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INTT Beam Test 2021
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A new testbeam experiment was performed at the end of 2021, ELPH, Japan.

Mian goals : 

1. measure the detection efficiency again.

2. answer the question why the efficiency can 

be only up to 96% in testbeam 2019 ?
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Tracking algorithm
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1. In one event, only the best track is studied.

2. Particle tracks are assumed to be straight lines.


→ Low radiation length of INTT ladder.

→ Zero Magnet environment.


3. Event-profile.

Efficiency calculation (layer-0)
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Before efficiency - correction
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Before efficiency - alignment
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Before efficiency - alignment
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Layer-1 6
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Raw data from beam test 2021, single event.

Alignment on longitudinal axis 

INTT : strip detector → no resolution on X axis.

chan_id is close to each other, but one chip_id difference.

Preliminary efficiency test

U9U10U11U12L0

L1

L2
Charged particles

Longitudinal axis (X)

Z
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U9U10U11U12

A function “LoE_removal” is 
introduced to remove such event. 


Such event doesn’t contribute to the 
efficiency calculation.

Improvement, ~ 7 % for layer-2.
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Before efficiency - single chip selection
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Slide from Genki
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Residual, the simplest way Δ1 = ch1 − ch1,tracking = ch1 − ch0 + ch2
2

Δ2 = ch2 − ch2,tracking = ch2 − {ch1 + (ch1 − ch0)} = ch2 − 2ch1 + ch0 ( = Δ0)

Δ1 = ch1 − ch1,tracking Δ2 = ch2 − ch2,tracking

Residual as a function of chip column

Run89
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Alignment correction, ladder2, Run89

Residuals are consistent within uncertainty.

But there might be chip dependence.

The amount of correction might be chip dependent.

Current solution (simple) : select 
only one chip for efficiency study.


Statistic seems to be still enough 
(all BCO group is included).

Run52

https://indico.bnl.gov/event/15114/contributions/61186/attachments/40246/67178/20220317_analysis.pdf
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Before efficiency - determination
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In principle, the efficiency 
increases as window size enlarges.

Current determination : 3σ of the double Gaussian 
fitting on the layer-1 residual distribution of each run.
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Run 52, all BCO group, U8 slot only

Window cut : 0.205 mm 

L1 alignment : -0.2908 mm

Detection efficiency vs boundary cut 

To suppress the effect of 
the Coulomb scattering.

Current decision :

edge 5 channels are ignored.
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Detection efficiency
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Chip selection single highest entry
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Window cut float 3σ of double Gaus
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Detection eff. vs run ID 

The detection efficiency can be up to 99.7%, all layers 99%.

Fits the sPHENIX requirement !
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Detection efficiency
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• One hypothesis to explain the efficiency of testbeam 2019 : 

• The beam clock and the INTT clock were not synchronized.

• The INTT may not have enough time save all hits.


• In testbeam 2021, we were able to measure the event process 
time (BCO phase).
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Detection efficiency
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Approach 1, all checked runs, except run 58.

Approach 2, layer-1 of run 58

The event process time (BCO phase) seems to be independent to the 
efficiency, it could be due to too high event rate → INTT cosmic telescope !

Old result, only first BCO group
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INTT ladder energy deposit
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FPHX chip : 3 bits → only 8 bins to describe the distribution. 

To cover the full energy deposit distribution of ladder and have good resolution → DAC Scan

run 1 run 2 run 3 run 4 run 5 run 6 run 7 run 8
adc0 8 28 48 68 88 108 128 148
adc1 12 32 52 72 92 112 132 152
adc2 16 36 56 76 96 116 136 156
adc3 20 40 60 80 100 120 140 160
adc4 24 44 64 84 104 124 144 164
adc5 28 48 68 88 108 128 148 168
adc6 32 52 72 92 112 132 152 172
adc7 36 56 76 96 116 136 156 176
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DAC Scan : 

1. Narrow range, multiple runs.

2. Each run has 3 bins with same adc setting 

as the setting of previous run.

3. 5th and 6th bins : overlapping bins for 

scaling between distributions.

4. 7th bin : overflow bin, neglect.

The adc setting of each run

Run 1 Run 2 Run 3

Run 4 Run 5 Run 6

Run 7 Run 8

Overflow bin
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INTT ladder energy deposit
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 0.288± Width = 4.400  •

 0.406± MIP = 71.427  •

 385.27± Area = 20489.48  •

 0.732± sigma = 10.331  •

/ndf = 845.726/16 = 52.8582χ •

root con method

 7.76± Size = 180.02  •

 0.40± MPV = 72.53  •

 0.28± Land width = 4.40 •

 0.73± Gaus width = 10.33 •

/ndf = 845.6/16 = 52.852χ •
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DAC Scan all l1

Hoa method

 0.170± Width = 1.093  •

 0.426± MIP = 75.422  •

 290.29± Area = 19262.15  •

 0.307± sigma = 16.854  •

/ndf = 52.053/19 = 2.7402χ •

root con method

 131.54± Size = 440.46  •

 0.78± MPV = 75.94  •

 0.34± Land width = 1.03 •

 0.48± Gaus width = 16.94 •

/ndf = 52.0/19 = 2.742χ •
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 0.335± Width = 2.669  •

 0.528± MIP = 73.946  •

 357.88± Area = 24200.40  •

 0.456± sigma = 14.945  •

/ndf = 98.675/19 = 5.1932χ •

root con method

 22.80± Size = 242.28  •

 0.46± MPV = 74.67  •

 0.33± Land width = 2.67 •
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Layer-0 Layer-1 Layer-2

1. Only the good events

→ low noise


2. Once single hit

15 ~ 20 adc seems to be a good range for threshold setting to reject most of the noise. 
Average MPV of the distributions : 73.6 adc

Fitting function : Landau convolute with Gaussian

Histogram matching



Cheng-Wei Shih (NCUHEP, Taiwan)INTT collaboration meeting

Coulomb scattering angle
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Fitting function : Gaussian + student’s t

 : student-tailν

Data

 : student-tailν

Geant4 model of testbeam 2021

The discrepancy between the data and MC is big, requires further investigation.
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• DAC Scan edep difference, 2019 and 2021


• Offset determination


• Felix & FEM # of event difference


• Run 88 & 89 - satellite peak


• Asymmetry hit distribution


• Scattering angle

Unresolved issues

15
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Unresolved problem - edep difference
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Fit parameters - Signal

 0.170± Width = 1.093  •

 0.426± MIP = 75.422  •

 290.29± Area = 19262.15  •

 0.307± sigma = 16.854  •

Fit quality

/ndf = 52.053/19 = 2.7402χ •

DAC Scan all l1

Testbeam2021, 50 V

Positron beam, 1 GeV

Testbeam2019, 100 V

Proton beam, 120 GeV

The peaks are different

Currently best guess, slide from Itaru
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Based on series of the studies and 
theory,  2019 edep seems to be correct.


2021 edep should be higher 
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Unresolved problem - Offset
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Offset value 200 mV from the experiment of NWU.
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Unresolved problem - Offset
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Beam Beam energy silicon 
thickness (um) edep (keV) Paper link note 

1 Proton 1 GeV 300 um 130.8 ± 3.8 keV link1

2 Proton 115 GeV 300 um 85.5 ± 2.8 keV link1

3 Proton 50 GeV 300 um 85.79 keV link2

4 Proton 50 GeV 320 um 92.4389 keV link2 interpolation from 
link2, Table 2

5 Proton 12 GeV 320 um 90.158 keV link3 Extrapolation from 
link3, Figure 11

6 Proton 120 GeV 320 um 111.697 keV Testbeam2019, 

Gain 100, Offset 200

7 Proton 120 GeV 320 um 93.297 keV Testbeam2019, 

Gain 100, Offset 280

For testbeam2019, the peak with a setting of gain 100 and offset 280 can be consistent 
with other experiments. 

https://journals.aps.org/pra/pdf/10.1103/PhysRevA.28.615
https://journals.aps.org/pra/pdf/10.1103/PhysRevA.28.615
https://iopscience.iop.org/article/10.1088/1748-0221/17/01/P01015/pdf
https://iopscience.iop.org/article/10.1088/1748-0221/17/01/P01015/pdf
https://iopscience.iop.org/article/10.1088/1748-0221/6/06/P06013/pdf
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Unresolved problem - Offset
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(Fine bin)

*without bin width correction
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Unresolved problem - Felix & FEM event num. difference
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Data Setup 
Ladder: PB1-L007N

Duration: 5 min

90Sr: below chip2&15

FEM readout Felix readout Felix/FEM
Measurement

Duration (min) 5 Measurement


Duration (min) 5
Parameters Module, chip, ch, ADC, BCO, BCOfull, etc Parameters Chip, ch, ADC, BCO, 
#hits from 
C3 port 2176188 #hits from 

C3 port 6973600 320%

#hits on 
chip2 from 
C3 port

867372
#hits on 
chip2 from 
C3 port

2359665 272%
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Hit map

• Question : the FEM board loses at least 50% ~ 65% of hits (or events), why the 
detection efficiency can be still up to 99.7% in the testeabm experiment ? 


• Hypothesis : what FEM loses is “the entire event” instead of “hit”.

→At the same test condition, the # of hit in BCO group should be the same.


• Experiment : source test, same source, distance, ladder. Only FEM/Felix change

Slide from Genki

!!!



Cheng-Wei Shih (NCUHEP, Taiwan)INTT collaboration meeting

Unresolved problem - Felix & FEM event num. difference
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Mean Std DeV

1747 3.335 1.790

1740 3.319 1.740

1225 2.198 1.691

1248 2.641 2.359

1753 3.061 1.800

1806 2.270 1.877

1732 2.185 1.337

1705 2.177 1.325

Mean Std DeV Mean 
ratio

Std DeV 
ratio

002 1.488 0.822 2.24 2.18

003 1.484 0.820 2.24 2.12

004 1.230 0.529 1.79 3.20

005 1.302 0.713 2.03 3.31

006 1.486 0.824 2.06 2.19

007 1.247 0.576 1.82 3.26

008 1.262 0.568 1.73 2.35

009 1.251 0.554 1.74 2.39

Condition

source 1
source 2

BG 1
BG 2

source 3
BG 3

source 4
source 5

FelixFEM FEM/Felix FEM/Felix

Average 1.96 2.62
Std DeV 0.21 0.53
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Entries  2515
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before_clone_hit_check_hist

Entries  5029
Mean    1.247
Std Dev    0.5759

# of hits, file : source_test_042722_007

Mean 2.270

Std DeV 1.877

Mean 1.247

Std DeV 0.5759

FelixFEM

Example

For the case of FEM, it has 
more hits in one clock
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Unresolved problem - Satellite peak
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run52_no_clone.root
alignment, 0.2908 mm @ l1
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Still don’t know why
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Unresolved problem - asymmetry hit
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Ayaka’s slide 

U10 U23

Run 89, all BCO group are used

channel hit distribution, U10 + U23

TestBeam2021 TestBeam2019

Not smooth

Smooth

Run 52, smooth

https://indico.bnl.gov/event/6826/#2-analysis-status-by-ayaka
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Unresolved problem - asymmetry hit
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Measurements 
90Sr at a fixed position
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The Felix system obtained reasonable distributions at various positions of the radiation source.

The channel distributions obtained by the FEM had 2 dropping regions at both ends, which 
cannot be explained by physics.

Slide from Genki
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Unresolved problem -  
scattering angle
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RUN 52

Hint

Z axis

Future….? Z
Y

Plan : try to add noise hit first.
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MC - noise hit add
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Noise hit extraction
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Only check the good track event

Total cluster : 7

Considered as noise hit

Good track
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• A new beam test experiment was performed at the end of 2021, 
ELPH, Japan.


• Based on current analysis method, the efficiency can be up to 
99.7% and 99% for all three layers !


• The true effi. - bco phase relation has to rely on INTT telescope.


• Still some unresolved issues remaining. 


• Work hard to push it to the publication. 

Summary

28



Back up
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Step-1, first-order criteria

30

Assumption : 

1. No magnetic field, low radiation 

length → trajectory is a straight line

2. Only the best track is selected
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Step-2, slot selection

31
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Step-3, clustering

32
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Step-4, fitting

33
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Step-5, track quality check

34

Event-profile : 111
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Step-5, track quality check

35
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Testbeam2021 - original results
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Detection eff. vs run ID 

Layer 0
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Detection eff. vs run ID 

Chip selection all
BCO group first
Window cut fixed 0.205 mm

Transverse alignment V
Longitudinal misalignment rejection V

Boundary cut X
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Tracking macro test with MC
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Offset setting, info. found from papers
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Fit : Y = 3.23932e-01*X -1.12194e+01 

link 2 plot link 3 plot
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Window cut study
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Std dev 0.132 mm

Double gaus 0.1374 mm

Effective sigma 0.333 mm

3σ width of layer - 1

-0.5 mm to 0.5 mm is considered

Calculate with histogram

Calculate with raw data
minimum width to contain the 0.9973% 

(3 sigma) event 
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Window cut study
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Boundary cut 5 ch

run52_no_clone.root
alignment, 0.2908 mm @ l1

U8 || U21

Std dev 0.132 mm

Double gaus 0.1374 mm

Effective sigma 0.333 mm

3σ width of layer - 1

-0.5 mm to 0.5 mm is considered

Calculate with histogram

Calculate with raw data

* 0.205 mm : original cut, std method of run89
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Testbeam 2019 - run 615

41

Efficiency (U7)

Layer 0 93.55 ± 0.6%

Layer 1 63.9 ± 0.9%

Layer 2 85.8 ± 0.78%

Efficiency results from Ayaka 

Efficiency (U7)

Layer 0

Layer 1

Layer 2 89.30+0.48
−0.50 %

93.54+0.39
−0.42 %

57.84+0.63
−0.63 %

My results

Event condition Event condition Event condition

cond. 1 cond. 2 cond. 3 cond. 1 cond. 2 cond. 3 cond. 1 cond. 2 cond. 3

Only 2 layers have useful hits for most of the bad events. → not algorithm dependent

Layer ID determination seems to be incorrect
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# of hit (cluster) comparison
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Run 52 is used for the comparison

log scale

Goal : 

explain the discrepancy between 
data and MC by introducing the 

noise hit in MC ?
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# of hit (cluster) comparison
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MC, DAC Scan quantization
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MC quantization test

Fit with quantized MC
 0.241± Land width = 7.266  •

 0.209± MPV = 87.120  •

 422.37± Area = 29146.71  •

 0.436± Gaus width = 4.545  •

Quantized MC Quantized Fit Raw MC Raw Fit
Fit with raw MC

 0.248± Land width = 6.842  •

 0.200± MPV = 87.108  •

 417.46± Area = 28793.00  •

 0.421± Gaus width = 5.372  •

Gain : 100, Offset : 200 mµSensor active thickness : 297.05 

MC quantization test
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DAC Scan all l1
Gain : 100, Offset : 200 mµSensor active thickness : 294.66 

Data - fit
 6.14± Land width = 1.093 •

 15.36± MVP = 75.417 •

 8.04± Area = 14.82 •

 10.60± Gaus width = 16.856 •

/ndf : 52.096/19 = 2.742χ •

MC - fit
 12.37± Land width = 7.116 •

 9.44± MVP = 86.517 •

 10.41± Area = 15.09 •

 19.36± Gaus width = 5.193 •

/ndf : 17.746/19 = 0.932χ •

Data Data fit MC MC fit

DAC Scan all l1



C. W. Shih (NCU) & G. Nukazuka (RBRC)

INTT Beam Test Results

and Unresolved Issues

INTT collaboration meeting

Aug 16 & 17, 2022


