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Garfield++

Garf|e|d++ |S an Open source material properties

toolkit for detailed simulation of
charge transport and signals in
particle detectors.

It can track electrons, simulate
their drift, amplification and
signal creation.

It also provides analytic
solutions for electric field in 2D
geometries.

detector description

Component

e gases — Magboltz

e semiconductors

field calculation
e analytic

e field maps
e neBEM

| Sensor \
primary ionisation ,’, \‘\ charge transport
e Heed ® MICroscopic
e Degrade e RKF

Transport

https://qarfieldpp.web.cern.ch/qgarfieldpp/
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https://garfieldpp.web.cern.ch/garfieldpp/

Exercise 2: Gas ionization by simulation of a charged
particle traversing it

* Gas mixture: Ar (70%) — CO,, (30%)

* Electric field: 2 plane electrodes at 10 cm distance with AV = 1000 V
* Particle type: Muon (u")

* Momentum: 170 GeV/c

# Set up the gas medium.
gas = ROOT.Garfield.MediumMagboltz ()
gas.SetTemperature (293.15)

gas.SetPressure (740.)
gas.SetComposition("ar", 70., "co2", 30.)

gas.EnableDrift ()
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Gas ionization and cluster evaluation

#Define a muon of 170GeV

I r ition distribution
track = ROOT.Garfield.TrackHeed () Cluste pOStO distributio

histo_yCl
track.SetParticle ("muon") ; - Entries 18535
400 — Mean 0.02988
track.SetEnergy (170.e9) ; = Std Dev 2.869
track.SetSensor (sensor) ; 350 —
#Define the impact point and direction 3005_
%0 = 0.0 =
y0 = -4.9 250
z0 = 0.0 200 —
£0 = 0.0 - r
150 —
dx0 = 0.0 =
dy0 = 1.000001 e
dz0 = 0.0 50
#GettheprlmarylonlzatlonCluSter 0:llllllll]III[IIlllllllIllIllIllllllll
-10 -8 -6 -4 -2 0 2 4 6 8 10

track.NewTrack (x0, y0, z0O, t0, dx0, dyO,
dz0) y(Cm)

cluster = track.GetClusters /()
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Gas ionization and cluster evaluation

Number of electron in the cluster

histo_nElectron

- Entries 374163
Mean 2.268
10° Std Dev 4.934

for 1 in range (1000) : 10
track.NewTrack (x0, y0, z0, dx0, dy0O, dz0, 0)

T TTTI

for cluster in track.GetClusters(): 10° =
histo nElectron.Fill (cluster.electrons.size()) =
1025—

10 &

F T TTTI

llllIIlIlllll[IlllllIllIlllllllllll[lll]llllllll[
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Gas ionization and cluster evaluation

histo_nEle_Eloss

5000 __| histo_nEle_Eloss

= . /| Entries 373801

#Compare the energy loss and the number of 4500:_ /% | Mean x 2382

electron per cluster - Meany 67.24

hlStO_nEle_ElOSS = — Std Devy 186.4
ROOT.TH2F ("histo nEle Eloss","histo nEle Eloss", 3500
200,0,200,100,0,5000) 30005_
for i in range (1000) : =
track.NewTrack (x0, y0, z0, dx0, dy0, dz0, O) 2600 =
for cluster in track.GetClusters () : 2000 —
histo nEle Eloss.Fill( 1500 [
cluster.electrons.size (), cluster.energy) E
1000 —
500 —

0_41“.IIl]I[IIIlIIll|Il||l]|[l||ll|ll||l||ll
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The Bethe — Bloch formula

dE\  4m nz* [ e? 2 | 2m,c?p? ,
C\dx| ~ mpc? B2 '<4neo) [n<l—(1—,82)>_’8 ]

¢ — speed of light in vacuum p — density of the material

m, — electron mass Z — atomic number of the material

e — electron charge A —relative atomic mass of the material
z —charge of the impacting particle N, — Avogadro constant

(inmultiples of electron charge) M. — Molar mass constant
u

v
p = — —ratio of the velocity of the impacting particle - NyZp

— electron density of the material
and the speed of light in vacuum AM,,

[ — mean excitation energy of the material
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The Bethe — Bloch formula

dE\  4m nz? e? \° | 2mec?pB? |
“\dx|  mpcz B2 .(4—7'[80) [n<l—(1—ﬁz))_ﬁ |

C BT B 7 I I T B 1 I I

u* on Cu

L
N s . =)
£100 - . .
2 E Bethe-Bloch Radiative ]
> L/ -
é’ /  Anderson-
8 % Ziegler .
§ [&% _
2 |52
2 3]
10 =S . s -
A Radiative g 3
2 [ Minimum  effects / losses E
B ionization reach 1% S e 4
3 Nuclear J N\ T 1 T8 AL--- 7
@ [losses ] 00\ | @ le--= kP ]
‘ Without &
1 | | |
0.001 0.01 0.1 1 10 100 1000 104 105 106
By
| | | | | | | | |
0.1 1 10 100 1 10 100 1 10 100 | .
: b b ‘ https://pdg.Ibl.gov/
[MeV/e] [GeV/e] [TeVi/c]

Muon momentum

Lab Group 3: Detector simulation



The simulation setup
* Gas mixture: Ar (70%) — CO,, (30%)

* Electric field: 2 plane electrodes at 10 cm distance with AV = 5000 V

* Particle type: Muon (u")

* Momentum: 6 MeV/c - 10 GeV/c

L.
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Calculation the Bethe-Bloch curve

histo_momentum_Eloss = ROOT.TH2F("histo_momentum_Eloss","Bethe-Blochformula",100,0.01,10,100,1,100)
histo_momentum_Eloss.GetXaxis().SetTitle("p (GeV/c)")
histo_momentum_Eloss.GetYaxis().SetTitle("dE/dx (keV/cm)")

tot_eloss =0
foriin range(1000):
track.SetMomentum(6.e7+i*1.e7)
for jin range(10):
track.NewTrack(x0, y0, z0, dx0, dy0, dz0, 0)
for cluster in track.GetClusters():
tot_eloss = tot_eloss + cluster.energy

tot_eloss = tot_eloss/1.e4
histo_momentum_Eloss.Fill(track.GetMomentum()/1.€9,tot_eloss)

canvas20 = ROOT.TCanvas("canvas20","",800,600)
canvas20.cd()

histo_momentum_Eloss.Draw()

canvas20.Draw()
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Calculation the Bethe-Bloch curve

histo_momentum_Eloss = ROOT.TH2F("histo_momentum_Eloss","Bethe-Blochformula”,100,0.01,10,100,1,100)
histo_momentum_Eloss.GetXaxis().SetTitle("p (GeV/c)") # Describe horizontal (x) axis in histogram
histo_momentum_Eloss.GetYaxis().SetTitle("dE/dx (keV/cm)") # Describe vertical (y) axis in histogram

tot_eloss =0
foriin range(1000):
track.SetMomentum(6.e7+i*1.e7)
for jin range(10):
track.NewTrack(x0, y0, z0, dx0, dy0, dz0, 0)
for cluster in track.GetClusters():
tot_eloss = tot_eloss + cluster.energy

tot_eloss = tot_eloss/1.e4
histo_momentum_Eloss.Fill(track.GetMomentum()/1.€9,tot_eloss)

canvas20 = ROOT.TCanvas("canvas20","",800,600)
canvas20.cd()

histo_momentum_Eloss.Draw()

canvas20.Draw()
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Calculation the Bethe-Bloch curve

histo_momentum_Eloss = ROOT.TH2F("histo_momentum_Eloss","Bethe-Blochformula",100,0.01,10,100,1,100)
histo_momentum_Eloss.GetXaxis().SetTitle("p (GeV/c)")
histo_momentum_Eloss.GetYaxis().SetTitle("dE/dx (keV/cm)")

tot_eloss = 0 # Initialize total energy loss as 0 for summation
for i in range(1000): # Iterate the entire procedure 1000 times
track.SetMomentum(6.e7+i*1.e7) # Set momentum of i-th track in unit of eV
for j in range(10): # Generate 10 tracks, all with the same initial momentum
track.NewTrack(x0, y0, z0, dx0, dy0, dz0, 0) # Generate j-th track
for cluster in track.GetClusters(): # For-loop on every cluster produced by the j-th track
tot_eloss = tot_eloss + cluster.energy # Add up energy losses for every cluster

tot_eloss = tot_eloss/1.e4 # Convert the energy loss in keV/cm
histo_momentum_Eloss.Fill(track.GetMomentum()/1.e€9,tot_eloss) # Fill the histogram with the momentum of
the muon (in GeV) and the energy loss

canvas20 = ROOT.TCanvas("canvas20","",800,600)
canvas20.cd()

histo_momentum_Eloss.Draw()

canvas20.Draw()
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Energy loss of muons

dE/dx (keV/cm)

Bethe-Blochformula

histo_momentum_Eloss
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Conclusions and feedback

Garfield proves to be a very useful tool for detailed simulation of
gaseous detectors. Moreover, its recent upgrade to C++, including
ROOT classes and allowing a coupling with  GEANT4 allow more
elaborated and realistic simulations.

The framework used in this lab to introduce Garfield has been very
practical, using a python wrap and the use of jupyter.ntbs and Google
Collab, avoiding the usual problems of a local installation and env setup,
thus allowing a hands-on experience from the start.

The introduction into Garfield++ might be a bit step if no previous
experience with object oriented programming.
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Do you have any
questions?




