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Linking the S2 charge signal to the right S1
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Possible fix?

● Reducing the drift time (larger fields, less S1…) 

● Position reconstruction from S1
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● We don't want another S1 during the drift in order to get rid of this ambiguity

● TPCs are “slow” detectors with large drift distances (up to some ms drifts) 

● This widely limits the maximum allowed interaction rate in the TPC 

● … setting very stringent limits on the material contamination (gamma)

Quick facts:



Possible fix?
● In case we are able to reconstruct the z (possibly x,y) coordinate from the S1 

light pattern, we can unambiguously associate S1 and S2 if the events are 

spatially separated

● In this case, we have a certain time window in which the S2 corresponding to a 

specific S1 is expected

This could considerably relax the maximum event rate we can handle and the 
requirements on the event rate/material contamination
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S1 position reconstruction with ANN: algorithm trained (MC) 
with the light pattern signal
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First conclusions:

● We still do not have an estimation of the event rate in the TPC: 
it could be ~100 of Hz 

● WE DO NEED TO GET POSITION INFORMATION FROM S1 

● It is possible to reconstruct the x,y,z position from the S1 light 
pattern: this is fundamental to link an S2 to the right S1

● The resolution strongly depends on total charge and position  

● Additional work required on the MC and the algorithm 
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Questions:

● What is the current pileup probability? What level is 
acceptable?

● How much does the pileup probability change with the 
S1xyz resolution?

● What  S1xyz resolution is necessary in order to have a 
certain pileup probability at most?
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Simple MC event generator:
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Maximum 
 drift [ms] Position x,y,z123 [cm] Drift time [ms]

Rate 
[Hz]

cathode at z=0

#S2Eventim
e

Rate 
[ms]



Simple MC event generator:
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● Event extracted uniformly between [0, 
2×1/rate] (flat)

Additional Poisson smearing of the 
average rate



Cases:
● 2×(Max dt) “clean” time windows (empty of other S1) → Good Event 
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     Max dt                           Max dt

     Max dt

● In general the other cases are controversial, and a good event 
reconstruction is not possible 

● Only dt and rate matter, the actual nb. of S2 is irrelevant

     Max dt
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There is one exception for the multiple S1 case:
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● One (or more) S1 within the Maximum Drift Time window NOT followed 
by any S2 within the same window  

     Max dt

Still a GOOD Event

     Max dt

BAD Event

Ambiguous 

Good event definition: 

Given an S2 we require only one S1 in the previous Max_DT window
(Nb. of S2 irrelevant)
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Quick test considering  
S1 within the maximum 

drift and no S2 
10%

50%

10%

50%
Only rate and dt

(reference)



dt=3.5 ms
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dt=3.5 ms  &&  S1xy reconstruction 150 cm   
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Conclusions and open questions:

● Very important issue!

● S1 seems to be fundamental in order to mitigate this effect

● A detailed S2 model is needed (true MC)

● Probability that an S1 is in an S2 (S1 missing, and S2 linked to the wrong S1)

● Calibration issues?
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