
IVData analysis for the detection efficiency
G. Nukazuka (RBRC)

Past reports:

I. Jan/27/2022 (clone hits)

II. Feb/24/2022 (BCO grouping, clustering)

III. Mar/17/2022 (alignment)

https://indico.bnl.gov/event/14633/contributions/59702/attachments/39563/65627/20220127_clone-hits.pdf
https://indico.bnl.gov/event/14958/contributions/60579/attachments/40002/66675/20220224_analysis.pdf
https://indico.bnl.gov/event/15114/contributions/61186/attachments/40246/67178/20220317_analysis.pdf
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Homework: Beam stability
Run89, channel distributions,

The hottest chip (chip10 for run89)

after clustering

x-axis: trigger ID ~ time

since data was written to a file chronologically.
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Hits only on the hottest chip of the 
upstream ladder (ladder0) are used.

Time dependence of the beam profile 
in a run is negligible.
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Homework: 
Beam 
stability
x-axis: #run + trigger ID

y-axis: channel dists. of 
            the hottest chip column

Channel distribution was affected 
by our activity.

The beam was more or less stable.

DAC scan, low stats

DAC scan, low stats

DAC scan, low stats

+Lead runrotated runs

mass production
rotated runs

delay 
modification

delay 
modification

best runs



Homework: Can I remove the lines ?
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-50

maybe the minimum of the residual

e.g. min (Δ1(ch1, ch1,tracking = 50)) = − 50

the maximum line
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Homework: Can I remove the lines ?

masking ch0 of the ladder1

(1≦ ch1)
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-50

maybe the minimum of the residual

e.g. min (Δ1(ch1, ch1,tracking = 50)) = − 50

the maximum line

The minimum line gets slightly narrower 
but exists clearly.
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Homework: Can I remove the lines ?

masking ch0 of the ladder1

(1≦ ch1)
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-50

maybe the minimum of the residual

e.g. min (Δ1(ch1, ch1,tracking = 50)) = − 50

the maximum line

The minimum line gets slightly narrower 
but exists clearly.
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(4≦ ch1)
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maybe the minimum of the residual

e.g. min (Δ1(ch1, ch1,tracking = 50)) = − 50

the maximum line

The minimum line gets slightly narrower 
but exists clearly.

0 50 100 150 200 250

200−

100−

0

100

200

Entries  42904
Mean x    63.5
Mean y   3.505
Std Dev x   35.64
Std Dev y   2.691

0

50

100

150

200

250

Entries  42904
Mean x    63.5
Mean y   3.505
Std Dev x   35.64
Std Dev y   2.691

chan_id[1] - (chan_id[0]+chan_id[2])/2:(chan_id[0]+chan_id[2])/2 {Length$(adc)==3 && module[0]==1 && module[1]==6 && module[2]==5 && chip_id[0]==10 && chip_id[1]==10 && chip_id[2]==10 && chan_id[1]>=4}

(4≦ ch1)

0 50 100 150 200 250

200−

100−

0

100

200

Entries  43181
Mean x   66.58
Mean y   3.305
Std Dev x   35.99
Std Dev y   4.001

0

50

100

150

200

250

Entries  43181
Mean x   66.58
Mean y   3.305
Std Dev x   35.99
Std Dev y   4.001

chan_id[1] - (chan_id[0]+chan_id[2])/2:chan_id[1] {Length$(adc)==3 && module[0]==1 && module[1]==6 && module[2]==5 && chip_id[0]==10 && chip_id[1]==10 && chip_id[2]==10}

ch1

flat distribution 
in ch1<5

The origin of the flat distribution 
found in the residual 
distributions are not clear…



Plan to get the efficiency

Eff. can be as a 
function of：

• run

• module

• chip

• ch

• BCO phase

• #BCO group

• RD or MC

Clone hits removal

Hits grouping with BCO

Hits clustering

Data generationData correction Tracking

Ladder alignmentData format conversion

✔ (✔)

(✔)

Efficiency calc.

some

iterations

Experiment data MC data

Check

Check

Check

Check

reported on Jan/27/2022
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1E+02
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1E+04
1E+05
1E+06

|⊿BCO|
0 5 10 15 20

clones hits within 
5 BCO diff. thrown away

✔

reported on Feb/24/2022

✔

✔

https://indico.bnl.gov/event/14633/contributions/59702/attachments/39563/65627/20220127_clone-hits.pdf
https://indico.bnl.gov/event/14958/contributions/60579/attachments/40002/66675/20220224_analysis.pdf


Detection efficiency, Beam track definition

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

ch0

ch2

ch2,tracking

ladder 0 ladder 2

beam
tracking line


( ladder 0 & 1)

For example:

The tested ladder: ladder1 (middle)

The testing ladders: ladder0 and ladder2


Beam track definition

Data selection: The testing ladders can only have a cluster on the testing chip column.

y = ax + b
P1(i, chi)

P2( j, chj)

tracking line

( ladder 0 & 2)

More selections are possible:

• single/multiple hit cluster

• DAC value

• Hit channel(s)

• the predicted hit position

• #ADC0, 1,… in the clusters

• the slope and/or the intercept of 

the beam track



For example:

The tested ladder: ladder1 (middle)

The testing ladders: ladder0 and ladder2


Beam track definition

Data selection: The testing ladders can only have a cluster on the testing chip column.


Hit search

Data selection: The tested ladder can only have clusters on the tested chip column otherwise this test is skipped.

The closest hit to the predicted position is hired.

Detection efficiency, Hit search and distance to the predicted point

Δ = chclosest − chk,tracking

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

ch0

ch2

ch1,tracking

ch2,tracking

ladder 0 ladder 2

beam
tracking line


( ladder 0 & 2)
tracking line


( ladder 0 & 1)

← this one

P1(i, chi)

P2( j, chj)

y = ax + b
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Numerator

#successful tracking = 53235


Difference of the closest hit and the predicted hit position

53235 - 52892 = 343 cases: Hit was not found on ladder 1 chip col. 10

Detection efficiency, Run89 ladder1 chip10

Δ = chclosest − chk,tracking

ε ≡
N(hi ∩ hj ∩ hk)

N(hi ∩ hj)
, (i ≠ j ≠ k)

! no additional cut applied !
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#successful tracking = 53235


Difference of the closest hit and the predicted hit position

53235 - 52892 = 343 cases: Hit was not found on ladder 1 chip col. 10

Mean and std dev are estimated by fitting with 2 gaussians (need to be 
done in better way)


Denominator

If all accepted: 52892 → 0.994

Detection efficiency, Run89 ladder1 chip10

Δ = chclosest − chk,tracking

ε ≡
N(hi ∩ hj ∩ hk)

N(hi ∩ hj)
, (i ≠ j ≠ k)

! no additional cut applied !
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 ): σ 1 ±* -0.551ch - 0.528ch(-0.0115 
-0.00192
+0.0019139146 / 53235 =0.735 

 ): σ 2 ±* -1.09ch - 1.07ch(-0.0115 
-0.00123
+0.0012248611 / 53235 =0.913 

 ): σ 3 ±* -1.63ch - 1.61ch(-0.0115 
-0.00107
+0.0010549857 / 53235 =0.937 
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Difference of the closest hit and the predicted hit position

53235 - 52892 = 343 cases: Hit was not found on ladder 1 chip col. 10

Mean and std dev are estimated by fitting with 2 gaussians (need to be 
done in better way)


Denominator

If all accepted: 52892 → 0.994

Mean ± σ     : 39146 → 0.735

Mean ± 2σ    : 48611 → 0.913

Mean ± 3σ    : 49857 → 0.937

Detection efficiency, Run89 ladder1 chip10

Δ = chclosest − chk,tracking

ε ≡
N(hi ∩ hj ∩ hk)

N(hi ∩ hj)
, (i ≠ j ≠ k)

! no additional cut applied !
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Detection efficiency, Run89 ladder1 chip8, 9, 10, 11, 12

chip σ denominator numerator ε error
8 -1 3056 3078 0.993 2E-03
8 1 1644 3078 0.534 9E-03
8 2 2252 3078 0.732 8E-03
8 3 2498 3078 0.812 7E-03
9 -1 16781 16881 0.994 6E-04
9 1 12686 16881 0.751 3E-03
9 2 14783 16881 0.876 3E-03
9 3 15300 16881 0.906 2E-03
10 -1 52892 53235 0.994 4E-04
10 1 39146 53235 0.735 2E-03
10 2 48611 53235 0.913 1E-03
10 3 49857 53235 0.937 1E-03
11 -1 39111 39371 0.993 4E-04
11 1 28453 39371 0.723 2E-03
11 2 35659 39371 0.906 1E-03
11 3 36544 39371 0.928 1E-03
12 -1 439 443 0.991 6E-03
12 1 248 443 0.560 2E-02
12 2 314 443 0.709 2E-02
12 3 354 443 0.799 2E-02

! no additional cut applied !

If a sigma window is not required, the efficiency reaches to 0.994.

± σ, 2σ windows are too narrown.b. The same alignment correction obtained from chip col. 10 was applied.
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Detection efficiency, Run89 ladder0, 1 2, chip8, 9, 10, 11, 12
! no additional cut applied !

no sigma:0.977, 0.992, 0.994, 0.994, 0.943

3σ     :0.778, 0.898, 0.940, 0.939, 0.693

no sigma:0.993, 0.994, 0.994, 0.993, 0.991

3σ     :0.812, 0.906, 0.937, 0.928, 0.799

no sigma:0.952, 0.960, 0.954, 0.942, 0.957

3σ     :0.778, 0.863, 0.894, 0.883, 0.706
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Entries  64361

Mean   0.06403

Std Dev     4.961
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Mean   0.06403

Std Dev     4.961
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ladder0_chip10
Entries  64361
Mean   0.4378
Std Dev     1.136

 / ndf 2χ    409 / 141
p0        1.366e+02± 2.735e+04 
p1        0.0038± 0.4609 
p2        0.0027± 0.9005 
p3        26.3±   280 
p4        0.07380±0.02444 − 
p5        0.044± 3.165 

ladder0_chip10
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Entries  64361
Mean   0.4378
Std Dev     1.136

 / ndf 2χ    409 / 141
p0        1.366e+02± 2.735e+04 
p1        0.0038± 0.4609 
p2        0.0027± 0.9005 
p3        26.3±   280 
p4        0.07380±0.02444 − 
p5        0.044± 3.165 
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 / ndf 2χ    409 / 141
p0        1.366e+02± 2.735e+04 
p1        0.0038± 0.4609 
p2        0.0027± 0.9005 
p3        26.3±   280 
p4        0.07380±0.02444 − 
p5        0.044± 3.165 

 ): σ 1 ±* -0.44ch - 1.36ch(0.461 
-0.00187
+0.0018742255 / 64500 =0.655 

 ): σ 2 ±* -1.34ch - 2.26ch(0.461 
-0.00098
+0.00096660308 / 64500 =0.935 

 ): σ 3 ±* -2.24ch - 3.16ch(0.461 
-0.000595
+0.0005863055 / 64500 =0.978 

Detection efficiency, MC for Run89 ! no additional cut applied !

The same analysis was performed to MC data (latest version).

Alignment correction was not applied because it’s not needed.

Contribution of largely scattered beam is clearly seen in the ⊿ distribution.

→ Even 3 σ window may be too narrow if gaussian width is used.
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 / ndf 2χ    409 / 141
p0        1.366e+02± 2.735e+04 
p1        0.0038± 0.4609 
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p3        26.3±   280 
p4        0.07380±0.02444 − 
p5        0.044± 3.165 
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p5        0.044± 3.165 
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p0        1.366e+02± 2.735e+04 
p1        0.0038± 0.4609 
p2        0.0027± 0.9005 
p3        26.3±   280 
p4        0.07380±0.02444 − 
p5        0.044± 3.165 

 ): σ 1 ±* -0.44ch - 1.36ch(0.461 
-0.00187
+0.0018742255 / 64500 =0.655 

 ): σ 2 ±* -1.34ch - 2.26ch(0.461 
-0.00098
+0.00096660308 / 64500 =0.935 

 ): σ 3 ±* -2.24ch - 3.16ch(0.461 
-0.000595
+0.0005863055 / 64500 =0.978 

Detection efficiency, MC for Run89 ! no additional cut applied !

real data
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 / ndf 2χ   1574 / 245
p0        2.40e+02± 3.68e+04 
p1        0.00241±0.01153 − 
p2        0.0027± 0.5393 
p3        18.0± 226.6 
p4        0.147± 3.324 
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 / ndf 2χ   1574 / 245
p0        2.40e+02± 3.68e+04 
p1        0.00241±0.01153 − 
p2        0.0027± 0.5393 
p3        18.0± 226.6 
p4        0.147± 3.324 
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 / ndf 2χ   1574 / 245
p0        2.40e+02± 3.68e+04 
p1        0.00241±0.01153 − 
p2        0.0027± 0.5393 
p3        18.0± 226.6 
p4        0.147± 3.324 

 ): σ 1 ±* -0.551ch - 0.528ch(-0.0115 
-0.00192
+0.0019139146 / 53235 =0.735 

 ): σ 2 ±* -1.09ch - 1.07ch(-0.0115 
-0.00123
+0.0012248611 / 53235 =0.913 

 ): σ 3 ±* -1.63ch - 1.61ch(-0.0115 
-0.00107
+0.0010549857 / 53235 =0.937 
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MC data
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p1        0.0038± 0.4609 
p2        0.0027± 0.9005 
p3        26.3±   280 
p4        0.07380±0.02444 − 
p5        0.044± 3.165 

 ): σ 1 ±* -0.44ch - 1.36ch(0.461 
-0.00187
+0.0018742255 / 64500 =0.655 

 ): σ 2 ±* -1.34ch - 2.26ch(0.461 
-0.00098
+0.00096660308 / 64500 =0.935 

 ): σ 3 ±* -2.24ch - 3.16ch(0.461 
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Detection efficiency, MC for Run89 ! no additional cut applied !

no sigma: >0.997

3σ     : >0.97

no sigma: >0.998

3σ     : >0.98

no sigma: >0.996

3σ     : >0.97

The same analysis was performed to MC data (latest version).

Alignment correction was not applied because it’s not needed.

Contribution of largely scattered beam is clearly seen in the ⊿ distribution.

→ Even 3 σ window may be too narrow if gaussian width is used.


Detection efficiency without the sigma window is ~99.7%.

Detection efficiency without 3 σ window is ~97%.

No chip dependence was found, of course.

MC data for run89 MC data for run89 MC data for run89
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 / ndf 2χ   1574 / 245
p0        2.40e+02± 3.68e+04 
p1        0.00241±0.01153 − 
p2        0.0027± 0.5393 
p3        18.0± 226.6 
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 / ndf 2χ   1574 / 245
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p1        0.00241±0.01153 − 
p2        0.0027± 0.5393 
p3        18.0± 226.6 
p4        0.147± 3.324 
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 / ndf 2χ   1574 / 245
p0        2.40e+02± 3.68e+04 
p1        0.00241±0.01153 − 
p2        0.0027± 0.5393 
p3        18.0± 226.6 
p4        0.147± 3.324 

 ): σ 1 ±* -0.551ch - 0.528ch(-0.0115 
-0.00192
+0.0019139146 / 53235 =0.735 

 ): σ 2 ±* -1.09ch - 1.07ch(-0.0115 
-0.00123
+0.0012248611 / 53235 =0.913 

 ): σ 3 ±* -1.63ch - 1.61ch(-0.0115 
-0.00107
+0.0010549857 / 53235 =0.937 

Detection efficiency, additional cut(s) for Run89 ladder1 chip10
No sigma window cut

chip σ denominator numerator ε error

(upper)

error

(lower)

no additional cut 10 -1 52892 53235 0.994 0.000 0.000

only single hit clusters 10 -1 31511 31749 0.993 0.000 0.001

multi hit clusters 10 -1 2711 2723 0.996 0.001 0.002

central area 10 -1 33658 33918 0.992 0.000 0.001

no ADC0 10 -1 39630 39821 0.995 0.000 0.000

straight beam track 10 -1 14731 14816 0.994 0.001 0.001

• central area: 20<chtesting<120, 20<chtracking<120

• no ADC0: clusters don’t have a hit with ADC0 on the testing ladders
 • straight beam track: |chtesting, 1 - chtesting, 2| < 3 ch

3 σ window

chip σ denominator numerator ε error

(upper)

error

(lower)

10 3 49857 53235 0.937 0.001 0.001

10 3 29822 31749 0.939 0.001 0.001

10 -1 2723

10 3 32016 33918 0.944 0.001 0.001

10 3 37479 39821 0.941 0.001 0.001

10 3 14232 14816 0.961 0.002 0.002
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p4        0.206± 2.561 

 ): σ 1 ±* -0.609ch - 0.467ch(-0.0706 
-0.00363
+0.003610974 / 14816 =0.741 

 ): σ 2 ±* -1.15ch - 1.01ch(-0.0706 
-0.00199
+0.0019313945 / 14816 =0.941 

 ): σ 3 ±* -1.68ch - 1.54ch(-0.0706 
-0.00166
+0.0015914232 / 14816 =0.961 
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p1        0.00456±0.07063 − 
p2        0.0049± 0.5381 
p3        10.50± 58.86 
p4        0.206± 2.561 

 ): σ 1 ±* -0.609ch - 0.467ch(-0.0706 
-0.00363
+0.003610974 / 14816 =0.741 

 ): σ 2 ±* -1.15ch - 1.01ch(-0.0706 
-0.00199
+0.0019313945 / 14816 =0.941 

 ): σ 3 ±* -1.68ch - 1.54ch(-0.0706 
-0.00166
+0.0015914232 / 14816 =0.961 
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 / ndf 2χ   1574 / 245
p0        2.40e+02± 3.68e+04 
p1        0.00241±0.01153 − 
p2        0.0027± 0.5393 
p3        18.0± 226.6 
p4        0.147± 3.324 

 ): σ 1 ±* -0.551ch - 0.528ch(-0.0115 
-0.00192
+0.0019139146 / 53235 =0.735 

 ): σ 2 ±* -1.09ch - 1.07ch(-0.0115 
-0.00123
+0.0012248611 / 53235 =0.913 

 ): σ 3 ±* -1.63ch - 1.61ch(-0.0115 
-0.00107
+0.0010549857 / 53235 =0.937 

Cuts increase efficiency a little bit.

Correlation of parameters to ⊿ 
need to be checked.

no additional cut straight beam track



Detection efficiency, comparison

No sigma window cut
chip σ ε


Ladder 0
ε


Ladder 1
ε


Ladder 2

Genki, no additional cut 10 -1 0.994 0.994 0.954

Genki, straight beam track 10 -1 0.981 0.994 0.963

3 σ window
chip σ ε


Ladder 0
ε


Ladder 1
ε


Ladder 2

10 3 0.940 0.937 0.894

10 3 0.883 0.961 0.921

Analsis Run ε (%)

Ladder 0

ε (%)

Ladder 1

ε (%)

Ladder 2

Cheng-Wei 89

Miu
87

88

89

99.53 
±0.02

99.39 
±0.03

99.56 
±0.02

FNAL in 
2019 96.0±0.5

Cosmic ray

by Genki 98.2+1.2

−2.4

99.3+0.2
−0.2 99.5+0.1

−0.2 97.1+0.3
−0.4

I have to do something more…



Correlation of ⊿ to…

beam track slope: small islands found

time: no

ch of the testing ladders: yes

Detection efficiency, for better results…

Slope of the beam track (ch)

⊿

trigger ID ~ time

ladder0

tested

ladder1

tested

ladder2

tested

ladder1

tested

chtesting

testing

ladder


upstream

testing

ladder


downstream

ladder0

tested

ladder1

tested

ladder2

tested

ladder0

tested

ladder1

tested

ladder2

tested
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Plan for QuarkMatter2022, current status
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Status of Barrels Assembly

May 25th, 2021:
Barrels Assembly

Review:
Very Successful

Review

Taiwan
Class 1 (  #bad ch ≦ 0.5%) 11
Class 2 ( 0.5% < bad ≦ 1%) 2
Class 3 (   1% < bad ≦ 2%) 0
Class 4 (   2% < bad ≦ 3%) 0

not tested 2
used for practice 2
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