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+  Joshua Sopher, 

joined soon thereafter  
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 Area: Extended underwater plateau; at least 8x9 km2 

 Distance: 7.5 NM from the shore, 20 NM from a 
harbor 

 Depth: Choose from 3000 m to 5200 m 

 Clear water: Transmission length 55+10m at  
λ=460nm  

 Underwater currents: Speed less than 7 cm/sec  
 Sedimentation: Flat clay seabed, minimum of 

sedimentation (ancient clay), river outlets far away  
 Optical noise:  

• Optical Module rate less than 50 kHz (from K40 
decay) 
•Bioluminescence: Low rate (1% of live time), 
atrophic waters 

Key characteristics of the NESTOR site 

Site requirements for a neutrino 
detector  
 Wide area with gentle slope  
 Short distance from the shore  
 Deep water 
 Clear water 
 Low underwater current speed 
 Low sedimentation  
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Magnetic Shield   

• HAMAMATSU PMT R2018-03 (15”) 
• BENTHOS spheres 
• μ-metal cage 
• EMI power supply 
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Optical modules 

Titanium sphere 

Titanium Star 
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DAQ electronics 

Power 

Control and data transfer 

•PMT signal transmission     

•low voltage supply (24V) 

•control and monitoring HV 

• signal transmission 

Shore Station 

“Floor Board”                      
 

• PMT pulse sensing 
• Majority logic event triggering          
• Single & coincidence rate scaling         
• Waveform capture & digitization          
• Data formatting & transmission         
• FPGA & PLD reprogramming 

“HouseKeeping Board”                                                      
• PMT control                                                                                               
• Calibration Beacon control                                                     
• PMT HV monitor                                                                     
• Power Supply monitors                                                                   
• Environmental monitors 
(temperatures, humidity) 

OM 
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The “Floorboard” 
 

Signal Inputs (PM
Ts) 

External Trigger 
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ATWDs, 4 channels each 
3PMT + 1 clock 

RC 

TR 

Comm. 
Fibres 

DATA transmission and reception and 
e2o and o2e conversion section 

 

To Housekeeping board 
and Beacons 

External trigger section 
 

FP
GA
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Analog Transient Waveform Digitizer  
•128 common-ramp 10 bit Wilkinson ADCs   

•Four channels with 128 samples each 

•200Mhz to 2GHz selectable sampling rate 

•7ns PMT rise time ⇒ 300Msamples/sec 
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ATWD 

RC 

Comm. 
Fibres 

CPLD for internal 
trigger majority 

RAM trigger 
lookup table 

EPROM with FPGA 
program 

FPGA 2 
FLEX 10K 

PLD 3 
ALTERA MAX 

FPGA 1 - Acquisition control 
•ATWD control 

FPGA 2 - Interface control 
•Read data 
•Transmission 
•Counting 
•Beacons control 
•Housekeeping readout 
•Packaging 

PLD 3 – Board config. 
•Pedestals 
•Thresholds 
•Prescaling 
•Everything else 

FPGA 1 
FLEX 10K 

The “Floorboard” 
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The “Housekeeping” boards 

PMTs 
control 

300V Power voltage 
monitoring 

ADCs 

Powerup 
Smidt trigger 

To floorboards 
Optocouplers 

FPGA  
FLEX 10K 

Slow control 
and packaging 
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The “Housekeeping” boards 

PMTs 
switches 

PMTs control and 
monitor connections 

Environmental 
connections 
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The “PMT smart fuses” board 

IN 

OUT 
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The “Shoreboard” 
 

•GPS 
•Timing 
•Reset command 

•DAQ PC 

RC 

TR 

Commun. 
Fibres 

40M
H
z clock for 

synchronisation 
FPGA  

FLEX 10K 
DATA reception continuously and 

transmission to PC every 13 events 
(one event = 2560 16bit words) 

FIFO RAM 
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Decoupling anchor 

5 km 

rope 

rope 
Recovery 
Buoy 

DEPTH, E/O CABLE and ROPE LENGTHS NOT TO SCALE 



NYGRENFEST, 2014                                                                                       Leonidas K. Resvanis 

  



NYGRENFEST, 2014                                                                                       Leonidas K. Resvanis 

Deployment of 31 km long Electro-Optical cable 
(25 km standard + 6 km torque free deep sea cables,  

with 18 fibers +1 conductor) 

Deployed in June 2000 by the cableship MAERSK-FIGHTER 
(ALCATEL- TELEDANMARK) 

Cable was damaged during laying because of ship’s problems (3 fibers 
lost at the 17th km from shore + torque free cable damaged) 

Cable landing completed at Methoni Bay 

 June 2000  
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Anchor 
weight 

Main 
Recovery 

Rope 
Current meter 

Ocean Bottom 
Seismometer 

Junction box 

E-O cable 
bend 

restrictor 

E-O cable 
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35 km of Electro-optical cable (25 km from the deployed cable + 
10 km of new cable; with18 fibers +1 conductor)        

Cable repaired by the O.T.E. specialist on the cableship TENEO (TyCom)  

 Successful deployment of the PYRAMID unit with environmental 
instrumentation to 4000m 

1 5th of January: The first environmental data transmitted through the 
35km electro-optical cable to the Methoni counting room   

January 2002  
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Typical Ocean Bottom Seismometre (OBS) graph 
Correspond to earthquake recorded by the National Observatory of Athens, at 30 January 2002, 
20:03:33.8 GMT, magnitude 3.9, depth 5km και epicentre at 37.66°Ν, 21.66°Ε, about 120km north 
of telescope. 

Underwater seismograph at 4000m 

Greek local time 
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 March 2003 

Successful deployment of NESTOR prototype, one star 
with 12 Optical Modules to 4000m 

using the cableship RAYMOND CROZE (FranceTelecom)  
 

 29th of March: The first deep sea muon data transmitted to 
shore; through a 30km long electro-optical cable to the 

Methoni counting room   



NYGRENFEST, 2014                                                                                       Leonidas K. Resvanis 

ROPE 

E/O CABLE 

  CUT CABLE 

1 NM 
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Anchor 

Current 
meter 

MainRope 

OBS 

E-O cable 

E-o cable 
bend 

restrictor 

Junction 
box 

Transporder 

Sea return 
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PMT 
Waveforms 

PMTs’ Waveforms Captured 

Down-Looking PMTs Up-Looking PMTs 

 
 

 

Data from a depth of 4000 m 
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PMTs’ Waveforms Captured 

Up-Looking PMTs 

 
 

 

Data from a depth of 4000 m 

K40 Background: A stable calibration source 
a. single p.e. pulse height  distribution 

b. two p.e.s pulse height distribution 

c. three p.e.s pulse height distribution 

d. dark current pulse height distribution 

e. sum of the above 

a 
e 

d 

b 
c 
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PMTs’ rate 

Up-Looking PMTs                     Down-Looking PMTs 
PMTs’ Rates BIOLUMINESCENCE (BURSTS 1% of the time) 

 
 

Data from a depth of 4000 m 
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Data from 4000 m depth 
With bioluminescence 

Without bioluminescence Trigger:  4fold coincidence 

NESTOR prototype; Photoelectron number   

1pe corresponds to ≈120mV 
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NESTOR prototype; Event 1785, PMT signal display   

Data from a depth of 4000 m Time in ns PM
T 

si
gn

al
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n 

m
V 
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NESTOR prototype; Event 1785 display   

Data from a depth of 4000 m 
www.nestor.noa.gr 

Zenith angle 123° ± 21° 
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NESTOR prototype; Zenith Angular Distribution  

•ASTROPARTICLE PHYSICS 23(2005),  377- 392 
•NIM A 552(2005) 420- 439 

Distribution of the Zenith angle (y) 
of reconstructed tracks for the 
data (triangles) and Monte Carlo 
(solid points) event samples.  
 
The insert plot shows the same 
distributions on a linear scale. 



NYGRENFEST, 2014                                                                                       Leonidas K. Resvanis 

THANK YOU DAVID 
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