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1. Main Goals  

ÅSimple and relatively low -cost equipment.  
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1. Main Goals  

ÅSimple and relatively  low -cost  equipment . 

ÅPromote  and assist small/medium scale OSETI 
obervatories  ( telescopes  with modest  aperture).  

ÅInternet -based  data sharing , storage  and signal  
post -processing.  

ÅImprove , if  and where  possible , the performances of 
current  OSETI detection  systems . 

ÅOff - the -shelf  parts  and open -source software.  

ÅTriple coincidence  detector scheme , with high speed  
PMTs (Photomultiplier  Tubes ).  

ÅEliminates  most  false positives ; laser pulses  piled -up 
photons  exceed  stellar background.  
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2. Photon  Detection  (PMT)  

ÅPhotomultiplier  Tube (PMT):  
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2. Photon  Detection  (PMT)  

ÅPhotomultiplier  Tube (PMT):  

 

 

 

 

 

 

Å High gain (high anode / cathode  current  ratio).  

Å High speed  (short rise and decay  times ), to better  
discriminate closely -spaced  photons . 

Å Sealed  case with built - in High -Voltage generator ( kV 
range ), to avoid  discharge  artifacts  (humidity , ageing ).  
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2. Photon  Detection  (PMT)  

ÅHigh Gain Ultra Bialkali  model H10721 - 210 by 
HAMAMATSU (http://www.hamamatsu.com).  
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ÅHigh Gain Ultra Bialkali  model H10721 - 210 by 
HAMAMATSU (http://www.hamamatsu.com).  

 

 

 

 

 

ÅMain  specs :  

ïRise time = 0,57 ns .  

ïGain adjustable  from å 6·10 3  to å 4·10 6  @ 400 nm.  

ïSupply input: +5 V @ 2,7 mA  (dark current ).  

ïCathode  Radiant  Sensit . å 130 mA /W @ 400 nm.  
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2. Photon  Detection  (PMT)  

ÅH10721 - 210  sensitivity  and gain curves :  
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S = Photocathode  current  divided  
by incident  radiant  power  @ l   

G = Ratio of anode  output current  
to photocathode  current  

PMT Quantum 
Efficiency  (QE):  

QE=S·1,24/ l(nm)  

- 
S

 

- 
G
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2. Photon  Detection  (PMT)  

ÅPMT dimensions :  
 

 

 

 

 

 

 

 

Alberto Villa -  FOAM13 Observatory ï Tradate -  Italy  15  

50 W coaxial  
output  



PREPARATORY OSETI ACTIVITIES AT FOAM13  

OBSERVATORY IN TRADATE (VA) -  ITALY  

XXIII Convegno  
Nazionale  GAD 

FOAM13 -Tradate  

2. Photon  Detection  (PMT)  

ÅH10721 -210 prepared with connectors:  
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3. PMT Control Unit  
ÅConnected  to a 12 V DC source (e.g. a battery ).  

ÅDelivers  a regulated  +5 V supply  to the PMTs. 

Å Independent  adjustment  of each  gain  ( local  or remote).  

Å PMT ON/OFF  control ( local  or remote).  

 

 

Alberto Villa -  FOAM13 Observatory ï Tradate -  Italy  17  



PREPARATORY OSETI ACTIVITIES AT FOAM13  

OBSERVATORY IN TRADATE (VA) -  ITALY  

XXIII Convegno  
Nazionale  GAD 

FOAM13 -Tradate  

3. PMT Control Unit  
ÅConnected  to a 12 V DC source (e.g. a battery ).  

ÅDelivers  a regulated  +5 V supply  to the PMTs. 

Å Independent  adjustment  of each  gain  ( local  or remote).  

Å PMT ON/OFF  control ( local  or remote).  

 

 

Alberto Villa -  FOAM13 Observatory ï Tradate -  Italy  18  

PMTs supply and 
gain control outputs  

+12 V supply 
input  

Gain controls 
(local)  

Local/Remote 
switch  

PMTs local   
ON/OFF switch  

Gain Remote 
Control Inputs  

Local/Remote 
indicators  

Supply voltages 
indicators  



PREPARATORY OSETI ACTIVITIES AT FOAM13  

OBSERVATORY IN TRADATE (VA) -  ITALY  

XXIII Convegno  
Nazionale  GAD 

FOAM13 -Tradate  

3. PMT Control Unit  

ÅBreadboard implementation (custom -made):  
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4. Optical Feed Mechanical Assembly  
ÅTriple -coincidence  detection  requires  two  series -

connected  beam  splitters  with equalized  optical  paths :  

 

 

 

 

 

 

 

 

ÅMost  parts  (TECHSPEC® series) delivered  by Edmund Optics  
GMBH (E.O.) ( see http://www.edmundoptics.com ).  
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4. Optical Feed Mechanical Assembly  

ÅBeam Splitter assembly details (with E.O. stock #):  
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4. Optical Feed Mechanical Assembly  

ÅPlate  Beam  Splitters  for 400 ÷ 700 nm:  

ïSplitter  1: 30R/70T VIS (30% reflection/70% 
transmission, E.O. #49684)  

ïSplitter  2: 50R/50T VIS (50% reflection/50% 
transmission, E.O. #54824)  

 

 

 

 

 

ÅMounted  on custom -made aluminum  carrier . 
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4. Optical Feed Mechanical Assembly  

ÅC-mount  double male 
rotating  barrel  
(Techspec ® ) :  

 

 

ÅC-mount  extension  tubes  
(Techspec ® ) :  

 

 

ÅC-mount  lens  holders  
(Techspec ® ) :  
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4. Optical Feed Mechanical Assembly  

ÅPMT with custom made C -mount  (male) 
adapting  flange:  
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4. Optical Feed Mechanical Assembly  

ÅPMTs and Beam Splitters Assembly Layout:  
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5. Telescope and Tracking System  

ÅMain  Telescope :  

ïCassegrain  

ïAperture: 300 mm, f/1.5  

ÅView  finder  (guide scope):  

ïRefractive  

ïAperture: 150 mm, f/8  
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5. Telescope and Tracking System  

ÅMain  Telescope :  

ïCassegrain  

ïAperture: 300 mm, f/1.5  

ÅView  finder  (guide scope):  

ïRefractive  

ïAperture: 150 mm, f/8  

ÅAutotracking  Camera : 1.3 Mpixel  CCD, 1280x960 
frame size , monochromatic , mod . QHY5 -LII (by 
QHYCCD, Inc .).  

ÅGerman  Mount : Gemini Observatory  G42  
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5. Telescope and Tracking System  

ÅTelescope  Assembly:  
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5. Telescope and Tracking System  

ÅCapture  software :  

ïEZPlanetary  package ( QHYCCD, 
Inc .).  

 

 

 

 

Alberto Villa -  FOAM13 Observatory ï Tradate -  Italy  29  



PREPARATORY OSETI ACTIVITIES AT FOAM13  

OBSERVATORY IN TRADATE (VA) -  ITALY  

XXIII Convegno  
Nazionale  GAD 

FOAM13 -Tradate  

5. Telescope and Tracking System  

ÅCapture  software :  

ïEZPlanetary  package ( QHYCCD, 
Inc .).  

ÅStar Indentification  and search :  

ïTheSky6Ê Software Planetarium  
(Software Bisque , Inc .).  
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5. Telescope and Tracking System  

ÅCapture  software :  

ïEZPlanetary  package ( QHYCCD, 
Inc .).  

ÅStar Indentification  and search :  

ïTheSky6Ê Software Planetarium  
(Software Bisque , Inc .).  

ÅStar Tracking :  

ïPHD Guiding  (Stark  Labs ).  

ÅCalibration :  

ïAutomatic  routine provided  in PHD 
Guiding . 
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6. Focusing Procedure  

ÅPoint to Reference star.  

ÅAdjust  for maximum photon  count  rate:  
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6. Focusing Procedure  

ÅPoint to Reference star.  

ÅAdjust  for maximum photon  count  rate:  

 

 

 

 

 

 

ÅFocusing  is not  critical : just keep  image inside 
photocathode  area (8 mm diameter ).  
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7. PMTs Gain Equalization  

ÅGeneration of narrow  light pulses .  

Å PMTs gain balancing  and system  functionality  periodical  
checks . 

ÅScheme :  
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8. Coincidence Detection and Signal Capture  

Requirements :  

ÅThree wide -band channels  with very  high -speed  
sampling  (acquisition  of å1 ns pulses ).  

ÅSignal  capture  triggered  by triple coincidence .  

ÅSophisticated, highly  specialized  electronics  with 
associated  firmware: self -construction  excluded .  
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8. Coincidence Detection and Signal Capture  

Requirements :  

ÅThree wide -band channels  with very  high -speed  
sampling  (acquisition  of å1 ns pulses ).  

ÅSignal  capture  triggered  by triple coincidence .  

ÅSophisticated, highly  specialized  electronics  with 
associated  firmware: self -construction  excluded .  

FOAM13 Observatoryôs choice :  

ÅTeledyne  LeCroy  (www.lecroy.com ) Sampling 
Oscilloscope, Wavesurfer  model 104MXs - B.  

ÅDoes not require amplification of PMT signals.  
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8. Coincidence Detection and Signal Capture  

Wavesurfer  104MXs - B:   
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8. Coincidence Detection and Signal Capture  
104MXs - B main specs:  

ï4 input channels; BNC connectors.  

ïInput impedance: 1 M  W||16 pF, or 50 W.  

ïMax. sensitivity: 2 mV/division.  

ïSweep times: 0,2 ns/div. to 1000 s/div.  

ïBandwidth ( -3 dB BW): 1 GHz (50 W inputs).  

ïSampling rate: 5 GigaSamples /s per channel (4 ch. )  
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8. Coincidence Detection and Signal Capture  
104MXs - B main specs:  

ï4 input channels; BNC connectors.  

ïInput impedance: 1 M  W||16 pF, or 50 W.  

ïMax. sensitivity: 2 mV/division.  

ïSweep times: 0,2 ns/div. to 1000 s/div.  

ïBandwidth ( -3 dB BW): 1 GHz (50 W inputs).  

ïSampling rate: 5 GigaSamples /s per channel (4 ch. ).  

ïRecord Length: 16 Megapoints  per channel .  

ïIn ñSequence Mode ò: segmented memory acquisition.  

ïLogic Trigger for waveforms acquisition.  

ïBuilt - in mathematical functions.  

ïAutocalibration  features.  

ïWindows XP based; Touch -Screen Display.  

ïLAN, GPIB & USB Interfaces .  
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8. Coincidence Detection and Signal Capture  

Å 1 GHz BW gives  å 0,35 ns scope input channels  Rise-Time.  

Å Scope + PMT: å 0,67  ns Total Rise -Time.  

Å @ 5 GS/s: 5 samples  for 1 ns long pulses . 
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8. Coincidence Detection and Signal Capture  

ÅAcquisition  time Ta  (s) depends  on memory  depth  Md  
(number  of points ) and sampling  rate Sr  (points /s):  

ÅTraditional  (continuous ) acquisition  mode:  
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8. Coincidence Detection and Signal Capture  

ÅAcquisition  time Ta  (s) depends  on memory  depth  Md  
(number  of points ) and sampling  rate Sr  (points /s):  

ÅTraditional  (continuous ) acquisition  mode:  

 

 

 

 

 

ïThe higher the sampling rate Sr , the narrower is the 
acquisition time span Ta .  

ïLonger acquisition times require bigger memories (or 
excessively low sampling ratesé). 
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8. Coincidence Detection and Signal Capture  

ÅSegmented  memory  acquisition  mode:  

ïMemory divided  into  N  small « segments » 

ïMore events  are captured :  
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8. Coincidence Detection and Signal Capture  

ÅSegmented  memory  acquisition  mode:  

ïMemory divided  into  N  small « segments » 

ïMore events  are captured :  

 

 

 

 

ïDisplayed  events :  
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8. Coincidence Detection and Signal Capture  

ÅIntervals between events are ignored.  

ÅFine details of complex event sequences occurring 
over long time intervals can be analyzed.  

ÅThus : Ideal for capturing fast pulses in quick 
succession , or for post -processing events separated 
by long time periods.  
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8. Coincidence Detection and Signal Capture  

ÅIntervals between events are ignored.  

ÅFine details of complex event sequences occurring 
over long time intervals can be analyzed.  

ÅThus : Ideal for capturing fast pulses in quick 
succession, or for post -processing events separated 
by long time periods.  

 

ÅTeledyne LeCroy  104MXs - B Sequence  Mode :  

ïUp to 5000  triggered  events  (memory  «segments »).  

ï1 ms intersegment  time (« blind  time»).  

ïTimestamps  associated  to each  segment . 
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8. Coincidence Detection and Signal Capture  

Å Logic Triggering : Ideal for capturing almost  only  coincident 
pulses ( see next: triggering issues ).  

Å Logic AND principle:  
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9. Triggering Issues  
Å Quasi - coincident  events  can be captured .  

Å Example  of partially  overlapping  pulses :  

 

 

 

 

 

 

 

 

 

 

 

Å Thus : Post - Processing  is needed  to reduce false positives . 
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10. Complete System Block Diagram  
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