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Detector exists

• 20 bars 168 x 6 cm2


• Double readout : Left-Right 


• We have (from T2K ToF) : 


• detector is available including support and SiPM. 


• readout electronics ( 48 channels, maynbe 64, I 
need to check) 


• analysis tools. 



Readout concept

Channel 0 Channel 1

• absolute time resolution ~ 150 ps 


• Resolution coordinate in bar  ~ 3 cm


• More sophisticated analysis with wave-form  
shape fit… but almost similar results. 



What to expect
• Cosmic muon rate (E > 1 GeV) 


• ~0.02 muon/cm2/s at the surface


• ~10-7 muons/cm2/s  under 1km rock 


• Area 165 x 60 cm2 : 


• ~ 200 Hz at the surface 


• ~ 1 x 10-3 Hz inside the tunnel —> 3.6 muons/hour 60 cm
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Main issues : noise
• A this low rate noise is a critical issue. 


• Gamma’s from ambient radioactivity : 


• Mainly muons will traverse two detectors —> double plane. 


• Problem might arise from Compton scattering in one bar and PE in the other:


• Not sure about the rate : we can make an estimation from current 
measurements. 


• I have a proposal later. 

Task



Main issues : noise
• SiPM noise can be very large: 


• Assume 100 KHz/channel and a coincidence window of 15 ns in a 
single bar : 


• Rate2 * window =  150 Hz (too large) 


• In 60 bars we have 60 * 150 = 9 KHz if coincidence is done in a 
single bar. 


• If we assume a 4-fold coincidence (2 planes; up and down). We need 
to compute the probability that at least 3 of the other 59 channel fires 
within 15 ns : 


• Probability of one channel = Rate * window = 0.0015


• Probability of 4-fold coincidence =  Rate*( 59 * Rate * window )3 = 
69 Hz (very large!)  CONCERN ! 

Signal rate ~ 4 x 10-4 Hz 

100 KHz can be reduced 
by increasing the 

threshold
This can be tuned in 

Geneva

This is unmanageable!!!!!!

CAVEAT : Assumption single channel noise = 100 KHz



2 Bar Coincidence scheme
• We group both ends of the bar in a single trigger. 


• RateNoise = 1000002 x 15 10-9 = 150 Hz 


• Coincidence of 2 sets of bars: 


• RateNoise = 212 x 15 10-9 = 0.00034 Hz


• Taken (20-1) bars: 


• RateNoise = 19 x 212 x 15 10-9 = 0.0064 Hz


• Many will be too far apart in a different bar (or far in the same bar ), if we take the case that two 
overlapping bars fires: 


• RateNoise = 212 x 15 10-9 = 0.00034 Hz  

Signal rate ~ 0.0004 Hz 

We can do it offline 
 + we can also add the coordinate along the bar 

+ we can check on the signal amplitude

60 cm

CAVEAT : Assumption single channel noise = 100 KHz



Controlling the background 

• If we have two signals reconstructed too far 
apart (more probable for noise) we can get ride of 
this with a single distance cut.  


• Rate < 0.00034 (no position along the bar rate)  
for a 0.0004 signal rate.  

60 cm



Very similar example
• The cosmic ray setup at my office: 


• 2 parallel bars 220x12 cm. 


• Same readout. 


• Nice noise separation. 


• Muon flux: 


• Estimated : 1.22 +- 0.02 muons/s/cm2


• Expected > 1 muons/s/cm2
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We can use this as a training platform



Gamma’s

• We can use the same concept adding some absorber in the middle to reduce the gamma 
background —> some metal sheets (165x60x?) would do it. —> Check with Franck. 


• Short distance between planes would not change the coincidence rate.  
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Other possibilities

• If this does not work, we can operate at a high threshold :


•  inefficiency is larger and estimation of absolute flux more delicate. 


• But!, we can operate the detector in the surface and compute the 
attenuation as a ratio (we should do this in anycase). 


• we can also estimate the rate inefficiency by reducing the threshold 
on the surface to estimate the efficiency in low background 
conditions. 



Some conclusions 
• I think it is feasible. 


• We have all the hardware (not the readout that we borrow to SHIP in November, back in December, need to 
check # of channels ) 


• We expect ~ 90 muons/day —> 630 muons/week (this is a 4 % statistical measurement) 


• We can even measure in the future the muon direction, but we will lose statistics by separating the two 
planes.  I would this later onces we understand the system. 


• Main concerns are backgrounds: 


• Raise thresholds and calibrate wrt outside.  


• Data analysis : position, amplitudes, etc…


• Gamma background could the most tricky one 


• Add metal plates between the planes: we can do it without losing many muons. 


• Total data throughput might be the limitation at the end if we do not learn how to reduce the noise! 



PLAN 
PROPOSAL

• Get the gamma spectrum in Bedretto and estimate the probability of double hits and plate thickness


• Explore with Franck available plates to place between planes. 


• Explore the 2 single bar trigger scheme —> setup available. 


• Bring and recondition the plane in two layers at UniGe.


• Test all the readout bars —> Scope is sufficient.  (This might be very time consuming) 


• Wait for the return of the electronics (mid-November ?)


• We might be able to operate the detector in December or January (1 week might be sufficent): 


• Start with 2 to 3 hours readout on the surface: we will need 1 day to prepare all there. 


• Analysis will be fast : ~ 1 day and it can be done in parallel to Data taking, most of the code available. 


• Infrastructure at Bedretto: 


• Dry area >  2 x 2 m2


• Power and computer access  


• transportation in the tunnel. 


