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Data sets

* The using data sets are from the result of the beam test at CERN
SPS, July 2022.

* Data of run 10, 11, 41, 44, 45, 46, 47, 49 are used In the slides
* Data of run 10, 11, 47, 49 with gas mixture 90/10, 4 runs in same HV and
momentum, each run is in different angle

* Data of run 41, 44, 45, 46 with gas mixture 80/20, 4 runs in same HV and
momentum, each run is in different angle

Run ch angle Run ch angle
41 4 4 10 4 45
Gas > Gas 11 4 0
8o/20 |44 | 4 4 90/10
45 4 30 47 4 60
46 4 60 49 4 30

All 8 runs’ sampling rate are 2G




Peak finding algorithm

* Low pass filter

* Filter out high frequency noises in the waveforms to improve the S/N
ratio

* Moving average(MA) filter: y[i] = ﬁZ;‘-”:AO_lx[i +J].
 When MA=1, yli] = x[i], which means no filter.
* Derivative
* First derivative(D1): D1[i] = y[i] — y[i-G]
* Second derivative (D2): D2[i] = D1[i] — D1[i-G]
* Parameter

* Derivative: D2 threshold for hit detection(Th)
* Filter: Moving average steps(MA)
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Peak finding algorithm

* Use second derivative instead of first derivative

* For first derivative, pile-up on the falling edge Is easier to recover,
but It IS not easy on the rising edge.
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Peak finding algorithm: amplitude cut = =, i e S
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* In the RMS distribution, take the low RMS events as noises =
* Using 0.004 (4 times noises RMS mean value) as an amplitude cut

RMS noise RMS =
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Peak finding algorithm: amplitude cut

* The aera where amplitude lower than 0.004 will not be used In

peak finding
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Scan Threshold (keep MA=1, means no MA)

* When threshold is larger than 0.003, there are too many peaks
not found, so we only use threshold smaller than 0.003 |ater.

" | " Threshold| ncount

0.001 124
.‘ 0.002 78
| | 0.003 55
_ L S 0.004 45
[ WL gy, TH=0003 LT NIWY Th=0.004 0.005 35
| e o ¥ Wi 0.006 29
O .ﬁ.%ﬁé%dt wl s 11 ;m‘%ii = =2 A n:mm = 0 {;J”,_ﬁ,,&,%ﬁ.z";ot el 11 pﬂj;ﬂi S 38 33 Len s -aoam % 0.007 27

0.008 21




scan MA: MA effect In a waveform example

Th=0.001, MA =1~3
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Scan MA: MA effect In a vvaveform example

Th=0.002, MA =1~3 -
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Scan MA: MA effect in a waveform example

Th=0.003, MA =1~3

Th=0.003
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Ncount In one channel’s data

* ToO many noises involved
* Apply the cut ncount>1 to select out the noise events.

Run44 ch4

ncount ncount {ncount>1}
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Peak finding with different Th and MA

* 9as:80/20 0=18 size = 1cm o=0

Run44 ch4 ncount mean value

ThA\MA 1 2 E

0.001 19.77 ] 10.78 8.50

0.002 1244 | 6.59 5.76

0.003 8.71 5.10 4.79
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Expected number of electron peaks
* Get from Brunella’s talk at Feb18 2022

Expected number of Electron Peaks

Observable to be checked for understanding if we are going in the right Run44 ch4 ncount mean value
direction with our FindPeak algorithm: TH\MA 1 5 3
1 0.001 19.77 | 10.78 8.50
NPeak (Expected number of electron peaks ) = d 0.002 1244 | 6.59 5.76
cluster/cm (M.I.P.) *drift tube size [cm] *1.3 (relativistic 0.003 871 510 479

rise)*1.6 electrons/cluster*1/cos(a)

Where a corresponds to the angle of our muon track w.r.t. drift tube direction gaS80/20 6:18 S|Ze — 1cm O(:O
Npeak(Expected) = 18+0.8+1.3%1.6x1=29.952

Derivative Finding electron Peaks algorithm 18 February 2022

The group with Th=0.001 and MA =1 is
closest to the expected number
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Compare count numbers in different gas
mixture and angle

* For gas 80/20:
* Run 41,44,45,46
* same HV and momentum
* different angles(0, 30, 45, 60).

* For gas 90/10:
* Runl10,11,47,49
* same HV and momentum
* different angles(0, 30, 45, 60).

Run ch angle Run ch angle
10 4 45
Gas 41 4 =2 Gas 11 4 0
80/20 | %4 4 0 90/10
45 4 30 47 4 60
46 4 60 49 4 30




Comparison between different angles

* Run 41,44,45,46 ch4 (gas 80/20, 1cm, same HV & momentum,
different angle)

Dataset
Gas
80/20

Expected
Run| ch |angle| number
44 | 4 0 29.95
451 4 | 30 34.59
41 | 4 | 45 42.36
46 | 4 | 60 59.90

MA | ] Neount|

Angle |, Ncount

MA=1

Th\Angles 0 30 45 60

0.001 19.77 34.64 47.67 55.90

0.002 12.44 2047 28.27 35.60

0.003 8.71 13.27 18.46 25.03
MA=2

Th\Angles 0 30 45 60

0.001 10.78 18.72 25.24 29.80

0.002 6.59 10.46 14.12 18.21

0.003 5.10 7.09 9.59 13.17
MA=3

Th\Angles 0 30 45 60

0.001 8.50 13.95 18.61 22.90

0.002 5.76 8.50 11.32 15.10

0.003 4.79 6.14 8.20 11.44




Comparison between different angle

* Run 10,11,47,49 ch4 (gas 90/10, 1cm, same HV & momentum,
different angle)

Dataset
Gas
90/10

Expected
Run| ch langle| number
114 0 19.97
49 14 | 30 | 23.06
10| 4 | 45 | 28.24
4714 1 60 | 39.94

Count number in gas 90/10 group
Is larger than gas 80/20 group
But not the case in the expected

number

MA=1
Th\Angles 0 30 45 60
0.001 36.71 48.74 60.04 63.25
0.002 15.33 20.60 26.48 30.64
0.003 8.27 10.95 13.12 17.29
MA=2
Th\Angles 0 30 45 60
0.001 14.64 20.03 24.98 27.78
0.002 5.37 7.44 8.54 11.56
0.003 3.56 4.64 4.80 6.93
MA=3
Th\Angles 0 30 45 60
0.001 8.93 12.49 15.10 19.00
0.002 4.69 6.29 6.74 9.79
0.003 3.38 4.39 4.38 6.46




Summary and outlook

* Apply peak finding algorithm with derivative method to beam test
data analysis

* Scaning threshold and MA shows:
* For gas 80/20 group, Th=0.001 & MA=1 has closest number with expected
* For gas 90/10 group, Th=0.002 & MA=1 has closest number with expected
* Number of found peaks increase with larger angle

* To optimize the derivative algorithm

* To apply the ML algorithm (currently tuning MC simulation based on
data)



Backup



Run number Date Start run Stop run N. of events Gas mix Gas flow (sccm) Gas pressure (Torr) HV tag Trigger delay ns Sampling rate
thdata_0 2022/7/7  19:04 20:18 5000 | 90/10 800 727 0 700 [ 12 [
tbdata_1 2022/7/7 2230 01:00 next day 482 " 90/10 800 i 728.7 1 800 10 '
thdata_2 2022/7/8 9:06 11:46 1119 7 90710 800 " 728.7 1 800 Y10 [
tbdata_3 2022/7/8 = 13:17 16:22 5000 | 90/10 800 i 7298 2 800 T 10 [
tbdata_4 2022/7/9 3:09 3:24 5000 | 90/10 800 i 729.2 2 800 [ 10 [
tbdata_5 2022/7/9 3:26 410 10000 7 90/10 800 i 729.2 2 800 Y10 [
tbdata 6 2022/7/9 4:31 5:00 10000 | 90/10 800 ’ 729.2 2 800 10 [
tbdata_7 2022/7/9 5:14 5:40 10000 | 90/10 800 [ 729.2 2 800 10 [
tbdata 8 2022/7/9 5:45 6:45 10000 7 90/10 800 ’ 729.2 2 800 Y10 [
tbdata 9 2022/7/9 7:53 8:15 10000 90/10 800 729.2 3 526 15
tbdata_10 2022/7/9 = 830 949 10000 | 90/10 800 [ 29,2 3 394 2
tbdata_11 2022/7/9 | 951 12:06 10000 : 90/10 800 729.3 3 394 I 2

51 tbdata_41 | 2022/7711 | 500 5:35 10000 80/20 600 f 725.2 10 corrected 394 2
52 thdata_42 | 2022/7/11 538 7:40 10000 80/20 600 I 7252 10 corrected+10 394 2
53 tbdata_43 | 2022/7/11 | 741 12:10 10000 80/20 600 [ 725.2 10 corrected+20 394 2
54 tbdata_44 | 2022/7/11 | 1222 1318 10000 80/20 600 i 7253 10 corrected 394 2
55 tbdata_45 | 2022/7/11 1324 14:23 10000 80/20 600 I 7253 10 corrected 394 2
56 thdata_46 | 2022/7/11 | 1430 15:30 10000 80/20 600 I 7253 10 corrected 394 2

60 thdata_47
61 thdata_48
62 thdata_49

- 2022/7/11 |
- 2022/7/11

2022/7/11

16:18
17:35
18:35

17:30
18:34
19:.02

10000

5000

| : 90/10
interrupted ~ 90/10

" 90/10

800
800
800

7244
7243
7243

W w w

394
394
394

NN
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The DAQ system: an oscilloscope interface

WDB interface is similar to the interface of an oscilloscope with 16 channels

Tanare

WD033
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Threshold test (Run44 ch4 80/20gas 1cm)
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Run4l1 ch4 waveform
Th0.001~0.003&MA1~3
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4 Runs counting numbers compare
* Run 41,44,45,46 ch4 (gas 80/20, 1cm, same HV & momentum,

different angle)

Count Number of Th 0.001 and MA = 1
Count Number of Th 0.001 and MA = 2
Count Number of Th 0.001 and MA = 3
Count Number of Th 0.002 and MA = 1
Count Number of Th 0.002 and MA = 2
Count Number of Th 0.002 and MA = 3
Count Number of Th 0.003 and MA = 1
Count Number of Th 0.003 and MA = 2
Count Number of Th 0.003 and MA = 3
root [2] 18*0.8*1.3*1.6/cos(45./180

The showed number is the mean value of number of found peaks

5:(15.48780

.1158
.9631
.0614
<21l

1s: 8
5
9
4
3
H
3
2
4

1s:
1s:
sz
152
1s:
1S:
LX*3.

(dOUb_lE) 42.358524 Run 41 Ch4 450

Count Number of Th 0.001 and MA = 1
Count Number of Th 0.001 and MA = 2
Count Number of Th 0.001 and MA = 3
Count Number of Th 0.002 and MA = 1
Count Number of Th 0.002 and MA = 2
Count Number of Th 0.002 and MA = 3
Count Number of Th 0.003 and MA = 1
Count Number of Th 0.003 and MA = 2
Count Number of Th 0.003 and MA = 3

root [6] 18*0.8*1.3*1.6/cos(30./180.

2023/2/9

153
s
s
15
19
18
153
16
153

11.3535
.1126
.5507
.6605
.4158
.7803
.3054
I 152
. 9875
*3.1415926)

(double) 34.585590 Run 45 ch4 30°

PNBABNWOOROD

6192

.8757
.0685
.6147
1415926 )

Count Number
Count Number
Count Number
Count Number
Count Number
Count Number
Count Number
Count Number
Count Number

of
of
of
of
of
of
of
of
of

Th
Th
Th
Th
Th
Th
Th
Th
Th

[cNoNoNoNoNoNoNoNo]

root [4] 18*0.8%1.3*%1.6/cos(0./180.%3.1415926)
(double) 29.952000

Count Number
Count Number
Count Number
Count Number
Count Number
Count Number
Count Number
Count Number
Count Number

of

Th
Th
Th
Th
Th
Th
Th
Th
Th

oo oNoNoNoNoNoNOo)

.001 and MA = 1 1s: 6.3766
.001 and MA = 2 1s: 3.4648
.001 and MA = 3 1s: 2.7261
.002 and MA = 1 i1s: 3.9693
.002 and MA = 2 1s: 2.0956
.002 and MA = 3 1s: 1.7832
.003 and MA = 1 1s: 2.7696
.003 and MA = 2 1s: 1.5455
.003 and MA = 3 1s: 1.3564
Run 44 ch4 0°

.001 and MA = 1 1s: 20.5687
.001 and MA = 2 1s: 10.8347
.001 and MA = 3 1s: 8.2632
.002 and MA = 1 1s: 12.8268
.002 and MA = 2 1s: 6.523

.002 and MA = 3 1s: 5.3469
.003 and MA = 1 1s: 8.8806
.003 and MA = 2 1s: 4.6487

.003 and MA = 3 1s: 4.0057

root [8] 18*0.8*1.3*1.6/cos(60./180.*3.1415926)
(double) 59.903998

Run 46 ch4 60°
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4 Runs counting numbers compare

* Run 10,11,47,49 ch4 (gas 90/10, 1cm, same HV & momentum,
different angle)

Count Number of Th 0.001 and MA = 1 1s: 20.2631 Count Number of Th 0.001 and MA = 1 1s: 11.9703
Count Number of Th 0.001 and MA = 2 1s: 7.9133 Count Number of Th 0.001 and MA = 2 1s: 4.5637
Count Number of Th 0.001 and MA = 3 1s: 4.7006 Count Number of Th 0.001 and MA = 3 1s: 2.7821
Count Number of Th 0.002 and MA = 1 1s: 8.2799 Count Number of Th 0.002 and MA = 1 1s: 4.718
Count Number of Th ©.002 and MA = 2 is: 2.7035 Count Number of Th 0.002 and MA = 2 1s: 1.7409
Count Number of Th 0.002 and MA = 3 1s: 2.1583 Count Number of Th 0.002 and MA = 3 is: 1.5355
Count Number of Th 0.003 and MA = 1 1s: 4.0513 Count Number of Th 0.003 and MA = 1 1s: 2.5676
Count Number of Th 0.003 and MA = 2 1s: 1.5874 Count Number of Th 0.003 and MA = 2 1s: 1.2145
Count Number of Th 0.003 and MA = 3 1s: 1.4231 Count Number of Th 0.003 and MA = 3 1s: 1.1142
root [2] 12%0.8%1.3%1.6/cos(45./180.%3.1415926) root [4] 12%0.8%1.3%1.6/cos(0./180.%3.1415926)
(double) 28.239016 Run 10 ch4 45° (double) 19.968000 Run 11 ch4 0°
Count Number of Th 0.001 and MA = 1 is: 25.4818 Count Number of Th 0.001 and MA = 1 is: 18.7056
Count Number of Th 0.001 and MA = 2 is: 10.4912 Count Number of Th 0.061 and MA = 2 is: 7.3
Count Number of Th 0.001 and MA = 3 is: 6.9589 Count Number of Th 0.001 and MA = 3 1s: 4.4998
Count Number of Th 0.002 and MA = 1 is: 11.2107 Count Number of Th 0.002 and MA = 1 1s: 7.3316
Count Number of Th 0.002 and MA = 2 is: 4.2071 Count Number of Th 0.002 and MA = 2 is: 2.7512
Count Number of Th 0.002 and MA = 3 is: 3.5694 Count Number of Th 0.002 and MA = 3 1is: 2.3472
Count Number of Th 0.003 and MA = 1 is: 6.1491 Count Number of Th 0.063 and MA = 1 1s: 3.9262
Count Number of Th 0.003 and MA = 2 is: 2.5915 Count Number of Th 0.003 and MA = 2 1s: 1.7914
Count Number of Th 0.003 and MA = 3 is: 2.3968 Count Number of Th 0.003 and MA = 3 1s: 1.6566
root [2] 12%0.8%1.3%1.6/cos(60./180.*3,1415926) root [4] 12+0.8*1.3*1.6/cos(30./180.*3.1415926)
(double) 39.935999 un 47 ch4 66° (double) 23.057060 Run 49 ch4 30°
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4 Runs counting numbers compare

* Run 47,49,52,53 ch4 (gas 90/10, 1cm, same HV & momentum,
different angle) 0° & 45° have sampling rate 1.0, while 30° &

60° have sampling rate 2.0
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root [2] 12*0.8*1.3*1.6/cos(60./180.
Run 47 ch4 60°
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root [%g}z 12*0.8*1.3%1.6/cos(0./180.*3.1415926)
Run 52 ch4 0°
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root [4] 12*0.8*1.3*1.6/cos(30./180.
(double) 23.057060
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Run 49 ch4 30°
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root [8] 12*0.8*1.3*1.6/cos(45./180.

(double) 28.239016

Run 53 ch4 45°
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4 Runs counting numbers compare(ncount>1)

* Run 47,49,52,53 ch4 (gas 90/10, 1cm, same HV & momentum,
different angle) 0° & 45° have sampling rate 1.0, while 30° &
60° have sampling rate 2.0

Count Number of Th 0.001 and MA = 1 1s: 63.2458 Count Number of Th 0.001 and MA = 1 @s: 48.7428
Count Number of Th 0.001 and MA = 2 is: 27.7829 Count Number of Th 0.001 and MA = 2 1s: 20.026
Count Number of Th 0.001 and MA = 3 i1s: 19.0023 Count Number of Th 0.001 and MA = 3 1s: 12.4947
Count Number of Th 0.002 and MA = 1 is: 30.6413 Count Number of Th 0.002 and MA = 1 @s: 20.6021
Count Number of Th 0.002 and MA = 2 is: 11.5628 Count Number of Th 6.002 and MA = 2 1s: 7.44215
Count Number of Th 0.002 and MA = 3 is: 9.79108 Count Number of Th 0.002 and MA = 3 1s: 6.2903
Count Number of Th 0.003 and MA = 1 1s: 17.2887 Count Number of Th 0.003 and MA = 1 1s: 10.9458
Count Number of Th 0.003 and MA = 2 i1s: 6.93065 Count Number of Th 0.003 and MA = 2 1s: 4.64362
Count Number of Th 0.003 and MA = 3 1s: 6.45867 Count Number of Th 0.003 and MA = 3 1s: 4.38963
root [2] 12*0.8*1.3*1.6/cos(60./180.*3.1415926) root [4] 12*0.8*1.3*1.6/cos(30./180. 3-1%15926)
(double) 39.935999 Run 47 ch4 60° (double) 23.057060 Run 49 ch4 30

Count Number of Th 0.001 and MA = 1 is: 23.5479 N e e
Count Number of Th 0.001 and MA = 2 is: 11.654 OURL oL 8 SIS = £ T5E 3y

C t Munher of Th 0'001 dMA =3 is: 8 &0497 Count Number of Th 0.001 and MA = 3 1s: 12.8379
nggt Nﬂmbgr gf e st sz o 12 Lt Count Number of Th ©.002 and MA = 1 is: 20.4038
Count Number of Th 0.002 and MA = 2 is: 6.82526 Crampt: Wbt b iy SU0R 2 muaiEy = £ Sar 260000
C t Numb £ Th 0.002 dMA = 3 is: 5.8497 Count Number of Th 0.002 and MA = 3 1s: 8.60863
Cg::t szbg: gf Th 0'003 :gd MA _ 1 t: 7'95022 Count Number of Th 0.003 and MA = 1 7}5: 2. 7172
Count Number of Th 0.003 and MA = 2 is: 5.43275 e [ o R i N e
Count Number of Th 0.003 and MA = 3 1s: 4.87123 .

root & 12*0 8*%1.3*%1.6/cos(0./180.*%3.1415926) (ggﬁb{g} 55*3383163*1 6/C?§&¢?Eé§ingé4i;}5926) 35
(doubTe¥?49.968000 Run 52 ch4 0°



