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• Multi Time Over Threshold Technique

• Sea Top Calibration infrastructure of VLVNT 
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Detector Module

160 Scintillation Tiles

GPS timestamp
DAQ S/W based on LabView

On-Line analysis - distributions

96 WLS fibers

Single PMT read out
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HELYCON Station
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Readout Electronics
USB PortTrigger Output5 PMT Signal Inputs

GPS Input

25ps accuracy TDC
NCSR Demokritos 



ReadOut Electronics

Detectors and Instrumentation 

Lab, NCSR Demokritos
Loukas Dimitris,

Michailakis Isidoros, Papadakis Giannis
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Multi-Time Over Threshold 

Digitization Technique

Analogue signal

Comparators’ output
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Charge vs Time over Threshold

4mV

50mV

15mV

C
h

a
rg

e
 (

p
C

)

1st Threshold only Only 1st & 2nd Threshold Only 1st, 2nd & 3rd Threshold

4mV

T1+T2 T1+T2+T3
Time Over Threshold (s)

k
kCharge= a (tot)∑



Charge Estimation
4 thresholds

- Estimated Resolution  4.3%

- Pull distribution sigma of 1.04 ± 0.07

Measured Charge – Estimated Charge

Measured Charge

Measured Charge – Estimated Charge

Estimated Error

G. Bourlis et al,
doi:10.1109/IWASI.2009.5184796



Charge Estimation Resolution
Charge estimation resolution vs number of thresholds crossed
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Thresholds crossed 1 2 3 4 5 6

Charge estimation resolution (%) 13.6 6.9 5.6 4.3 3.4 2.9

G. Bourlis et al,

Nuclear Instruments and Methods in Physics 

Research A 602 (2009) 129–132
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MTOT & Underwater Neutrino 

Telescope Data

HOURS 
νµ100GeV – 100PeV 

31 PMTs 3″, 2.5 ns rise time, 4.5 ns fall 
time

Thresholds : 0.252pe, 0.4pe, 0.635pe, 1.26pe, 2.52pe και 8.0pe 



3 thresholds

Charge Estimation Resolution

3 thresholds



Optimization 
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Underwater Neutrino Telescope 

Calibration 
At least one muon with 

E>2TeV passing 
through the neutrino 

telescope 

5m

µ track

km3

Detailed 
Simulation

(propagation & 
Energy Loss) 19m

Sea Top station



σ=6.70 σ=420

Detector: SeaWiet 
Depth: 2500 m
Quality cuts: 
• mean deposited charge in active counters >1.7
• number of PMT hits > 10. 

Standard Method

Θ telescope
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Standard method

3 stations for 10 days

A. Tsirigotis et al,

Nuclear Instruments and 

Methods in Physics 

Research A 595 (2008) 80–

83

3 stations for 10 days



Calibration Study in Antares

J.-P. Ernenwein, et al., 
Nucl. Instr. and Meth. A 
602 (2009) 88–90



Improved Method
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Detector: SeaWiet 
Depth: 2500 m
Quality cuts: 
•number of PMT hits > 10

θw-θshower



Improved Method

For Ndet>4 and Q collected > of 25 mips,
<R>=44 m, whilst only 0.05% > 150m from the center of the platf orm

Single counter

Five counters



Improved Method

µ=0.010±0.045

Set corresponding to
39 hours of operation

µ=0.15±0.3µ=1.08±4.2

∆x (m)

Scaled to 10 days operation with 2 stations 
���� σθ=0.010, σφ=0.070, σΧ=1m



Summary Of Results

Depth (m) Offset Sensitivity (deg)

θ φ

3500 0.014 0.07

SeaWiet

νOne

Depth Offset Sensitivity

θ φ

3500 0.045 0.34±0.07

SeaWiet

Improved method Standard method

Depth (m) Offset Sensitivity (deg)

θ φ

2500 0.01 0.02

3500 0.02 0.06

νOne

Consistent Estimations when the 

array Is shifted in X or Y axis

Depth Offset Sensitivity

θ φ

2500 0.040±0.006 0.20±0.02

3500 0.09±0.02 0.46±0.05

νOne

G. Bourlis et al, accepted to

Nuclear Instruments and 

Methods in Physics 

Research A 



Conclusions

• The multi time over threshold technique is very promising
digitization technique for PMT pulses of HELYCON detector as
well as for the Neutrino telescope data

• The HELYCON station can be used as a sea top calibration
infrastructure for the angular and absolute position of
underwater neutrino telescopes


