
VData 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)

IV. Mar/24/2022 (detection efficiency)

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
https://indico.bnl.gov/event/15280/contributions/61735/attachments/40322/67310/20220324_analysis.pdf


Issue: Analyzer dependence of the detection efficiency
Detection efficiency analysis of Run89 were done by Chen-Wei, Miu, and me. 
The results without the sigma window cut to the residual distributions were consistent 
while with 3-sigma window cut look inconsistent.

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

Chen-Wei, ELPH poster

Chen-Wei, new (3/24)

Miu 10 -1 0.995 0.994 0.996

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

all 3 0.993 0.995 0.971

10 3 0.992 0.998 0.991

10 3 0.977 0.984 0.969

The difference must be understood.



Issue: Analyzer dependence, tracking methods
From the conversation with Chen-Wei after the INTT meeting last week, I think got the 
point which made the difference.

Geometrical determination (Genki, Miu) Determination by fitting (Cheng-Wei)
testing testingtested

A cluster on each testing ladder are used for tracking.

The track can be determined uniquely:

y = ax + b p1 = (x1, y1) & p2 = (x2, y2)and

← the closest hit
Δ

The closest hit on the tested ladder to the predicted 
position by tracking is treated as a candidate.

testing testingtested

← the best hit
Δ

χ2orange: 17

χ2green: 3 
χ2blue: 24


A cluster on each testing ladder and one of a 
cluster on the tested are used for tracking.

A track is made by fitting to the 3 points with a 
straight line. The track with the smallest χ2 is 
hired.
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Issue: Analyzer dependence, tracking methods

ladder0

The fitting method always makes a moderate line to all hits.

The geometrical method never care the tested ladder 
so sometimes overestimates the residual.

These tracking methods give different residual distributions. It 
means the detection efficiency without the sigma window cut is 
consistent but different with the sigma window.

Δ

for testing ladder1 (geometrical)

for testing ladder2 (geometrical)

for testing all cases (fitting)

Δ Δ

Δ

ladder1 ladder2
obtained from 
the geometrical 
method 
by Genki

obtained from 
the fitting method 
by Cheng-Wei

The new results are 
shown in the next 
page.

obtained from 
the geometrical method 
by Miu



Issue: Analyzer dependence, trying the fitting method
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New results
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Geometrical method
Chen-Wei

Chen-Wei
Genki Genki

Residual (ch) Residual (ch)

Residual (ch)Residual (ch)

Residual (mm)

Note:

Genki → Cheng-wei: 256 ch ~ 20 mm

Cheng-Wei → Genki: 10 mm ~ 128 ch
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Note: My plots are updated from the ones sent to the INTT mailing list. There were bugs.
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Genki’s results: 
Residual distributions using the methods are different as expected. 
The flat background seen in the geometrical method is quite small in the fitting method. 
The positions of the satellite peak in ladder2 towards in opposite directions. I don’t 
understand why…


Cheng-Wei’s new results: 
New results were obtained using Genki’s data having no clone hits. 
The fitting method creates narrower distribution than the geometrical method. 
The satellite peak exists for all plots. They were not seen in the previous results (due to the 
scale of the y-axis?). 

Genki’s vs Cheng-Wei’s 
Results look consistent.
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Issue: Analyzer dependence, track slope cut

slope: channel difference when moving 
from a ladder to the next ladder

intercept: position at ladder0

y = ax + b p1 = (x1, y1) & p2 = (x2, y2)

|Δ | < 3σ
|chi − chk | < 3σ

z

y

intercept b

y = ax + b

a =
Δy
Δx

0 1 2 Track slope distributions

- Geometrical method

- Fitting methodRun89, chip10

|Δ | < 3σ
|chi − chk | < 3σ

As far as I understand, a requirement of small track slope is 
included in Chen-Wei’s analysis. The largest value required 
to the slope is the same as the 3-σ window cut.

Δ

|chi − chk |

Again, there are some discrepancy between the 2 methods, 
and I need to take time to investigate it…

Cheng-Wei,

ELPH2022
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Issue: Analyzer dependence, track slope cut to the residual dists.

y = ax + b p1 = (x1, y1) & p2 = (x2, y2)

|Δ | < 3σ
|chi − chk | < 3σ

Ladder0 Ladder1 Ladder2

|slope| < 4

No slope cut

|slope| < 16

The satellite peaks are strongly suppressed by the slope cut. 

Run89, chip10
The track slope cut |slope|<16 narrows the distributions.

The track slope cut |slope|<4  completely removes the satellite 
peak for all cases. It’s not due to less statistics because the 
hight of the peak is not so affected.

Chen-Wei applied |slope| < 3 in my understanding. This cut 
doesn’t improve my results somehow. Since the track slope 
distribution is not centered, I tried selecting events around the 
mean value (How large is fine?).
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Note: Track slope distribution 
from MC data distributes 
around 0.

→ My analysis codes don’t 
make a bias.
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p4        1.956± 3.529 
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p2        0.0035± 0.4216 
p3        25.13± 93.48 
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p2        0.0103± 0.4267 
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p4        0.216± 1.534 
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p2        0.0049± 0.4479 
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hist_denominator_ladder2_chip9
hist_denominator_ladder2_chip9
Entries  12651
Mean   0.1379
Std Dev    0.5018
Underflow       0
Overflow        0

 / ndf 2χ  5.993 / 5
p0        6.47e+02± 1.49e+04 
p1        0.00266± 0.08145 
p2        0.0020± 0.3766 
p3        4.83± 13.27 
p4        0.356± 1.913 

hist_denominator_ladder2_chip9
Entries  12651
Mean   0.1379
Std Dev    0.5018
Underflow       0
Overflow        0

 / ndf 2χ  5.993 / 5
p0        6.47e+02± 1.49e+04 
p1        0.00266± 0.08145 
p2        0.0020± 0.3766 
p3        4.83± 13.27 
p4        0.356± 1.913 

 ): σ 3 ±* -1.05ch - 1.21ch(0.0814 
-0.000959
+0.00087912605 / 12733 =0.99 

* -1.23ch - 1.4ch(99.73% CI)
-0.000914
+0.00083312618 / 12733 =0.991 

200− 100− 0 100 200

1

10

210

310

410

hist_denominator_ladder2_chip10
Entries  42597
Mean   0.09453
Std Dev    0.5059
Underflow       0
Overflow        0

 / ndf 2χ   17.6 / 9
p0        1.178e+03± 5.526e+04 
p1        0.00128± 0.04996 
p2        0.0009± 0.3596 
p3        13.22± 35.58 
p4        0.174± 1.299 

hist_denominator_ladder2_chip10
hist_denominator_ladder2_chip10
Entries  42597
Mean   0.09453
Std Dev    0.5059
Underflow       0
Overflow        0

 / ndf 2χ   17.6 / 9
p0        1.178e+03± 5.526e+04 
p1        0.00128± 0.04996 
p2        0.0009± 0.3596 
p3        13.22± 35.58 
p4        0.174± 1.299 

hist_denominator_ladder2_chip10
Entries  42597
Mean   0.09453
Std Dev    0.5059
Underflow       0
Overflow        0

 / ndf 2χ   17.6 / 9
p0        1.178e+03± 5.526e+04 
p1        0.00128± 0.04996 
p2        0.0009± 0.3596 
p3        13.22± 35.58 
p4        0.174± 1.299 

 ): σ 3 ±* -1.03ch - 1.13ch(0.05 
-0.000451
+0.00042842529 / 42872 =0.992 

* -1.08ch - 1.18ch(99.73% CI)
-0.000443
+0.0004242542 / 42872 =0.992 

200− 100− 0 100 200

1

10

210

310

410

hist_denominator_ladder2_chip11
Entries  31577
Mean  0.03612− 
Std Dev    0.5089
Underflow       0
Overflow        0

 / ndf 2χ  3.615 / 6
p0        8.012e+02± 3.553e+04 
p1        0.00180±0.02185 − 
p2        0.0053± 0.3917 
p3        2.544± 3.803 
p4        1.696± 3.303 

hist_denominator_ladder2_chip11
hist_denominator_ladder2_chip11
Entries  31577
Mean  0.03612− 
Std Dev    0.5089
Underflow       0
Overflow        0

 / ndf 2χ  3.615 / 6
p0        8.012e+02± 3.553e+04 
p1        0.00180±0.02185 − 
p2        0.0053± 0.3917 
p3        2.544± 3.803 
p4        1.696± 3.303 

hist_denominator_ladder2_chip11
Entries  31577
Mean  0.03612− 
Std Dev    0.5089
Underflow       0
Overflow        0

 / ndf 2χ  3.615 / 6
p0        8.012e+02± 3.553e+04 
p1        0.00180±0.02185 − 
p2        0.0053± 0.3917 
p3        2.544± 3.803 
p4        1.696± 3.303 

 ): σ 3 ±* -1.2ch - 1.15ch(-0.0218 
-0.000626
+0.00059531531 / 31899 =0.988 

* -1.23ch - 1.19ch(99.73% CI)
-0.000621
+0.0005931537 / 31899 =0.989 

200− 100− 0 100 200

1

10

hist_denominator_ladder2_chip12
Entries  77
Mean   0.01948
Std Dev      1.04
Underflow       0
Overflow        0

 / ndf 2χ  1.562 / 2
p0        9.35± 37.41 
p1        0.09266±0.01552 − 
p2        0.0676± 0.5934 
p3        2.762± 3.117 
p4        0.983± 2.759 

hist_denominator_ladder2_chip12
hist_denominator_ladder2_chip12
Entries  77
Mean   0.01948
Std Dev      1.04
Underflow       0
Overflow        0

 / ndf 2χ  1.562 / 2
p0        9.35± 37.41 
p1        0.09266±0.01552 − 
p2        0.0676± 0.5934 
p3        2.762± 3.117 
p4        0.983± 2.759 

hist_denominator_ladder2_chip12
Entries  77
Mean   0.01948
Std Dev      1.04
Underflow       0
Overflow        0

 / ndf 2χ  1.562 / 2
p0        9.35± 37.41 
p1        0.09266±0.01552 − 
p2        0.0676± 0.5934 
p3        2.762± 3.117 
p4        0.983± 2.759 

 ): σ 3 ±* -1.8ch - 1.76ch(-0.0155 
-0.047
+0.03569 / 77 =0.896 

* -7.16ch - 7.13ch(99.73% CI)
-0.0235
+077 / 77 =1 

chip8 chip9 chip10 chip11 chip12

ladder0

ladder1

ladder2

Residuals, Whole range

y = ax + b p1 = (x1, y1) & p2 = (x2, y2)



Residuals, Zoomed

y = ax + b p1 = (x1, y1) & p2 = (x2, y2)
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 / ndf 2χ  10.91 / 9
p0        1.975e+03± 5.392e+04 
p1        0.00130± 0.05022 
p2        0.0009± 0.3578 
p3        11.50± 32.09 
p4        0.180± 1.332 
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 / ndf 2χ  10.91 / 9
p0        1.975e+03± 5.392e+04 
p1        0.00130± 0.05022 
p2        0.0009± 0.3578 
p3        11.50± 32.09 
p4        0.180± 1.332 

 ): σ 3 ±* -1.02ch - 1.12ch(0.0502 
-0.000392
+0.00036841091 / 41326 =0.994 

* -1.07ch - 1.17ch(99.73% CI)
-0.000389
+0.00036541095 / 41326 =0.994 

6− 4− 2− 0 2 4 6

1

10

210

310

410

hist_denominator_ladder0_chip11
Entries  30386
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 / ndf 2χ  3.296 / 6
p0        8.233e+02± 3.466e+04 
p1        0.00179±0.02081 − 
p2        0.0054± 0.3885 
p3        2.128± 3.236 
p4        1.956± 3.529 
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 / ndf 2χ  3.296 / 6
p0        8.233e+02± 3.466e+04 
p1        0.00179±0.02081 − 
p2        0.0054± 0.3885 
p3        2.128± 3.236 
p4        1.956± 3.529 
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 / ndf 2χ  3.296 / 6
p0        8.233e+02± 3.466e+04 
p1        0.00179±0.02081 − 
p2        0.0054± 0.3885 
p3        2.128± 3.236 
p4        1.956± 3.529 

 ): σ 3 ±* -1.19ch - 1.14ch(-0.0208 
-0.000447
+0.00041430348 / 30510 =0.995 

* -1.22ch - 1.18ch(99.73% CI)
-0.000442
+0.00040830352 / 30510 =0.995 
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Mean   0.07895
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 / ndf 2χ  1.303 / 2
p0        8.7±  37.3 
p1        0.08862± 0.03271 
p2        0.0641± 0.5817 
p3        2.916± 3.108 
p4        0.968± 2.717 
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 / ndf 2χ  1.303 / 2
p0        8.7±  37.3 
p1        0.08862± 0.03271 
p2        0.0641± 0.5817 
p3        2.916± 3.108 
p4        0.968± 2.717 
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 / ndf 2χ  1.303 / 2
p0        8.7±  37.3 
p1        0.08862± 0.03271 
p2        0.0641± 0.5817 
p3        2.916± 3.108 
p4        0.968± 2.717 

 ): σ 3 ±* -1.71ch - 1.78ch(0.0327 
-0.0476
+0.035468 / 76 =0.895 

* -7ch - 7.07ch(99.73% CI)
-0.0238
+076 / 76 =1 
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 / ndf 2χ  20.26 / 16
p0        29.7± 688.9 
p1        0.0190±0.1481 − 
p2        0.0238± 0.5651 
p3        6.48± 12.96 
p4        0.789± 2.672 

hist_denominator_ladder1_chip8
hist_denominator_ladder1_chip8
Entries  1077
Mean  0.1206− 
Std Dev    0.9849
Underflow       0
Overflow        0

 / ndf 2χ  20.26 / 16
p0        29.7± 688.9 
p1        0.0190±0.1481 − 
p2        0.0238± 0.5651 
p3        6.48± 12.96 
p4        0.789± 2.672 
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 / ndf 2χ  20.26 / 16
p0        29.7± 688.9 
p1        0.0190±0.1481 − 
p2        0.0238± 0.5651 
p3        6.48± 12.96 
p4        0.789± 2.672 

 ): σ 3 ±* -1.84ch - 1.55ch(-0.148 
-0.00859
+0.007751009 / 1085 =0.93 

* -5.85ch - 5.55ch(99.73% CI)
-0.00503
+0.004041065 / 1085 =0.982 
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Entries  12279
Mean  0.1477− 
Std Dev    0.5704
Underflow       0
Overflow        0

 / ndf 2χ  91.29 / 53
p0        1.670e+02± 1.173e+04 
p1        0.0036±0.1065 − 
p2        0.0035± 0.4216 
p3        25.13± 93.48 
p4        0.155± 1.456 
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 / ndf 2χ  91.29 / 53
p0        1.670e+02± 1.173e+04 
p1        0.0036±0.1065 − 
p2        0.0035± 0.4216 
p3        25.13± 93.48 
p4        0.155± 1.456 
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 / ndf 2χ  91.29 / 53
p0        1.670e+02± 1.173e+04 
p1        0.0036±0.1065 − 
p2        0.0035± 0.4216 
p3        25.13± 93.48 
p4        0.155± 1.456 

 ): σ 3 ±* -1.37ch - 1.16ch(-0.106 
-0.00141
+0.0013312060 / 12340 =0.977 

* -2.5ch - 2.28ch(99.73% CI)
-0.00112
+0.0010412171 / 12340 =0.986 
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hist_denominator_ladder1_chip10
Entries  41625
Mean  0.1012− 
Std Dev    0.5525
Underflow       0
Overflow        0

 / ndf 2χ  232.2 / 105
p0        1.204e+03± 4.014e+04 
p1        0.00341±0.07098 − 
p2        0.0103± 0.4267 
p3        64.9± 152.5 
p4        0.216± 1.534 
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 / ndf 2χ  232.2 / 105
p0        1.204e+03± 4.014e+04 
p1        0.00341±0.07098 − 
p2        0.0103± 0.4267 
p3        64.9± 152.5 
p4        0.216± 1.534 
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 / ndf 2χ  232.2 / 105
p0        1.204e+03± 4.014e+04 
p1        0.00341±0.07098 − 
p2        0.0103± 0.4267 
p3        64.9± 152.5 
p4        0.216± 1.534 

 ): σ 3 ±* -1.35ch - 1.21ch(-0.071 
-0.000672
+0.00064941124 / 41883 =0.982 

* -2.04ch - 1.9ch(99.73% CI)
-0.000589
+0.00056641308 / 41883 =0.986 
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hist_denominator_ladder1_chip11
Entries  30904
Mean   0.03227
Std Dev    0.5564
Underflow       0
Overflow        0

 / ndf 2χ  224.9 / 128
p0        4.091e+02± 2.821e+04 
p1        0.00228± 0.02679 
p2        0.0049± 0.4479 
p3        11.46± 30.72 
p4        0.460± 2.608 
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 / ndf 2χ  224.9 / 128
p0        4.091e+02± 2.821e+04 
p1        0.00228± 0.02679 
p2        0.0049± 0.4479 
p3        11.46± 30.72 
p4        0.460± 2.608 
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 / ndf 2χ  224.9 / 128
p0        4.091e+02± 2.821e+04 
p1        0.00228± 0.02679 
p2        0.0049± 0.4479 
p3        11.46± 30.72 
p4        0.460± 2.608 

 ): σ 3 ±* -1.32ch - 1.37ch(0.0268 
-0.000819
+0.00078830478 / 31096 =0.98 

* -2.04ch - 2.1ch(99.73% CI)
-0.000738
+0.00070630601 / 31096 =0.984 
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 / ndf 2χ  25.28 / 8
p0        3.55± 26.64 
p1        0.1518± 0.2857 
p2        0.0841± 0.8045 
p3        2.10e+00±10 − 5.97e
p4        6.4±     1 
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 / ndf 2χ  25.28 / 8
p0        3.55± 26.64 
p1        0.1518± 0.2857 
p2        0.0841± 0.8045 
p3        2.10e+00±10 − 5.97e
p4        6.4±     1 
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 / ndf 2χ  25.28 / 8
p0        3.55± 26.64 
p1        0.1518± 0.2857 
p2        0.0841± 0.8045 
p3        2.10e+00±10 − 5.97e
p4        6.4±     1 

 ): σ 3 ±* -2.13ch - 2.7ch(0.286 
-0.0534
+0.044265 / 79 =0.823 

* -2.13ch - 2.7ch(99.73% CI)
-0.0534
+0.044265 / 79 =0.823 
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 / ndf 2χ  16.57 / 5
p0        61.2± 954.9 
p1        0.01277± 0.09636 
p2        0.0102± 0.4524 
p3        1.873± 2.984 
p4        1.739± 3.199 
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 / ndf 2χ  16.57 / 5
p0        61.2± 954.9 
p1        0.01277± 0.09636 
p2        0.0102± 0.4524 
p3        1.873± 2.984 
p4        1.739± 3.199 
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 / ndf 2χ  16.57 / 5
p0        61.2± 954.9 
p1        0.01277± 0.09636 
p2        0.0102± 0.4524 
p3        1.873± 2.984 
p4        1.739± 3.199 

 ): σ 3 ±* -1.26ch - 1.45ch(0.0964 
-0.00623
+0.005321068 / 1104 =0.967 

* -4.81ch - 5.01ch(99.73% CI)
-0.00368
+0.002651095 / 1104 =0.992 
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Entries  12651
Mean   0.1385
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 / ndf 2χ  5.993 / 5
p0        6.47e+02± 1.49e+04 
p1        0.00266± 0.08145 
p2        0.0020± 0.3766 
p3        4.83± 13.27 
p4        0.356± 1.913 
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 / ndf 2χ  5.993 / 5
p0        6.47e+02± 1.49e+04 
p1        0.00266± 0.08145 
p2        0.0020± 0.3766 
p3        4.83± 13.27 
p4        0.356± 1.913 
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 / ndf 2χ  5.993 / 5
p0        6.47e+02± 1.49e+04 
p1        0.00266± 0.08145 
p2        0.0020± 0.3766 
p3        4.83± 13.27 
p4        0.356± 1.913 

 ): σ 3 ±* -1.05ch - 1.21ch(0.0814 
-0.000959
+0.00087912605 / 12733 =0.99 

* -1.23ch - 1.4ch(99.73% CI)
-0.000914
+0.00083312618 / 12733 =0.991 
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Entries  42597
Mean   0.09498
Std Dev    0.4972
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 / ndf 2χ   17.6 / 9
p0        1.178e+03± 5.526e+04 
p1        0.00128± 0.04996 
p2        0.0009± 0.3596 
p3        13.22± 35.58 
p4        0.174± 1.299 
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 / ndf 2χ   17.6 / 9
p0        1.178e+03± 5.526e+04 
p1        0.00128± 0.04996 
p2        0.0009± 0.3596 
p3        13.22± 35.58 
p4        0.174± 1.299 
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 / ndf 2χ   17.6 / 9
p0        1.178e+03± 5.526e+04 
p1        0.00128± 0.04996 
p2        0.0009± 0.3596 
p3        13.22± 35.58 
p4        0.174± 1.299 

 ): σ 3 ±* -1.03ch - 1.13ch(0.05 
-0.000451
+0.00042842529 / 42872 =0.992 

* -1.08ch - 1.18ch(99.73% CI)
-0.000443
+0.0004242542 / 42872 =0.992 
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hist_denominator_ladder2_chip11
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Mean  0.03612− 
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 / ndf 2χ  3.615 / 6
p0        8.012e+02± 3.553e+04 
p1        0.00180±0.02185 − 
p2        0.0053± 0.3917 
p3        2.544± 3.803 
p4        1.696± 3.303 
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 / ndf 2χ  3.615 / 6
p0        8.012e+02± 3.553e+04 
p1        0.00180±0.02185 − 
p2        0.0053± 0.3917 
p3        2.544± 3.803 
p4        1.696± 3.303 
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 / ndf 2χ  3.615 / 6
p0        8.012e+02± 3.553e+04 
p1        0.00180±0.02185 − 
p2        0.0053± 0.3917 
p3        2.544± 3.803 
p4        1.696± 3.303 

 ): σ 3 ±* -1.2ch - 1.15ch(-0.0218 
-0.000626
+0.00059531531 / 31899 =0.988 

* -1.23ch - 1.19ch(99.73% CI)
-0.000621
+0.0005931537 / 31899 =0.989 
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 / ndf 2χ  1.562 / 2
p0        9.35± 37.41 
p1        0.09266±0.01552 − 
p2        0.0676± 0.5934 
p3        2.762± 3.117 
p4        0.983± 2.759 
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 / ndf 2χ  1.562 / 2
p0        9.35± 37.41 
p1        0.09266±0.01552 − 
p2        0.0676± 0.5934 
p3        2.762± 3.117 
p4        0.983± 2.759 
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 / ndf 2χ  1.562 / 2
p0        9.35± 37.41 
p1        0.09266±0.01552 − 
p2        0.0676± 0.5934 
p3        2.762± 3.117 
p4        0.983± 2.759 

 ): σ 3 ±* -1.8ch - 1.76ch(-0.0155 
-0.047
+0.03569 / 77 =0.896 

* -7.16ch - 7.13ch(99.73% CI)
-0.0235
+077 / 77 =1 
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 / ndf 2χ  24.88 / 2
p0        7.051e+02± 2.541e+04 
p1        0.00222±0.02305 − 
p2        0.0063± 0.3872 
p3        0.94±  2.36 
p4        7.4±    10 
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 / ndf 2χ  24.88 / 2
p0        7.051e+02± 2.541e+04 
p1        0.00222±0.02305 − 
p2        0.0063± 0.3872 
p3        0.94±  2.36 
p4        7.4±    10 
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 / ndf 2χ  24.88 / 2
p0        7.051e+02± 2.541e+04 
p1        0.00222±0.02305 − 
p2        0.0063± 0.3872 
p3        0.94±  2.36 
p4        7.4±    10 

 ): σ 3 ±* -1.18ch - 1.14ch(-0.023 
-0.00041
+0.00036322136 / 22202 =0.997 

* -1.36ch - 1.31ch(99.73% CI)
-0.000384
+0.00033722145 / 22202 =0.997 
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 / ndf 2χ  229.1 / 4
p0        3.474e+02± 7.689e+04 
p1        0.00114±0.02093 − 
p2        0.0008± 0.3826 
p3        1.459± 2.501 
p4        7.729± 7.495 
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 / ndf 2χ  229.1 / 4
p0        3.474e+02± 7.689e+04 
p1        0.00114±0.02093 − 
p2        0.0008± 0.3826 
p3        1.459± 2.501 
p4        7.729± 7.495 
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 / ndf 2χ  229.1 / 4
p0        3.474e+02± 7.689e+04 
p1        0.00114±0.02093 − 
p2        0.0008± 0.3826 
p3        1.459± 2.501 
p4        7.729± 7.495 

 ): σ 3 ±* -1.17ch - 1.13ch(-0.0209 
-0.00031
+0.00029465707 / 66092 =0.994 

* -1.2ch - 1.16ch(99.73% CI)
-0.000309
+0.00029465708 / 66092 =0.994 
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hist_denominator_ladder0_chip10
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Mean  0.04981− 
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 / ndf 2χ  102.4 / 7
p0        6.647e+02± 1.036e+05 
p1        0.00099±0.02646 − 
p2        0.0008± 0.3833 
p3        7.93± 52.39 
p4        0.111± 2.055 
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 / ndf 2χ  102.4 / 7
p0        6.647e+02± 1.036e+05 
p1        0.00099±0.02646 − 
p2        0.0008± 0.3833 
p3        7.93± 52.39 
p4        0.111± 2.055 
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 / ndf 2χ  102.4 / 7
p0        6.647e+02± 1.036e+05 
p1        0.00099±0.02646 − 
p2        0.0008± 0.3833 
p3        7.93± 52.39 
p4        0.111± 2.055 

 ): σ 3 ±* -1.18ch - 1.12ch(-0.0265 
-0.000204
+0.00019388952 / 89253 =0.997 

* -1.27ch - 1.22ch(99.73% CI)
-0.0002
+0.00018988965 / 89253 =0.997 
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 / ndf 2χ  222.4 / 8
p0        1.321e+03± 8.665e+04 
p1        0.00109±0.01911 − 
p2        0.0034± 0.3811 
p3        1.480± 3.998 
p4        1.637± 4.433 
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 / ndf 2χ  222.4 / 8
p0        1.321e+03± 8.665e+04 
p1        0.00109±0.01911 − 
p2        0.0034± 0.3811 
p3        1.480± 3.998 
p4        1.637± 4.433 
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 / ndf 2χ  222.4 / 8
p0        1.321e+03± 8.665e+04 
p1        0.00109±0.01911 − 
p2        0.0034± 0.3811 
p3        1.480± 3.998 
p4        1.637± 4.433 

 ): σ 3 ±* -1.16ch - 1.12ch(-0.0191 
-0.000288
+0.00027473379 / 73796 =0.994 

* -1.19ch - 1.15ch(99.73% CI)
-0.000286
+0.00027273386 / 73796 =0.994 
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hist_denominator_ladder0_chip12
Entries  35238
Mean  0.03522− 
Std Dev    0.5179
Underflow       0
Overflow        0

 / ndf 2χ  43.92 / 5
p0        9.174e+02± 4.124e+04 
p1        0.00168±0.01856 − 
p2        0.0048± 0.3826 
p3        0.59±  1.68 
p4        7.6±    10 

hist_denominator_ladder0_chip12
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Entries  35238
Mean  0.03522− 
Std Dev    0.5179
Underflow       0
Overflow        0

 / ndf 2χ  43.92 / 5
p0        9.174e+02± 4.124e+04 
p1        0.00168±0.01856 − 
p2        0.0048± 0.3826 
p3        0.59±  1.68 
p4        7.6±    10 

hist_denominator_ladder0_chip12
Entries  35238
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Underflow       0
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 / ndf 2χ  43.92 / 5
p0        9.174e+02± 4.124e+04 
p1        0.00168±0.01856 − 
p2        0.0048± 0.3826 
p3        0.59±  1.68 
p4        7.6±    10 

 ): σ 3 ±* -1.17ch - 1.13ch(-0.0186 
-0.000351
+0.00032235163 / 35294 =0.996 

* -1.22ch - 1.18ch(99.73% CI)
-0.000321
+0.00029235186 / 35294 =0.997 
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Entries  22157
Mean  0.0526− 
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Underflow       0
Overflow        0

 / ndf 2χ   2420 / 32
p0        6.1±  8835 
p1        0.0006±0.1689 − 
p2        0.0003± 0.8912 
p3        9.468e+01±07 − 3.127e
p4        8.8±     1 
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 / ndf 2χ   2420 / 32
p0        6.1±  8835 
p1        0.0006±0.1689 − 
p2        0.0003± 0.8912 
p3        9.468e+01±07 − 3.127e
p4        8.8±     1 
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Std Dev     1.725
Underflow       0
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 / ndf 2χ   2420 / 32
p0        6.1±  8835 
p1        0.0006±0.1689 − 
p2        0.0003± 0.8912 
p3        9.468e+01±07 − 3.127e
p4        8.8±     1 

 ): σ 3 ±* -2.84ch - 2.5ch(-0.169 
-0.000473
+0.00042622104 / 22195 =0.996 

* -2.85ch - 2.51ch(99.73% CI)
-0.000473
+0.00042622104 / 22195 =0.996 
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Entries  66063
Mean   0.1006
Std Dev      3.38
Underflow       0
Overflow        0

 / ndf 2χ   6639 / 103
p0        1.202e+02± 2.637e+04 
p1        0.0038±0.1287 − 
p2        0.0018± 0.8989 
p3        0.5480683± 0.0004117 
p4        0.1±     1 
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 / ndf 2χ   6639 / 103
p0        1.202e+02± 2.637e+04 
p1        0.0038±0.1287 − 
p2        0.0018± 0.8989 
p3        0.5480683± 0.0004117 
p4        0.1±     1 
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 / ndf 2χ   6639 / 103
p0        1.202e+02± 2.637e+04 
p1        0.0038±0.1287 − 
p2        0.0018± 0.8989 
p3        0.5480683± 0.0004117 
p4        0.1±     1 

 ): σ 3 ±* -2.83ch - 2.57ch(-0.129 
-0.00028
+0.00026465861 / 66172 =0.995 

* -2.83ch - 2.57ch(99.73% CI)
-0.00028
+0.00026465861 / 66172 =0.995 
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hist_denominator_ladder1_chip10
Entries  89158
Mean  0.05982− 
Std Dev     1.866
Underflow       0
Overflow        0

 / ndf 2χ   9412 / 61
p0        1.412e+02± 3.594e+04 
p1        0.0033±0.1694 − 
p2        0.0015± 0.8853 
p3       01− 4.489e±05 − 3.313e
p4        0.1±     1 
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Entries  89158
Mean  0.05982− 
Std Dev     1.866
Underflow       0
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 / ndf 2χ   9412 / 61
p0        1.412e+02± 3.594e+04 
p1        0.0033±0.1694 − 
p2        0.0015± 0.8853 
p3       01− 4.489e±05 − 3.313e
p4        0.1±     1 
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Entries  89158
Mean  0.05982− 
Std Dev     1.866
Underflow       0
Overflow        0

 / ndf 2χ   9412 / 61
p0        1.412e+02± 3.594e+04 
p1        0.0033±0.1694 − 
p2        0.0015± 0.8853 
p3       01− 4.489e±05 − 3.313e
p4        0.1±     1 

 ): σ 3 ±* -2.83ch - 2.49ch(-0.169 
-0.000215
+0.00020388965 / 89300 =0.996 

* -2.83ch - 2.49ch(99.73% CI)
-0.000215
+0.00020388965 / 89300 =0.996 
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hist_denominator_ladder1_chip11
Entries  73727
Mean   0.1324
Std Dev     3.739
Underflow       0
Overflow        0

 / ndf 2χ   7421 / 110
p0        1.269e+02± 2.956e+04 
p1        0.0036±0.1154 − 
p2        0.0017± 0.8947 
p3        0.5630680± 0.0006891 
p4        0.1±     1 
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Underflow       0
Overflow        0

 / ndf 2χ   7421 / 110
p0        1.269e+02± 2.956e+04 
p1        0.0036±0.1154 − 
p2        0.0017± 0.8947 
p3        0.5630680± 0.0006891 
p4        0.1±     1 
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 / ndf 2χ   7421 / 110
p0        1.269e+02± 2.956e+04 
p1        0.0036±0.1154 − 
p2        0.0017± 0.8947 
p3        0.5630680± 0.0006891 
p4        0.1±     1 

 ): σ 3 ±* -2.8ch - 2.57ch(-0.115 
-0.000273
+0.0002673498 / 73872 =0.995 

* -2.8ch - 2.57ch(99.73% CI)
-0.000273
+0.00025973500 / 73872 =0.995 
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Entries  35232
Mean  0.04022− 
Std Dev     1.835
Underflow       0
Overflow        0

 / ndf 2χ   3531 / 43
p0        6.756e+00± 1.437e+04 
p1        0.0004±0.1321 − 
p2        0.0002± 0.8803 
p3        6.142e+01±07 − 1.744e
p4        8.9±     1 
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Underflow       0
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 / ndf 2χ   3531 / 43
p0        6.756e+00± 1.437e+04 
p1        0.0004±0.1321 − 
p2        0.0002± 0.8803 
p3        6.142e+01±07 − 1.744e
p4        8.9±     1 
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Overflow        0

 / ndf 2χ   3531 / 43
p0        6.756e+00± 1.437e+04 
p1        0.0004±0.1321 − 
p2        0.0002± 0.8803 
p3        6.142e+01±07 − 1.744e
p4        8.9±     1 

 ): σ 3 ±* -2.77ch - 2.51ch(-0.132 
-0.000371
+0.00034235150 / 35298 =0.996 

* -2.77ch - 2.51ch(99.73% CI)
-0.000371
+0.00034235150 / 35298 =0.996 
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Entries  22229
Mean  0.1255− 
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Underflow       0
Overflow        0

 / ndf 2χ   6198 / 6
p0        33.8±  3973 
p1        0.0128±0.2133 − 
p2        0.005± 1.611 
p3        1.964e+00±10 − 2.796e
p4        0.402± 1.002 
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 / ndf 2χ   6198 / 6
p0        33.8±  3973 
p1        0.0128±0.2133 − 
p2        0.005± 1.611 
p3        1.964e+00±10 − 2.796e
p4        0.402± 1.002 
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 / ndf 2χ   6198 / 6
p0        33.8±  3973 
p1        0.0128±0.2133 − 
p2        0.005± 1.611 
p3        1.964e+00±10 − 2.796e
p4        0.402± 1.002 

 ): σ 3 ±* -5.05ch - 4.62ch(-0.213 
-0.000326
+0.00027822226 / 22265 =0.998 

* -5.05ch - 4.62ch(99.73% CI)
-0.000326
+0.00027822226 / 22265 =0.998 
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hist_denominator_ladder2_chip9
Entries  66172
Mean  0.09768− 
Std Dev     1.951
Underflow       0
Overflow        0

 / ndf 2χ  1.966e+04 / 8
p0        6.023e+01± 1.207e+04 
p1        0.0072±0.1905 − 
p2        0.003± 1.538 
p3       02− 6.698e±12 − 1.562e
p4        1.376± 3.509 
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 / ndf 2χ  1.966e+04 / 8
p0        6.023e+01± 1.207e+04 
p1        0.0072±0.1905 − 
p2        0.003± 1.538 
p3       02− 6.698e±12 − 1.562e
p4        1.376± 3.509 
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 / ndf 2χ  1.966e+04 / 8
p0        6.023e+01± 1.207e+04 
p1        0.0072±0.1905 − 
p2        0.003± 1.538 
p3       02− 6.698e±12 − 1.562e
p4        1.376± 3.509 

 ): σ 3 ±* -4.8ch - 4.42ch(-0.19 
-0.000192
+0.00017766166 / 66305 =0.998 

* -4.81ch - 4.43ch(99.73% CI)
-0.000192
+0.00017766166 / 66305 =0.998 
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Entries  89353
Mean  0.1149− 
Std Dev     1.959
Underflow       0
Overflow        0

 / ndf 2χ  2.729e+04 / 10
p0        2.994e+00± 1.645e+04 
p1        0.0003±0.1347 − 
p2        0.000± 1.506 
p3        3.879e+00±08 − 3.612e
p4        7.070± 1.194 
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 / ndf 2χ  2.729e+04 / 10
p0        2.994e+00± 1.645e+04 
p1        0.0003±0.1347 − 
p2        0.000± 1.506 
p3        3.879e+00±08 − 3.612e
p4        7.070± 1.194 
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 / ndf 2χ  2.729e+04 / 10
p0        2.994e+00± 1.645e+04 
p1        0.0003±0.1347 − 
p2        0.000± 1.506 
p3        3.879e+00±08 − 3.612e
p4        7.070± 1.194 

 ): σ 3 ±* -4.65ch - 4.38ch(-0.135 
-0.000174
+0.00016389340 / 89555 =0.998 

* -4.66ch - 4.39ch(99.73% CI)
-0.000174
+0.00016389340 / 89555 =0.998 

200− 100− 0 100 200

1

10

210

310

410

hist_denominator_ladder2_chip11
Entries  73822
Mean  0.06816− 
Std Dev     1.963
Underflow       0
Overflow        0

 / ndf 2χ  2.148e+04 / 11
p0        6.296e+01± 1.374e+04 
p1        0.0067±0.1074 − 
p2        0.00±  1.52 
p3        2.412e+00±07 − 7.443e
p4        0.304± 1.088 
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 / ndf 2χ  2.148e+04 / 11
p0        6.296e+01± 1.374e+04 
p1        0.0067±0.1074 − 
p2        0.00±  1.52 
p3        2.412e+00±07 − 7.443e
p4        0.304± 1.088 
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 / ndf 2χ  2.148e+04 / 11
p0        6.296e+01± 1.374e+04 
p1        0.0067±0.1074 − 
p2        0.00±  1.52 
p3        2.412e+00±07 − 7.443e
p4        0.304± 1.088 

 ): σ 3 ±* -4.67ch - 4.45ch(-0.107 
-0.000171
+0.00015773812 / 73948 =0.998 

* -4.67ch - 4.45ch(99.73% CI)
-0.000171
+0.00015773812 / 73948 =0.998 
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hist_denominator_ladder2_chip12
Entries  35273
Mean  0.08464− 
Std Dev     1.932
Underflow       0
Overflow        0

 / ndf 2χ  1.001e+04 / 7
p0        348.8±  6459 
p1        0.0098±0.1397 − 
p2        0.004± 1.545 
p3        572.39± 65.32 
p4        0.067± 1.545 
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 / ndf 2χ  1.001e+04 / 7
p0        348.8±  6459 
p1        0.0098±0.1397 − 
p2        0.004± 1.545 
p3        572.39± 65.32 
p4        0.067± 1.545 
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 / ndf 2χ  1.001e+04 / 7
p0        348.8±  6459 
p1        0.0098±0.1397 − 
p2        0.004± 1.545 
p3        572.39± 65.32 
p4        0.067± 1.545 

 ): σ 3 ±* -4.78ch - 4.5ch(-0.14 
-0.000273
+0.00024335271 / 35346 =0.998 

* -4.78ch - 4.5ch(99.73% CI)
-0.000273
+0.00024335271 / 35346 =0.998 
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 / ndf 2χ  24.88 / 2
p0        7.051e+02± 2.541e+04 
p1        0.00222±0.02305 − 
p2        0.0063± 0.3872 
p3        0.94±  2.36 
p4        7.4±    10 
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 / ndf 2χ  24.88 / 2
p0        7.051e+02± 2.541e+04 
p1        0.00222±0.02305 − 
p2        0.0063± 0.3872 
p3        0.94±  2.36 
p4        7.4±    10 

hist_denominator_ladder0_chip8
Entries  22177
Mean  0.04169− 
Std Dev    0.5104
Underflow       0
Overflow        0

 / ndf 2χ  24.88 / 2
p0        7.051e+02± 2.541e+04 
p1        0.00222±0.02305 − 
p2        0.0063± 0.3872 
p3        0.94±  2.36 
p4        7.4±    10 

 ): σ 3 ±* -1.18ch - 1.14ch(-0.023 
-0.00041
+0.00036322136 / 22202 =0.997 

* -1.36ch - 1.31ch(99.73% CI)
-0.000384
+0.00033722145 / 22202 =0.997 
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hist_denominator_ladder0_chip9
Entries  65984
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 / ndf 2χ  229.1 / 4
p0        3.474e+02± 7.689e+04 
p1        0.00114±0.02093 − 
p2        0.0008± 0.3826 
p3        1.459± 2.501 
p4        7.729± 7.495 
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 / ndf 2χ  229.1 / 4
p0        3.474e+02± 7.689e+04 
p1        0.00114±0.02093 − 
p2        0.0008± 0.3826 
p3        1.459± 2.501 
p4        7.729± 7.495 
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 / ndf 2χ  229.1 / 4
p0        3.474e+02± 7.689e+04 
p1        0.00114±0.02093 − 
p2        0.0008± 0.3826 
p3        1.459± 2.501 
p4        7.729± 7.495 

 ): σ 3 ±* -1.17ch - 1.13ch(-0.0209 
-0.00031
+0.00029465707 / 66092 =0.994 

* -1.2ch - 1.16ch(99.73% CI)
-0.000309
+0.00029465708 / 66092 =0.994 
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hist_denominator_ladder0_chip10
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Mean  0.04956− 
Std Dev    0.5131
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 / ndf 2χ  102.4 / 7
p0        6.647e+02± 1.036e+05 
p1        0.00099±0.02646 − 
p2        0.0008± 0.3833 
p3        7.93± 52.39 
p4        0.111± 2.055 
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 / ndf 2χ  102.4 / 7
p0        6.647e+02± 1.036e+05 
p1        0.00099±0.02646 − 
p2        0.0008± 0.3833 
p3        7.93± 52.39 
p4        0.111± 2.055 
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 / ndf 2χ  102.4 / 7
p0        6.647e+02± 1.036e+05 
p1        0.00099±0.02646 − 
p2        0.0008± 0.3833 
p3        7.93± 52.39 
p4        0.111± 2.055 

 ): σ 3 ±* -1.18ch - 1.12ch(-0.0265 
-0.000204
+0.00019388952 / 89253 =0.997 

* -1.27ch - 1.22ch(99.73% CI)
-0.0002
+0.00018988965 / 89253 =0.997 
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 / ndf 2χ  222.4 / 8
p0        1.321e+03± 8.665e+04 
p1        0.00109±0.01911 − 
p2        0.0034± 0.3811 
p3        1.480± 3.998 
p4        1.637± 4.433 
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 / ndf 2χ  222.4 / 8
p0        1.321e+03± 8.665e+04 
p1        0.00109±0.01911 − 
p2        0.0034± 0.3811 
p3        1.480± 3.998 
p4        1.637± 4.433 
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 / ndf 2χ  222.4 / 8
p0        1.321e+03± 8.665e+04 
p1        0.00109±0.01911 − 
p2        0.0034± 0.3811 
p3        1.480± 3.998 
p4        1.637± 4.433 

 ): σ 3 ±* -1.16ch - 1.12ch(-0.0191 
-0.000288
+0.00027473379 / 73796 =0.994 

* -1.19ch - 1.15ch(99.73% CI)
-0.000286
+0.00027273386 / 73796 =0.994 
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Overflow        0

 / ndf 2χ  43.92 / 5
p0        9.174e+02± 4.124e+04 
p1        0.00168±0.01856 − 
p2        0.0048± 0.3826 
p3        0.59±  1.68 
p4        7.6±    10 

hist_denominator_ladder0_chip12
hist_denominator_ladder0_chip12
Entries  35238
Mean  0.03475− 
Std Dev    0.5104
Underflow       0
Overflow        0

 / ndf 2χ  43.92 / 5
p0        9.174e+02± 4.124e+04 
p1        0.00168±0.01856 − 
p2        0.0048± 0.3826 
p3        0.59±  1.68 
p4        7.6±    10 

hist_denominator_ladder0_chip12
Entries  35238
Mean  0.03475− 
Std Dev    0.5104
Underflow       0
Overflow        0

 / ndf 2χ  43.92 / 5
p0        9.174e+02± 4.124e+04 
p1        0.00168±0.01856 − 
p2        0.0048± 0.3826 
p3        0.59±  1.68 
p4        7.6±    10 

 ): σ 3 ±* -1.17ch - 1.13ch(-0.0186 
-0.000351
+0.00032235163 / 35294 =0.996 

* -1.22ch - 1.18ch(99.73% CI)
-0.000321
+0.00029235186 / 35294 =0.997 

10− 5− 0 5 10
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410 hist_denominator_ladder1_chip8
Entries  22157
Mean  0.01568− 
Std Dev     1.043
Underflow       0
Overflow        0

 / ndf 2χ   2420 / 32
p0        6.1±  8835 
p1        0.0006±0.1689 − 
p2        0.0003± 0.8912 
p3        9.468e+01±07 − 3.127e
p4        8.8±     1 

hist_denominator_ladder1_chip8
hist_denominator_ladder1_chip8
Entries  22157
Mean  0.01568− 
Std Dev     1.043
Underflow       0
Overflow        0

 / ndf 2χ   2420 / 32
p0        6.1±  8835 
p1        0.0006±0.1689 − 
p2        0.0003± 0.8912 
p3        9.468e+01±07 − 3.127e
p4        8.8±     1 

hist_denominator_ladder1_chip8
Entries  22157
Mean  0.01568− 
Std Dev     1.043
Underflow       0
Overflow        0

 / ndf 2χ   2420 / 32
p0        6.1±  8835 
p1        0.0006±0.1689 − 
p2        0.0003± 0.8912 
p3        9.468e+01±07 − 3.127e
p4        8.8±     1 

 ): σ 3 ±* -2.84ch - 2.5ch(-0.169 
-0.000473
+0.00042622104 / 22195 =0.996 

* -2.85ch - 2.51ch(99.73% CI)
-0.000473
+0.00042622104 / 22195 =0.996 
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hist_denominator_ladder1_chip9
Entries  66063
Mean   0.005096
Std Dev     1.034
Underflow       0
Overflow        0

 / ndf 2χ   6639 / 103
p0        1.202e+02± 2.637e+04 
p1        0.0038±0.1287 − 
p2        0.0018± 0.8989 
p3        0.5480683± 0.0004117 
p4        0.1±     1 

hist_denominator_ladder1_chip9
hist_denominator_ladder1_chip9
Entries  66063
Mean   0.005096
Std Dev     1.034
Underflow       0
Overflow        0

 / ndf 2χ   6639 / 103
p0        1.202e+02± 2.637e+04 
p1        0.0038±0.1287 − 
p2        0.0018± 0.8989 
p3        0.5480683± 0.0004117 
p4        0.1±     1 

hist_denominator_ladder1_chip9
Entries  66063
Mean   0.005096
Std Dev     1.034
Underflow       0
Overflow        0

 / ndf 2χ   6639 / 103
p0        1.202e+02± 2.637e+04 
p1        0.0038±0.1287 − 
p2        0.0018± 0.8989 
p3        0.5480683± 0.0004117 
p4        0.1±     1 

 ): σ 3 ±* -2.83ch - 2.57ch(-0.129 
-0.00028
+0.00026465861 / 66172 =0.995 

* -2.83ch - 2.57ch(99.73% CI)
-0.00028
+0.00026465861 / 66172 =0.995 

10− 5− 0 5 10

1
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hist_denominator_ladder1_chip10
Entries  89158
Mean  0.01466− 
Std Dev     1.032
Underflow       0
Overflow        0

 / ndf 2χ   9412 / 61
p0        1.412e+02± 3.594e+04 
p1        0.0033±0.1694 − 
p2        0.0015± 0.8853 
p3       01− 4.489e±05 − 3.313e
p4        0.1±     1 

hist_denominator_ladder1_chip10
hist_denominator_ladder1_chip10
Entries  89158
Mean  0.01466− 
Std Dev     1.032
Underflow       0
Overflow        0

 / ndf 2χ   9412 / 61
p0        1.412e+02± 3.594e+04 
p1        0.0033±0.1694 − 
p2        0.0015± 0.8853 
p3       01− 4.489e±05 − 3.313e
p4        0.1±     1 

hist_denominator_ladder1_chip10
Entries  89158
Mean  0.01466− 
Std Dev     1.032
Underflow       0
Overflow        0

 / ndf 2χ   9412 / 61
p0        1.412e+02± 3.594e+04 
p1        0.0033±0.1694 − 
p2        0.0015± 0.8853 
p3       01− 4.489e±05 − 3.313e
p4        0.1±     1 

 ): σ 3 ±* -2.83ch - 2.49ch(-0.169 
-0.000215
+0.00020388965 / 89300 =0.996 

* -2.83ch - 2.49ch(99.73% CI)
-0.000215
+0.00020388965 / 89300 =0.996 
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hist_denominator_ladder1_chip11
Entries  73727
Mean   0.0174
Std Dev     1.022
Underflow       0
Overflow        0

 / ndf 2χ   7421 / 110
p0        1.269e+02± 2.956e+04 
p1        0.0036±0.1154 − 
p2        0.0017± 0.8947 
p3        0.5630680± 0.0006891 
p4        0.1±     1 

hist_denominator_ladder1_chip11
hist_denominator_ladder1_chip11
Entries  73727
Mean   0.0174
Std Dev     1.022
Underflow       0
Overflow        0

 / ndf 2χ   7421 / 110
p0        1.269e+02± 2.956e+04 
p1        0.0036±0.1154 − 
p2        0.0017± 0.8947 
p3        0.5630680± 0.0006891 
p4        0.1±     1 

hist_denominator_ladder1_chip11
Entries  73727
Mean   0.0174
Std Dev     1.022
Underflow       0
Overflow        0

 / ndf 2χ   7421 / 110
p0        1.269e+02± 2.956e+04 
p1        0.0036±0.1154 − 
p2        0.0017± 0.8947 
p3        0.5630680± 0.0006891 
p4        0.1±     1 

 ): σ 3 ±* -2.8ch - 2.57ch(-0.115 
-0.000273
+0.0002673498 / 73872 =0.995 

* -2.8ch - 2.57ch(99.73% CI)
-0.000273
+0.00025973500 / 73872 =0.995 
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hist_denominator_ladder1_chip12
Entries  35232
Mean   0.005627
Std Dev      1.02
Underflow       0
Overflow        0

 / ndf 2χ   3531 / 43
p0        6.756e+00± 1.437e+04 
p1        0.0004±0.1321 − 
p2        0.0002± 0.8803 
p3        6.142e+01±07 − 1.744e
p4        8.9±     1 

hist_denominator_ladder1_chip12
hist_denominator_ladder1_chip12
Entries  35232
Mean   0.005627
Std Dev      1.02
Underflow       0
Overflow        0

 / ndf 2χ   3531 / 43
p0        6.756e+00± 1.437e+04 
p1        0.0004±0.1321 − 
p2        0.0002± 0.8803 
p3        6.142e+01±07 − 1.744e
p4        8.9±     1 

hist_denominator_ladder1_chip12
Entries  35232
Mean   0.005627
Std Dev      1.02
Underflow       0
Overflow        0

 / ndf 2χ   3531 / 43
p0        6.756e+00± 1.437e+04 
p1        0.0004±0.1321 − 
p2        0.0002± 0.8803 
p3        6.142e+01±07 − 1.744e
p4        8.9±     1 

 ): σ 3 ±* -2.77ch - 2.51ch(-0.132 
-0.000371
+0.00034235150 / 35298 =0.996 

* -2.77ch - 2.51ch(99.73% CI)
-0.000371
+0.00034235150 / 35298 =0.996 
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410 hist_denominator_ladder2_chip8
Entries  22229
Mean  0.1255− 
Std Dev     1.967
Underflow       0
Overflow        0

 / ndf 2χ   6198 / 6
p0        33.8±  3973 
p1        0.0128±0.2133 − 
p2        0.005± 1.611 
p3        1.964e+00±10 − 2.796e
p4        0.402± 1.002 

hist_denominator_ladder2_chip8
hist_denominator_ladder2_chip8
Entries  22229
Mean  0.1255− 
Std Dev     1.967
Underflow       0
Overflow        0

 / ndf 2χ   6198 / 6
p0        33.8±  3973 
p1        0.0128±0.2133 − 
p2        0.005± 1.611 
p3        1.964e+00±10 − 2.796e
p4        0.402± 1.002 

hist_denominator_ladder2_chip8
Entries  22229
Mean  0.1255− 
Std Dev     1.967
Underflow       0
Overflow        0

 / ndf 2χ   6198 / 6
p0        33.8±  3973 
p1        0.0128±0.2133 − 
p2        0.005± 1.611 
p3        1.964e+00±10 − 2.796e
p4        0.402± 1.002 

 ): σ 3 ±* -5.05ch - 4.62ch(-0.213 
-0.000326
+0.00027822226 / 22265 =0.998 

* -5.05ch - 4.62ch(99.73% CI)
-0.000326
+0.00027822226 / 22265 =0.998 
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hist_denominator_ladder2_chip9
Entries  66172
Mean  0.09768− 
Std Dev     1.951
Underflow       0
Overflow        0

 / ndf 2χ  1.966e+04 / 8
p0        6.023e+01± 1.207e+04 
p1        0.0072±0.1905 − 
p2        0.003± 1.538 
p3       02− 6.698e±12 − 1.562e
p4        1.376± 3.509 

hist_denominator_ladder2_chip9
hist_denominator_ladder2_chip9
Entries  66172
Mean  0.09768− 
Std Dev     1.951
Underflow       0
Overflow        0

 / ndf 2χ  1.966e+04 / 8
p0        6.023e+01± 1.207e+04 
p1        0.0072±0.1905 − 
p2        0.003± 1.538 
p3       02− 6.698e±12 − 1.562e
p4        1.376± 3.509 

hist_denominator_ladder2_chip9
Entries  66172
Mean  0.09768− 
Std Dev     1.951
Underflow       0
Overflow        0

 / ndf 2χ  1.966e+04 / 8
p0        6.023e+01± 1.207e+04 
p1        0.0072±0.1905 − 
p2        0.003± 1.538 
p3       02− 6.698e±12 − 1.562e
p4        1.376± 3.509 

 ): σ 3 ±* -4.8ch - 4.42ch(-0.19 
-0.000192
+0.00017766166 / 66305 =0.998 

* -4.81ch - 4.43ch(99.73% CI)
-0.000192
+0.00017766166 / 66305 =0.998 
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hist_denominator_ladder2_chip10
Entries  89353
Mean  0.1145− 
Std Dev     1.955
Underflow       0
Overflow        0

 / ndf 2χ  2.729e+04 / 10
p0        2.994e+00± 1.645e+04 
p1        0.0003±0.1347 − 
p2        0.000± 1.506 
p3        3.879e+00±08 − 3.612e
p4        7.070± 1.194 

hist_denominator_ladder2_chip10
hist_denominator_ladder2_chip10
Entries  89353
Mean  0.1145− 
Std Dev     1.955
Underflow       0
Overflow        0

 / ndf 2χ  2.729e+04 / 10
p0        2.994e+00± 1.645e+04 
p1        0.0003±0.1347 − 
p2        0.000± 1.506 
p3        3.879e+00±08 − 3.612e
p4        7.070± 1.194 

hist_denominator_ladder2_chip10
Entries  89353
Mean  0.1145− 
Std Dev     1.955
Underflow       0
Overflow        0

 / ndf 2χ  2.729e+04 / 10
p0        2.994e+00± 1.645e+04 
p1        0.0003±0.1347 − 
p2        0.000± 1.506 
p3        3.879e+00±08 − 3.612e
p4        7.070± 1.194 

 ): σ 3 ±* -4.65ch - 4.38ch(-0.135 
-0.000174
+0.00016389340 / 89555 =0.998 

* -4.66ch - 4.39ch(99.73% CI)
-0.000174
+0.00016389340 / 89555 =0.998 
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hist_denominator_ladder2_chip11
Entries  73822
Mean  0.06849− 
Std Dev     1.947
Underflow       0
Overflow        0

 / ndf 2χ  2.148e+04 / 11
p0        6.296e+01± 1.374e+04 
p1        0.0067±0.1074 − 
p2        0.00±  1.52 
p3        2.412e+00±07 − 7.443e
p4        0.304± 1.088 

hist_denominator_ladder2_chip11
hist_denominator_ladder2_chip11
Entries  73822
Mean  0.06849− 
Std Dev     1.947
Underflow       0
Overflow        0

 / ndf 2χ  2.148e+04 / 11
p0        6.296e+01± 1.374e+04 
p1        0.0067±0.1074 − 
p2        0.00±  1.52 
p3        2.412e+00±07 − 7.443e
p4        0.304± 1.088 

hist_denominator_ladder2_chip11
Entries  73822
Mean  0.06849− 
Std Dev     1.947
Underflow       0
Overflow        0

 / ndf 2χ  2.148e+04 / 11
p0        6.296e+01± 1.374e+04 
p1        0.0067±0.1074 − 
p2        0.00±  1.52 
p3        2.412e+00±07 − 7.443e
p4        0.304± 1.088 

 ): σ 3 ±* -4.67ch - 4.45ch(-0.107 
-0.000171
+0.00015773812 / 73948 =0.998 

* -4.67ch - 4.45ch(99.73% CI)
-0.000171
+0.00015773812 / 73948 =0.998 
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hist_denominator_ladder2_chip12
Entries  35273
Mean  0.08464− 
Std Dev     1.932
Underflow       0
Overflow        0

 / ndf 2χ  1.001e+04 / 7
p0        348.8±  6459 
p1        0.0098±0.1397 − 
p2        0.004± 1.545 
p3        572.39± 65.32 
p4        0.067± 1.545 
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Entries  35273
Mean  0.08464− 
Std Dev     1.932
Underflow       0
Overflow        0

 / ndf 2χ  1.001e+04 / 7
p0        348.8±  6459 
p1        0.0098±0.1397 − 
p2        0.004± 1.545 
p3        572.39± 65.32 
p4        0.067± 1.545 

hist_denominator_ladder2_chip12
Entries  35273
Mean  0.08464− 
Std Dev     1.932
Underflow       0
Overflow        0

 / ndf 2χ  1.001e+04 / 7
p0        348.8±  6459 
p1        0.0098±0.1397 − 
p2        0.004± 1.545 
p3        572.39± 65.32 
p4        0.067± 1.545 

 ): σ 3 ±* -4.78ch - 4.5ch(-0.14 
-0.000273
+0.00024335271 / 35346 =0.998 

* -4.78ch - 4.5ch(99.73% CI)
-0.000273
+0.00024335271 / 35346 =0.998 

chip8 chip9 chip10 chip11 chip12

ladder0

ladder1

ladder2

MC, Residuals, Zoomed

y = ax + b p1 = (x1, y1) & p2 = (x2, y2)



Issue: Analyzer dependence, Detection efficiency with Fitting method

y = ax + b p1 = (x1, y1) & p2 = (x2, y2)

|Δ | < 3σ
|chi − chk | < 3σ

Ladder0

Chip σ #hits

found #track ε Upper


error
Lower

error

8 -1 1069 1073 0.996 0.002 0.003

8 3 1042 1073 0.971 0.005 0.006

9 -1 12221 12269 0.996 0.001 0.001

9 3 12173 12269 0.992 0.001 0.001

10 -1 41153 41326 0.996 0.000 0.000

10 3 41091 41326 0.994 0.000 0.000

11 -1 30386 30510 0.996 0.000 0.000

11 3 30348 30510 0.995 0.000 0.000

12 -1 76 76 1.000 0.000 0.024

12 3 68 76 0.895 0.035 0.048

all -1 84905 85254 0.996

all 3 84722 85254 0.994

Ladder1

Chip σ #hits

found #track ε Upper


error
Lower

error

8 -1 1077 1085 0.993 0.003 0.004

8 3 1009 1085 0.930 0.008 0.009

9 -1 12279 12340 0.995 0.001 0.001

9 3 12060 12340 0.977 0.001 0.001

10 -1 41625 41883 0.994 0.000 0.000

10 3 41124 41883 0.982 0.001 0.001

11 -1 30904 31096 0.994 0.000 0.000

11 3 30478 31096 0.980 0.001 0.001

12 -1 79 79 1.000 0.000 0.023

12 3 65 79 0.823 0.044 0.053

all -1 85964 86483 0.994

all 3 83727 85398 0.980

Ladder2

Chip σ #hits

found #track ε Upper


error
Lower

error

8 -1 1096 1104 0.993 0.002 0.004

8 3 1068 1104 0.967 0.005 0.006

9 -1 12651 12733 0.994 0.001 0.001

9 3 12605 12733 0.990 0.001 0.001

10 -1 42597 42872 0.994 0.000 0.000

10 3 42529 42872 0.992 0.000 0.000

11 -1 31577 31899 0.990 0.001 0.001

11 3 31531 31899 0.988 0.001 0.001

12 -1 77 77 1.000 0.000 0.024

12 3 69 77 0.896 0.035 0.047

all -1 87998 88685 0.992

all 3 87802 88685 0.990

Note: 10<chtesting is not used Note2: The results sent to the mailing list required “-3<slope<-1” while these are required “-4.3<slope<-0.3”
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Issue: Analyzer dependence, Detection efficiency with Fitting method

y = ax + b

Run89

zoomed

fitting failed

mean of

3σ
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hist_denominator_ladder1_chip10
Entries  41625
Mean  0.1012− 
Std Dev    0.5525
Underflow       0
Overflow        0

 / ndf 2χ  232.2 / 105
p0        1.204e+03± 4.014e+04 
p1        0.00341±0.07098 − 
p2        0.0103± 0.4267 
p3        64.9± 152.5 
p4        0.216± 1.534 
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Overflow        0

 / ndf 2χ  232.2 / 105
p0        1.204e+03± 4.014e+04 
p1        0.00341±0.07098 − 
p2        0.0103± 0.4267 
p3        64.9± 152.5 
p4        0.216± 1.534 
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Overflow        0

 / ndf 2χ  232.2 / 105
p0        1.204e+03± 4.014e+04 
p1        0.00341±0.07098 − 
p2        0.0103± 0.4267 
p3        64.9± 152.5 
p4        0.216± 1.534 

 ): σ 3 ±* -1.35ch - 1.21ch(-0.071 
-0.000672
+0.00064941124 / 41883 =0.982 

* -2.04ch - 1.9ch(99.73% CI)
-0.000589
+0.00056641308 / 41883 =0.986 



Issue: Analyzer dependence, Detection efficiency, Comparison

|Δ | < 3σ

Since the track slope distributions from the 2 methods are not the same, comparison of the detection efficiency 
with the track slope cut is not possible. Comparison with the cut is briefly shown.

Ladder0

Chip σ ε 

Fitting

ε

GeometricalFit. - Geom.

0 9 -1 99.6% 99.6% 0.04%

0 10 -1 99.6% 99.5% 0.03%

0 11 -1 99.6% 99.6% 0.00%

Chip σ ε 

Fitting

ε

GeometricalFit. - Geom.

0 9 3 99.2% 96.3% 2.96%

0 10 3 99.4% 97.0% 2.43%

0 11 3 99.5% 96.7% 2.77%

Ladder1

Chip σ ε 

Fitting

ε

GeometricalFit. - Geom.

1 9 -1 99.5% 99.5% 0.05%

1 10 -1 99.4% 99.4% 0.01%

1 11 -1 99.4% 99.4% -0.02%

Ladder2

Chip σ ε 

Fitting

ε

GeometricalFit. - Geom.

2 9 -1 99.4% 99.5% -0.10%

2 10 -1 99.4% 99.4% -0.02%

2 11 -1 99.0% 99.0% 0.01%

Chip σ ε 

Fitting

ε

GeometricalFit. - Geom.

1 9 3 97.7% 96.1% 1.63%

1 10 3 98.2% 96.2% 2.02%

1 11 3 98.0% 95.5% 2.52%

Chip σ ε 

Fitting

ε

GeometricalFit. - Geom.

2 9 3 99.0% 95.2% 3.81%

2 10 3 99.2% 95.9% 3.29%

2 11 3 98.8% 95.2% 3.68%

Detection efficiency without the sigma window cut

Detection efficiency with the 3-sigma window cut

→ No big difference between the 2 methods as expected

→ Few % of difference!



Issue: Analyzer dependence, Conclusion
Genki tried the fitting method, which have beed hired by Cheng-Wei. 

Residual distributions obtained from the fitting method are slightly sharper than ones from the the 
geometrical method. The track slope cuts suppress the satellite peak drastically, and remove the 
tail-like structure around the peak especially for the fitting method.

Since much sharper residual distributions are obtained thanks to the fitting method and the track 
slope cuts, more the 99% efficiency was achieved with the 3-sigma window cut. This is consistent 
with Chen-Wei’s results.

For better results:


optimization of alignment correction depending on the chips

consideration of the 3-sigma window cut

optimization of the stack slope cut

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
Genki, Fitting method 10 -1 0.996 0.994 0.994
Chen-Wei, ELPH poster

Chen-Wei, new (3/24)

Miu 10 -1 0.995 0.994 0.996
Genki, Fitting method, MC 10 -1 0.999 0.998 0.998

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
10 3 0.994 0.982 0.992
? 3 0.993 0.995 0.971

10 3 0.992 0.998 0.991
10 3 0.977 0.984 0.969
10 3 0.997 0.996 0.998

The difference well was understood.



backup



Detection efficiency, to get better results…

y = ax + b p1 = (x1, y1) & p2 = (x2, y2)

Run89, chip10

min max denominator numerator ε

The leading gaussian -1.37 1.16 12060 12340 0.977

Whole distribution -2.5 2.28 12171 12340 0.986

Since the residual distributions are not reproduced by a single gaussian, 
acceptance range for detection efficiency calculation should be modified 
accordingly, otherwise we underestimate the efficiency.

This effort slightly increases the efficiency. For low statistic distributions, it 
increases the efficiency up to 0.1.6− 4− 2− 0 2 4 6

1

10

210

310

410
hist_denominator_ladder1_chip9
Entries  12279
Mean  0.1477− 
Std Dev    0.5704
Underflow       0
Overflow        0

 / ndf 2χ  91.29 / 53
p0        1.670e+02± 1.173e+04 
p1        0.0036±0.1065 − 
p2        0.0035± 0.4216 
p3        25.13± 93.48 
p4        0.155± 1.456 

hist_denominator_ladder1_chip9
hist_denominator_ladder1_chip9
Entries  12279
Mean  0.1477− 
Std Dev    0.5704
Underflow       0
Overflow        0

 / ndf 2χ  91.29 / 53
p0        1.670e+02± 1.173e+04 
p1        0.0036±0.1065 − 
p2        0.0035± 0.4216 
p3        25.13± 93.48 
p4        0.155± 1.456 

hist_denominator_ladder1_chip9
Entries  12279
Mean  0.1477− 
Std Dev    0.5704
Underflow       0
Overflow        0

 / ndf 2χ  91.29 / 53
p0        1.670e+02± 1.173e+04 
p1        0.0036±0.1065 − 
p2        0.0035± 0.4216 
p3        25.13± 93.48 
p4        0.155± 1.456 

 ): σ 3 ±* -1.37ch - 1.16ch(-0.106 
-0.00141
+0.0013312060 / 12340 =0.977 

* -2.5ch - 2.28ch(99.73% CI)
-0.00112
+0.0010412171 / 12340 =0.986 

I calculated 99.73% of the all 
area of the fitting function:

(∫
μ+a

μ−a
f(x)dx)/S = 0.9973


