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Main questions

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
St velus the gas gain is different from ATLAS TRT.
23.12.2022 Incorrect gas gain plots for the RKF
method

Gas Gain

30.12.2022 Add plots from Garfield simulation.

SNEIRE ©F gk gelin Elsiiouiion Choice between gas gain distribution.

Signal different between visualization 17.12.2022 Difference between signal amplitude in
and data output inner class and output data




Main questions

Final TDR plots update

Strange behavior of tfime distribution

Description

17.12.2022 Update pictures for the arrival time of the
first and second clusters at the anode.
GARFIELD & GARFIELD++.

23.12.2022 Updates plots according to Katerina’s
edits.

30.12.2022 Save to PDF file.

30.12.2022 For the DUNE setup. To achieve the
maximum temporal resolution, a simulation was
carried out for different pressures (1, 2, 3 atm) at the
same voltage 1750 V. There is fix Mean() of gas gain
~4.5* 1074,



Cross check with Heinrich's results

with exact value
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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
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Figure 4-21 Gas gain in Ar/CO, 70/30 (experimental data and simulation).




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 @



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



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
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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_
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Mean 96.24 Mean 118.2
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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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Drift velocity

Garfield++ (1 atm) Garfield++ (3 atm)
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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

Garfield++ (2 atm) GARFIELD++ (1 atm)
Entries 1000 Entries 1000
Mean 13.43 Mean 13.32
Std Dev  0.5574 Std Dev  0.6064

GARFIELD++ (2 atm)
Entries 1000
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END
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Garfield++ & LTSpice
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Garfield++ & LTSpice signals.

signal (Aual

P TP PO I |
200 1400 1600 1800 2000
Max ampitude from 1mm (straw 6mv) (]

Garfield++ signal 5 ] | J\,. T time [ns]
S L ; o o AT
0o M ampétuds (nV] Moment of 10 mV crossing

time [ns]

Moment of 10 mV crossing
Entries
3 Mean

f Garfield++ . E Std Dev
first cluster arrived E ¢/ ndf

Garfield++ LE ice

first cluster arrived

B

a0
T (sec)

Tube = 6mm Time [ns]

20

40
Tima [nsec]

Tube = 6mm

Signal maximum 2000 bins e Garioldr+ § LTSpca S Entries 990
Entries ; . Mean 255

M me AN
ean . SidDev 2231
Std Dev v ] .

‘Ampitude [mV]

7200 400 60 800 1000 1200 14
Max ampitude

| g
00
T

i 1ol i is
1600 1800
rom 2mm (svaw 6mm) (]

Moment of 10 mV crossing
Entries
Mean
Std Dev
12/ ndt
Prob
Constant
Mean
(Sigma  7.19340217

LTSpice

/T T O '_l\‘ll—‘TL\"—H Lohll e loy 1 m leng i dhm 1
400 600 800 1000 1200 1400 1600 1800 2000 Garfield++ 3 R 1 . e )
Max amplitude from 2mm (straw 6mm) [mv] first cluster arrived Time frsec]

Tube = 6mm I

Time [ns]




Garfield++ & LTSpice

Maximum of amplitude

peak_distr
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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:
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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
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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
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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]
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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)]
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File Edit View Options Tools Help| File Edit View Options Tools Help
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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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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] 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)]
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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
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ArCo2_7030 Bz=1.5[T] Second 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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Issues:

Updates

progress

Difference between signal
output after LTSpice
simulation

Comparing drift
path/fime
distributions

TDR plots




