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Particles’ properties:

@ Particles: p+, muon as reference particle, e-, pion, kaon
@ Fixed distances: 0.1 mm, 2 mm, 4.8 mm

© Momentum: 0.1 GeV, 1 GeV, 10 GeV

@ Finally 5-3 -3 = 45 data sets.
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Signal problem
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Puc. 1: Non-zero ion signal. 2 mm electron, 1 GeV energy
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Signal Integration (1)

Charge plots
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Puc. 2: Three parts of signal integrated [fC]. 2 mm electron, 1 GeV energy
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Signal Integration (2)

Charge plots
Charge plots (Integrated Signals)
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Puc. 3: Three parts of signal integrated [e-]. 2 mm electron, 1 GeV energy
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Signal Integration (3)

0

Charge plots

Gharge plots (Integrated signals) vs direct charges
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Puc. 4: Three parts of signal integrated [e-] vs total charge from Garfield++
(Green). 2 mm electron, 1 GeV energy
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Energy, wasted on ion pair creation

Number of primary electrons collection Energy deposit per track

W
E.keV]

a) Charge distribution per track, b) Energy deposit distribution per
e- track, keV

Puc. 5: Compare of deposited energy and energy, wasted on ion pair creation.
1840/65.7 = 28 eV, 1220/45 = 27. €V, 1630/59.9 = 27.2 ¢V, 1080/40 = 27.0 eV.
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Garfield++ vs Geant4, first cross-check (1)

Muon 1 GeV, 10 mm straw, distance = 2 mm

- E Energy loss per hit [keV], muon 1 GeV, 2 mm to wire
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Puc. 6: Compare two physics lists in Geant4 vs Garfield++ vs SPDRoot (No
magnetic!). Muon 2 mm, 1 GeV
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Garfield++ vs Geant4, first cross-check (2)

Proton 0.1 GeV, 10 mm straw, distance = 2 mm

Energy loss per hit [keV], muon 1 GeV, 2 mm to wire
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Puc. 7: Geant4 vs Garfieldpp. Proton 0.1 GeV momentum, Distance 2 mm
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Garfield++ vs Geant4, first cross-check (3)

Proton 1 GeV, 10 mm straw, distance = 2 mm
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Puc. 8: Geant4 vs Garfieldpp. Proton 1 GeV momentum, Distance 2 mm
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Garfield++ vs Geant4

Energy loss of a track, electron, momentum = 0.1 GeV

221

181
16

14

1.2

Energy loss per track [keV], e-, momentum is 0.1 GeV

Energy loss per track, electrons 0.1 GeV, Distance = 0.1 mnj

MPV = 1.73, 6 = 0.36, Garfield++

Energy loss per track, electrons 0.1 GeV, Distance = 2 mm

MPV = 1.55, 6 = 0.34, Garfield++

Energy loss per track, electrons 0.1 GeV, Distance = 4.8 mnj

MPV = 0.33, 6 = 0.1, Garfield++

Energy loss per track, electrons 0.1 GeV, 0.1 mm

MPV = 1.96, 6 = 0.44, Geant4

Energy loss per track, electrons 0.1 GeV, 2 mm

MPV = 1.75, 6 = 0.40, Geant4

Energy loss per track, electrons 0.1 GeV, 4.8 mm

MPV = 0.19, 6 = 0.10, Geant4
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Puc. 9: Geant4 vs Garfieldpp. Electron, momentum 0.1 GeV
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Garfield++ vs Geant4

Energy loss of a track, electron, momentum = 1 GeV

220 Energy loss per track [keV], e-, momentum is 1 GeV

= Energy loss per track, electrons 1 GeV, Distance = 0.1 mm
2 MPV = 1.83, ¢ = 0.40, Garfield++
- Energy loss per track, electrons 1 GeV, Distance =2 mm

MPV = 1.65, 6 = 0.37, Garfield++

1.8 Energy loss per track, electrons 1 GeV, Distance = 4.8 mm
= T MPV =035, 0 = 0.12, Garfield++
1.6 Energy loss per track, electrons 1 GeV, 0.1 mm
MPV =210, 6 = 0.48, Geantd
14 Energy loss per track, electrons 1 GeV, 2 mm
MPV =188, 6 = 0.41, Geantd

Energy loss per track, electrons 1 GeV, 4.8 mm
MPV =0.22, 6 = 0.10, Geant4
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Puc. 10: Geant4 vs Garfieldpp. Electron, momentum 1 GeV
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Garfield++ vs Geant4

Energy loss of a track, electron, momentum = 10 GeV

220 Energy loss per track [keV], e-, momentum is 1 GeV

= Energy loss per track, electrons 10 GeV, Distance = 0.1 mm|
2 MPV = 1.85, ¢ = 0.41, Garfield++
- Energy loss per track, electrons 10 GeV, Distance = 2 mm

MPV = 1.66, 6 = 0.39, Garfield++

1.8 Energy loss per track, electrons 10 GeV, Distance = 4.8 mm|
= T MPY =034, 0= 0.12, Garfielde+
1.6 Energy loss per track, electrons 10 GeV, 0.1 mm
MPV = 2.11, 6 = 0.48, Geant4
1.4 Energy loss per track, electrons 10 GeV, 2 mm
MPV = 1.89, 6 = 0.42, Geant4

Energy loss per track, electrons 10 GeV, 4.8 mm
MPV = 0.22, 6 = 0.10, Geant4
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Puc. 11: Geant4 vs Garfieldpp. Electron, momentum 10 GeV
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Garfield++ vs Geant4

Energy loss of a track, K-, momentum = 0.1 GeV

0.2
- Energy loss per track [keV], K-, momentum is 0.1 GeV/
0.18 Energy loss per track, K- 0.1 GeV, Distance = 0.1 mm
: MPV =27.01, 6 = 3.17, Garfield++
- Energy loss per track, K- 0.1 GeV, Distance = 2 mm
0.16 MPV =24.44, ¢ = 2.86, Garfield++
= Energy loss per track, K- 0.1 GeV, Distance = 4.8 mm
MPV =6.37, ¢ = 1.03, Garfield++
0.14 Energy loss per track, K- 0.1 GeV, 0.1 mm
= MPV = 28.25, ¢ = 2.78, Geant4
- Energy loss per track, K- 0.1 GeV, 2 mm
0.12 MPV = 25,62, 0 = 2.67, Geantd
[ Energy loss per track, K- 0.1 GeV, 4.8 mm
MPV = 3.94, 6 = 0.87, Geant4
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Puc. 12: Geant4 vs Garfieldpp. Kaon (K-), momentum 0.1 GeV
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Garfield++ vs Geant4

Energy loss of a track, kaon, momentum = 1 GeV

25 Energy loss per track [keV], kaon, momentum is 1 GeV

D\s(ance 0.1 mi
24,0= 0 28, Garfield++
D\s(ance 2mm
MPV =1.11, o = 0.26, Garfield++
D\s(ance 4.8 mi
=0.23,0= 0 08, Garfield++
D\s(ance 0.1 mm
=1.35,0=0.34, Geant4
D\s(ance 2mm
15 MPV =1.19, = 0.31, Geant4
R Distance 4.8 mm
MPV =0.12, o = 0.07, Geant4
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Puc. 13: Geant4 vs Garfieldpp. Kaon (K-), momentum 1 GeV
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Garfield++ vs Geant4

Energy loss of a track, kaon, momentum = 10 GeV

25 Energy loss per track [keV], kaon, momentum is 10 GeV'
Distance = 0.1 mm
MPV = 1.35, ¢ = 0.29, Garfield++
mm
=0.28, Garfield++
Distance = 4.8 mm
MPV = 0.26, ¢ = 0.09, Garfield++
Distance 0.1 mm
MPV = 1.49, = 0.34, Geantd
Distance 2 mm
15 MPV = 1.34, ¢ = 0.32, Geantd

b Distance 4.8 mm
MPV = 0.14, o = 0.08, Geant4
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Puc. 14: Geant4 vs Garfieldpp. Kaon (K-), momentum 10 GeV
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Garfield++ vs Geant4

Energy loss of a track, muon, momentum = 0.1 GeV

25 Energy loss per track [keV], i, momentum is 0.1 GeV

Energy loss per track, muons 0.1 GeV, Distance = 0.1 mm
MPV =2.12, 6 = 0.4, Garfield++
Energy loss per track, muons 0.1 GeV, Distance = 2 mm
MPV = 1.90, ¢ = 0.40, Garfield++
2 Energy loss per track, muons 0.1 GeV, Distance = 4.8 mm
MPV =0.43, ¢ = 0.13, Garfield++
Energy loss per track, muons 0.1 GeV, 0.1 mm
MPV =2.32, 6 = 057, Geant4
Energy loss per track, muons 0.1 GeV, 2 mm
15 MPV =2.09, ¢ = 051, Geant4
. Energy loss per track, muons 0.1 GeV, 4.8 mm
MPV =0.24, 6 = 0.1, Geant4
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Puc. 15: Geant4 vs Garfieldpp. Muon, momentum 0.1 GeV
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Garfield++ vs Geant4

Energy loss of a track, muon, momentum = 1 GeV

25 Energy loss per track [keV], b, momentum is 1 GeV/

L Energy loss per track, muons 1 GeV, Distance = 0.1 mm
" MPV =123, 0 = 0.28, Garfield++
Energy loss per track, muons 1 GeV, Distance = 2 mm
MPV =1.12, 6 = 0.26, Garfield++
2 Energy loss per track, muons 1 GeV, Distance = 4.8 mm
MPV =0.24, 6 = 0.08, Garfield++
Energy loss per track, muons 1 GeV, 0.1 mm
MPV = 1.35, ¢ = 0.33, Geantd
Energy loss per track, muons 1 GeV, 2 mm
15 MPV = 1.21,0 = 0.31, Geantd
: Energy loss per track, muons 1 GeV, 4.8 mm
MPV =0.11, 0 = 0.08, Geantd
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Puc. 16: Geant4 vs Garfieldpp. Muon, momentum 1 GeV
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Garfield++ vs Geant4

Energy loss of a track, muon, momentum = 10 GeV

25

Energy loss per track [keV], b, momentum is 10 GeV

Energy loss per track, muons 10 GeV, Distance = 0.1 mn
MPV = 1.62, 6 = 0.34, Garfield++
Energy loss per track, muons 10 GeV, Distance = 2 mm
MPV = 1.4, = 0.30, Garfield+-+
Energy loss per track, muons 10 GeV, Distance = 4.8 mn
MPV = 0.31, 6 = 0.10, Garfield++
Energy loss per track, muons 10 GeV, 0.1 mm
MPV = 1.85, ¢ = 0.43, Geantd
Energy loss per track, muons 10 GeV, 2 mm
MPV = 1.65, 0 = 0.38, Geantd
Energy loss per track, muons 10 GeV, 4.8 mm
MPV =0.18, 0 = 0.10, Geantd
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Puc. 17: Geant4 vs Garfieldpp. Muon, momentum 10 GeV
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Garfield++ vs Geant4

Energy loss of a track, pion, momentum = 0.1 GeV

Energy loss per track [keV], pion, momentum is 0.1 GeV'

L Distance = 0.1 mm
01, 6 = 0.57, Garfield++

52, Garfield++

L Distance = 4.8 mm
- MPV =0.61, 6 = 0.16, Garfield++
i Distance 0.1 mm

MPV =3.24, 6 = 0.70, Geant4
I \‘ Distance 2 mm

MPV = 2.89, ¢ = 0.64, Geantd.
Distance 4.8 mm
* MPV = 0.36, 6 = 0.15, Geantd.
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Puc. 18: Geant4 vs Garfieldpp. pi-, momentum 0.1 GeV
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Garfield++ vs Geant4

Energy loss of a track, pi-, momentum = 1 GeV

Energy loss per track [keV], 7-, momentum is 1 GeV

Energy loss per track, pi- 1 GeV, Distance = 0.1 mm}
MPV =1.21, 6 = 0.27, Garfield++

Energy loss per track, pi- 1 GeV, Distance =2 mm
MPV = 1.07, 6 = 0.26, Garfield++

Energy loss per track, pi- 1 GeV, Distance = 4.8 mn
MPV =0.23, 6 = 0.08, Garfield++

Energy loss per track, pi- 1 GeV, 0.1 mm

MPV =1.31, ¢ = 0.33, Geant4

Energy loss per track, pi- 1 GeV, 2 mm

MPV = 1.16, c = 0.30, Geant4

Energy loss per track, pi- 1 GeV, 4.8 mm

MPV = 0.10, 5 = 0.07, Geant4
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Puc. 19: Geant4 vs Garfieldpp. pi-, momentum 1 GeV
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Garfield++ vs Geant4

Energy loss of a track, pi-, momentum = 10 GeV

25 Energy loss per track [keV], x-, momentum is 10 GeV'

Energy loss per track, pi- 10 GeV, Distance = 0.1 mm
MPV = 159, G = 0.35, Garfield++

Energy loss per track, pi- 10 GeV, Distance = 2 mm
MPV = 1.42, 6 = 0.31, Garfield++

Energy loss per track, pi- 10 GeV, Distance = 4.8 mm
MPV = 031, G = 0.10, Garfield++

Energy loss per track, pi- 10 GeV, 0.1 mm

MPV - 1.80, G = 0.42, Geantd

Energy loss per track, pi- 10 GeV, 2 mm

MPV = 1.60, G = 0.36, Geantd

Energy loss per track, pi- 10 GeV, 4.8 mm

MPV = 0.17, 0 = 0.09, Geantd
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Puc. 20: Geant4 vs Garfieldpp. pi-, momentum 10 GeV
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Garfield++ vs Geant4

Energy loss of a track, proton, momentum = 0.1 GeV

0.2
- Energy loss per track [keV], proton, momentum is 0.1 GeV
0.18 Energy loss per track, proton 0.1 GeV, Distance = 0.1 m
: MPV = 91.99, 6 = 10.80, Garfield++
- Energy loss per track, proton 0.1 GeV, Distance = 2 mm
0.16 MPV =84.00, ¢ = 10.27, Garfield++
= Energy loss per track, proton 0.1 GeV, Distance = 4.8 mi
MPV = 25.48, ¢ = 5.32, Garfield++
0.14 Energy loss per track, proton 0.1 GeV, 0.1 mm
— MPV =100.48, ¢ = 11.40, Geant4
Energy loss per track, proton 0.1 GeV, 2 mm
012~ MPV =92.04, = 11.00, Geant4
r Energy loss per track, proton 0.1 GeV, 4.8 mm
04lE MPV = 19.26, ¢ = 9.8, Geantd
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Puc. 21: Geant4 vs Garfieldpp. Proton, momentum 0.1 GeV
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Garfield++ vs Geant4

Energy loss of a track, proton, momentum = 1 GeV

1.6
= Energy loss per track [keV], proton, momentum is 1 GeV
<u Energy loss per track, proton 1 GeV, Distance = 0.1 mm
1.4 MPV = 1.80, ¢ = 0.37, Garfield++
Energy loss per track, proton 1 GeV, Distance = 2 mm
MPV = 1.69, ¢ = 0.36, Garfield++
12 Energy loss per track, proton 1 GeV, Distance = 4.8 mm
-2 MPV =0.38, ¢ = 0.12, Garfield++
[l Energy loss per track, proton 1 GeV, 0.1 mm
H MPV = 2,01, 6 = 0.45, Geant4
1H Energy loss per track, proton 1 GeV, 2 mm
M MPV = 1.78, ¢ = 0.42, Geantd
f Energy loss per track, proton 1 GeV, 4.8 mm
i MPV =0.21, 0 =010, Geantd
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Puc. 22: Geant4 vs Garfieldpp. Proton, momentum 1 GeV
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Garfield++ vs Geant4

Energy loss of a track, proton, momentum = 10 GeV

25
= Energy loss per track [keV], proton, momentum is 10 GeV
Distance = 0.1 mm
MPV = 1.24, ¢ = 0.27, Garfield++
Distance
2 N V V] 26, Garfield++

Distance = 4.8 mm
L] MPV =0.24, 6 = 0.08, Garfield++
[ Distance 0.1 mm

MPV = 1.38, o = 0.33, Geanl4
N Distance 2 mm
1.5

MPV = 1.24, 6 = 0.30, Geantd.
= Distance 4.8 mm
il MPV =0.12, 6 = 0.07, Geantd.
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Puc. 23: Geant4 vs Garfieldpp. Proton, momentum 10 GeV
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MPV and 90% Quantiles, as functions from particle

momentum, 0.1 mm

MPV as function of particle momentum. 0.1 mm distance to wire 90% Quantiles as function of particle momentum. 0.1 mm distance to wire

g 100 T
s

z

H

e ‘ R ‘ : ‘ : T
a) b)
Puc. 24: (a) MPV (b) 90% Quantile, 0.1 mm
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MPV and 90% Quantiles, as functions from particle

momentum, 2 mm

90% Quantiles as function of particle momentum. 2 mm distance to wire

MPYV as function of particle momentum. 2 mm distance to wire

— T ‘ B R
a) b)
Puc. 25: (a) MPV (b) 90% Quantile, 2 mm
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MPV and 90% Quantiles, as functions from particle

momentum, 4.8 mm

90% Quantiles as function of particle momentum. 4.8 mm distance to wire

MPV as function of particle momentum. 4.8 mm distance to wire

E TR z
o : ‘ ° ¢ sleev/a K : g ° : pleovra
a) b)
Puc. 26: (a) MPV (b) 90% Quantile, 4.8 mm
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MPV and Sigma, previous parametrisation

MPV vs distance to wire, noise 1500e ¢ vs distance to wire, noise 1500e
E 180 Compare MPV distributions E 6 Compar
~ ———— No magnetic field, no angle o [ ——+— No magnefic field, no angle
z 160 Magnetic field (B = 1.3 T), no angle 74 r ——— Magnelc field (B = 1.3T), no angle
————Angle 13 deg, no magnetic field // "7 ——e—— Angle 13 deg, no magnetis field
140, ———— Angle 13 deg & magnetic field L \ T Angle 13 deg & magnetic field
L 4
120 — L
E [ x&ﬁw
100 [
r 3
80
60~ / 2&
40- —— 1: N~
205/; F
[ TR P R B I ok M P SRR .
1 4 5 0 1 2 4 5
distance, [mm] distance, [mm]

a) b)
Puc. 27: Muon 1 GeV ENERGY, (a) MPV (ns) and (b) o (ns) dependence from
distance to wire
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MPV and Sigma, proton and muon compare

Moment of 10 mV crossing Moment of 10 mV crossing
Entries. 5000
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8
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8

%2/ naf 107.4/13

Prob 5.94e-17

0 Constant 3085 +57 &0 Constant 736.4 136
Mean 41.47 4005 39.95+0.04
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Puc. 28: (a) Signal of Muon, 1 GeV, 2 mm (b) Signal of proton, 1 GeV, 2 mm
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MPV and Sigma, proton compare

Moment of 10 mV crossing Moment of 10 mV crossing
E Entries. F Entries 5000
E Mean 3256 00— 41.64
00— Std Dev 1.469 C 4.015
£ %2/ ndf 133.6/10 = 1721716
250 Prob 8.791e-24 500[— 3.223e-28
= Constant 2749+9.4 £ 5927 109
E Mean 33.09 +0.01 E 41.47 £0.05
200 Sigma 0.4225 + 0.0099 400— 3.181+0.037
150— 00—
100~ 200—
5 - 100(—
E i tomep [ | | E 1 L |
% 28 30 32 34 36 38 £ 70 20 70
“Time [nsec] Time [nsec

Puc. 29: (a) Signal of proton, 0.1 GeV, 2 mm (b) Signal of proton, 10 GeV, 2 mm
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