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Motivation

If GZK cut-off exists then
observation oft GZK
neutrinoes, is Important

If not then some: kind orf
top-adown: moadel s
necessary, e.g.

Strongly interacting
neutrinos

New:neutral primaries

\iolation of Lorenz
invariance

Decaying supermassive
dark matter

Instantons, excitons
elc...
Viany: ol these medels
predict; e.g. enhanced
RAEULHNG) CrOSSESECHONS at
vltrarhighrenergies

1 1

Large extra—D

Randall-Sundrum
- Veneziano

Standard Model

Neutrino-nucleon
cross-sections
for low- scale
models of
quantum gravity
involving e.g.
extra dimensions

Black : Stalndard Model

Red : Electroweak Instantons

Blue : Microscopic Black Holes
Green : TeV-scale String Excitations




(U)HE v Detection Methods

/

Hydrophone
Array

Antenna
Array

PMT Array Cascade

Optical CerenkoV. Acoustic Detection

3ID array. ol PhoteSENSosS Radio Cerenkov 3D array of

Woerks welllin water, ice S ELEY G SRR hydrophones

Attenuation lengthsiof: Long (order km) Very long attenuation

order 50m to 100m (blue attenuation lengths in lengths in water (order

light) 1562 il el 10km), ice and salt




Pressure (Pa)

Acoustic Detection Principle

Tfme (ms)

Fast thermal energy deposition
(followed by slow heat diffusion)

Results in a near-instantaneous
temperature increase and material
expansion giving rise to an
"acoustic shock” sound pulse

This pressure pulse Is related toithe
double derivative of the IHeaviside
step function of the temperature rise
and leadsito a characteristic
expected bipolar pulse shape

i isidefinedl by the propesties of the
medium:

= hep/C,where [3is the co-efficient of
thermal expansivity' and C,, is the
specific heat capacity
At ISidelined by the transverse
spread off the shewer:




Acoustic Detection Features

Typical cylindrical
volume over which
the hadronic energy.
IS deposited I1s 10m
long by a few
centimetres wide

'he enerqgy.
deposition Is

Instantaneous with
respect 1o the signal
propagation

IHence the acoustic
signall propagates;in a
Rarrew. “pancake"
pPErpenadicular to) tihe
shower direction in
analegy withHight
diffiaction throughra
slit




ARENA 2006

N International Workshop
University of Northumbria
28-30 June, 2006

coustic and Fadio detection =eV/
eutrine Activities

June: 2006, Newecastier UK
~50 participants

01 preseniations See

VML SIS E1C, L OVYSICS 210500z

Follew on frem RABFHER(2000),
Stanferdiwerkshep (2008) and
ARENA 2005 (DESY)
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Existing Acoustic Sites

4
¢

AUTEC HEADQUARTERS
.West Palm Beacth

O, N
7,
"'\64’06
BERRY ¢, O%
ISLANDS \ !/ e

o
. New
Providence

\\NAI
N

Distance East (m) ‘

SAUND Il funding approved
Move from 7 to ~56 hydrophones
Area to be read out is ~1000 km?
Mean sensor spacing is 4km
Data taking started in June

Log, ,[E® dN/dE (GeV cm™ ™" sr™)]

N 0
! ]
ANDROS gk 2 =2f
ISLAND 3
TEC ANDROS ; 4l ’

|
o

L
o

N

|
(2]

TThe SAUND experiment

Stanford based venture using the
AUTEC array, naval-hydrophoenes
In the Bahamas

First limit paper published based
on 195 daysi reading out 7
hydrophones

SEE astro=ph/0406q.05,

SAUND
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Existing Acoustic Sites

= Co-Incidence of surface (ice) based scintillators and hydrophenes deployed in
water and ice

Data taken at the Lake Baikal NT-200: site-during spring.ice-cover- 2002 and 2003
Analysis in progress looking for features in acoustic signals inicoinc. with EAS
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= Newacoustic moedule withi4-hydrophones deployed in AprilF2006
= 900m), aulerRoemoeys, SeliFHggered, CrH-aEIeCIor ProCESsIng
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Existing Acoustic Sites
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Detection Experiment was
depleyed in January 2005 at
the NEMO Test Site in Sicily

4 hydrophones read out (&

per hour) since early: 2005

Full analysis of noise (by

hour, month; etc.)

Blo) colncidences; Seen

See poster by Giergio
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Rona hydrophone array, a military
array in Scotland used' by the
ACORNE collaboration

2 Weeks orf unfiltered data, taking'in
December 2005

8 hydrephenes read out continueusly.
at 16bits,140kHz - a total of (2.87b)
Data are passed. throughta number:
o triggersiincluading a matched. filter
prior 1o analy/sis

Average spectiia show: hydrophones
are well-balanced

latitude (57 Deg Narth, y mins)

20051209 140703 03.wav

average
95% confidence interval

95% confidence interval
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Scatter Plot of Reconstructed Vertices
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Future Projects

= Deployment of acoustic sensors in the
ANTARES optical Cerenkov: neutrine
telescope

2 different acoustic storeys under
consideration

Instrumentation Line™ withr 3
ACOUSIIC storeys; te he aepleyeadiin
the first halir o 2007 C

[Look 1oy CO~IACIdEnces at difierent
distance scales; (T, 10 00m)

Alse)use existinglacoustic
transceivers to test 3D
reconstruction Junetion Box

Wlere il rzllis oy e Eielr 1 WY ET

Cable to shore




Future Projects

lceCube is a natural
place to extend the
infrastructure of an
optical array. to
incorporate radio and
acoustic sensors

SPATS the South
Polar Acoustic Test
Setupiis designed to
test acoustic Sensors
Iniice parallel with
IceCube. deployment

Planned sensors in 3
lceCube holes

generator

SPATS Setup

IceCube holes
e down to 400m

3x7 acoustic stages
® sensors
® transmitters

3x1 Acoustic Box
e PC/104 CPU
e Power supply
® DSL network

1 Master-PC
e Power supply
DSL network

Successiul long range
(800m) tests of the system

| have take place at a frozen

lake at Abisko, Sweden

Viere inl parallel sessioniialk
Py Sielfan Hunadertmark




Sensor Development

= Can we design and build bespoke
acoustic sensors with
perfermance well-matched to
expected signal?

[Requires; a good. theoretical moael

. FE Simulation }4 ;_FE Simulation

of piezorand- thercoupling W !  Equiv. Gircut
Predictions using equivalent 50 40 60 80 100KHz 20 40 60 80 100kHz

circuits

example: piezo coupled to tank wall : Further detailed understanding
-180 of piezos is under study

Points: Measurement g | At the microscopic level piezos
Line: Prediction G A can be modelled using PDEs for
1 an anisotropic material

Solve using Finite Element

data sheet: Analysis

-192dB=.25mV/Pa
2200 Use Laser Interferometry to

10 20 30 40 50 60 70 80 90kHz compare results

sensitivity dB re 1V/uPa




Sensor Calibration

The SPATS team have
calibrated their sensors using

= alarge water volume (76m x
10m x 5m)

= a fully calibrated reference
hydrophone

= 3 broadband transmitter

A total of 75 sensors have been
calibrated in water:

Plot shows a summary: of the
measured sensitivities of all
SPATS sensors
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\Where this Isinet pessibleothertechnigues
ane also available tor perform’ accurate and
albselute calibration off acoustic SENSOrS

hesennciude e reciprociiy meniod Using 4
mieastrementsiwibihirstunealibraies.
nydropronResaeallyinireenie/dNbuiteriiy
paiierlisreliections)Araia e al, UEY)




Acoustic Calibration

Aim: to apply an electrical impulse to a hydrophone that will result in a bipolar pulse being
created in a body: of water

First evaluate the hydrophone -response -using signal-processing technigues

Predicted (5th order LRC model) and measured response for single cycle sine wave

—— Sine Wave Pulsefi 8, | | | BipOlaTPuIse |

— Predicted Pulse — Excitation Pulse

. Observ.ed Pulge — Bipolar Acoustic Pulse
Reflection region

Reflection
region

Voltage (Arbritary)

006 0.07 0.08 009 0.1 0.11 012 0.3 ' ' " Time (ms)
Time (ms)

Excitation and response pulses required to generate bipolar pulse using this method
Plans to use an acoustic calibration system based on this method at Rona




Acoustic Calibration

Previous study uses a single source
However, as we have seen, a neutrino is a line source
Question: how many bipolar sources are needed to generate a suitable pancake?

1 spheres) — 1.2x102%eV pulse
; simulated

1km. from. source

N sources deployed
over 10m with
1 1 (10/N)m spacing
-0.1 0 01

Time(ms) ' ' ' ' Stuady.the angular
profiileras: aitinction
orthe numpber o
SOUIGES

Of the order of 6 to
10 hydrophones
(minimum) are

04 05 06 0 . . needed

angle(degrees)
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10° GeV protons 100 shower average.

n n '| Solid protons, dash NKG parameterisation (arb. norm.)
Simulation" Work

Average de/dz 105 GeV protons

N 1 1 |
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Acoustic pulses for

Radius(cm)
10"GeV protons

CORSIKA has been modified to make
itt work: in water
Comparisons with GEANT:

= ~10% lower at peak:

= Showers broader
NKG parametrisation| gives, less
energy at smaller radiir-"may: be
impertant: fer acoustic/radio

Developing at CORSIKA neutrino
pulse: simulator

Pressure (Pa)

-150 -100 =50




Material Proerties

10

Also developing. a itller understanding
Of propagation. of acoustic waves in salt optimum

. for Ross
and-ice Ice Shelf

Viany things to consider including:
Cost of drilling

Scattering (gets worse as grain size
Increases) better for ice

absorptivity [m]

Noise ; :
Conditions are temperature dependant - : | optimum

. . i for
not all ice is the same! . - South Pole

WiereNniermatern VG talkaby Buiord
Price

: )"sea%t
grain
size 104Hz 3x104Hz 104 Hz 3x104 Hz

0.2 cm 1650 km 20 km 8-12 km 8-12 km
0.75 cm 120km 1.4 km 3x104 km 3300 km




Sensitivity' Calculations

= Effective volume for a 1 km? array.
Instrumented withr different
numbers off ANTARES-style

acoustic storeys

Norimprovement in effective
volume. above 200AC/km?

T TTTI

T T 1T

T IIIIII|

= Petection threshold 5mPa

T IIIIIII

800 AC
400 AC
200 AC
50 AC
10AC

1 IIIIIIII | IIIIIIII 1 lIIIIIIl | IIIIIIIl 1 IlIIIIIl Lol [T L L Ll

10 10" 10? 10° 10" 10" 10"° 107
(GeV)

Sea Noise 1-10 mP:
( Ceramic eq.

T IIIIII|

GLUE 2003 . .
Detailed acoustic

Simulation; in the Vied.
A /E? Flux® 1 an Sensitivity.ola single
7 E?p ~10- GeV-cm? - 1 - 51 nydreprene torie EN
Flattening due to part of the cascaae
boundaries
, Includes erfects ofi
Mediterranean Sea .
2500 m depth complex attenuation

og, (EV(Gev) (ANTARES like) Seelastiosph0612607

10

log (E2 dN/dE) (GeV em? st s")




Sensitivity' Calculations

% OFIA(O‘I) B

18.L50g1 O[E\/eV} 9 1 5;.5 20
Efifective velume for hylridl arrays
iInvelving extending beyond lceCule
With' strings ofi radio andl aceustic
SENSOrs

SEE astro=pn/0s12604

See talkiinparallel session by, Justin
Vandenneucke

Hybrid arrays: optical, radio and
acoustic technologies

5x2 radio and 300 acoustic
sensors per string + IceCube

Yields 20 events per year
Cross-calibration possible

- lceCube
% optical

Y S S S S
-5 -4 -3 -2 -1
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Sensitivity' Calculations

Optical : i : i Radid, Acéustib

.

<3 RIC

Log[E(GeV)]

Sensitivity of a'lange acoustic -

aliay to the hadrenic component
off neutniine; iInduced cascades

200! acoUStic SENSOrS, Per Kimk
9 YEears, off operation
OniPal Sersor thireshold appliead.

Detiediine: huge volume (S0kmix
S0km X 1km)

INBrRe eraclionypNiere

Current studies are
concentrating on the effects of
refraction

Linear SVP distorts the acoustic
pancake into a hyperbola




Cu e nt ACtiVities From Rolf Nahnhauer

ARENA 2006 Summary Talk

group Experiment [ actvities

Stanford SAUND data taking, signal processing; calibration:, simulation

INR1 AGAM, MP10" | signal processing, calibration, simulation

INR2, Irkutsk Baikal signal processing, noise studies, in-situ tests at Baikal

Baikal, detector R&D, accel. tests, in-situtests at Baikal, signal proc., noise
ANTARES st.

detector and installation' R&D; calibration, noise studies;
simulation,

ITTEP

Marseille ANTARES

ANTARES, detector R&D; accel. tests, calibration;, simulation, noise studies, in-

Erlangen KMBNET situltest measurements

Pisa, Firenze,

KMBNET detector R&D
Genova

Rome, Catania NEMO installation R&D, noise studies, simulation

LLancaster, IC, UNN, | ACORNE,
UCL, Sheffield KMBNET

Ul Texas Salt:Dome detector R&D) attenuation studies, material studies

simulation, signallprocessing, calibration

detector R&D) accel. tests, material studies, simulation, neise
lceCube studies,
in- situ test measurements (SPATS), [ new results at ARENA 2006

Berkeley, DESY,
Stockholm, Uppsala




Summary

Multi=-messenger observations of astrophysical objects
clearly provide valuable information, this is also true at
ultra high energies

I'he acoustic detection off UHE neutrines: Is: a promising
lechnique that would complement high energy. neutine
detection using the eptical ana-radiortechnigues

Itis likely that any development of a large volume
acoustic sensor array: woeuld “piggy. back” the
Infrastructure of first and second generation optical
Cerenkoyv neutrine telescopes

Ihis /s already: starting torhappen (ANTARES, SPATS-
lceCube)

Viuehractivity inrthe fieldiinrmany. difierent; areas




