early DUMAND project: 

 DEEP UNDERWATER MUON AND NEUTRINO DETECTOR 

1973:   Cosmic Ray Conference in Denver à DUMAND steering committee 
1975:   First DUMAND workshop, (Washington), start of the project 
1976:   DUMAND Workshop (Honolulu), Thermo-acoustic model, acoustic detector 
1977:   DUMAND acoustic workshop (La Jolla) 
1978:   several DUMAND workhops  
1979:   DUMAND workshop (Khabarovsk+Baikal) 
1980:   several DUMAND symposia and workshops     

} experimental test of Thermo-acoustic model 
explanation of signal shape and origin  
study of background conditions in the 
ocean 

until 1980 close collaboration of scientists from US and Russia, 
particularly in acoustic technology development 
after Soviet occupation of Afghanistan most links lost  

A. Roberts(1992): 
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Acoustic ideas for DUMAND 

From R. Nahnhauer, ARENA 2010 
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Acoustic signals of neutrino interactions in water  

8

Thermo-acoustic effect: (Askariyan 1979) 
energy deposition ð local heating (~µK) ð expansion ð pressure signal 

Solution (analytical/numerical) with assumption of an instantaneous energy deposition  

2
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Wave equation for the pressure p for deposition of an energy density ε : 

= Volume expansion coefficient  

= specific heat capacity (at constant pressure) 

= speed of sound in water (ca. 1500 m/s) c
CP

α
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The bipolar signal 

9
A.V. Butkevich et al., Phys. Part. Nuc., 29 (3), 266, 1998 

L
G.A. Askaryan et al.  
NIM 164(1979) 267 

J. Learned,  
Phys.Rew. D 19 
(1979) 3293 
 
Gaussian width of lateral energy distr. 

~1o 
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cylindrical energy distribution 



Simulations of acoustic signals in water and ice 
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Ecasc= 1020 eV @ 1km 

Adapted from  
arxiv/0704.1025v1  
(Acorne Coll.) 

Hadronic cascade: 
~10m length 
few cm radius 

~1km 

ν

Pressure field: 
Characteristic “pancake” pattern 
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The bipolar pulse 

11

pmax ∝γG
E0
σρ
2

= Volume expansion coefficient  

= specific heat capacity (at constant pressure) 

= speed of sound in water (ca. 1500 m/s) c
CP

α

γG =
c2α
CP

ν

σρ
2pmax

E0 = ε dV∫

c = c(temp, pressure, salinity) 

Analytical calculation of a  
signal in the far field for a 
Gaussian energy density 

ARENA2018 Catania - 12-June-2018 - Robert Lahmann



Media for acoustic detection 

●  Water 
●  Ice 
●  Salt domes 
●  Permafrost 

No activity in salt/permafrost known to me; 
 
 

ARENA2018 Catania - 12-June-2018 - Robert Lahmann 12

[178] D. Seckel, Internet, ftp://ftp.bartol.udel.edu/../seckel/ess-gzk/; “ESS model4412

(2005)”: file flux_n3_8_flat_om0p3.txt; “Proton model, Auger”: file 2008/ex-4413

port_data/ss_135_a.txt; “Proton model, HiRes”: file 2008/export_data/ss_135_h.txt;4414

“Mixed comp model, HiRes”: file 2008/export_data/ss_151_h.txt.4415

[179] N.G. Lehtinen, P.W. Gorham, A.R. Jacobson, and R.A. Roussel-Dupré, FORTE satel-4416

lite constraints on ultra-high energy cosmic particle fluxes, Phys. Rev. D 69 (2004)4417

013008, arXiv:astro-ph/0309656v2.4418

[180] G. Manthei, J. Eisenblätter, and T. Spies, Experience on acoustic wave propagation in4419

rock salt in the frequency range 1–100 kHz and conclusions with respect to the feasi-4420

bility of a rock salt dome as neutrino detector, in: Proceedings of the 1st International4421

Workshop on Acoustic and Radio EeV Neutrino detection Activities (ARENA 2005),4422

Zeuthen, Germany, May 17–19, Int. J. Mod. Phys. A21S1, World Scientific, 2006,4423

p. 30, ISBN 981-256-755-0.4424

[181] P.B. Price, Attenuation of acoustic waves in glacial ice and salt domes, J. of Geophys.4425

Res 111 (2006) B02201, arXiv:astro-ph/0506648v1.4426

[182] R. Nahnhauer, A.A. Rostovtsev, and D. Tosi, Permafrost – An Alternative Target Ma-4427

terial for Ultra High Energy Neutrino Detection?, Nucl. Inst. and Meth. A 587 (2008)4428

29, arXiv:0707.3757v1 [astro-ph].4429

[183] A. Roberts, The birth of high-energy neutrino astronomy: A personal history of the4430

DUMAND project, Rev. Mod. Phys. 64 (1992) 259.4431

[184] L.G. Dedenko et al., Sadco: Hydroacoustic Detection of Super-High Energy Cosmic4432

Neutrinos, arXiv:astro-ph/9705189v1 (1997).4433

[185] R. Nahnhauer, Acoustic particle detection – from early ideas to future benefits, in:4434

Proceedings of the 4th International Workshop on Acoustic and Radio EeV Neutrino4435

Detection Activities (ARENA 2010), Nantes, France, June 29–July 2, Nucl. Inst. and4436

Meth. A, 2010, arXiv:1010.3082v2 [astro-ph.IM].4437

[186] M. Taiuti et al., The NEMO project: A status report, in: Proceedings of the 4th Inter-4438

nationalWorkshop on a Very Large Volume Neutrino Telescope for the Mediterranean4439

Sea (VLVnT 2009), Athens, Greece, 13–15 Oct 2009, Nucl. Inst. and Meth. A 626–4440

627, 2011, p. S25.4441

[187] T. Karg, for the IceCube Coll., Status and recent results of the South Pole Acoustic4442

Test Setup, in: Proceedings of the 4th International Workshop on Acoustic and Radio4443

EeV Neutrino Detection Activities (ARENA 2010), Nantes, France, June 29-July 2,4444

Nucl. Inst. and Meth. A, 2010, arXiv:1010.2025v1 [astro-ph.IM].4445

[188] Y. Abdou et al. (IceCube Coll.), Design and performance of the South Pole Acoustic4446

Test Setup, submitted to Nucl. Inst. and Meth. A, arXiv:1105.4339v1 [astro-ph.IM]4447

(2011).4448

[189] R. Abbasi et al. (IceCube Coll.), Measurement of sound speed vs. depth in South4449

Pole ice for neutrino astronomy, Astropart. Phys. 33 (2010) 277, arXiv:0909.2629v14450

[astro-ph.IM].4451

165

[178] D. Seckel, Internet, ftp://ftp.bartol.udel.edu/../seckel/ess-gzk/; “ESS model4412

(2005)”: file flux_n3_8_flat_om0p3.txt; “Proton model, Auger”: file 2008/ex-4413

port_data/ss_135_a.txt; “Proton model, HiRes”: file 2008/export_data/ss_135_h.txt;4414

“Mixed comp model, HiRes”: file 2008/export_data/ss_151_h.txt.4415

[179] N.G. Lehtinen, P.W. Gorham, A.R. Jacobson, and R.A. Roussel-Dupré, FORTE satel-4416

lite constraints on ultra-high energy cosmic particle fluxes, Phys. Rev. D 69 (2004)4417

013008, arXiv:astro-ph/0309656v2.4418

[180] G. Manthei, J. Eisenblätter, and T. Spies, Experience on acoustic wave propagation in4419

rock salt in the frequency range 1–100 kHz and conclusions with respect to the feasi-4420

bility of a rock salt dome as neutrino detector, in: Proceedings of the 1st International4421

Workshop on Acoustic and Radio EeV Neutrino detection Activities (ARENA 2005),4422

Zeuthen, Germany, May 17–19, Int. J. Mod. Phys. A21S1, World Scientific, 2006,4423

p. 30, ISBN 981-256-755-0.4424

[181] P.B. Price, Attenuation of acoustic waves in glacial ice and salt domes, J. of Geophys.4425

Res 111 (2006) B02201, arXiv:astro-ph/0506648v1.4426

[182] R. Nahnhauer, A.A. Rostovtsev, and D. Tosi, Permafrost – An Alternative Target Ma-4427

terial for Ultra High Energy Neutrino Detection?, Nucl. Inst. and Meth. A 587 (2008)4428

29, arXiv:0707.3757v1 [astro-ph].4429

[183] A. Roberts, The birth of high-energy neutrino astronomy: A personal history of the4430

DUMAND project, Rev. Mod. Phys. 64 (1992) 259.4431

[184] L.G. Dedenko et al., Sadco: Hydroacoustic Detection of Super-High Energy Cosmic4432

Neutrinos, arXiv:astro-ph/9705189v1 (1997).4433

[185] R. Nahnhauer, Acoustic particle detection – from early ideas to future benefits, in:4434

Proceedings of the 4th International Workshop on Acoustic and Radio EeV Neutrino4435

Detection Activities (ARENA 2010), Nantes, France, June 29–July 2, Nucl. Inst. and4436

Meth. A, 2010, arXiv:1010.3082v2 [astro-ph.IM].4437

[186] M. Taiuti et al., The NEMO project: A status report, in: Proceedings of the 4th Inter-4438

nationalWorkshop on a Very Large Volume Neutrino Telescope for the Mediterranean4439

Sea (VLVnT 2009), Athens, Greece, 13–15 Oct 2009, Nucl. Inst. and Meth. A 626–4440

627, 2011, p. S25.4441

[187] T. Karg, for the IceCube Coll., Status and recent results of the South Pole Acoustic4442

Test Setup, in: Proceedings of the 4th International Workshop on Acoustic and Radio4443

EeV Neutrino Detection Activities (ARENA 2010), Nantes, France, June 29-July 2,4444

Nucl. Inst. and Meth. A, 2010, arXiv:1010.2025v1 [astro-ph.IM].4445

[188] Y. Abdou et al. (IceCube Coll.), Design and performance of the South Pole Acoustic4446

Test Setup, submitted to Nucl. Inst. and Meth. A, arXiv:1105.4339v1 [astro-ph.IM]4447

(2011).4448

[189] R. Abbasi et al. (IceCube Coll.), Measurement of sound speed vs. depth in South4449

Pole ice for neutrino astronomy, Astropart. Phys. 33 (2010) 277, arXiv:0909.2629v14450

[astro-ph.IM].4451

165



13

Grüneisen parameter 
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Figure 4.13: Grüneisen Parameter for Lake Baikal, Mediterranean Sea at the ANTARES site,
and tropical ocean waters.

ripheral hydrophones was between 1.50 km and 1.57 km. After the upgrade of the array, 492470

hydrophones that are mounted 5.2 m above the ocean floor, at depths between 1340 and 18802471

m where available. The upgraded array spans an area of ∼ 20 km × 50 km with spacing of2472

3 to 5 km. This array was used in the second phase SAUND-II. Neutrino flux limits were2473

derived with SAUND-I for a lifetime of 195 days [168] and for SAUND-II for an integrated2474

lifetime of 130 days [196], see Fig. 4.12.2475

2476

TheACoRNE (Acoustic Acoustic Cosmic Ray Neutrino Experiment) project [198] utilises2477

the Rona hydrophone array, situated near the island of Rona between the Isle of Skye and the2478

Scottish mainland. At the location of the array, the sea is about 230m deep. The ACoRNE2479

Experiment uses 8 hydrophones, anchored to the sea bed and spread out over a distance of2480

about 1.5 km. Six of these hydrophones are approximately in mid-water, one is on the sea2481

bed while the last one is about 30m above the sea bed. The ACoRNE collaboration has2482

derived a flux limit on UHE neutrinos [197] which is shown in Fig. 4.12.2483

2484

To compare the acoustic properties at different sites, in Fig. 4.13, the Grüneisen parameter2485

is plotted vs. depth for three different bodies of water. In each case, the value was calculated2486

from temperature, pressure (i.e. depth) and salinity according to the parametrisations given2487

in [169]. The temperature in Lake Baikal was parametrised following [194] as rising linearly2488

from 0◦ to 3.5◦C for a depth between 0m and 125m. At greater depth, the temperature is2489

taken as constant at 3.5◦C, which models the data to better than 0.2◦C. For the Mediterranean2490

Sea at the ANTARES site and for the tropical ocean at 22◦30’N and 72◦30’W, the same data2491

were used as discussed in Sec. 4.3: For the ANTARES site the measurement from March2492

95

Ice: (-51oC): 1.12; NaCl (30oC): 2.87 (G. Gratta ICATPP Como, 2007) 
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Neutrino signatures in different media 
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“Modern history” of acoustic detection 
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year name location participants ac. talks 
2000 RADHEP Los Angeles 50 1 
2003 Acoustic mini-ws.  Stanford 20 16 

2005 ARENA2005 Zeuthen 90 26 
2006 ARENA2006 Newcastle 50 13 

2008 ARENA2008 Rom 80 22 

2010 ARENA2010 Nantes 80 12 
2012 ARENA2012 Erlangen 70 10 
2014 ARENA2014 Annapolis 60 5 
2016 ARENA2016 Groningen 55 10 

2018 ARENA2018 Catania 60 10 
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Acoustic Neutrino Detection Test Setups 



Acoustic detection test setups 

First generation acoustic test setups follow two “philosophies”: 
●  “We can get access to an acoustic array; why not use it for some 

tests for acoustic particle detection?” 
●  “We have a neutrino telescope infrastructure; why not install some 

acoustic sensors to test acoustic particle detection?” 

Technology:  
Hydrophones (in water) and glaciophones (in ice) using piezo ceramics 
Array size: 
O(10) sensors, used for feasibility studies (background), developing 
techniques/algorithms 
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Test Setups in ice and water 
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ACORNE (M) AMADEUS 
(ANTARES) KM3NeT-Italia 

Baikal 

SAUND (M) 

SPATS (IceCube) 

green: 
currently in operation 
(M): 
military array 
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Portable Submarine 
Antenna MG-10M 
as a basic module  
of the deep-water 
Neutrino Telescope 
Test from oil platforms 
in Caspian Sea 

From a talk of I. Zelesnykh 
given by J. Learned  
at Stanford-2003 2400 hydrophones 

f  < 2 kHz 
Veff  > 100 km3 for 
Eν > 1020 eV 

See also arXiv: astro-ph/9705189v1: Present status of project not known (to me) 

102 m 

17
 m
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Military: AGAM - MP10 - SADCO 
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 Military array: AUTEC - SAUND 
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Study of Acoustic  
Ultrahigh-energy Neutrino Detection 

Data taking: 
65 *106 events 
in 195 days  

SAUND I: 
7 hydrophones  
at 1600 m depth, 
1.5 km spacing 

SAUND II: 
49 hydrophones  
20 km x 50 km area 
Spacing of 3 to 5 km 



 Military array: RONA - ACoRNE  

21

•  8 hydrophones in North-West 
Scotland  
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SPATS – IceCube 

22

•  Ice as detector medium 
•  4 strings with 7 “stages” each 
•  A stage consists of a transmitter 

module and a receiver module 
(attenuation length measurements) 

•  Taking data since 2006, currently no 
further developments planned 
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Lake Baikal 
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●  Planned: 6 tetrahedral antennae  
  with 4 hydrophones each in  
  >500m depth 
●  Currently one antenna installed 
 

N. Budnev, ARENA 2014, Annapolis ARENA2018 Catania - 12-June-2018 - Robert Lahmann



AMADEUS  – ANTARES 
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Operation from 2007  
to 2015 
 
36 acoustic sensors on 
6 stories 
 
Local clusters for 
direction reconstruction 
 
Depth 2300 – 2100 m 
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KM3NeT-Italia/OnDE 
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•  Test Site at 2000 m depth, 25 km        
   offshore Catania 
•  Operation of test setup OnDE  
  (4 hydrophones) from  2005 -2006 
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OnDE I (Jan. 2005 –Nov. 2006) 
(Ocean  Noise Experiment) 



Acoustic Neutrino Detection: Status and 
Results 
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Limits on UHE neutrino flux 
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R. Abbasi et al.,arXiv:astro-ph/1103.1216; adapred from R. Nahnhauer, Ricap 2011 

SPATS 

SAUND2 

ACORNE 
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Noise measurements for AMADEUS site 
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D. Kießling, MSc Thesis (2013)

Background conditions in Mediterranean Sea well measured 
⇒Input for Monte Carlo simulations 

1 entry = noise level (f = 10 – 50kHz) of 10s  
of continuous data recorded every hour with  
one hydrophone (2008 – 2010 data) 
(R. Lahmann, ICRC 2011) 
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Full Simulation chain developed 
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Fruitful cooperation with marine science 
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Nature New  Feature, Vol. 463, p. 560 (2009)  



Fruitful cooperation with marine science 

Data from AMADEUS setup at http://listentothedeep.org/ 
(Maintained by University of Barcelona) 
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Challenges for the future 

●  Monte Carlo simulations 
●  Reduce energy threshold 
●  Improve signal classification 
●  Revive hybrid detection 
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Thank you for your attention


