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Scientific Motivation
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Observation of high-energy Search for UHE
neutrinos from neutrinos from
(extra-)galactic cosmogenic and

astrophysical sources such other possible

as AGN, SNR, GRB, etc. sources




Indirect Dark Matter Detectlon

= WIMPs (Neutralinos) become gravitationally.
trapped in the cores of massive astrophysical

objects  Galactic Centre
Neutralinos self-annihilate into. fermions or i
combinations of gauge and Higgs bosons

Subsequent decays of ¢c,b and t quarks, t
leptons and Z, W and Higgs bosons can
produce a significant flux ofi high-energy. /

neutrines. - 9/ /,/4“0"“0“'“
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There is significant evidence for a 3
million Solar mass black hole at the
centre of the galaxy

Some speculation that we will
observe enhancements of neutrinos
from neutralino annihilations

Different BH formation models to be
investigated




Astrophysical Neutrinos

Galactic and extra-galactic high energy neutrinos are created in cosmic
beam dumps

Neutrino fluxes calculable by constraining the parameters of the
“accelerator” via known cosmic ray and photon fluxes

2 search strategies: point sources (EGRET, HESS, etc) and diffuse flux

= ATM (Volkova)

For example: GRBs

- \Waxman-Bahecall, use fireball model,
highrenergy neutrinos created viai the
photo-pion interaction (py — @ —>v)
WBTuX gives oi'thie order oraiew:
events in.an ANTARES size detector
oVer a o yearrunning peroad with
essentially.nerbackgrounad,

Ilhere are many: ether theoretical
models including neutren: star merger,
collapse ofa massive star. collapsar

e atiergives; apprecianierneutine,
fiuxes (Uprtor 10%/kmz/year)

A Upper Bound (Mannheim)
O GRB (Mannheim)

© GRB (Waxman)

¢ Afterglow (Waxman)
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UHE neutrinos ()

GZK thresholdiis VHICRGWAVE BACKGRGUND
approx. 5x10"%eV
Some. pion:production
at lower proton
energlies due.to HE tall

The lack of a GZK
cutoff poses problems

Intensity (MJy/sr)

of CVIB: spectrum | R N | for astrophysical
explanations of UHECR
TcvB Need to invoke New

Physics

Does the GZK
cut-off exist?

UHE neutrinos
from proton
interactions with
the CMB




UHE neutrinos (II)

Strongly.

If trans-GZK primary L”etﬁ;ﬁgggg

CRS dO eXiSt need Large extra—D
some new thSiCS New: neutral i Randall-Sundrum

to explain them primaries
\/iolation of: Standard Model

Lorenz
Most of these invariance

“solutions” predict Decaying
enhanced fluxes sSuperimassive
of UHE neutrinos dark matter

AGASA
Akeno 1 km®
Stereo Fly's Eye
. Haverah Park
Yakutsk

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

(E) (eVm?®s’'sr’)

Fit to the UHECR spectrum beyond the
« “ankle” with a decaying supermassive dark
logs, E (V) matter particle with m=5x10%'eV (dashed line)
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Why (U)FHE neutrinos?

(" _ 4
Low Energy v Physics ) Astrophysics

— Astrophysical Flavour
» QOscillations Composition : » vy-Ray Astronomy

v =1:1:1 » Hi '
Vo % Highest Energy CR s

» Lepton Mixing Matrix Vv
» CP Violation

» Sources : reactor, accelerator, Source correlations:

atmospheric, solar ) accel. mechasnisms

Neutrino decay:

mass hierarchy v—Astronomy ]

L

vN cross-sections (S].\’l); indirect WIMP detection;

showers & detection methods; VN cross-sections (anomalous);
cosmological distribution of sources ‘top-down” neutrino detection;
microscopic black hole production

-
Particle Physics & Cosmology

» GUT scale physics
» Quantum gravity

Pakvasa (2004);
_ » Dark-Matter / WIMPS Han & Hooper (2004); ete.

David Waters




(U)HE v Detection Methods

/

Hydrophone
Array

Antenna
Array

PMT Array Cascade

Optical Cerenkov Radio Cerenkov Acoustic Detection

Worksiwelllimwater, ice Long (order km) Very long attenuation
Attenuation lengths of attenuation lengths in lengths in water (order
order'50m to) 100m (blue ice and salt 10km), ice and salt
light) First generation Huge effective volumes
Mostiadvancedltechnigue experiments proposed may be possible




Optical Cerenkov

= RuUnning

DA \Scun Pole)

== Under constructlon/deployment
= ANTARES (Viediterranean)
= NESHIOR (Mediterranean)
= |[CECUBE (Soeuth Pale)

= Rrtheuiore
= KIVIS (IVlediterranean)




ANTARES

First generation neutrino telescope in Mediterranean Sea

2475m below sea level

30km off the coast of Toulon in Southern France - close enough
to perform return trip and deployment in 1 day

Deployment of strings has started, completion due in 2007




Buoyancy —, & __ 3 PMTs per storey
Module | | *? )~ 25 storeys per string

EO cable
to shore

~450m
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ANTARES Sky Coverage

ANTARES has 3.6
7 Sl coverage

ANTARES-AMANDA
overlap.is 0.6 Sr at
any. one: time, 1.6 Sr
In total - good. for
systemaltic studies

Need neutrino

telescopes in both
nemispheres

ANTARES will be
the first neutrino
telescope to probe
the southern
hemisphere sky
including the
Galactic Centre

Use GRB alerts
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ANTARES Performance

Angular resolution

4+ Neutrino angular resolution

Lo

= Angular resolution

NS

—
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4 5 6 7
log,,[E, (GeV)]

Energy resolution via different
techniques

Typically a factor of 2-3 at high
energies

Error of log10(Ereco/E ) gaussian fit

Angularresoelution istdeminatearat
oW energies by neutrno-muon
angle

Al high energies pointing accuracy.
IS 0.15 degrees

dE/dx physical
dE/dx empirical
Neural Network

logigE (GeV)
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“Second generation” neutrino telescope

Extension or existing AMANDA neutrino
telescoperin Antarctica

4800 PMTs in ice IceCube
Aim)is order 1 km? active volume

80 strings of 60 PMTs
Fully funded

Snow Layer

ICECUBE | _—r

Amundsen-Scott South Pole station 2400 m

e / o IceCube

strings
SouthPoli Dome 4 Jan 2005
e RO 16 Jan 2006
32 Jan 2007
50 Jan 2008
68 Jan 2009
80 Jan 2010




ICECUBE Performance

Expected muon effective
area as a function of muon
zenith angle

Different curves
correspond to incident
muon energy ranges
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Km3J3 Detector in the Med

= Recently groups from ANTARES,

NESTOR and:NEMO: have come
together to consider building a cubic
kilometre neutrino: telescope:in the

Mediterranean

Sucecessiul bid for FP6 Design
Study funads

Structure of
the string R

=1200 m

20 x 60 m

=1200 m

20 x 60 m

20x 60 m= 1200 m
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homogeneous lattice 20 x 20 x 20 downward-looking

10 *“ photomultiplier tubes

Example of discussions on detector architecture

50 floors
20 m step

50 x 20 m = 1000 m

250 m Top view
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25 towers, each consists of 7 strings
PMTs are directed downwards
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Km3 in the Med: Performance

= \/ery many parameters - some well Want to determine
known, some less well knewn, e.g.: = Effective area/volume

Detector layout = Angular resolution

\Water properties: (absorption, = Energy resolution
scattering, dispersion) = Sensitivity to cascades

Optical backgrounds as a function of cost
Currents
Sedimentation

Example of types of
calculations being
made:

Effective area and
angular resolution
for a 5600 PMT
detector with
different levels of
40K backgrounds

log, E, (GeV) log,E,(GeV)
Plots from P. Sapienza




Neutralino Sensitivities
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Comparison of
muon flux
sensitivities from
neutralino
annihilations at
the centre of the
Sun

Points
correspond to
specific SUSY
models in so-
called mSUGRA
space

Colour coding
represents
sensitivities of
direct detection
experiments

The two
techniques are
complementary




iffuse Flux Sensitivities
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Radio Cerenkov

= Completed/Running

= IR preparation
= ANITA

= Forithe iuttre
= SALSA

= (RICECUBE




cascade produces

UHF—microwave EMP antenna array
on payload

Concept involves flying
a balloon-based
antenna array on a
circumpolar flight

Sensitive to refracted
RF from radio
Cerenkov emission




ANITA
directional

SIP omni directional
PV array

two 8 horn
clusters

charge cortroller
and batteries

SIP
ANITA electronics

16 horn cluster

8 horn nadir cluster

-5m @ —

South Cutaway View of Ice Sheet

Atlantic Ocean

Queen Maud Land
Weddell - —

-~ FlightPath = &

.

B
S \Enderbyf',‘

4
& South Pole S DY
o 2 -\ AL

West ST S .
“Antarctica : % & / East
Marie B)d{and % \ 4

~

Antarctica

¥ ; N Wilkes
South —— R Land

Pacific Ocean S 3 Land &

Q-\,_\?L‘-m/‘\

¥

McMurdo Station

Test flight (ANITA-lite) in 2004
Fully funded US-NASA

First flight due 2006

Effective area ~ 105 km?

~10° azimuth resolution via antenna
beam gradiometry within antenna
clusters

~30 elevation resolution by
interferometry between top & bottom
antenna clusters




(4
The concept: (kD | N . . . I
' . m
= EXxploits radio Cerenkov. 1 :
effect
114 2
Instrument natural “salt
domes” with antennae 3
RE losses in salt are 4 Antenna array
Very IOW 5 Halite (rock salt)
AS radio Clear as ° La(<1GHZ) > 500 m w.e.
-y * Depth to >10km
Antarctic ice but 2-3 6 - Diameter: 3-8 km
’ * Ve ~ 100-200 km? w.e.
fimes as dense * No known background
7 » >2n steradians possible
8
Isacksen salt
dome, EIf
Ringnes Programme underway to identify
Island, potential sites in the US (e.g: Gulf coast
Canada 8 by states
Skm

Plans to deploy by 2007-8




SALSA In the EU?

Nordsee

Schrieswig-

Recently been observed that salt
domes exist in Europe also in
particular

» Under the LOFAR array
= Close to DESY (Zeuthen)

Preliminary studies underway




ANITA, SALSA sensitivities

Predicted
sensitivity of
SALSA (3 years)
Based upon a 2.5
km? array with
225m spacing,
122=144 strings,
123=1728 antenna
nodes, 12 antennas
per node, dual
polarization

290 km3 sr at 1 EeV
Threshold 1077 eV
A few hundred
antennas hit at 1

EeV, >1000 hits at
10 EeV

Expect 70-230
events over 3 year
period

log,, [ E d®/dE, km=2 yr=' (27 sr)']

—&—&— RICE limit, 2004 |
—7—%— GLUE Limit, 2004 -

—— Minimal GZK, std.

—-—-— GZK, puré Iron nuclei

- E]— -£- Icedube, 3yrs
—21— = - Augéer taus, 3yrs
-~ ANITA, 3flights
—A—A— salSA, 3yrs

1 1 1 l 1 1 1

8 10
log,o(energy, GeV)




Acoustic Detection




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 s related to) the
dounle dervative orther (essentially)
della ftnction, of the tenmperature. rise
ana/eaads tora chiaracterstic
EXpEeclea bipolar pulse: shiape

fi Isi definedi by the propesties of the
meaiun:

= hee3/C, where [3is the co-efficient of
thermal expansivity and C,, is the
specific heat capacity,
Al IS delined by e iransyerse
Spreagd ortne shower:




Acoustic Detection Features

Typical cylindrical
volume over which
the energy. is
deposited is 10m long
by a few: centimetres
wide

'he enerqgy.
deposition Is

Instantaneous with
respect to the signal
propoegation

IHence the acoustic
signall propagates;in a
Rarrew. “pancake"
PErpenadicular o) the
shower direction in
analegy withHight
difiiaction throughra
slit




; Stanford based venture using
AUTEC HEADQUARTERS b naval hydrophones in;the
West Palm Bea¢h :
b ~ | Bahamas

Limit paper published based
on 195 days reading out 7
hyadrophones

N

SAUND

o

|
N

ISLAND

TEC ANDROS
RANGES

|
N

Distance North (m)

SAUND have submitted a
proposal to the NSF for funding
to extend the number of
hydrophones read out from 7 to 10 P
approx. 30 Log, [E (GeV)]

|
(2]

|
o

Log, ,[E® dN/dE (GeV cm™ ™" sr™)]

L
o
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ACoORNE and UK mterests

= A collaberation: between
DSTL (Ministry-or-Derence)
University College London
University of Lancaster
University of Northumbria (School of Engineering)
University: o Shefiield

= Recently awarded a 3 year grant jeintly funded by.

PPARC (PPRP Seedcorn Fund)) andi the MoD
= Collaborations interests focus on

Computer simulationroriarge scale (=1000) hydrophoene arays: 1o
dSSESS the polential' sensitivity, orthe technigue

Energy. calibrationivia, ar simiviater:

Operations atizena

PDA@IUpgrade at'Rona

Developing relinead signal processing lechnigues




IThe RONA Hydrophone Array.

MoD: facility in North West Scotland

Anrarray-or high sensitivity-hydrophoenes with-a - frequency.
response appropriate toracoustic detection studies

EXxisting| large-scale infrastructure including DAQ, data
transmission, buildings, anchorage

PPARC/NVoD: funding permits us to upgrade Data
Acquisition: system there to: racilitate. several- Weeks: worth of

unfiltered data to be recorded
Provides ani excellent testbed for the “simulators™

EXpect to: also make use of a INATO line array:, enanles
PHases o) be tuned So) thal respoersSe i nen-ISelrepic (Well
matched tor pancaker nature orexpected signal)




Simulations and Sensitivity Studies

Basic approach:
Take a parametrised acoustic signal - amplitude is a function of incoming
neutrino energy and direction

Calculate the expected signal at each hydrophone in the array taking into
account attenuation, etc.

Place cuts at each hydrophone at

a very conservative threshold that

corresponds to one false alarm

per 10 years according to the

known sea state

Record only those hydrophones

above threshold and within the
plane of the acoustic “pancake”

NB: results of parametric
simulation have been cross-
checked against, e.g. GEANT, in
appropriate energy domains

Example simulated event in
a 1000 hydrophone array




Summary

Neutrinos are a unigue probe of high energy phenemena
In the Universe

Optical Cerenkov. telescopes such as ANTARES,
AMANDA and their successors - [CECUBE, KM3, will
probe nunierous; astrophysical sources such as AGHN,
GRB, SN remnants, etc. as well as being sensitive. to. the
annifration: ofnevtralino=type. dark matier

UHIE neutrines' can| petentially give important infermation
on| the ongin and nature of the highest energy: cesmic rays

\Very.active iiela.

UK has an interest in both efithese areas thrioughr KIS,
ICECUBE and ACORNE




