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• Original : fitting method

• New method : Detector Under Test (Geometry method), standard

Ladder detection efficiency
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DUTs

Procedures : 

1. find the track by the detector units (TELs in this facility)

2. once the candidate is confirmed to be a really track, check the clusters of DUTs

3. if the residual of the interpolation of the track and the clusters of DUTs < requirement 

→ good

Schematic of the CERN SPS testbeam facility 
TELs : pixel detectors

True hit ? 

DUT
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• INTT : stripe silicon tracker

• Beam test 2021 

• 3 layers

• standalone

• Not easy to define a good track by two hits, challenge !

Ladder detection efficiency
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DUT

Ladder 0 Ladder 2

Which one is the truth ?
True hit ? ?

True track ? 

Efficiency calculation : 
l0 ∩ l1 ∩ l2

l0 ∩ l2
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Ladder detection efficiency

4

Event cut
1 TDC 400 < Camac_tdc[3] < 1200

2 ADC run 52 -1 < Camac_adc[0] < 50 200 < Camac_adc[1] < 400 250 < Camac_adc[2] < 500
run 89 75 < Camac_adc[0] < 300 100 < Camac_adc[1] < 350 250 < Camac_adc[2] < 500

3 INTT_event == 1
4 No double saving hits (no clone hits)
5 Single Cluster in selected chip (SC) of L0 (abbr. SCL0) and L2 (abbr. SCL2) required
6 No cluster in adjacent chips (SC-1 & SC+1) required
7 Edge exclusion (ladder bottom edge + 5 ch) < Y-pos of SCL0 and SCL2 < (ladder top edge - 5 ch)
8 Cluster ADC Sum of ADC of SCL0 > adc0 && Sum of ADC of SCL2 > adc0

9 Cluster size

Two options

Cluster size of SCL0 > 1 && Cluster size of SCL2 > 1 → Not used now
Sum of cluster size of SCL0 and cluster size of SCL2 > 2 (or 1) → Currently used

10 Slope cut fabs(slope of SCL2 - SCL0) < 0.01
11 Residual fabs(CL1 - the extrapolation position) < 3 strips (0.234 mm, currently used) 

Alignment correction
run 52, L1 (U8 only) -0.2908 mm

run 89, L1 (U10, only) -0.2850 mm

Slope correction
run 52 0.002725
run 89 0.005269

Correction
SCL0

SCL2

L0 L1 L2

CL1

SC+1

SC-1

Distance between the first ladder 
and the last one : 59.104 mm Camac related
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Ladder detection efficiency, run52 MC U11
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Detection efficiency of l1 : 99.82+0.01
−0.01

Sum of cluster size of SCL0 and SCL2 > 1

Detection efficiency of l1 : 99.61+0.07
−0.08

Sum of cluster size of SCL0 and SCL2 > 2
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DUT candidate track slope
Entries  8959

Mean  06−3.712e− 

Std Dev    0.005338

fit gaus mean :  -0.0001, fit gaus width 0.0045
/NDF : 4.02772χ : 165.14, NDF : 41, 2χ

DUT candidate track slope
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DUT layer 1 residual
Entries  8951

Mean   0.004616

Std Dev    0.2234

DUT layer 1 residual
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DUT layer 1 residual
Entries  8951

Mean  05−9.741e− 

Std Dev    0.06922

fit gaus mean :  0.0006, fit gaus width 0.0444
/NDF : 8.35082χ : 392.49, NDF : 47, 2χ

double gaussian fit
mean : 0.0005, fraction : 0.970
first width : 0.0408, second width : 0.1234
3 sigma width : 0.2659 -0.2649 = 0.5308

/NDF : 8.25262χ : 115.54, NDF : 14, 2χ

DUT layer 1 residual
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DUT layer 1 residual

Entries  112742

Mean   0.0002386

Std Dev    0.08197

DUT layer 1 residual
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Ladder detection efficiency, run52 U8
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Detection efficiency of l1 : 99.31+0.04
−0.04

Sum of cluster size of SCL0 and SCL2 > 1

Detection efficiency of l1 : 99.29+0.06
−0.07

Sum of cluster size of SCL0 and SCL2 > 2
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DUT candidate track slope
Entries  48243

Mean   0.0005392

Std Dev    0.005724

fit gaus mean :  0.0010, fit gaus width 0.0029
/NDF : 98.44292χ : 4626.81, NDF : 47, 2χ

DUT candidate track slope
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DUT layer 1 residual
Entries  48100

Mean  0.0007238− 

Std Dev     0.149

DUT layer 1 residual
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DUT layer 1 residual
Entries  48100

Mean   0.00201

Std Dev    0.07274
fit gaus mean :  -0.0012, fit gaus width 0.0299

/NDF : 52.79332χ : 4381.85, NDF : 83, 2χ

double gaussian fit
mean : -0.0008, fraction : 0.937
first width : 0.0260, second width : 0.0812
3 sigma width : 0.1956 -0.1972 = 0.3928

/NDF : 60.56682χ : 1756.44, NDF : 29, 2χ

DUT layer 1 residual
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Ladder detection efficiency, run89 U10
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Detection efficiency of l1 : 99.19+0.04
−0.04

Sum of cluster size of SCL0 and SCL2 > 1

Detection efficiency of l1 : 99.25+0.06
−0.06

Sum of cluster size of SCL0 and SCL2 > 2
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DUT candidate track slope
Entries  57751

Mean   0.0005668

Std Dev    0.00607

fit gaus mean :  0.0002, fit gaus width 0.0028
/NDF : 131.44932χ : 6178.12, NDF : 47, 2χ

DUT candidate track slope
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DUT layer 1 residual
Entries  57479

Mean  0.01873− 

Std Dev    0.2921

DUT layer 1 residual
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DUT layer 1 residual
Entries  57479

Mean   0.0002377

Std Dev    0.08011

fit gaus mean :  -0.0033, fit gaus width 0.0303
/NDF : 48.88942χ : 4497.82, NDF : 92, 2χ

double gaussian fit
mean : -0.0029, fraction : 0.950
first width : 0.0269, second width : 0.0863
3 sigma width : 0.2003 -0.2061 = 0.4064

/NDF : 56.14152χ : 1628.10, NDF : 29, 2χ

DUT layer 1 residual
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Detection efficiency - comparison
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Comparing to the original method

Detection efficiency of l1 : 99.31+0.04
−0.04

Sum of cluster size of SCL0 and SCL2 > 1

Detection efficiency of l1 : 99.29+0.06
−0.07

Sum of cluster size of SCL0 and SCL2 > 2

Run52 U8

Detection efficiency of l1 : 99.19+0.04
−0.04 Detection efficiency of l1 : 99.25+0.06

−0.06

Run89 U10
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• Without the cuts of

• Camac_tdc[3]

• Camac_adc[1,2,3]

• INTT_event == 1

Ladder detection efficiency 
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Run52, U8

Detection efficiency of l1 : 99.31+0.04
−0.04

There is almost no correlation between the 
CAMAC parameters and the INTT hits

Detection efficiency of l1 : 99.18+0.04
−0.04

Run89, U10
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• Run52 MC, reduce the effi. of all three layers down to 95% 


• Run52 MC, reduce the effi. of all three layers down to 92% 

Macro test
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U11

U11
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Run 89, two behaviors
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Behavior 2 : slope big → middle-layer residual big 

Only l2 cluster moves 

l2l1l0

Satellite peak, seesaw behavior

Seesaw !
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• The preliminary results show that the detection efficiency of the middle 
layer can be up to 99% by using the DUT method (Geometry method)


• The MC was checked as well to test the algorithm. Based on current 
test results, the algorithm is capable to reflect the true efficiency


• The satellite peak region of run89  seems to be made of two behaviors. 
Further check is required

Summary
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