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Introduction

Offline analysis on November test beam data taken with 165 GeV/c rigger
muons beams from Nov 2021. coverage

10cm x 10cm

Different configurations are used (gas mixture, HV, trigger, track 1i5b<2:yn/c
incident angle w.r.t. drift tube, sampling frequency). —
Dealing with 11 drift tubes having cell sizes of 1 cm, 2 cm, and 3 cm:

1500 p /spill

Channels 0,1,2,3 are Trigger Counters

Channels 4,5,6,7,8,9 are the 6 Drift Tubes of 1 cm cell size
v' Channel 4 with a wire diameter of 10 micrometer ] ) ) . )
/' Channel 5 with a wire diameter of 15 micrometer https://github.com/bdanzi/drifttubes offline analysis/
v' Channel 6 and 7 with a wire diameter of 20 micrometer
v' Channel 8 and 9 with a wire diameter of 25 micrometer

Channels 10,11,12 are the 3 Drift Tubes of 2 cm cell size
v' Channel 10 with a wire diameter of 20 micrometer
v' Channel 11 with a wire diameter of 25 micrometer
v' Channel 12 with a wire diameter of 40 micrometer

Channels 13,14 are the 2 Drift Tubes of 3 cm cell size (Signal acquisition window is out of the signal range)
v' Channel 13 with a wire diameter of 25 micrometer
v' Channel 14 with a wire diameter of 40 micrometer

W. Elmetenawee Meeting on cluster counting in drift chambers 2



https://github.com/bdanzi/drifttubes_offline_analysis/

Find Electron Peaks strategy

» Define an electron pulse template based on experimental data. o Choose peak function A(K) and Krise and Kiall
= Raising and falling exponential over a fixed number of bins (Ktot).
= Digitize it (A(k)) according to the data sampling rate.
* Run over Ktot bins by comparing it to the subtracted and normalized data (build a sort of x2).
* Define a cut on y2.

= Subtract the found peak to the signal spectrum.
» [terate the search.

= Stop when no new peak is found.

Maximum Number of electron Npeaks = 500

signal spectrum
Snew(i) = Waves[channel]Y(i)
(corrected for baseline)
error
sigsnew(i) = Sigs
=0, Waves{channel], nPt()

Store in a temporary buffer the
pulse spectrum Snew(i) and
Its standard deviation SigSnew (i)

Initialize peak search
jmaxrel bin of presumed peak; jlast last possible bin

Npeaks = 0
jmaxrel = K

rise -2
Jlast = Waves(channel].(aPt() - Kfall+1))
T

Search again after peaks subtraction

Loop over all bins of signal spectrum

2,000 jmaxrel = Krise - 2]
O O-O 1,200
Krise = 3 1,800 Normalized pulse Deita = Smew(maxrel=Kfal— 1) - Snew(mael —Krise s1/Ktot Define raising or falling ramp Delts per bin and
1 0 269 - St 2 o R Jihe At the normalization factor of the presumed peak Norm
. Kf " igNorm = Krise+142+(sigl (Krise — 1))42) with their propagated errors sigDelta and sigNorm
o0 s
2 1.0 Ktot = 11 Loop over Ktot bins of presumed signal peak
1,400 -
A= [Abs(Deita)*k + Peak function F(k) and its error sigF(k)
3 O. 744 0,800 tl - 1 bin el ‘ANom{K) - Afky*Hom i) to be compared to the normalized peak function choser
-~ 1200 Chiz = Chiz + F(K) - ANorm(K)1N2/(sgNorm~2+sigF(kIn2) Chi square, Chi2, build up
o ! I
4 0.545 12 =4 bins
0,600 1,000
Chi2 condition chicut for peak finding
0,800
0,400
6 0-269 Increment the number of peaks found Npeaks and
store the corresponding bin position jmaxrel
0,600 \ and the normalized amplitude Ampl and sigAmpl
7 0175 400 o
Loop over Ktot bins of found signal peak
0,400
8 0.102 T ————— A
sigSnew(jmaxrel +k - Krise+1) = sigF(k) Current found peak subtraction
0,000 0,200
9 0.044 0123458678910 v
0,000 N <

10 O_O 0123 456 7 8 910
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Clusterization counting strategy

The strategy make the clusterization of the electron peaks into ionization clusters:

1) Association of electron peaks in consecutive bins (difference in time == 1 bin) electrons to a single
electron.

2) Contiguous electrons peaks which are compatible with the electrons diffusion time (2.5 ns or 3 bins)
are considered belonging to the same ionization cluster.

3) Position of the clusters is taken as the position of the last electron in the cluster.

4) The distributions of the number of clusters must follow a Poisson distribution!
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Electron peaks counting & clustering

1 cm drift tubes

Run: run 96.root; Track angle:30°; Gas mixture:90%He10%IiC4H10 ; HV
tmpSignal_afterFlt_Ch6_ev51_run_96

+20

tmpSignal_afterFlt_ Ch6_ev51 _run_96
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Electron peaks counting & clustering

2 cm drift tubes

Run: run 96.root; Track angle:30°; Gas mixture:90%He10%IiC4H10 ; HV +20

tmpSignal_afterFlt_Ch10_ev101_run_96

tmpSignal_afterFlt_ Ch10_ev101_run_96

= = S -
5 0.12— = 12—
= - g o2r
0.1 0.1
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0.06|— 0.06—
0.04— 0.04—
0.02/— 0.02—
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-0.02/— -0.02—
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time [ns] time [ns]
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Expected number of Electron Peaks & Clusters

The expected numbers of the electron peaks and clusters are estimated to check our electron
peak (cluster) algorithm:

» Expected number of electron peaks =
O cluster/cm (M.L.P.) * drift tube size [cm] * 1.3 (relativistic rise)* 1.6 electrons/cluster * 1/cos(a)

» Expected number of clusters =
O cluster/cm (M.I.P.) * drift tube size [cm] * 1.3 (relativistic rise)* 1/cos(a)

a = angle of the muon track w.r.t. normal to sense wire.
0 cluster/cm (mip) = 12 for 90He (18 for 80He) gas mixtures.
drift tube size = 0.8 for 1 cm (1.8 for 2 cm) drift tube.
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Electron peaks counting

N electrons = 32.4 Expected = 23.1

Run: run 96.root; Track angle:30°; Gas mixture:90%He10%IiC4H10 ; HV = +20

N Peaks found - Ch 4 N Peaks found - Ch 5
hNPeaks_ch4
Entries 529
Mean 35.34

hNPeaks_ch5
Entries 552
Mean 32.53

Std Dev 15.22 Std Dev 12.87

Expected elecrons: 23.1
Alpha angle ml ﬂ

hNPeaks_ch7

| E | E
1 1 I.l
c = = % * % % c = % % w
P hNPeaks_ch6 g
H Entries 580 & Entries 566
Mean 34.68 Mean 31.96
Std Dev. 13.31 Std Dev 11.81
10 10
m
Expected elecrons: Expected elecrons: 23.1
1 1
Alpn gI (de giH r " I_I Alph gl (a 9): ﬂ ""
" . . 1 1 . 1 . . 1 .
3 o g g 0 £ 0 3 70 9
| h | E‘
1 I—I 1
: * % % * b 0 % % e

|

Expected elecrogq: 23.1

[N -l " r
Alpha angle (deg)|

All i

70 B0

"
50
eeeeeeeeee

N Peaks found - Ch 6 N Peaks found - Ch 7

30 70 %0

aaaaaaaaaa

N Peaks found - Ch 8 N Peaks found - Ch 9

hNPeaks_ch8
Entries 550
Mean 31.02
Std Dev 11.61

hNPeaks_ch9
Entries 528
Mean 30.24
Std Dev 13.11

”” ” || Expected elecrons: 23.1
o H " "r
Alpha angle (d g): 30)
------

sssss

: 23.1
[ [beseaflob{[] []
L L Ll 1 1l
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Electron peaks counting

N electrons = 52.8 Expected = 51.9

Run: run 96.root; Track angle:30°; Gas mixture:90%He10%IiC4H10 ; HV

+20

N Peaks found - Ch 10 N Peaks found - Ch 11
s E hNPeaks_ch10 s F hNPeaks_ch11
: Entries 609 £ L Entries 619
| Mean 51.35 B Mean 47.57
Std Dev  17.77 B Std Dev  16.06
10 p— 10 —
Expected elecrons: 51.9 Expected elecrons: 51.9
1= Ll =
E ’| || ” Alpha angle (deg): 30.0 E ” " |:|[| || Alpha angle (deg): 30.0
1 1 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160 180 200 20 40 60 80 100 120 140 160 180 200
N Peaks N Peaks

N Peaks found - Ch 12

hNPeaks_ch12
Entries 612
Mean 59.49
Std Dev  17.63

Entries

IIIIT LI IIIIII| LI
—
]

Expected elecrons: 51.9

Alpha angle (deg): 30.0

40 60 80 100 120 140 160 180 200
N Peaks
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Electron peaks counting

1 cm drift tubes 2 cm drift tubes

Electrons Finding Efficiency 1 cm cell size Drift Tubes Electrons Finding Efficiency 2 cm cell size Drift Tubes
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\verage Number of Electrons / Expected Number of Electrons
=3
(=]

» Electrons overcounting due to fake electron peaks in adjacent bins.
> (easily corrected in the clusterization algorithm)
» Undercounting for 2cm a <30° due to space charge effects.
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Electron Clustering

N Clusters = 12.6

N Cluster Peaks found - Ch 4

1 cm drift tubes
Run: run 96.root; Track angle:30°; Gas mixture:90%He10%IiC4H10 ; HV

FNPeaks_clust_ohd

Entries 529
Mean 12.91
Std Dev 6.048
7 I ndf 8255/29
Prob 4.88e-07
Constant 39.04 +2,60
10 Mean 12.02 £ 0.26
Sigma. 653 & 0.234
1 Expected Clusters: 14.4
Alpha angle (deg): 30.0
0 o £ E 0 EY EY 70 0
Number of Glusters fou
N Cluster Peaks found - Ch 6
. [ TWPeaks cstone 1
g @ Entries 550
5 Mean 12.97
Std Dev 4423
72/ ndf 60.74 /24
rob 5.017e-05
Constant 57.34+3.16
Mean 12.79+0.18
10 Sigma 6180121
Expected Clusters: 14.4
1
Alpha angle (deg): 30.0
L L 3 N N 3 L
13 T o £ Ly ™ ™ 0
Number of Clusters found
N Cluster Peaks found - Ch 8
. . T WPeac et 1
g Enires 550
H 12,69
Std Dev 4.393
42/ ndf 49.31/24
Prob 0001732
Constant 55.33 +3.35
Mean 1236 £0.19
10 Sigma, 61350149
' Expected Clusters: 14.4
Alpha angle (deg): 30.0
L L L L L L L L
0 £y ™ T

“The Fit applied is Poisson fit
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Entries.

Entries.

Entries

Expected = 14.4

N Cluster Peaks found - Ch 5

TNPeaks clust_chs
Eniries 552
Mean 1217
Std Dev 477
2/ ndf 102.1/25
Prob 2807e-11
Constant 478+38
11412028
Sigma 843 + 0262
Expected Clusters: 14.4
" Alpha angle (deg): 30.0
o 70 EY E e E 70 50
Number of Clusters found
N Cluster Peaks found - Ch 7
TNPeaks clust ch7
Entries 566
Mean 12,64
Std Dev 4351
2/ ndf 39.37/24
rob 0.02497
Constant 55731
Mean 1249 £0.19
Sigma 7820134
Expected Clusters: 14.4
Alpha angle (deg): 30.0
L L 3 N N s L
I3 T g T g L g 0
Number of Clusters found
N Cluster Peaks found - Ch 9
TNPeaks clust cho
Eniries 528
Mean 1222
Std Dev 438
22/ ndf 50.38 /22
Prob 00005211
Constant 48.24 +3.27
Mean 12422021
Sigma 4502
Expected Clusters: 14.4
Alpha angle (deg): 30.0
L L L L L L L
b3 7 % T £ E 70

50
Number of Clusters found
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Electron Clustering

N Clusters = 21.5 2 cm drift tubes Expected = 32.4

Run: run 96.root; Track angle:30°; Gas mixture:90%He10%IiC4H10 ; HV = +20

N Cluster Peaks found - Ch 10 N Cluster Peaks found - Ch 11
” hNPeaks _clust_ch10 - — hNPeaks _clust_ch11
£ = Entries 609 £ = Entries 619
] - Mean 19.99 ] - Mean 20.18
- Std Dev 6.206 - Std Dev 5.823
- %2/ ndf 41.07 /36 ~ %2/ ndf 63.31/34
- Prob 0.2581 - Prob 0.001665
Constant 40.66 +2.26 Constant 46.31+2.60
10— Mean 19.62 +0.25 10— Mean 19.73 £0.21
= Sigma 5.582 + 0.208 = Sigma 4.792 +0.178
1 Expected Clusters: 32.4f 1= Expected Clusters: 32.4|
— ” |_| ” Alpha angle (deg): 30.0 - ” ” ” Alpha angle (deg): 30.0
1 1 1 1 1 1 1 1 1 1 1 1 1 1
10 20 30 40 50 60 70 80 90 10 20 30 40 50 60 70 80 90
Number of Clusters found Number of Clusters found

N Cluster Peaks found - Ch 12

» — hNPeaks_clust_ch12
2 = Entries 612
i o Mean 24.52
[~ Std Dev 6.491
B 22/ ndf 55.21/38
B Prob 0.03511
Constant 40.83 £2.29
10 Mean 24.24 +0.25
Sigma 5.445 + 0.203

Expected Clusters: 32.4|

|_|” ” Alpha angle (deg): 30.0
1 1 1 1

30 40 50 60 70

80 90
Number of Clusters found

*The Fit applied is Gauss fit
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Electron Clustering

1 cm drift tubes 2 cm drift tubes

Clusters Finding Efficiency 1 cm cell size Drift Tubes Clusters Finding Efficiency 2 cm cell size Drift Tubes
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d Average Number of Clusters / Expected Number of Clusters
N/
Kr
d Average Number of Clusters / Expected Number of Clusters

60
Track Angle (deg)

» Undercounting at a < 30° due to space charge effects.

» Undercounting at a > 45 due to high electron peaks density.

» 10 % average inefficiency for 1 cm drift tubes (a < 30° & a > 45Y)

> 30% average inefficiency for 2 cm drift tubes (electron inefficiency) (a < 30° & a > 459)
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Testing different templates

3,000
2,000
Template 1 P
Normalized pulse
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2 1.0 S : | { 7 0638 .
: T [
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4 0.545 o0 = ns 10 039 1,000 Krise=5
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. 1 0326
5 0.3%0 L 000 Krlse = 4 12 0,269 0,800 Ktot = 21 1,000
6 0.269 0,400 o e 13 0219
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Comparison between the different templates

1 cm drift tubes
Template 1

Clusters Finding Efficiency 1 cm cell size Drift Tubes

Template 3

Clusters Finding Efficiency 1 cm cell size Drift Tubes

08
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Comparison between the different templates

2 cm drift tubes
Template 1 Temp|ate 3

Clusters Finding Efficiency 2 cm cell size Drift Tubes

Clusters Finding Efficiency 2 cm cell size Drift Tubes
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Comparison between DERIV & RTA Algorithms

1 cm drift tubes

» Comparison between the derivatives (DERIV) and Running Template Algorithm (RTA): “Electron peaks
counting & clustering”

Run: run 96.root; Track angle:30°; Gas mixture:90%He10%iC4H10 ; HV = +20

RTA algorithm DERIV algorithm

tmpSignal_afterFlt Ch6_ev51 run_96 tmpSignal_afterFlt_Ch6_ev51_run_96

0.15 010

Volt [V]
Volt [V]

0.08
0.1

0.06

0.05
0.04

|||II|I|I||I|

0.02

Vi vvy vy

TS0 100 10 200 20 50 100 150 200
time [ns]

250
time [ns]
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Comparison between DERIV & RTA Algorithms

2 cm drift tubes

» Comparison between the derivatives (DERIV) and Running Template Algorithm (RTA):
"Electron peaks counting & clustering”
Run: run 96.root; Track angle:30°; Gas mixture:90%He10%iC4H10 ; HV = +20

RTA algorithm DERIV algorithm

tmpSignal_afterFlt_Ch10_ev101_run_96 :
tmpSignal_afterFlt_Ch10_ev101_run_96

= =
§ 0.12 :— § : y
0.1 S 0.08—
0.08— B
- 0.06|—
0.06/— -
0.04 :— 0.04— i ‘
0.02— - ! ‘
i 0.02— | g
-0.02— B
= 0 VYWY WYV
-0.04[—
1 1 1 1 l 1 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 _| L 1 L | L L 1 I | L L | L | | L | L | | | | L | | |
300 400 500 600 700 800 ] 900 200 500 500 =00 800
ime [ns] time [ns]
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Comparison between DERIV & RTA Algorithms

1 cm drift tubes

» Comparison between the derivatives (DERIV) and Running Template Algorithm (RTA):
"Electron peaks counting”

RTA algorithm DERIV algorithm

Electrons Finding Efficiency 1 cm cell size Drift Tubes Electrons Finding Efficiency 1 cm cell size Drift Tubes

PR ISR TR TR T [N TN SN SN SN (NN SN TN TN TN N SN ST SN SN (NN ST SO TN T N SO 1
50

04— ., 1 v o0y by s L e b s o ]y 5
Track Angle (deg)

\verage Number of Electrons / Expectad Number of Electrons

60
Track Angle (deg)

Average Number of Electrons / Expected Number of Electrons
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Comparison between DERIV & RTA Algorithms

2 cm drift tubes

» Comparison between the derivatives (DERIV) and Running Template Algorithm (RTA):
"Electron peaks counting”

RTA algorithm DERIV algorithm

Electrons Finding Efficiency 2 cm cell size Drift Tubes Electrons Finding Efficiency 2 cm cell size Drift Tubes
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Comparison between DERIV & RTA Algorithms

1 cm drift tubes

» Comparison between the derivatives (DERIV) and Running Template Algorithm (RTA):
” Electrons cluster density”

RTA algorithm DERIV algorithm

Epc 1 cm cell size Drift Tubes Epc 1 cm cell size Drift Tubes

|
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Comparison between DERIV & RTA Algorithms

2 cm drift tubes

» Comparison between the derivatives (DERIV) and Running Template Algorithm (RTA):
”Electrons cluster density”

RTA algorithm DERIV algorithm

Epc 2 cm cell size Drift Tubes Epc 2 cm cell size Drift Tubes
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Comparison between DERIV & RTA Algorithms

1 cm drift tubes

» Comparison between the derivatives (DERIV) and Running Template Algorithm (RTA):
” Electrons Clustering”

RTA algorithm DERIV algorithm

Clusters Finding Efficiency 1 cm cell size Drift Tubes Clusters Finding Efficiency 1 cm cell size Drift Tubes
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~ 5% inefficiency in the RTA in comparison with DERIV algorithm
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Comparison between DERIV & RTA Algorithms

2 cm drift tubes

» Comparison between the derivatives (DERIV) and Running Template Algorithm (RTA):
” Electrons Clustering”

RTA algorithm DERIV algorithm

Clusters Finding Efficiency 2 cm cell size Drift Tubes

Clusters Finding Efficiency 2 cm cell size Drift Tubes

Number of Clusters / Expected Number of Clusters
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~10% inefficiency in the RTA in corfiiparison with DERIV algorithm

verage
o

d Average Number of Clusters / Expected Number of Clusters

W. Elmetenawee Meeting on cluster counting in drift chambers



Conclusions

» Further optimization will be done to the Running Template
Algorithm (RTA) in order to recover the inefficiency observed.

» The application of the two different algorithms will be very
useful for understanding the pathologies of both algorithms,
therefore, it will be extremely useful to have a third algorithm
like the one being developed at IHEP with NN.
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