acoustic detection of ultra high
energy neutrinos

predicting the sensitivity of km3 hydrophone
arrays to fluxes of uhevs



introduction - uhe production scenarios |

bottom up: active galactic nucleus
e.g. V.BeEzinsky, A.Z.Gazizov, S.|.Grigorieva hep-ph/0204357
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Introduction - uhe production scenarios |l
cosmogenic neutrinos

cosmic ray protons can interact with ambient radiation to produce
associated flux of neutrinos (previous slide)

above a certain threshold, cosmic ray protons will interact with cosmic
microwave background photons (“gzk™ effect)

p+e+V,
P+VYae A" 2 N+TT

M+ V),
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“guaranteed” flux of cosmogenic neutrinos
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Introduction - uhe production scenarios |
top down emission

exotic physics
(Z bursts, quantum
gravity - modified

res Susaen s cross-sections...)

k/~markh/strings.

€ radiation from
topological
defects
(cosmic strings,
phase transitions

uhe particle monopoles...)
emission from
decay of

massive super
heavy relic
particles
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the neutrino interaction CC/ NC
inelastic scattering

this charged
v Vv, | lepton can
produce optical
cerenkov
radiation

W.Z

this cascade can
produce radio
cerenkov emission
and locally heats the
hadrons interaction medium
(ice/salt/water)
causing an acoustic
shock
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simulating the neutrino interaction |
the hadronic energy fraction

’ A | Entriae
[}

vy

Mean 03218 the evolution of the
~27% of EV RMS  0.2745 E cascade ina
taken by ! detector is
cascade ol e _ simulated by geant4

=l . and corsika

this cascade can

produce radio
we can generate the cerenkov emission
hadronic energy fraction and locally heats the
(bjorken-y) with event hadrons interaction medium
generators like pythia or (ice/salt/water)
anis causing an acoustic

shock
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acoustic signal production
real and simulated

leads to quasi- the pressure is related j o ...........
instantaneous tothe double time - ’,[ ..... e
temperature derivative of the mf::?.g.:i: """"

increase temperature rise and
leads to a characteristic
bipolar pulse of

~100us width
intergrate cascade AT W\ pulse is integral
energy to yield JL t of contributions from
thermal energy > each heating
density element along

cascade
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angular behaviour of signal
formation of acoustic pancake

Radiation is emitted — ;
coherently along the =2 ;
cascade axis — leading to AN\
a confinement of the g Y

signal to a narrow
pancake due to a
superposition of
wavelets.

This is
analogous to
the diffraction

of light through a
narrow slit
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propagation of the signal
schematic of refraction
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propagation of the signal
ray tracing

effect of
refraction is to

E 5 ..~ deflect linear
N -2700 |- 5 : i i f i T
ray

Ray Trace

“imaginary”
linear ray

“real’
refracted
ray
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x{m)

the travel time for an acoustic pulse is calculated along the path of the
refracted ray...
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simulated bulk losses and angular spread
attenuation of pressure pulse

the signal is
attenuated as it
propagates through

detector

medium

bulk Iosses\‘.\
- me
~ A

g

-E-’ 74
oy

c1- e

© " distance

Jonathan Perkin

from fraunhoffer

diffraction theory

g

= 0.8

© 1km

o

~ (.6

fob)

S

= 04

o

&

@ 0.2
§ i | J |
-10 -3 0 5

angle (degrees)

|OP-PP-2006

pulse
widens with
distance

Acoustic Cosmic Ray Neutrino Experiment



hydrophone cuts
discard the no-hopers then record hits

cut phones the signal
>5° out of the strength has
plane defined by dropped by
the “pancake” 100x at this
distance

threshold set by
cut phones “probability of
: with signal false alarm” - 1
! below event in 5yrs with 5-
| threshold of fold coincidence due
0.035Pa to noise
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vertex reconstruction from hit times
finding the vertex |
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vertex reconstruction from hit times

start with look-up table of signal arrival times
— linear reconstruction algorithms do not work in the presence of refraction!

lattice points perform vector 'y — (za pa pa ¢ ?)

h dro hones ™~ calculation to a 1 2 3 NHydrophones
yarop + .| find best lattice (tb gb b ¢ b) — vy
ny 600 o o point 1?72?2737 NHydrophones b
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next, interpolate over a given step size to find the vertex
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vertex reconstruction from hit times
finding the vertex Il
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e 1km?, :
array sensitivity 0.(;?%5Pa, (1).Ook5nF1>é, Syr

heutrino flux limits 1yr running running
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thanks for listening

dstl

i
o
UCL
: 5 it

PPARC

A

from tiny acorns...
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how to detect high energy neutrinos

sea/ice radio:

sea /ice /salt

I-l attenuation few km

E_few x 10:GeV
optical
cherenkov
ice / salt
v 7
optical: Pressure ™ acoustic:

attenuation ~50m antennas Waves  attenuation >10 km!
E few x 103GeV radio cherenkov E > 10"GeV
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the future... foiwns

. . N r. KM3NeT
combine all 3 detection methods: <
~1000 km? B \\\‘
radio / \\\\\
acoustic \\E\ IceCube Plus
Instrumentation \\\ \ KM3NeT
AT
™ /
~1 km3
optical
Instrumentation
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