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1. Description of benchmarking distributions 

spsc report, April 2016 
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Links to previous presentations: 

 
• Identification of benchmark histograms and control samples to check simulation results 
     SB meeting, October 7th,2015  

https://laguna.ethz.ch/indico/getFile.py/access?contribId=5&resId=0&materialId=slides&confId=161 

 

• News on software utilities  (related to the design of the software versions validation system) 
      SB meeting, October 21st 2015 

https://laguna.ethz.ch/indico/getFile.py/access?contribId=1&resId=0&materialId=slides&confId=165 

 

• Benchmarking distributions of QSCAN 
     SB meeting, November 18th 2015  

https://laguna.ethz.ch/indico/getFile.py/access?contribId=0&resId=0&materialId=slides&confId=175 

 

• Benchmarking distributions of QSCAN (and some technical information) 
      SB meeting, December 2nd 2015  

https://laguna.ethz.ch/indico/getFile.py/access?contribId=4&resId=0&materialId=slides&confId=177 

 

• Update on hit reconstruction  
     SB meeting January 27th, 2016  

https://laguna.ethz.ch/indico/getFile.py/access?contribId=3&resId=0&materialId=slides&confId=185 

 

• Software organization at CCIN2P3 and CERN 
      WA105 General Meeting, March 8th, 2016  

http://laguna.ethz.ch/indico/getFile.py/access?contribId=3&sessionId=4&resId=0&materialId=slides&confI

d=170 

 

https://laguna.ethz.ch/indico/getFile.py/access?contribId=5&resId=0&materialId=slides&confId=161
https://laguna.ethz.ch/indico/getFile.py/access?contribId=5&resId=0&materialId=slides&confId=161
https://laguna.ethz.ch/indico/getFile.py/access?contribId=1&resId=0&materialId=slides&confId=165
https://laguna.ethz.ch/indico/getFile.py/access?contribId=1&resId=0&materialId=slides&confId=165
https://laguna.ethz.ch/indico/getFile.py/access?contribId=1&resId=0&materialId=slides&confId=165
https://laguna.ethz.ch/indico/getFile.py/access?contribId=0&resId=0&materialId=slides&confId=175
https://laguna.ethz.ch/indico/getFile.py/access?contribId=0&resId=0&materialId=slides&confId=175
https://laguna.ethz.ch/indico/getFile.py/access?contribId=0&resId=0&materialId=slides&confId=175
https://laguna.ethz.ch/indico/getFile.py/access?contribId=4&resId=0&materialId=slides&confId=177
https://laguna.ethz.ch/indico/getFile.py/access?contribId=4&resId=0&materialId=slides&confId=177
https://laguna.ethz.ch/indico/getFile.py/access?contribId=4&resId=0&materialId=slides&confId=177
https://laguna.ethz.ch/indico/getFile.py/access?contribId=3&resId=0&materialId=slides&confId=185
https://laguna.ethz.ch/indico/getFile.py/access?contribId=3&resId=0&materialId=slides&confId=185
https://laguna.ethz.ch/indico/getFile.py/access?contribId=3&resId=0&materialId=slides&confId=185
https://laguna.ethz.ch/indico/getFile.py/access?contribId=3&resId=0&materialId=slides&confId=185
http://laguna.ethz.ch/indico/getFile.py/access?contribId=3&sessionId=4&resId=0&materialId=slides&confId=170
http://laguna.ethz.ch/indico/getFile.py/access?contribId=3&sessionId=4&resId=0&materialId=slides&confId=170
http://laguna.ethz.ch/indico/getFile.py/access?contribId=3&sessionId=4&resId=0&materialId=slides&confId=170
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The code is available on the svn server: 
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Output  

How to compile and run 
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Example of execution on raw data (simulation output) for 3x1x1 and 6x6x6 

(ipass=2)  

Output files 

Raw data analysis 
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Dump of output logfile: 

Trees available in the file 

Initial conditions for  events generation 

Geometry configuration 

Raw data analysis 
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Output ROOT  file (examples for 3x1x1): 

Distributions related to generation quantities 

Raw data analysis 
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Raw data 

Raw data: charge depositions on strips, total charge collected by strips for view 0/1 

Output ROOT  file (examples for 3x1x1): Raw data analysis 
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Example of events generated with 6x6x6 geometry : 

repeated 

for the 4 

CRMs 

 Benchmark distributions are produced for 4 CRM.  

 This is the same for all processing steps (raw data analysis or reco data analysis) . 

 In the following slides examples on 3x1x1 only will be shown 

Raw data analysis 
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Example of execution on reconstructed  data 

(ipass=11 and ipass=12) 

Now these are 2 different steps  the code can be modified to run on hit and track 

reconstruction results in one step. 

  

Hit rec. 

Track rec. 

Reco data analysis 
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Ascii logfiles  name of input file (raw data) 

                         date on which the reconstruction was run 

                         reconstruction parameters (for tracking some information are to be added)  

Reco data analysis Reco data analysis 
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ipass=11, hits reconstruction: 

 number of reconstructed hits,  

 strips   with at least one hit 

 # hits/strip,  

 hits charge,  

 total charge on strips from hits reconstruction   

Reco data analysis 
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ipass=12, tracks  reconstruction: 

 Number of tracks 

 Track slope 

 Info from points associated to reconstructed track: charge, x(y)  position, z position 

 Info for hits belonging to track : charge, x(y)  position, z position 

 Info for delta rays belonging to track: charge, x(y)  position, z position 

 

  

Reco data analysis 
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Conclusions on benchmarking 
 

  The code is available on the svn 

 

  It provides also examples on how to read the output root files and access stored quantities   

 

  It works both for 3x1x1 and 6x6x6 geometries   

 

  New distributions can be added, following the progress in the reconstructions   and 

      needs to check specified distributions 

 

 

 

  

   

Mail sent of  October 7th,2015 by Hasegawa-San  
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Purity measurement for muon tracks 



 One of the task of the online monitoring is the measurement of the purity. 

 

 this measurement is performed using cosmic rays tracks 

 

 The feasibility of this measurement has been tested using raw data (horizontal 

tracks), and results have been presented at the Science Board meeting 

(11/18/2015), at the General meeting (03/08/2016),  and have also been included in 

the SPSC report. 

 

 

  

SPSC presentation, April 2106 
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 This study has been repeated with reconstructed tracks.  

    (the code used for tracking reconstruction is available on the svn) 

 

 

Analysis methodology 
 

 To set up the method, the 6x6x6 geometry has been used, to exploit the full drift distance.   

 

 Only one CRM will be taken into account  (CRM0) : our priority is the data taking of September 

with the 3x1x1 prototype whose anode counts only one CRM   

 

 

 The method has been tested on samples of muon at different generation angles 

 

 Once the method has been set up, it has been applied to 3x1x1, to check the results 
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1st sample: muons at 4 Gev, 2K events f=450  ,  crossing only CRM0, t=3ms   
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CRM0 

anode 

crm0 

drift 
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ALL CRMs 
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Some crosschecks on the total charge at raw level, hits and track …. 
 

fC 

Total charge collected on strips   (raw data) Total charge collected  from hit reconstructions 

fC 

Total charge collected from track reconstruction 

fC (see later) 
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the 3 distributions are in good agreement 

fC 

Raw data 

Hit reconstruction 

Trk reconstruction 



24 

Before moving to the purity measurement, it is useful to remind that the charge collected using 

track reconstruction information is obtained from hits and delta rays associated to the track 

fC 

fC fC 



z=0 

z=600 cm 
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 Due to impurities, the collected charge is a decreasing function of  drift time   Q=f(tdrift). 

 

 Points belonging to  this function can be represented as  P=(tdrift ,Q); 

 

 To build  these points , the drift distance is divided into n equal bins 
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Let’s assume now to divide the full drift distance (6m)  in 60 bins   

  
 Expected loss on one bin ~2%: 

1 bin= 10cm, 0,067 ms each    𝑒−(
.067

3
)
  ~ 98% 

 

5 cm    𝑒−(
.067

3
)
  ~ 99% 

 

20 cm  𝑒−(
.134

3
)
 ~ 95% 

 

50 cm  𝑒−(
.335

3
)
 ~ 89% 

 

1 m   𝑒−(
.67

3
)
 ~ 80% 

  A set of histograms (60) for each view is obtained, 

and each track enters in each histogram, 

depending  on its length and on its starting and 

ending points 



Sum of hits belonging to the same 10 cm bins:  

Zoom of the track (red)  with 

associated hits (blue) 

the track  is  divided in n bins of 10cm in z, and, for each bin, the charge depositions of 

all hits belonging to the tracks are summed  a “vector” of charge depositions is built 
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  Shits 

  Shits 

  Shits 

  Shits 



Effect of bin quantization 
Considering 2 tracks with their first point in bin 1:  

  

  

 the charge deposition in the first bin depends 

on the starting point of the track inside the bin 

  

  

 

 

The same effect is also present in the last bin. 
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and their  last point in bin n : 

To avoid disuniformities the first and the 

last bin of each track are not taken into 

account  

 

bin 1 

bin  2 

bin n 

bin n-1 
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Each component of the charge depositions vector corresponds to one point P=(tdrift ,Q) where   

 

tdrift = center of the time bin, 

 135, 145, 155 cm in the example 

  

Q= Shits charge 

                                                                                            

  

  

 Charge depositions in bins of 10 cm 

corresponding at different drift distances 

 

moving to longer drift distances, the 

peak moves to lower values and the 

distribution becomes narrower as expected 
due to the charge reduction q=q0*exp(-t/t)  

  

1m drift 

2m drift 

3m drift 

4m drift 

5m drift 

fC 
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Before moving on in setting up a method to measure purity, it is necessary to come 

back to some slides shown in the SB meeting hold on December 2nd  

https://laguna.ethz.ch/indico/conferenceDisplay.py?confId=177 

 

The subject of these slides was the dependence of the mip position on track angle: 

  

SB meeting, 12/02/1016 

https://laguna.ethz.ch/indico/conferenceDisplay.py?confId=177
https://laguna.ethz.ch/indico/conferenceDisplay.py?confId=177


31 SB meeting, 12/02/1016 
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SB meeting, 12/02/1016 
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To take into account this angular effect the value of the charge deposition has to be  

“normalized” w.r.t the track angles, using angles provided by reconstruction.  

 

A different approach can also be used  normalize the bins to the one with shortest drift :  

 Example of tracks going upwards or downwards (with 

respect to drift coordinate) 

 

 The first bin  of the vector is defined to be the one 

corresponding to the minimum drift time  

 

 The charge value of different bin is normalized to the one of 

the first bin (all are, on average, less than 1) 

 

 

 

 

tdrift 

1m drift 

2m drift 

3m drift 

4m drift 

5m drift 
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These histograms are then fitted with a gaussian , to  get the peak value: 

 

 

  

   

2 
1 

To to get  meaningful results from the fit it is required to have at least 100 entries, otherwise the fit 

      is not done 

  

    the fit is performed in an interval defined starting from histogram mean value and rms 

 

 

Results are written to an external file, and then a fit to measure lifetime is performed  

1 

2  
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5m drift 

Fit examples for different drift lengths   

Gaussian fit Landau  fit 

3m drift 

1m drift 



36 

Fit results: 
                         

View 0 

View 1 t =(3.076  ± .008) ms 

t =(3.073  ± .008) ms 

Fit starts from  

1 as expected 

6 m drift 

View 0 

View 1 
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The method has been tested on a sample of muon generated without lifetime effect… 

 

 

The distributions are 

flat, as expected 

View 0 

View 1 
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..and on a sample of muons crossing the detector from top to bottom:   

crm0 

drift 
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t =(2.97  ± .007) ms 

t =(2.97  ± .007) ms 

View 0 

View 1 
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The method has been tested on a sample of tracks at different angles:  

Theta   

For comparison: values for previous sample: 

Theta   

Phi   

Phi   
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t =(3.05  ± .008) ms 

t =(3.05  ± .009) ms 

Fit results on the sample with random angular directions: 

View 0 

View 1 
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The sample with random directions used for the fit corresponds to 4K tracks:   

Normalized charge deposition 

for a drift distance of 50 cm 

The last bin used in  the fit 

shown at page 43 corresponds 

to a drift distance of ~5.3 m with 

a population of  126 tracks 
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Fit results with lower statistics  (a subsample of 2K tracks): 

t =(3.05  ± .012) ms 

t =(3.07  ± .013) ms 

 (t =(3.05  ± .008) ms previous value)  
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The last bin used in  the fit 

corresponds to a drift distance 

of ~5.2 m with 100 tracks,  the 

next bins do not have statistics 
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t =(3.04  ± .019) ms 

t =(3.09  ± .019) ms 

Fit results with lower statistics  (a subsample of 1K tracks): 
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Last useful bin: 100 track, drift distance ~5m 

t =(3.05  ± .008) ms 

t =(3.04  ± .019) ms 

Summary: 
Real lifetime t =3.00 ms  

4k tracks 

2k tracks (subsample) 

1k tracks (subsample) 

t =(3.05  ± .012) ms 
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 just for check   same sample of muon generated without lifetime effect: 
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The same method has now been applied to muon generated assuming the 3x1x1 

configuration:  

drift 
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Fit results: 

Tracks are shorter  

Bigger error and worst  

fit result w.r.t. 6x6x6 

 

~4K tracks, 70 cm drift length 

t =(2.84  ± .12) ms 

t =(2.96  ± .14) ms 
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To test the method in a realistic situation, a sample of cosmic has been generated. 

Some examples: 

  

tracks with  different slopes and different starting point 
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t =(2.9  ± .23) ms 

t =(2.9  ± .3) ms 

results of purity measurement: 

~1500 tracks 
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Conclusions: 
 

 A method to measure purity from muon tracks has been developed.  

     It is independent on track  direction, on track starting point, and it is based on 2D track 

     reconstruction. Two measurements of purity are obtained, one for view 0 and one for view 1 

     (this a cross check, since the 2 values have to be equal)  

 

 It is based on a script which requires as input the root file from reconstruction. For each 

analyzed file (filename) the script  produces a directory  (purity_filename) containing all 

results. 

 

 This script which runs an executable, generates and runs a root macro to analyze the output 

of the executable in order to determine the purity values.   

 

 The code still needs some cleaning up, it is not yet committed. 

 

 

 To be done: 

 

 Since for the 3x1x1 the trigger counters will select nearly horizontal tracks,  it is probably 

needed an additional method to evaluate the purity using horizontal tracks at different drifts  

 

 

    


