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“I ragazzi di Via Panisperna” 

  “There are many categories of scientists, people of second and 
third rank, who do their best, but do not go very far. There are 
also people of first class, who make great discoveries, 
fundamental for the development of science. But then there are 
the geniuses, like Galilei and Newton. Well, Ettore Majorana was 
one of them …” (Enrico Fermi on Ettore Majorana) 

  Fermi: 1939 Nobel Prize for 
Physics: "for his 
demonstrations of the 
existence of new radioactive 
elements produced by 
neutron irradiation, and for 
his related discovery of 
nuclear reactions brought 
about by slow neutrons"  

  Segrè: 1959 Nobel Prize for 
Physics: discovery of the 
anti-proton 

Edoardo Amaldi, Emilio Segrè, Franco Rasetti, Ettore Majorana, Enrico Fermi, Bruno Pontecorvo 



Why look for neutrinos? 

 Neutrinos open up a “new window on the Universe” 
 Photons are absorbed in interactions with the interstellar 

medium (PeV γ-ray - microwave bkgd, TeV γ -ray - IR/optical 
bkgd) 

 Charged particles may be deviated in (extra-)galactic 
magnetic fields - loss of information on astrophysical source  

 Neutrinos form a powerful probe of the Universe 
even at large redshifts 



AUGER and AGN 

 Note: no assertion here that AGN are the source of 
UHECR  

 2007 AUGER Science paper correlates 20 out of 27 
UHE events with known AGN positions 

Jaime Alvarez-Muniz 



High energy γ ray sources ‘99 



High energy γ ray sources ‘07 



HE γ-ray sources 2008 
80 Sources 
24 Extragal. 



High energy γ ray sources ‘07 
71 sources: 
 7 SNR 
 18 PWN 
 21 Un.Gal. 
 2 Diffuse 
 4 Binary 
 19 AGN 
 3 in Gal. 

plane have 
no 
counterparts 

A Particle Accelerator in Space 

 Each of these sources is a high energy cosmic 
accelerator of primary electrons or nuclei 



HESS Unidentified Sources 
Dark accelerators? 
  ‘Significant fluxes of VHE        

γ-rays without accompanying 
x-ray and radio emission 
suggest absence of relativistic 
electrons and the presence of 
energetic nucleons’ 

  Aharonian et al. 
 astro-ph/0510397 

  Completely hidden 
(neutrino only) sources? 
  Young SN shell 
  Thorne-Zytkow stars 
  Cocooned massive black 

hole 
  AGN with standing shock 
  pre AGN 

  Berezinsky, Dokuchaev  
 astro-ph/0002274 



HE Neutrino Detection Methods 

neutrino 

muon 

Optical 
Cerenkov 

PMT Array 



A. Karle 



A. Karle 



V. Bertin 



V. Bertin 



HE Neutrino Detection Methods 
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Radio Cerenkov 
Long (order km) 

attenuation lengths in 
ice and salt 

See Andreas Haungs’ 
summary talk 

Acoustic Detection 
Very long attenuation 

lengths in water (order 
10km), ice and salt 

Huge effective volumes 
may be possible 

Cascade 



Acoustic Detection Principle 



Acoustic Detection Features 
  Typical cylindrical 

volume over which the 
hadronic energy is 
deposited is ~20m 
long by a few 
centimetres wide 
(95% of energy at 
1020eV) 

  The energy deposition 
is instantaneous with 
respect to the signal 
propagation 

  Hence the acoustic 
signal propagates in a 
narrow "pancake" 
perpendicular to the  
shower direction in 
analogy with light 
diffraction through a 
slit



Acoustic detection projects 

“Around the World in 80 Days” 
almost slides 





SPATS (ICECUBE) 



Postcards #1,2,3 #2,#3 courtesy 
of Justin 
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SAUND 



Postcards #4,5 



Naoko Kurahashi 



Naoko Kurahashi 

195 days livetime 



Naoko Kurahashi 
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ACORNE 



Omar Veledar 
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Postcards #6,7,8 

 North West Scotland in mid-August 
 Not on the Scottish Tourist Board web site! 
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AMADEUS (ANTARES) 



Postcard #9 
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Max Neff 

AMADEUS Online Trigger and Filtering Methods 
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ONDE (NEMO) 
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Lake Baikal 



Postcards #11,12 



Nikolai Budnev 
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Igor Zheleznykh 
(for Vladimir Lyashuk) 
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Igor Zheleznykh 
(for Vladimir Lyashuk) 



Other presentations 
  Other detection media 
  Alternative acoustic sensors 
  Calibration and parametrization 

techniques 
  Acoustic integrals 
  Software methods 
  Acoustic detection in proton beams 
  Sensitivity calculations 



Sean Danaher 
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Bachir Bouhadef 



Beamforming 

Francesco Simeone 



Miguel Ardid 



Miguel Ardid 



Manuel Bou-Cabo 
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Rolf Nahnhauer 



Postcards #13,14 



Rolf Nahnhauer 



Delia Tosi 



Delia Tosi 



Jon Perkin 



Conclusions I 
 Recent results from HESS/AUGER make it 

an exciting time for HE astroparticle 
physics 

 ARENA 2008 is the 4th acoustic (3rd joint 
with radio) meeting since the Stanford 
meeting in September 2003 

 Since then enormous progress has been 
made in many areas 

 The concept of the hybrid detector is a 
very powerful one, e.g. AUGER 

 Exciting times ahead 



List of acoustic talks at  
ARENA 2010 

  First 2 years of data from AMADEUS 
  New limit from SAUND II 
  First measurement of attenuation length in 

ice using SPATS 
  First results from Lake Baikal acoustic string 
  NEMO-2 acoustic positioning sensors as  

neutrino detectors 
 Comparison of Line array deployments (linear 

vs. parametric) 
 … etc.  



A vote of thanks … 

 To Tonino, 
Giulia, 
Francesco and 
the rest of the 
Local Organising  
Team 


