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 is an European Consortium with the 
goal to build and operate a multi-cubic km detector 
in the Mediterranean Sea.  
§  The detector will be composed of at least 300 
vertical semi  rigid structures  of several hundred 
metres length, named detection units (DUs), 
anchored on the seabed and kept vertical with a 
buoy. 
§  The DU will host optical sensors able to detect 
the faint Cherenkov light emitted in the deep sea by 
the muon generated after a neutrino interaction. 
§  A precise knowledge of the optical sensor 
relative positions of not worse than 20 cm is needed 
for an accurate reconstruction of the charged 
particle tracks. 
§  The buoys (and  sensors) of the DUs are moved 
due to marine currents and can have displacements 
of up to several tens of meters from their nominal 
positions. 
§  An ( ) is 
necessary to monitor the positions of sensors in 
deep sea continuosly.  

KM3NeT - a future underwater neutrino telescope 

Compact package of the DU Flexible 
tower  

The compact package  of 
the DU allows a fast and 
efficient way for deploying 
the detector. The DU unfurls 
once it is placed on the 
seafloor.  



 

May 2012 
 

H. Löhner - The multi-PMT Optical Module 
13 

The multi-PMT  
Optical Module for KM3NeT 
Q. Dorosti-Hasankiadeh, O. Kavatsyuk, H. Löhner ; KVI, University of Groningen; 
D. Gajanana, E. Heine, P. Kooijman, C. Kopper, H. Peek, J. Steijger, P. Timmer,  
E. de Wolf; Nikhef, Amsterdam, The Netherlands 
on behalf of the KM3NeT Consortium 

 
Neutrino telescope of 
several km3 

 
 
 
 
 
 
        Array of DUs 
    at depth of 3-5 km 

Detection Unit 
(DU) of 20 storeys 

Storey with 6m long bars and  
2 multi-PMT Optical Modules (OM) 

multi-PMT OM 
31 3-inch PMTs, foam supported  
in glass pressure sphere. 
Adjustable HV supply for each PMT. 
Power consumption: 7 W / OM 
è Digital OM (DOM): 
Optical point-to-point connection  
of each of ≈13k DOMs to shore 
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Advantages of multi-PMT DOM 
developed, tested, prototyped 

Directional sensitivity,  
Background suppression by coincidences, 
Extended light collection by 
expansion cone: ca. 30% light gain 

new 3-inch PMTs with 
low dark rate, 
small Transit Time Spread, 
homogeneous and high  
quantum efficiency. 

Monte Carlo simulations: energy dependence  
of neutrino effective area for 2 design options:  
with conventional OMs (10-inch PMT) or  
with multi-PMT OMs. 
x9 better signal-to-background. 
ongoing: prototyping for deployment 

Effective area for neutrino detection from Monte 
Carlo simulations as function of the neutrino 
energy, after full reconstruction for the KM3NeT 
design options 
with multi-PMT OMs or 
with conventional OMs (10-inch PMT). 
The ratio is shown in the bottom panel.

2 6

More effective area for less OMs 
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G. Larosa, M. Ardid (for the KM3NeT Consortium)  
Institut d’Investigació per a la Gestió Integrada de les Zones Costaneres - 

Universitat Politècnica de València 
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Acoustic Positioning System (APS) 

Key elements for the Acoustic Positioning System: 
§  Auto-calibrating Long Baseline of acoustic 

transceivers anchored in known and fixed 
positions. They define the reference frame. 

§  Array of acoustic sensors (hydrophones) in the 
Detection Unit mechanical structure. 

§  Auxiliary devices: tiltmeters and compasses, 
CTDs, sound celerimeters, sea current metres 
(ADCPs). 

§  Data acquisition and transmission system. 
§  Data analysis system on-shore. 

Hydrophones will be sampled continuously at a 
rate of about 200 kHz and a continuous stream 
of data will be sent to shore for positioning and 
acoustic monitoring studies. 

Measurement and Analysis Technique: 

1. TRec(Hydro) – TEm(Beacon) → Distance 

2. Geometrical Triangulation → Position 

All elements have been tested in lab, and will be tested in situ In NEMO-Phase II (2012) and in the KM3NeT 
Pre-Production Model. 

Scheme of the Acoustic Positioning System 
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Conceptual view of JEM-EUSO  

• JEM-EUSO apparatus has 
been designed to detect 
the UV photons 
(330-400nm) emitted in 
the shower produced by 
the Extreme Energy Comic 
Ray (EECR) interactions 
with the atmosphere. 

• This will be possible 
thanks to a super-wide-
field of view (60°) 
telescope of about 2.5m 
looking downward from 
the ISS to the night sky. 

• JEM-EUSO is designed to 
detect, in 5 years, more 
than 1000 events 
E<7x1019 eV.  

F.S. Cafagna,12th Pisa Meeting on Advanced Detectors, May 2012 25 

Doing astronomy by looking downward 
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Scientific objectives 
• Astronomy and Astrophysics through the particle 
channel: 

•  Identification of sources and study of the acceleration or emission 
mechanisms by high-statistics arrival direction analysis; 

• Measurement of the energy spectra of individual sources (spectral shape, 
flux, power); 

• High Statistics measurement of the trans-GZK (Greisen-Zatsepin-Kuzmin) 
limit spectrum. 

• Physics and Astrophysics at E>5.×1019eV 
• Exploratory and Secondary Objectives:  

• New messengers: 
• Discovery of UHE neutrinos by neutrino discrimination and identification via 

X0 and Xmax; 
• Discovery of UHE Gammas by discrimination of Xmax due to geomagnetic 

and LPM (Landau–Pomeranchuk–Migdal) effect. 
• Magnetic field studies: 
• Constrains on the galactic and local extragalactic fields. 
• Atmospheric science. 

F.S. Cafagna,12th Pisa Meeting on Advanced Detectors, May 2012 



The JEM module 
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The Japanese Experiment Module 
(JEM), Kibo, on the ISS 

The JEM-EUSO detector  
on the JEM exposed facility 
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Neutrinoless Double Beta���
&���

Dark Matter	
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Status	
  Report	
  of	
  the	
  GERDA	
  Experiment	
  
Phase	
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  (95	
  Physicists	
  and	
  17	
  InsCtuCons	
  from	
  Germany,	
  Italy,	
  Russia,	
  Poland,	
  Belgium,	
  Switzerland,	
  China)	
  

GERDA Experiment - Phase I - is active at INFN LNGS since November 2011, 

investigating neutrino-less double beta decay of 76Ge, with 4 goals: 

i) prove the Majorana nature by searching for the Oνββ of 76Ge with a sensitivity of T1/2 >1025 y 

ii) probe the neutrino mass at the level of 300 meV in a couple of years of data taking 

iii) demonstrate a low radiation level facility with background reduction by 2 orders of magnitude 

iv) definitely validate the operation of non-encapsulated Germanium detectors in liquid Argon 



The 3-string arm inside the GERDA glove box, 
holding 3 naked Germanium detectors (at the end 
of the set-up phase there will be 9 in total), to be 
subsequently lowered in the liquid Argon cryostat. 

The f ront-end readout 
electronics, based on the 
CC2, a 3-channel, cryogenic 
charge sensitive preamplifier 
designed and manufactured 
t o  c o p e  w i t h  t h e 
requirements of the GERDA 
experiment, including radio-
purity. 

The naked, enriched Ge detectors operate satisfactory in 
liquid Argon since months, almost of them providing the 
expected energy resolution and stability of leakage current. 
Calibration spectra are shown. 
 

Data taking is in progress… 
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Other experiments on 
fundamental physics  











The	
  new	
  PVLAS	
  apparatus	
  for	
  detec-on	
  of	
  magne-c	
  birefringence	
  of	
  vacuum	
  
F.	
  Della	
  Valle1,	
  G.	
  Di	
  Domenico2,	
  U.	
  Gastaldi3,	
  E.	
  MiloQ1,	
  G.	
  Messineo2,	
  R.	
  Pengo3,	
  L.	
  Piemontese2,	
  G.	
  Ruoso3	
  and	
  G.	
  ZavaQni2	
  
1)	
  INFN,	
  Sezione	
  di	
  Trieste	
  e	
  DiparCmento	
  di	
  Fisica,	
  Universita	
  di	
  Trieste,	
  Via	
  Valerio	
  2,	
  I-­‐34127	
  Trieste	
  
2)	
  INFN,	
  Sezione	
  di	
  Ferrara	
  e	
  DiparCmento	
  di	
  Fisica,	
  Universita	
  di	
  Ferrara,	
  Via	
  Saragat	
  1,	
  I-­‐44100	
  Ferrara	
  
3)	
  INFN,	
  Laboratori	
  Nazionali	
  di	
  Legnaro,	
  Viale	
  dell’Universita2,	
  I-­‐35020	
  Legnaro	
  (Pd)	
  

MagneCc	
  Birefringence	
  of	
  Vacuum	
  (MBV)	
  has	
  been	
  predicted	
  since	
  long,	
  but	
  never	
  observed	
  so	
  far,	
  and	
  is	
  the	
  
consequence	
  of	
  non	
  linear	
  terms	
  present	
  in	
  the	
  QED	
  Lagrangian.	
  These	
  terms	
  result	
  from	
  vacuum	
  fluctuaCons	
  due	
  
to	
  creaCon	
  and	
  annihilaCon	
  of	
  pairs	
  of	
  virtual	
  charged	
  parCcles	
  and	
  anCparCcles.	
  Light	
  in	
  vacuum	
  with	
  a	
  B	
  field	
  
moves	
  slower	
  and	
  linear	
  polarized	
  light	
  acquires	
  an	
  induced	
  ellipCcity.	
  The	
  new	
  PVLAS	
  	
  apparatus	
  aims	
  at	
  observing	
  
a	
  vacuum	
  induced	
  ellipCcity	
  of	
  4	
  10-­‐11.	
  

Scheme	
  of	
  the	
  experiment	
  

P	
  polarizer,	
  FPM	
  Fabry-­‐Perot	
  mirror,	
  B	
  magneCc	
  field	
  in	
  bore	
  of	
  rotaCng	
  
permanent	
  dipole	
  magnet,	
  PEM	
  Photo-­‐ElasCc-­‐Modulator,	
  A	
  analyzer,	
  PD	
  
photodiode.	
   Experimental	
  set-­‐up	
  

Light	
  in	
  vacuum	
  

Light	
  in	
  vacuum	
  with	
  B	
  field	
  



Two	
  permanent	
  dipole	
  magnets	
  

Magnet	
  supports	
  

UHV	
  Fabry-­‐Perot	
  mirror	
  mounts	
  	
  OpCcal	
  bench	
  and	
  UHV	
  chambers	
  

PVLAS	
  



Thank	
  You	
  !	
  Thank you ! 


