Analysis of the July 2022
beam test data

Brunella D’Anzi (INFN & University of Bari) for the Test Beam Crew



Gas Gain (TB November 2021)

measured gas gain vs HV (normal incidence)

red 10 pmwire[(Mo) q 1
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B 2cmtube green 20 pm wire (W)

A 3 cmtube P =725%5 Torr
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Gas Gain (TB July 2022)

measured gas gain vs HV (45°)

® He/iC4Hp =90/10 blue 15 pm wire (Mo) 1.0 cm drift tube
B He/iCsH,o = 85/15 red 20 um wire (W)

@ He/iC,H,, = 80/20 green 25 um wire (W) P =725%5 Torr
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The 25 micron
wire He:lsoB
85/15 has the
same gain of 15
micron wire
He:lsoB 80/20!




Gas Gain (TB July 2022)

measured gas gain vs HV (45°)

® He/iC,H;, = 90/10 blue 15 um wire (Mo) 1.5 cm drift tube
B He/iC4H,o = 85/15 red 20 pum wire (W)

@ He/iC,H,, =80/20 green 25 pum wire (W) P =725%5 Torr
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Ratios between 1.5cm/1cm wires

TB July 2022

0 He IsoB 90/10
A: He: IsoB 85/15
l He IsoB 80/20

'3 He IsoB 90/10
A: He:lsoB: 85/15
m: He:lsoB: 80/20

size Drift Tubes
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Measured Average Number of Clusters Found Ratio 1.5 cm/1 cm cell
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Ratios between 1.5cm/1cm wires

TB July 2022
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Measured Average Number of Clusters Found Ratio 1.5 cm/1 cm
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Reminder: Space Charge Effect

Study avalanche overlap as

Space charge effect, at any given angle, track a function of the track angle
results in reducing the effective gas gain Drift tube / avalanche avalanche
(or, equivalently _ separation/ separati
the average single electron pulse height) Sense wire — “
with respect to a configuration at a larger A |/ i
angle. / ya i
At 165 GeV/c, we expect N ~ 16.5/cm > avalanche separation = A sind
A~ 600 pum.
TB November 2021 TB November 2021
Space Charge Effect for different gas gains Space Charge Effect for different sense wire Space cha rge effects,
= 2ch1tube, 20 pm sense 1 cm tubes diameters |n this ra nge Of gaS
; He/iC4H,0 = 90/10 150 Hefic,Hqg = 90/10 .
E P = 72545 Torr 5 P=725¢5 Torr gain do not seem to
3 CR N depend on gas gain or,
g E Smmaew surprisingly enough,
§ 2 on sense wire
< A=1/16.5cm g A=1/16.5 cm diameter. The
2 B maximum avalanche
0.10 0.20 0.30 040 050 0.60 | “ : 0.10 0.20 0.30 0.40 0.50 : . .
avalanche separation = Asina [mm] avalanche separation = Asina [mm] suppression, for th|S
gas mixture, amounts
A naive model based on spherical avalanche gives, for this to

configuration, an avalanche radius of r,, = 500um. = 70%, at 0°. -



Number of Clusters (TB November 2021

Run: run_94.root; Track angle: 45° ; Gas mixture: 90%He ; HV = +20

N Cluster Peaks found - Ch 4

hNPeaks_clust_ch4

Entries 533
Mean 15.97
Std Dev 4.682
%2 I ndf 24.08/27
Prob 0.6258
Normalisation 509.6 = 22.6
u 15,65 +0.19

Expected Clusters: 17.6

Alpha angle (deg): 45.0
L L

N Cluster Peaks found - Ch 6

70 80 El
Number of Clusters found

N Cluster Peaks found - Ch 5

1 cm drift tubes

hNPeaks_clust_ch5

Entries

Mean

Std Dev

¥2 I ndf

Prob
Normalisation
1

546

16.53

4.454
25.73/25
0.4221
521.6 +22.9
16.26 + 0.18

Expected Clusters: 17.6

Alpha angle (deg): 45.0
L L

0

Fixed sampling rate 1.2 GSa/s

hNPeaks_clust_ch6

Entries 561
Mean 16.46
Std Dev 4.031
%2/ ndf 26.19/24
Prob 0.3435
Normalisation 536.1+23.2
[ 164 +02

Expected Clusters: 17.6

Alpha angle (deg): 45.0
L L

N Cluster Peaks found - Ch 8

70 80 9
Number of Clusters found

hNPeaks_clust_ch8

Entries 539
Mean 17.94
Std Dev 4.627
%2 / ndf 31.53/27
Prob 0.2501
Normalisation 508.7 = 22.6
U 17.81+0.20

Expected Clusters: 17.6

Alpha angle (deg): 45.0
1

70 80 El
Number of Clusters found

N Cluster Peaks found - Ch 7

70 80 El
Number of Clusters found

hNPeaks_clust_ch7

102

Entries

Mean

Std Dev

2 1 ndf

Prob
Normalisation
U

563

18.07

4.798
33.48/30
0.3023
529.9 =+ 23.0
1791019

Expected Clusters: 17.6

Alpha angle (deg): 45.0
L L

N Cluster Peaks found - Ch 9

70 80 9
Number of Clusters found

hNPeaks_clust_ch9

- Sans oS
Entries

Mean

Std Dev

¥2 I ndf

Prob
Normalisation
n

519

17.22

4.626
32.24/28
0.2648
488.1+22.1
17.16 + 0.18

Expected Clusters: 17.6

Alpha angle (deg): 45.0
1

70 80 El
Number of Clusters found




Number of Clusters (TB November 2021

Run: run_94.root; Track angle: 45° ; Gas mixture: 90%He ; HV = +20

1

0

N Cluster Peaks found - Ch 10

hNPeaks_clust_ch10

Entries 605
Mean 26.84
Std Dev 6.773
Prob 0.1018
Constant 38.44 = 2.21
Mean 26.76 = 0.26
Sigma 5.739 + 0.225

Expected Clusters: 39.7|

Alpha angle (deg): 45.0
Lo oo o s

N Cluster Peaks found - Ch 12

70 80 90
Number of Clusters found

hNPeaks_clust_ch12

Entries 612
Mean 30.95
Std Dev 6.854
Prob 0.4735
Constant 36.73 + 2.08
Mean 30.94 +0.27
Sigma 6.24 = 0.25

Expected Clusters: 39.7|

Alpha angle (deg): 45.0
Lo s o s

70 80 90
Number of Clusters found

N Cluster Peaks found - Ch 11

2 cm drift tubes

hNPeaks_clust_ch11

Entries
Mean
Std Dev
Prob
Constant
Mean
Sigma

627

27.61

6.93

0.368

38.89 +2.18
27.4+0.2
5.969 + 0.226

Expected Clusters: 39.7|

Alpha angle (deg): 45.0
PR | s

o

Fixed sampling rate 1.2 GSa/s

70 80 920

Number of Clusters found

Underestimation due to under-counting of the electron peaks.




Recombination and Attachment Effects
TB July 2022 Number of clusters found

N Cluster Peaks found - Run 43 - Ch 5 - Sense Wire Diameter 20 um - Cell Size 1.0 cm - Track Angle 45.0 - 2.0 GSa/s - Gas Mixture 80/20 1 - 90/10 0 - 85/15 0
Entries 1015

xpected Clusters: 26.5 - Track Angle (deg) 45.0 Mean 28.31

Std Dev 8.998
¥2 I ndf 47.42 /47
Prob 0.4556
Constant 43.73 +1.90

<N>=28.3 - Sigma 903 10077
GN = 8.9
on/V<N> = 1.67

Number of clusters found vs cluster drift time

N of Clusters found vs T of First Cluster found - Ch 5 - Sense Wire Diameter 20 um - Cell Size 1.0 cm - Track Angle 45.0 - 2.0 GSal/s - Gas Mixture 80/20 1 - 90/10 0 - 85/15 0

Entries 1015
Mean 92.7
Mean y 28.31
Std Dev 38.73
Std Dev y 8.998
¥? I ndf

p0
D

0
Time of First Cluster found [ns]

Combined action of recombination, electron attachment and E-field suppression due to space charge 10



Recombination and Attachment Effects

TB July 2022
Apply corrections to recuperate losses:

N Cluster Peaks found - Run 43 - Ch 5 - Sense Wire Diameter 20 um - Cell Size 1.0 cm - Track Angle 45.0 - 2.0 GSa/s - Gas Mixture 80/20 1 - 90/10 0 - 85/15 0

Entries 994

Mean 37.24

Std Dev 7.683

x2 I ndf 64.17 /45

Prob 0.03162

Constant 54.32 + 2.34

37.71+ 0.23

6.839 + 0.194

<N>=37.7

ON = 6.8
O'N/'\/<N> =1.11

90
Number of Clusters found

Obviously, the cuts on the derivative algorithm, which were optimized without considering
the recombination and attachment effects, need to be reformulated.

Also, these corrections, for their nature, strongly depend on the drift length and, therefore,
on the drift tube size and must be calculated for each different drift tube configuration.

This will be the goal of next task.



Conclusions

 Computation of Gas Gain for TB July 2022 datasets: the distribution is almost uniform for
1 cm wires while for 1.5cm much more attention should be paid .

* To be independent from theoretical assumptions and Gas Gain issues, the ratio between
number of clusters (electrons) found in different configurations (gas mixtures, HV, angle,
sampling rate) has been performed. The values measured are compatible within the error
with the values expected, but there is still a margin of improvement.

* A solution to improve the clusters counting and retrieve the Poisson distribution expected

is taking into account attachment and recombination effects as correction factors
* Implemented for 1cm, while for 1.5cm still working in progress
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