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Main questions

Issue

Exact value
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Shape of gas gain distribution

Signal different between visualization
and data output

Status

Description

17.12.2022 After discussion with Garfield & Garfield++
devs. Heinrich sent a source C++ file with RKF Gas
gain modeling.

{ My results matched Heinrich's, but still the gas

Coedediorend e L0 LD

{30.12.2022 Add plots from Garfield simulation.
Choice between gas gain distribution.

17.12.2022 Difference between signal amplitude in
inner class and output data




Cross check with Heinrich's results

with exact value
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Choice between gas gain distribution.
shape of distribution

Avalache size estimate. Fix Mean() of gas gain mean for Expo and Shape distribution.
70%Ar+30%C02, P =1 atm, T =298.15 K, &, ,= 1 cm, &, .= 30 um, Rmf 04cm,B=0T,HV, _=1750V

Entries 10000 || Entries 10000
Mean 6.826e+04 || Mean 6.815e+04
Std Dev  4.001e+04 || Std Dev 4.02e+04

Entries 10000
Mean 6.843e+04
Std Dev  4.275e+04

Event count

x10°
120 140
Number of electrons

Q Because the shape distribution agrees well with the Microscopic distribution .
— It is recommended to use a Shape distribution with @



Cross check with ATLAS TRT from TDR

with exact value

Ar-CO, 70/30

GARFIELD simulation
by Sergey Nasybulin,
Dosbol Baigarashev
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| GARFIELD++ simulation
ATLAS TRT PLOTS from TDR by Aliaksei Paulau,
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Figure 4-21 Gas gain in Ar/CO, 70/30 (experimental data and simulation).




Cross check with ATLAS TRT from TDR

with exact value

Ar-CO, 70/30

ATLAS TRT PLOTS from TDR

GARFIELD simulation
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Dosbol Baigarashev
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Figure 4-21 Gas gain in Ar/CO, 70/30 (experimental data and simulation).
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Cross check with ATLAS TRT from TDR

with exact value

Work point
.......... ...................... Galn 44800‘ .......... .....

Gas gain for Ar - 70% CO2- 30% dTube = 10mm , dWire = 30 mkm, w/o Penning (SPD setup) find

~ SHIP gas géi_n.

measurements for
1 cm straw 70/30 Ar/CO2
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background



Entries 2000
Mean 36.5
Std Dev 5.98
Underflow 0
Overflow 0

signal [ pa]

100 200 300
time [ns]

Visualization data from GARFIELD++ OUTPUT data from GARFIELD++

?

Not solved, need 1o think about it



Gas gain for A 002- 30% tube d = 4mm , dWire = 30 mhm, wi

Microscopic tracking
Entries 8552
Mean 217.3
Std Dev 180.9
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Number of electron in avalache

Micr&copic gain estimation
+30 % C02, P=1 atm, T=298.15K, @,,,,, =1 cm, D,,, =30 pm, R__

2

=0.1 ¢cm, B =0T, wio Penning, 1200HV

Entries
Mean 41.47 £0.3915
Std Dev  39.15 +0.2768

Gas galn for Ar - 70%C 1% tube d = 4mm , dWire - 30 mkm. wio Penning (ATLAS TRT setup) HV = 1700

Microscopic tracking
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Microscopic gain estimation

70% Ar+30 % €02, P =1 atm, T=298.15 K, @, =1cm, D, =30 ym R =0.1cm, B=0T, wlo Penning, 1700HV
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Final TDR plots

First ionization cluster drift time.
First ionization cluster drift time. 70%Ar + 30%C02, P = 1atm, T=298.15K &, =1cm, &, =30um R _ =04cm B=15T HV  =1750V

70%Ar + 30%C02, P =1atm, T=298.15K, @, = 1cm, &, =30 um, R =04cm B=0T HV  =1750V

straw™

= GARFIELD++
GARFIELD++ GARF Entries 1000

Entries 1000 Entries 1000 Mean 1151
Mean 95.48 Mean 95.66 Std Dev 0.7495
Std Dev 0.3603 Std Dev 0.6623 221 ndf 3179/ 1
*2 / ndf 36.33/5 | x*/ naf 30.59/ 11 ‘ Constant 2475 + 4135
Constant 2141+ 1145 Constant 1791+ 871 MPV 114.7 £ 0.1
MPV 95.28 + 0.00 MPV 95.39 + 0.00 Sigma 0.07139 + 0.00691

Sigma  0.03482 + 0.00138 Sigma ___ 0.04604 + 0.00169 i GARFIELD

Entries 1000
Mean 117.5
Std Dev 0.9592
%2 / ndf 12.12/4
Constant 3312 +259.4
MPV 117.1£0.0
Sigma 0.04789 + 0.00262

121
Time [ns]

7
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Final TDR plots

Second ionization cluster drift ime.

Second ionization cluster drift time.
70%Ar + 30%C02, P =1 atm, T = 298.15 K, &,

70%Ar + 30%C02, P =1 atm, T = 298.15K, @, =1¢em, &, =30 um, R =04cm B=0T HV _ =1750V

Entries 1000 [ Entries 1000
Mean 96.21 Mean 115.9
Std Dev 1.307 } Std Dev 1.396
x?/ ndf 11.56/9 x2/ ndf 2241/8
Constant 1415 +83.7 Constant 711.2 £ 44.0
MPV 95.31£0.07 MPV 1149+ 0.0
Sigma 0.2509 + 0.0163 Sigma 0.2165 + 0.0207_

Entries 1000 | Entries 1000
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Std Dev 1.505 | - Std Dev 1.66
%2/ ndf 57.46/12 2/ ndf 50.92/7
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Moment of 10 mV crossing. Fix gas gain Mean(} ~ 4,5 10"
70%Ar + 30%C02, P = 1,2, 3atm, T = 203.15 K, @, = 0.56m, @, =30pm, R =01cm B=0T,HV, =1750V
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First & Second cluster arrived time

Time of first cluster arrived. Time of second cluster arrived.
70%Ar +30%C02, P = 1,23 atm, T=293.15K, &, - 05¢cm, &, = 30 pm, R"m: 0.1cm, B=0T, HV“_”E =1750V 70%Ar + 30%C02, P = 1,23 atm, T = 293.15K, &, = 0.5¢cm, @, =30 um, Rwy: 01cm,B=0T, HVM_:_ =1750V
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Garfield++ & LTSpice
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Garfield++ & LTSpice signals.
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Garfield++ & LTSpice

Maximum of amplitude

peak_distr

Entries 1000
Mean 220.3
Std Dev 181
Underflow 0
Overflow 0

Signal maximum 2000 bins
Entries 999
Mean 274.5
Std Dev  228.2
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o Comparing drift path/time
4 distributions

Drift line distribution Drift distance [cm] from initial position 0.25[cm]
Magnetic field problem Y fem

RealDistance RealDistance
Entries 1493 J-L Entries 1500

First clusterfarrival properties

Landau MPV Histogram standart deviation

2 i,

Mean 0.3603 Mean 0.3761
Std Dev 0.02519 Std Dev  0.02761

Legend:
® Garfield w/o field
® Garfield max field
M: RGarfield++ w/o Feld
RGarfiled++ max field

Landau Sigma Fit quality
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First cluster arrived Bz= 0 [T].
Garfield & Garfield++ plots.

straw d = 10 [mm], radius track = 4[mm]

ArCo2_7030 Bz=0 [T] First cluster arrived on anoade from 0.4 fem] first cluster drift time, zero field

First Arrival time from 0.4cm o —
: first_cluster_drift_time
Entries 1000

Entries 1000
Mean 95.65
Std Dev 0.5418
¥2 / ndf 29.59/10
Constant 1791+ 851
MPV 9539 0.00
Sigma 0.04604 + 0.00167

ArCo2_7030 Bz=0 [T] First cluster arrived on anode from 0.4 [cm]
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Std Dav 0.516
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Constant 2124+ 1119
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Sigma 0.03565 + 0.00138

GARFIELD++ GARFIELD

Entries 1000 Entries 1000
Mean 95.51 Mean 95.66
Std Dev  0.5819 Std Dev  0.6623
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Second cluster arrived Bz= 0 [T].
Garfield & Garfield++ plots.

straw d = 10 [mm], radius track = 4[mm]

ArCo2_7030 Bz=0 [T] Second cluster arrived on anode from 0.4 [cm] second cluster drift time, zero field ArCo2 7030 Bz=0 [T] Second cluster arrived on anode from 0.4 [cm]

Second Arrival time from 0.4cm second_cluster_drift_time

Entries 1000 Entries 1000
Mean 96.32 Mean 96.18
Std Dev 1.658 Std Dev 1.348
%2 [ ndf 12.08/12 %2/ ndf 61.37/14 Mean 96.32
Constant 1419+ 87.8 Constant 1695 £ 124.9 SidDev  1.658
MPV 95.3+ 0.1 MPV 95.56 + 0.02
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ArCo2_7030 Bz=1.5 [T] First cluster arrived on anode from 0.4 [cm]

First Arrival time from 0.4cm

Entries 1000
Mean 115.1
Std Dev 0.7279
x? / ndf 3.197/2
Constant 2505 +401.5
MPV 1147+ 0.1
Sigma 0.07198 + 0.00509

118 119 120
Time [ns]

Garfield & Garfield++ plots.
First cluster arrived Bz= 1.5 [T].

Straw d = 10 [mm], radius Track = 4[mm]

first cluster drift time, max field ArCo2_7030 Bz=1.5 [T] First cluster arrived on anode from 0.4 [cm]

Entries 1000

Mean 117.4
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Py 17.1500

Sigma 0.05039 + 0.00242 Entries 1000

Mean 117.5
Std Dev  0.9592
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Second cluster arrived Bz= 1.5 [T].
Garfield & Garfield++ plots.

straw d = 10 [mm], radius track = 4[mm]

ArCo2_7030 Bz=1.5 [T] Second cluster arrived on anode from 0.4 [cm] second cluster drift time, max field ArCo2_7030 Bz=1.5[T] Second cluster arrived on anode from 0.4 [cm)]

Second Arrival time from 0.4cm second_cluster_drift_time
Entries 1000 Entries 1000
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File Edit View Options Tools Help| File Edit View Options Tools Help

: 1 ] 1 L] I 1 1 1 1 I 1 1 ] 1 ' 1 I 1 1 1 1 I L] 1 ] 1 :
200— =
= Entries 1000 =
180— Mean 0.228 =
B Std Dev 0.0268 =
160— Underflow 0 —]
i Overflow 0 -
140— E =
120— ] =
100f— —
80— —
60— —
40 —
20— —
0 : 1 L L. L 1 L 4 I 1 I 1 1 1 1 I 1 1 L 1 :

0 0.3 0.4 0.5 0.6

rTube = 3mm

Real Distance [cm]



Drift distance [cm] from initial position 0.05[cm]
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Drift distance [cm] from initial position 0.15[cm]
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Drift distance [cm] from initial position 0.25[cm]
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Drift distance [cm] from initial position 0.25 Bz=0
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e - s . Drift distance [cm] from initial position 0.25 Bz=0
Drift distance [cm] from initial position 0.25 Bz=1
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Drift distance [cm] from initial position 0.15 Bz=1
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Garfield++ Amplitude BUG
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ArCo2_7030 Bz=0 [T] First cluster arrived on anode from 0.4 [cm]

First Arrival time from 0.4cm
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ArCo2_7030 Bz=0 [T] Second cluster arrived on anode from 0.4 [cm)]

Second Arrival time from 0.4cm

[} [} — Entries 1000
Garfield & Garfield++
400 — m LN T
350 f—
300 f—
ArCo2_7030 Bz=0 [T] Second cluster arrived on anode from 0.4 [cm] 250 =
Second Arrival time from 0.4cm g
- 200
450 — _ Entries 1000 -
C Mean 96.12 150 =
400— . StdDev  1.446 100
- Garfield++ - :
- : 50 Garfield++
[ 0 — [ - I [ R [
C 70 80 90 100 110 120
300— second cluster drift time, zero field
- _ second_cluster_drift_time
- I C . Entries 1000
250 L 350 Mean 96.24
N B Std Dev 1.505
- 300 x2/ ndf 62.95/16
200— - Constant 1726 + 126.6
B 250 C MPV 95.55+0.02
150 B - Sigma 0.1625 + 0.0107
- 200 —
100 :_ 150 — 1\
50 ~ 100 —
E 50— fial
0 1 | | | | | | | | | | | L het L J | | | | | | | E ¥ | GGr |e d
70 80 90 100 110 120 % — o5 100 o5 Tio 115 120

arrival_time [nsec]



.

ArCo2_7030 Bz=1.5[T] First cluster arrived on anode from 0.4 [cm]
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Figure 4-21 Gas gain in Ar/CO; 70/30 (experimental data and simulation).
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Difference between signal
output after LTSpice
simulation

Comparing drift
path/fime
distributions
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