Telescopl per neutrini

di alta energia

Giorgio Riccobene INFN-LNS
IFAE 2010 - Roma “Sapienza”




The Cosmic Ray (CR) Spectrum

104

s 2f-w%fsﬁ%More than 10 orders of magnitude Fermi’s Idea:
© 10 2 - .. : .
5 F %}% ————— Statistical acceleration of particles
% 10_1:: "» < (1 particle per m*—second) Be”’S mOdeI
= F 0 Charged particle acceleration in shocks
s ¢
77:2 ’ E, .« L/time spent in the source (BXR)
107E 0 dN/JE [JE-2
> o
10_mz OG o v Y R i
i o Knee P .
- £ , 2 > - . N -
B (1 particle per m*—year) " article
ek i %ﬁ& Va /’Shock &mk
i s / front~" \
'L 2.7 ;%%6 R :’I \
= . 2 *** A5 : = 1
- Spectrum: E Y i 1 -8 {1 } |
o[ atalmost all energies % | Hotand dense; I
i \ medium /
- N ‘
o2 ~ ’ Magnef.ic
o F Se===" field,
z Ankle ,l’
10'25:_ {1 particle per km*—year) \.""'«.._‘ .‘_,d’ Cold
i TNT detonation = Shock front medium
10—28:_
10" 10" 10" 10" 10" 10™ 10" 10" 10" 10" 101E9 1020( \1/?2 E2 (Fermi-Bell acceleration)
. nergy (e _06 . .
The CR sources are still unkown E®® (propagation in the Galaxy)

Giorgio Riccobene b,d IFAE, Roma - April 7-9, 2010




The Cosmic Ray (CR) Spectrum
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CR Origin: the standard scenario
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CR Origin: the standard scenario
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CR Origin: the standard scenario
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Astrophysical sources produce high energy hadrons
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The astrophysical beam dump

Fermi acceleration of protons and electrons in astr

ophysical sources

Particle accelerator

beam dump
on target

neutrino
beam

Spectrum dN, /dE [ E*
Hadronic HE v and y production
p + p (SNR,X-Ray Binaries)—> X,Tt

p + Y (AGN, GRB, pQSO) > N,Tt
Same interaction as GZK

Decay of pions

neutral pions > HE gammas

charged pions -> HE neutrinos

Leptonic HE y production

synchrotron radiation followed by IC

e+ ySynchrotron > e+ VHE

L (Ve + CMBR)010 Mpc

attenuation

Astrophysical accelerator

" blackhole, Y
erging neutron stars, .
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First Hadronic Gamma Ray Sources detection ? (HESS)

The Galactic SNR RXJ1713.7-3946:
proton acceleration + beam dump on nearby molecular clouds

e Power law spectrum E “Yobserved up to 30 TeV

» Spectral index }<2 implies acceleration of primaries up to 1000 TeV
o Spectrum hardly explainable with IC mechanisms

Dense
molecular
cloud
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Supernova
remnant

o]
L4y ]

Compre;ssed

shell of hot gas
Inverse Compton

scattering— y-rays
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Neutrinos are the ultimate smoking gun for hadronic processes
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Very large volume neutrino detectors

Neutrino astronomy can:

- disentangle between purely leptonic and hadronic s
- Identify CR sources

- probe the far and violent Universe

-> Low neutrino cross section
-> Faint astrophysical neutrino fluxes expected

Detector size = 1 km?3

ource models

Use natural targets. Deep seawater and polar ice cap offers:

huge (and inexpensive) target for neutrino interact

shielding from cosmic background,;

good characteristics as optical and radio Cherenkov

good characteristics as acoustic wave propagators

on;

radiators;
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Underwater Cherenkov HE neutrino detectors

Giorgio Riccobene M_NS

Golden channel: througoing muon from CC

Cable to shore

Array of
PMTs

Cherenkov
photons
(CH2°in water)

B P 4 o I - Y o -
= 3 - o -

o Lo " i e -

v, interaction

A bullet at
Ma(_:_h = 25

neutrino telescope !
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IceCube:The first km3-scale neutrino telescope

Location: Geographic South Pole
Completion: January 2011

80 strings (60 PMT each)

4800 10"PMT (only downward looking)
125 m inter string distance

16 m spacing along a string
Instrumented volume: 1 km 3 (1 Gton)

Technology and science goals
proven by the small scale
detector AMANDA (1996-2007)

lceCube is taking data

CATCHING 5 24T

during construction Cosmic Clues 4

This year:
73 IceCube Strings
Deep Core (6 strings, High QE PMTS)

Giorgio Riccobene

IceCube Lab

i - = IceTop
- o T — 80 Strings each with
50m e e e 1 At s e e 2 lceTop Cherenkov Detector Tanks
— 2 Optical Sensors per tank
320 Optical Sensors

2004 Project Start 1 Hole
2009 Current Status 59 Holes
2011 Projected Completion 86 Holes

IceCube In-Ice Array
86 Strings, 60 Sensors
5160 Optical Sensors

AMANDA-II Array

(Precursor to lceCube)

1450 m

Deep Core
6 5trings - Optimized for low energies
360 Optical Sensors

Eiffel Tower
324m

2450m,

2820m
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lceCube: Search for point sources

Northern hemisphere Adapted from A.Karle, 2009
Background: atmospheric neutrinos
6796 upgoing events
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~ ¢ Preliminary
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IceCube 40 strings (1C-40)
175.5 days livetime
Angular resolution about 1

Muon rate: 1 kHz
Neutrino rate: 110/day No v source found yet
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lceCube: Search for point sources

Northern hemisphere Adapted from A.Karle, 2009
Background: atmospheric neutrinos

6796 upgoing event —°
—14.5
— 4
3.5
3 a
24h Oh 253
2
—11.5
—1
Rt —10.5
S

Southern hemisphere

lceCube 40 strings (IC-40) Background: atmospheric muons
175.5 days livetime Reduced by 10 - using energy cut
Angular resolution about 1 ° 10981 downgoing (high energy) muon events

Muon rate: 1 kHz
Neutrino rate: 110/day No v source found yet
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lceCube: limits to diffuse neutrino fluxes
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Towards the Mediterranean km 3

-> Need two telescopes (North and South Hemisphere) to cover the whole sky.
-> The Galactic Centre can be seen only from the Medit  erranean telescope

et () [ S

Toulon 2500 m

ANTAR

Born from the experience of the
Mediterranean pilot projects:

ANTARES
NEMO
NESTOR

Capo Passero 3400 m

Intense technological R&D and coordination of Inst itutes

2006-2009 KM3NeT Design Study, Coordinated by Uni.  Erlangen
2009-2012 Preparatory Phase, Coordinated by INFN

Goal: KM3NeT ~3 more sensitive than IceCube
- larger total photo-cathode area ( larger detector )
- better direction resolution ( sea water)
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Towards the Mediterranean km 3;: ANTARES
: :

= 12 lines of 75 PMTs
=¥ | - 25 storeys / line

* 3PMTs / storey

* 900 PMTs

Completed in 2008

0.1 km?
footprint

40 km to
shore

Junciion.

Box
1

—F100m

Submarine links
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Towards the Mediterranean km 3: ANTARES
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Towards the Mediterranean km 3;: ANTARES

14,
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The ANTARES FOGURAt: = " i
reconstructed atmospheric muons. .

An up-going muon event (i.e. a neutrino
candidate) detected by ANTARES
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Towards the Mediterranean km

NEMO Phase 1 (2006)
Test Site, 2000 m depth
25 km offshore Catania

ik
° e \ prototype
Main cable (16 PMTSs)
termination

Tg 10

E

5
< 10°
10 °
10 '°

A down-going muon event (atmospheric p)

detected by NEMO Phase-1 et

Module
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Towards the Mediterranean km 3; NEMO

Capo Passero Site

» 3500 m depth, wide plateau, optimal water propertie s
100 km main electro-optical cable, laid and working

10 kVDC/400 VDC converter (MVC) installed and worki  ng
Shore Lab completed

Optical fibre link Capo Passero/LNS-INFN, in GARR-X ? S P e
Deep Sea ROV PEGASO (INFN-INGV) “[ i 2600

16 17 ia
Lengiude

[ ]
Latitude

Shore Laboratory in Capo Passero Harbour

Deployment of an ANTARES Mini-line (soon) The ANTARES Mini-Line
Deployment of the KM3NeT bar prototype tower (2011) ready for the deployment
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KM3NeT: Slender String vs. Flexible Bar Structure

Slender String (NIKHEF / NIOZ / NESTOR )
Evolution from the ANTARES string

1D displacement of OMs : 670 m, 20 storeys, 20 OM
Reduce connections (1 connector per OM)
Multi PMT optical module used

Unfurling from Sea bed

—

Multi PMT OM (32 x 4” PMTS)

Detector Building Block
310 Detection Units @ 130 m

Unfurling method
tested with few problems

New tests within 1 year

2 km
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40

860 m

KM3NeT: Slender String vs. Flexible Bar Structure
Bar Structure (INFN / IN2P3 / CEA): Evolution from the NEMO tower

3D displacement of OMs : 6 m-long storey, 6 OM/storey , 20 storeys
Improve angular resolution at low energy
Improve overall detector sensitivity rest

Unfurling from Sea bed

Structure compact before sea operation
Easier and faster deployment Detector Building Block

154 Detection Units @ 180 m

. MWC frame
and PJB

SJB

Feb 2010 - NEMQ deployment
12 storeys, 10 m*

Bar
Structure

)
INFN

C
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KM3NeT: Slender String vs. Flexible Bar Structure

Bar Structure (INFN / IN2P3 / CEA): Evolution from the NEMO tower

3D displacement of OMs : 6 m-long storey, 6 OM/storey , 20 storeys
Improve angular resolution at low energy
Improve overall detector sensitivity

Unfurling from Sea bed
Structure compact before sea operation
Easier and faster deployment

4.%107°

860 m

3.x 1077

—
B /|

String detector

27, 2.x1077F

Feb 2010 - NEMQ deployment
12 storeys, 10 m*

1Lx107°H ~
Bar detector

FluxlimitGeV—-1 cin—2 s—1

[|] I SRR EENRPEPR S ol TR PR
100 110 120 130 140 150 160
DU spacing (m)

Bar .
Structure ‘
= i
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KM3NeT : Electronics

Point to point connection from each storey to shore

Hydrophones + “slow control” DWDM transceiver

instrumentation

O

S, e

b;ﬂ.

1 Off-Shore
) Storey Control Module
DY
N
OMs =

“Ala NEMO” o

Optical fiber link (DWDM)
Data, controls, GPS time

DWDM transceiver

On-Shore Storey Control Module

Computer farm

1 | " Gb Ethernet

instrumentation

Hydrophone + “slow control” Passive DWDM modulator

Optical fiber link (DWDM)
Data, controls, “heartbeat”

Off-Shore

=
O

Multi PMT OM

Storey Control Module

“ N Ia NIKHEFE" continuous wave Laser
+ demodulator

DWDM Laser

On-Shore Storey Control Module

Computer farm

10 Gb Ethernet
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KM3NeT: Expected physics performances
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KM3NeT: Earth and Sea Science

KM3NeT: a large deep sea infrastructure incorporati  ng a VLV neutrino telescope
Deep sea covers the largest part of planet Earth an  d it is almost totally unexplored

Common efforts with the Earth
and Sea Science Community

® Norwegian Margin

ity & .
‘. RSy L » Kosterfjord
NOE Preparatory Phase " "
Coordinated by Coordinated by Ligurian Bia ’;S_ea _
IFREMER (France) INGV (ltaly) Matarene ..

Real Time Envionmental Monitoring

Geophisics (geohazard):
Seismic phenomena, low frequency passive acoustics, magnetic field variations,...

Oceanography (water circulation, climate change):
Current intensity and direction, Water temperature, Water salinity ,...

Biology (micro-biology, cetaceans,...):
Passive acoustics, Biofouling, Bioluminescence, Wat er samples analysis,...
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Looking for GZK neutrinos...

-4 T T T T T T T T
L
i
1
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¥
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1

Present IceCube e ]

g ‘ ”

"‘ - Atmospheric

o
b " Prest muons) > |

PR R

log,, E* dN /dE_[GeV/cm” s si]
-

gl Expected OptlgaJr‘f A
4 ' Cherenkov Detectoré o
LSensmwty _ X

s 4 5 6 7 ) ) 10 1 12
log,  E, [GeV]

The obserbvation of the “guaranteed” GZK neutrinos re quires larger detectors.

The optical Cherenkov technique is limited due to | igth absorption lenght in
water and ice (<100 m).
Use different techniques to build larger (more spar  se) arrays:

radio Cherenkov in ice (ANITA, IceRay) and acoustic s in water (KM3NeT)
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Conclusions

Clear science goal
Neutrinos are optimal probes to study far and viole nt Universe and identify the CR sources

IceCube
* |ceCube nearing completion (73 over 80 srings), Dee  p Core (6 srings) installed
» First results from AMANDA, IC-22 and IC-40 publishe  d:
* Atmospheric Muon flux measured, Strong limits on HE neutrino fluxes and WIMPs
* |C40 and IC59 analyses under way
» Deep Core expected performances:
* Reduce threshold to ~10 GeV
* Increase reach for low mass dark matter
» Extend searches to Southern Sky using veto techniqu es

ANTARES
» Detector Completed and taking data, Maintenance (re  covery, substitution) proven
» 2007-2008 data analysis under completion

NEMO

* Phase 1 completed: Deep sea technology (mechanics, electronics, ...) fully tested

» Bar structure physics performances demonstrated by the results of Phase 1 and KM3NeT MC
» Capo Passero Site infrastructure available and almos  t completed.

KM3NeT

» Scientific objectives fully met with 2 Detector Bui Iding Blocks (either 610 string or 308 towers)

* TDR (April 2010): common technology platform
» Final Prototypes and tests (2010-2011). Site decisi  on (end of 2011)

Beyond the optical Cherenkov detectors
Novel techniques under test for GZK neutrino search : Radio-Cherenkov (ice) and Acoustic (water)
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Backup slides
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The Fermi Acceleration Mechanism

Observed E -2 spectrum

Non-thermal spectrum. Statistical acceleration
Fermi’'s idea:

Particles gain energy hitting on clouds moving at V «c (inefficient)
Bell's shock acceleration:  E2:0:21) x E-0-6 (factor from confinement in the Galaxy)

Each time a particle hit on the shock front it gain S energy

charged particles are confined by the object magnet ic field

maximum energy //number of hits /7(confinement) B x R

>l - SNR:1006: " ™o,
, .-. ..'.- _.. ; 12 v l.L..-"‘ = . .ll o T
/ front ,~% P
/ ’
/ / \
1 4 \
I ] 1
| P : 1
1 |‘ Hot'and dense , ,l
\ ¥ J
Shock wave produced ‘\ \ b ol / 4
by the detonation of a \ N P l\/lagneﬂ'c
TNT charge \ Yw===” - field ,'
\\ P
S ,/
b »“ Cold
~~-—_——” .
Shock front medium
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The Fermi Acceleration Mechanism

Observed E 27 spectrum
Non-thermal spectrum. Statistical acceleration
Fermi’'s idea:
Particles gain energy hitting on clouds moving at V «c (inefficient)
Bell's shock acceleration:  E2:0:21) x E-0-6 (factor from confinement in the Galaxy)
Each time a particle hit on the shock front it gain S energy
charged particles are confined by the object magnet ic field
maximum energy //number of hits /7(confinement) B x R

”— --~N '\\ .
,,¢ . s\\ _ 1% N wrensies L PC £ 32 light years
’ particle - R
/Shock walk i
/ front ,#% \ T AGN, GRB
I / 1 TEYATRON 3
| o SppS
I I j 1 _f\
! - ‘k : ! -gu B -.Sunsputa
] | Hot and dense | 1 0B of
) i / & N
Shock wave produced “ \ b ol / 4 =z -
by the detonation of a \ N R Magneﬂc i i k..
TNT charge \ bl field /, % % [ Inferplanetary space e
\\ 4 e g () Galactic Fluster
~ Y ] B Yl
\\N ’/,COId = ’_:|||||||||| RO N N IO I T IO, O |
o S : 1km 1I:Iﬁkm? - ipe  1kpe 1Mpec 1Gpe
Shock front medium Size
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Absorption lenght of protons and gammas in the Univ

Cosmic Microwave and IR radiation
Dusts and Clouds

neutrinos

gammas

4

N Ik U TN DO O Neutrino astronomy can:

O |SEI— Y- : .................................................................................... .................. _ probe the far and VIOIent
T — E __________________________________________________________________________________________ o Universe
=3 i _ -
B 0,_ .............................. gk ................ ’ ..................................................... R S PRIt .
oy 1\ Photons™ ; - - disentangle between
8 b1 \Horizion 7~ : T b : :
= o i pure leptonic and hadronic

e . R e — L acceleration models

Galaxy i i
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log (E[GeV])

IFAE, Roma - April 7-9, 2010



Neutrino flavour identification

Tracks:
* Golden channel for v, (through-going muons)

Pointing resolution <0.5°

Cascades:
« All vflavour (NC)
e v, and low -E v, (CC)

Energy resolution ~10% in log(E)

v, (cascade) simulation

3 ;

16 PeV v_ simulation

Composites:
e High-E v, (Double Bangs)

Good directional and energy resolution
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Event rates

* Low noise rates: 280Hz (SPE/sec)
— Noise is dominated by glass (housing and PMT)

Supernova explosion detection is possible
(Cherenkov light form intense MeV neutrino flux)

 High duty cycle: >90%

* Event rates (40 strings)
— Muons: ~1kHz
— Neutrinos: ~100 / day

Adapted from A.Karle, 2009

Giorgio Riccobene

Strings Year Livetime M rate v rate
IC9 2006 137 days 80 Hz 1.7 / day
1C22 2007 275 days | 550 Hz 28 [ day
1C40 2008 ~365 days | 1000 Hz | 110/ day

|IC80* ~365 days | 1650 Hz | 220/ day

iai - e L] : . x 4 l__.r:;
I . =
Z - N
- x s - #
F
; - r i(
p
/ \

Sy .
The DOM (Digital Optic

IFAE, Roma - April 7-9, 2010

al Module)



IceCube: Angular Resolution

IceTop (180 Cherenkov tanks)

\

Icecube angular resolution evaluated with the

surface shower array IceTop.
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lceCube: WIMPs Detection

WIMPs gravitationally trapped
via elastic collisions in the Sun.

Expected # of events:
few to O(1000) per year

Deep Core will implement
IceCube capabilities at low E

-t
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& T Preliminar e
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S0z el
2 T
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g E T ee®
w7 ge?
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Iogm(Prlmary Neutrino Energy - GeV)

Deep Core + IceCube:
veto for dowgoing muons
(continuous Sun observation)

Neutralino-proton SD cross-section (cm?)

0.05 < Q,h* < 0.20

: o, <olm CDMS(2008)+XENON10(2007)

102 LI o, < 0.001xo!7 CDMS(2008)+XENON10(2007)
e |geCube/AMANDA (bB)

10" —=— IceCube/AMANDA (W'W, 11" for 50GeV)
IC80+DCB sens. (W'W', t*r" for 50GeV)

— — . CDMS (2008)
— . — COUPP (2008)
KIMS (2007)
SUPER-K 1996-2001

Neutralino mass (GeV)
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3. ANTARES
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Large Area Detectors for HE neutrinos

1TeV

1000 Ze

Optical Detection
(ICECUBE-KM3NeT)

Medium: Seawater, Polar Ice

v, (throughgoing and contained)
V. ; (contained cascades)

Carrier: Cherenkov Light (UV-visible)

Attenuation length: 100 m

Sensor: PMTs
Instrumented Volume: 1 km3

Radio Detection
(ANITA, RICE, ICERAY)

em cascade

Medium: Salt domes, Polar Ice
v (cascades)

Carrier: Cherenkov Radio
Attenuation length: 1 km

Sensors: RF-Antennas
Instrumented Volume: >>1 km3

Acoustic Detection
(SAUND, NEMO, AMADEUS)

v\

hadron
cascade

em cascade

Medium: Seawater (Salt)

v (cascades)

Carrier: Sound waves (tens kHz)
Attenuation length: [011+10 km

Hydro-phones
Instrumented Volume: >>1 km?3

Giorgio Riccobene
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Acoustic detection In ANTARES: AMADEUS

AMADEUS comprises a series of hydrophones on two AN TARES lines

A test bench to study the feasibility of a large ac ~ oustic UHE neutrino detector
Study of acoustic environment and backgrounds

Study of methods to reconstruct event direction

Acoustic Storey
(Pointing Down)

.......... ' Buoy
R L2

Acoustic Storey
(Standard)

‘e
)
»
‘e
.
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.
.
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.
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.
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.
.
.
.
.
.

e |

Acoustic Storey .
(AMs) :

306°
!
e,
{ Corsica

/
/

Cable to shore

Anchor ANTARES Beacons for
Acoustic Positionino

~180m
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KM3NeT prototype tower: “Acoustic” Electronics Chain

“All data to shore” philosophy

data payload: 2 Hyd

ros = 1 OM, fully sustainable

Hydros +

Storey Conrtol Module
Adds GPS Time
Send data to shore

optical
fiber

Acoustic
Data Server

On-Shore

Storey Conrtol Module
Data Parsing

0
PO I SRR AT A SR P W
_ colrpietle DAY Clidll lesled
T
~ 40
P
2 .60
m
&
5 80
2
£
E -100fy
< \§§ S ss7 Tran§ceiver pulse 1 km I
SEHe |
-120‘\\&“;4::23‘;55%;5 e e R Rl B
B G e e
MO S | e s s et SECEo L e
1T I s s 1 | R T S R SR S

-160
0 10 20 30 40 50 60 70 80 90

Frequency [kHz]

R&D on hydrophones in collaboration with
NATO Undersea Research centre and SMID
(hydrophone manufacturer)

Front end and data transmission chain
electronics tested

Obtained timing resolution 1 us
water

Expected overall resolution for positioning
few cm: factor 10 better than present
commerical systems (at 5 times less cost !)

= 1 mmin
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NEMO Phase 1 Optical fiber transmission

Each break out contains an “add and drop” filter to add or subtract the specific
optical wavelength (from/to shore) dedicated to the floor

oo R AW

photodiode —
TRANSCEIVER
DWDM
laser :>‘ ADD

R Yy
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The Size of Neutrino Acoustic Detectors

E, =102 eV
in water: p=0.6 Pa @ 1 km - 20 mPa (neglecting attenuation)
inlce: p=6Pa @ 1 km - 200 mPa (neglecting attenuation)

Underwater Cherenkov detectors
Upgoing events — 100 TeV

P, (E, E'") =R¥o N, =10

NDr =(@,P,, 2me PMeratum) <100 events
WB flux

v

km?y

eff

Underwater Acoustic detectors
Downgoing events — 10 20 eV

I:det (Ev’pmin) = H:i:to-TotNA = 10_3
N _ 107 eve|:ts
Aeff Dr km y

Sound absorption length in ocean O(10 km), noise O (10 mPa)

Several groups developing and improving simulation codes for large acoustic detectors
What we can do with 1 km 3 filled with hydrophones ?
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Acoustic and e.m. waves paropagation in waterandi  ce

Sound waves attenuatlon in water

Light absorption in seawater

=
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ANITA: Antarctic Impulsive Transient Antenna

ANITA observes 2 NIBTEA st i 3 Baloon flights:

about 2 Mkm 3 of ice atonce %" o ANITA Lite Test (2004)

| s W ANITA 1 (2006) 6 events

y ... ANITA 2 (2008) under anlysis

09 1" Antarchic ice sheet 1.4 km
R
ﬂhﬁ o " —l
ﬁa \}'J\o. . [ fracted =]
o RETACIeEd N Ak
.‘!_"
Chergenkoy
V.-* Cone
. Farcle
Cascade
-Two rings of 16 antennas " b el
. . W [ iy Joril " o -.w..m‘p LIEN] (R e
(H and V polarization) —

- Pointing at 10°below the e
horizon (skimming o b et s o] S, iy
eventS) ' 17 - 13 ;‘.HIM:MWM‘“ J.2‘:“”.'.— - 7

H fftant ] by et
- Bandwidth: 0.2+1.2 GHz I R ol
- Threshold 10 185 eV | i L Gt e e et
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Acoustic detectors expected sensitivity

Standard approach

Largely spaced detectors for GZK
neutrino detection

-
=
'

E? b (GeV em? s sr)
[T ||||||, P L B

™

Acoustics
.. with cuts
- No cuts

-

_~—TANITA

m0° 10"

1500 km3, 200 hydros per km 3
S years
threshold 5 mPa
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Calculation from ACORNE (Sheffield)

1100 hydros in 1 km 3

1 year, threshold 35 mPa
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A “complementary” km 3-scale detector ?
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Bioacustics: Sperm-whale click analysis with the O

vDE data

A
\ :i. Al =68 samphey
H2 At =37 samples
5| I P2 H4: A1 =20 samphes
F‘ g=87°
' @=320°

l"\ y
2 opmy/ | Hl | .!'IL J * i‘g @'Lnfw@;?w:i,}w:M’%*f

i ‘
|

Reflections on
click sea surface Cclick

.m_
. DI — TDOA Using surface reflection we determine
irection reconstructionusing 3000 the source depth
an alyjsm in plane wave approximation |
4000 L 1 | | i L L k A |
3 — e e %l 1] 0.5 1 1.5 2 23 3 3.5 a 45 5
100 200 200 400 00 600 700 B0 900 1000 Time (%)
s
nl
2
p0 ’ p3 p4
P

Depth =560 £+ 5 m

L=3.41+0.05m
Size =9.72 -10.50 m

Young male or female
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Accelerator experiments: results and open questions

Brookhaven NL (Harvard, SLAC) 1979

200 MeV proton beam (LINAC)
Spill time 3 to 20 ps

Beam diameter 4.5 cm

Energy deposited in water 10
Bipolar pulses observed
Dependency on C ,, T and on beam
diameter confirmed (10% uncertainty)

195102 eV

)

H,0
20°C

d=4.,5cm
R =100 c¢m

SIGNAL AMPLITUDE (10” dynes/cm

1 1 | |

Spill time < 10/.L5€C-

1 2 3 4
ENERGY DEPOSITION (102%ev)

Recent measurements (2000’s)

Uppsala: 177 MeV p

E=10%6 - 105 eV

Bipolar pulse observed

Unclear dependence on temperature
Other contibution to observed pulses ?

ITEP Synchrotron: 100, 200 MeV p
E= 10 - 10?0 eV
Measured pressure increses linearly with E

Erlangen Laser Nd-YaG
E= 10 - 10¥ eV 2
DependenceonC , 1
confirmed

simulated pulse |mPal

hydropnene rasponss [au|

\ | == measured signal [au]

_& /4 \ simulation
A well calibrated "
shower energy vs.  ” reconstricted /
acoustic amplitude pulse |
relation is still

. . ......I...I...I...I...I
m 0 20 40 60 80 100 120
ISSI ng time [us]
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