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The thermo-acoustic model

- Particle reaction in medium (water, ice, ...) causes energy
deposition by electromagnetm andlor hadronic showers

o — — Enare
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P~ (a/C)) x (ci/L.)* X E
a = (1/\V)(dv/dT)

= thermal expansion coefficient of medium
C, = heat capacity of medium
C. = sound velocity in medium
L. = transverse shower size

c./L. = characteristic signal frequency
E = shower energy
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The signal frem a neutrino reaction

dIsk-shaped acoustic wave
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The S|gnal and the noise in the sea
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The freguency. spectrum of the signal
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Simulation: band filter 3-=100 kHz reduces noise by factor ~10
and makes signals of 50 mPa visible
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How, could a detector look like?
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Current experimental activities
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International workshop on acoustic cosmic ray and neutrino detection,
Stanford, September 2003
http://hep.stanford.edu/neutrino/SAUND/workshop
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Sound sensers (hydrophenes)
- All hydrophones based on Piezo-electric effect
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Example hydrophenes
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IHow, we measure acoustic signals

Readout:

BYa21%

transducer/source

hydrophone/receiver

ground plate—

lystyrene
locks

and
oode
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Hydrophone sensitivities

Sensitivity Is strongly frequency-dependent_,_
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Directional sensitivity

Vertical position Horizontal position
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Noise level of hydrophones

- Currently dominated by pre
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Sound transmitters and
Aydrogrigrigcellgdrarlar

—
(R S _

pr— eSS

e

2

Univ. Pisa, 15. Sept. 2004 U. Katz: Acoustic detection




How Plezo elements transmit sound
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Ut It may alse look like this:
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Going Inte details ofi Piezo elements
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How. a Plezo element moves

20 kHz sine voltage applled to

Polarization of the [E¥4e

S

z =0,
r=0

r=7.5mm
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Checking with measurements

a2 Dir
R S

) ~d

ect measurement

o~ B

ABNBRCSEEETAR

PZT-5A Disc, h=20mm, r=12.5mm

= Simulation
= Measurement

(=)

o

Displacement (nm)
Ln:d =

rJ

100 150
Frequency (kHz)

200

Univ. Pisa, 15. Sept. 2004 U. Katz: Acoustic detection 0]



T he acoustic wave of a Plezo @ 20kHz

acoustic field after 20 ps
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a.U.

d.U.

. Plezo elements have resonant osc ation modes with
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Wires and resistors

- |nitial idea:

ACTANTA N

hydrophone

wire/resistor transmitter

= \ Faraday cage
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Listening to a resistor
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Dumping an infrared laser inte water ...
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... and recording the acoustic signal
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Measurements with a preten heam

- Signal generation with Piezo, wire/resistor and lase

e —
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The experimental setup
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Simulation ofi the signal

= Proton beam in water:
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A typical signal compared to simulation
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t’s really. sounad!

100 ¥ data
90 — fit: p0 - x+ p1
80 p0 =1 44e-01+£2 81e-04
—
E 70 o1 =-1.41e+00 % 1.11e-01
R
»
H 50 Arrival time of signal vs.
= distance beam-hydrophone
0 10 confirms acoustic nature of
= signal.
30 Measured velocity of sound =
(1440+x3)m/s
20 (literature value: (1450x10)m/s).
Confirms precision of time and
10 position measurements.
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Energy dependence

#*  beam profile D/B
*  beam profile M/A

fit: pO+p1 -x
pO = -3.15e-02 £ 5.50e-03
pl =1.05e-16+ 5.61e-19

Signal amplitude vs. bunch energy
(measured by Faraday cup in accelerator).

Consistent calibration for two different runs
with different beam profiles.

Inconsistent results for calibration using
scintillator counter at beam exit window.

Confirmation that amplitude ~ bunch energy

|||||l|1||||1|1|||||I1|1|I||1|1||||l|1||||1

20 100 150 200 250 300 350 400
energy / beam bunch [PeV]

o

Univ. Pisa, 15. Sept. 2004 U. Katz: Acoustic detection



Signallamplitude vs. distance

50 - ¥ data - ¥  data
function 1:  p0-xP! function1: pO-xP!

40 pl=174e+02+ 3. 41e+00 | L p0=1.67e+02+ 4 .05e+00
;‘ p1 =-5.79e-01+ 6.38e-03 pl=-7.21e-01+7.91e-03
I e U S ELELA function2: p0-xP" | INe 0000 A on e function2: p0O-xP?

— 30 - X-O.58 p0 = 5.04e+02 + 4 65e+00 | [ X'O-72 p0 = 5.44e401+ 2 54e-01
% pl =-8.83e-01+£2.11e-03 pl =-3.86e-01+1.09e-03
= N,
Bl N R
E 20 % ...........
s x08 N . | e "
S . " hydrophone ... x-0-39
@ hydrophone position 2 ™ position 3 s
b‘ .y .'.*x
I L 1 1 L L 1 L I‘* I L 1 1 Il L L I
10 20 30 40 50 60 7080 10° 10 20 30 40 50 60 7080 10°

distance x [cm]

Univ. Pisa, 15. Sept. 2004

U. Katz: Acoustic detection

distance x [cm]




Measuring the temperature dependence
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- (target: 10.6°C)
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Motivation: observe signal behavior around water anomaly at 4°C.

target temperature
temperature sensor 1
temperature sensor 2
status immersion heater

|
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The signal Is (mainly) thermo-acoustic !

#  hydrophane 1
* hydmophone 2
= function 1: pd0+ p1 x+p2 e
pd = -7.12e+00 £ 6.64&-02
pl = 1.598+00 £2.07e-02
pe = 7.748-03 £1.31e-03
------- function 2:  pa+ pl x+p2
O =-5.448+400 + 573802
pl = 1.368+00 £1.77802
pe =9.828-03 £1.118-03

-t
N

-y
=

N

signal amplitude [mV]

=

Signal amplitude depends (almost) linearly on
(temperature — 4°C).

Signal inverts at about 4°C (— negative amplitude).
Signal non-zero at all temperatures.

| L1 1 | Lt 1 0 v a1 n 1 a0 v x 0 3 p n B 3 p ¥ 1
2 4 6 8 10 12 14
temperature [ °C]
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... but not all details, understood at 4°C

* hydrophone 1
% hydrophone 2
— fit 1

N
Q

3 B fit Temperature dependence not entirely
=l : consistent with expectation.
8 F |—— expectation
S +  Measurements of temperature
= 10 dependences (Piezo sensitivity,
£ amplifier, water expansion) under way.
] 5_ | | —
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c B L
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= Signal minimal at 4.5°C, but 1
different shape (tripolar?).

»  Possible secondary mechanism | -15
(electric forces, micro-bubbles)? . | | . . . .

s Time shift due to temperature 0 002 004 006 008 01 012
dependence of sound velocity. time [ms]
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Next steps ...
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Conclusions

5 Acoustic detection may provnde access to neutrino astronomy
__atenergies above ~10%°eV. —— —

B——
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