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The INFN funded the NEMO Project aiming at the construction the Mediterranean km3 
underwater neutrino telescope. 
Two deep sea infrastructures are operational in Sicily 
 
Capo Passero Site (candidate for KM3NeT): 
90 km South East offshore  Capo Passero, 3500 m depth 
Catania Test Site (first multidisciplinary abyssal laboratory in Europe): 
 25 km East offshore the port of Catania, 2100 m depth 
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INFN LNS: 
Main Data Repository 
Catania IGI node 

Catania Shore Lab 

Capo Passero Shore Lab 

10 Gbit link 
GARR-X 
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!! 7<5#+#M#<4&<+F<$="+%&
!! $*(#Y*$7)=*&
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H*5*(R#+&`+"5& HVd& Z:h&
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31 x 3’’ PMTs  
active base & digital   signal 
readout (ToT) 
light collection cone  
 
1AHRS (tilt, compass) 
1 digital piezo receiver 
1 LED emitter (time calibration) 

Central logic board (CLB) 

FPGA-based, white rabbit (TGPS) 

DWDM optical comm(1 color/DOM) 

power board 
 

3d printed support structure $
cooling structure (mushroom) 
penetrator  

calibration)

GPS) 

(1 color/DOM) 

mushroom) 
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2 OMs, 
1 hydrophone 

5$X77C8$MF68$)$>7Q=C$N)8=$
X77C$F=*<>:$5LD$;*>=CdE;8>)*@=$/+$LD$>7>)F$:=;<:>$/-+$L$
.&$7MA@)F$L7E6F=8$)*E$,5$)@768A@$8=*87C8D$$
&$`[i8D$,$i7MMF=C$`6CC=*>$!=>C=D$,$F;<:>$>C)*8L;887L=>=C$

NEMO OM 
10’’ PMT inside 13’’ housing 

NEMO/SMO hydrophones 

NEMO Phase II Tower under 
integration at LNS NEMO Phase II floor control module 
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2 OMs, 
1 hydrophone 

5$X77C8$MF68$)$>7Q=C$N)8=$
X77C$F=*<>:$5LD$;*>=CdE;8>)*@=$/+$LD$>7>)F$:=;<:>$/-+$L$
.&$7MA@)F$L7E6F=8$)*E$,5$)@768A@$8=*87C8D$$
&$`[i8D$,$i7MMF=C$`6CC=*>$!=>C=D$,$F;<:>$>C)*8L;887L=>=C$

NEMO OM 
10’’ PMT inside 13’’ housing 

NEMO/SMO hydrophones 

NEMO Phase II Tower under 
integration at LNS NEMO Phase II floor control module 



!"#$%"#&'"((#)*+*&,-./0-1-&!"#$%"#&'"((#)*+*&,-./0-1-&

,U*4&?5#%-&[&bI#9'&?#%%-8'c&

.'$!"#$%"#&'"((#)*+*&,-./0-1-&

Upgraded pressure vessels and floor control module racks 
Designed and built, all modules assembled 

NEMO phase II 
8 floors – 8 m lenght 
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k@76dki`$
,'&$OKr$
&/$N;>8$

">7C=R$`7*>C7F$!7E6F=$
Gg`!J$

m*d":7C=$
">7C=R$`7*>C7F$!7E6F=$

Geg`!J$
i)>)$\)C8;*<$

Optical data 

Hydrophones 

OM 

optical 
fiber link 

OM 

Ethernet 

Acoustic data 

[;L=$`)F;NC)A7*$

Slow 
Control 

Interface 

Oceanographic 
Instrument 

\7Q=C$n7)CE$
.4-$oi`$
ao$i`$

GPS 
FCM 

EFCM GPS Fan-in/Fan-out 

Optical 
Modules 

PMT 

Front-end 
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Upgraded optical fiber link: 
On-Shore: Raman Amplifier  
Off-Shore: vertical backbone with add/drop filters 
Upgraded power distribution system: 
On-Shore: Power supply (6 kVDC) 
Off-Shore: MVC 6:10kVDC!375VDC 
Floor Power Boards: 375VDC!LVVDC 
            

Tower base 

Floor 

To upper floors 

To lower floors 

On-Shore Amplifier 
(> 100 km link) 

Floor 

FCM 

E-FCM 
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t,++u$F;B=$AL=$ "F7M=$@:)*<;*<$E6=$>7$iks$C=@7*b<6C)A7*$

Deployment and operation:  23 March 2013 

Detector turning off:   4 August 2014 

Detector operation time:  500 days 

Total live time:    432.3 days 

Total accumulated events:  4.3E9  
(since 16 April 2014, commissioning 
phase ending) 
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NEMO Phase-1
NEMO Phase-2
Bugaev et al. (E>20 GeV)
Bugaev et al. (E>20 GeV) + nu atm.

DIR in water extended up to 13 km ! 

*-#%$8-6&49/7#2&8#"-%&'0&#22&V''8%&

Never more than 70 kHz on 10’’ PMT 0.3 spe 
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ki`$
">7C=R$`7*>C7F$!7E6F=$

kEE8$V\"$[;L=$
"=*E8$k@76dE)>)$>7$8:7C=$

m*d":7C=$
">7C=R$`7*>C7F$!7E6F=$

i)>)$\)C8;*<$

Optical data 

Acoustic positioning 
and bio-acoustics 

Hydros +  
preamps 

OMs 

optical 
fiber link 

Point to point storey connection , All data to shore  , underwater GPS synchronisation  

Ethernet 

GPS 

&&&&&&

GPS clock transmission 
Data  parsing/distribution 

Main storage  
Analysis 

INFN-LNS INFN Shore Laboratory 

&&&

Sensor data acquistion 
GPS time stamping 
Data transmission 
 - fixed latency 
 - known optical walk 

Deep Sea Detetcor 

V\"$C=@=;B=C$&

 Capo Passero 
INFN Shore Laboratory 

Trigger 
Storage 

GRID  

Acoustic data 
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>6 coincidences within 20ns  reduced K40, 
dominated by atmospheric muons 

More upper PMTs in multi-hit events  
directional information from single storey 
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& &)^\&
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KM3NeT Phase-1.5 (detector with 2 building blocks) - Preliminary 
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Commercial hydrophones are typically factory calibrated: 
 

But for many hydrophones sensitivity changes as a function of pressure (" -3 dB/1000 m) 
 

NEMO and an italian company (SMID) have developed low cost hydrophones for 4000 m 
depth, with no change of sensitivity as a function of depth. 
 

INFN has developed standard procedure for calibration under pressure 
New technology: Digital Hydrophones (double gain, 192 kHz 24 bits) from Colmar 

Relative Hydrophone sensitivity  
variation with hydrostatic  
pressure (measured for 20 kHz signal) 

Measured variations ! ±1 dB 

.++$n)C$ /++$n)C$

H"%"57=&_W@$#8I#+*&



!"#$%"#&'"((#)*+*&,-./0-1-&!"#$%"#&'"((#)*+*&,-./0-1-&

)*+,-.&#06&U*!4&

3&$!"#$%"#&'"((#)*+*&,-./0-1-&

Real Time  
Environmental Monitoring 

Common effort with the Earth 
and Sea Science Community 

Toulon, Sicily and Hellenic:  
sites of common interest for 

KM3NeT and EMSO  

Geophysics (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 acoustic monitoring, Biofouling, Bioluminescence, Water samples analysis,... 
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20 km 

The EMSO East Sicily Node: Catania and Portopalo  

North Branch 
 
6 hydrophones 
CTD, ADCP, 
Seismometers 
magnetometers 
pressure gauges 
GPS time stamping 

"76>:$nC)*@:$
$
/$:REC7M:7*=8$
#*E=CQ)>=C$V\"$AL=$
8>)LM;*<$LNS Test Site Laboratory 

at the port of Catania 

LNS-INFN Catania 

d++$!NM8$f*>=C*=>$
S)E;7$a;*O$



!"#$%"#&'"((#)*+*&,-./0-1-&!"#$%"#&'"((#)*+*&,-./0-1-&

.5-&I#"#0/#&!/"-&

3/$!"#$%"#&'"((#)*+*&,-./0-1-&

Sensor      Sampling rate 
Three-component broad-band seismometer  100 Hz 
Hydrophone (geophysics)    100 Hz 
Gravity meter     1 Hz 
Scalar magnetometer    1 sample / 10 min 
Three-axes single-point current meter  2 Hz 
CTD     1 sample / 12 min 

- Monitoring of volcanic and seismic activity in Sicily 
- Development  of Tsunami early warning systems 

SN1 Deployment 
SN1 Connection SN1 Recovery 
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Sperm-whale click 



!"#$%"#&'"((#)*+*&,-./0-1-&!"#$%"#&'"((#)*+*&,-./0-1-&

47-#0':8#953&

33$!"#$%"#&'"((#)*+*&,-./0-1-&

Aegean Water 
!$75&#0&#G3%%#2&,A&7$88-0"&bB68/#=7Öc&/0&"5/%&
8-:/'0K&/"%&>-%'%7#2-&#7=F/"3K&#06&"5-&.K&!&
F#8/#G/2/"3&7'$26&G-&6$-&"'&#&2'7#2&'8/:/0&'8ÉÉ"'&
8-7-0"&72/>#"-&75#0:-%K&Q)>=C8$7P$k=<=)*$7C;<;*$
C=MF)@=E$Q)>=C8$7P$kEC;)A@$7C;<;*$;*$>:=$)NR88)F$
f7*;)*$N)8;*$

a7*<$>=CL$L7*;>7C;*<$7P$@6CC=*>8$)*E$7@=)*7<C)M:;@$E)>)$C=@;=B=E$;*$C=)F$AL=$NR$*=Q$
E=>=@>7C8$;*$`)M7$\)88=C7$)C=$=YM=@>=E$>7$@7*>C;N6>=$>7$87FB=$>:=$MC7NF=L9$
D! 0e!m$\:)8=$ff$$)*E$c!.0=[df>)F;)$

Dedicated optical fiber link from deep sea to internet: Science Gateway to the deep Sea 
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