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B ifarm Setup — Modules

e Hands-on work has been
developed with Geant4.11.2.1

e ROOT hands-on work was
developed with ROOT 6

Your .cshrec file should contain the
following:

module use /group/halla/modulefiles
module load geant4/11.2.1
module load root/6.30.04

You should see the following
successful load messages as seen on
the right.

This computer is owned by the Federal Government or is connected to a
network owned by the Federal Government. It is for authorized use only.
Users have no explicit or implicit expectation of privacy.

Any or all uses of this system and all files on this system may be intercepted,
monitored, recorded, copied, audited, inspected, and disclosed to authorized
site, Department of Energy, and law enforcement personnel, as well as
authorized officials of other agencies, both domestic and foreign. By using
this system, the user consents to such interception, monitoring, recording,
copying, auditing, inspection, and disclosure at the discretion of authorized
site or Department of Energy personnel.

Unauthorized or improper use of this system may result in administrative
disciplinary action and civil and criminal penalties. By continuing to use
this system you indicate your awareness of and consent to these terms and
conditions of use. LOG OFF IMMEDIATELY if you do not agree to the conditions
stated in this warning.

AlmalLinux Linux release 9.4
Last login: Fri Aug 16 08:08:02 2024 from 129.57.52.51
Loading geant4/11.2.1

: clhep/2.4.6.4 qt/5.15.13
Loading root/6.30.04

: pythia6/6.4.28 pythia8/8.311




B) Cloning Hands-on Example from Github

: § mkdir hands-on-session

B Make aworking directory e handS'On'Sesziggé clone https://gith

into 'workshopGeant4Example'...

fOI' Yourself : Enumerating objects: 48, done.
: Counting objects: 100% (48/48), done. Ifyou’ve properly cloned you
X : Compressing objects: 100% (27/27), done. .

- Clone repOSItory : Total 48 (delta 22), reused 44 (delta 21), pack-reused 0 (fr Should see a screen Somethlng
Receiving objects: 100% (48/48), 20.71 KiB | 2.59 MiB/s, done. . .
Resolving deltas: 100% (22/22), done. hke thIS.

. ; S s
- Move into cloned
. S cd workshopGeant4Examp N

directory : s s
CMakeLists.txt gui.mac 1init_vis.mac plotNtuple.C runl.mac workshopExample2.mac
GNUmakefile plotHisto.C README . md run2.mac vis.mac workshopExamplel.mac workshopExample.cc

: : kdir build
- Create a directory named ; - bl
build

git clone https://github.com/dericking/workshopGeant4andROOT

- Build your makefile cd workshopGeant4andROOT

(CMakelLists.txt one mkdir build

directory down) cd build

- Build the application cmake ../
make



) After building the application

If your application has successfully build you'll see
something like the following:

f1oo%j Built target WorkshopExample

You should now have an
executable in your directory
called ‘WorkshopExample’

When you execute the application
you should get the visualization of
an empty World volume.




Open up the file
src/DetectorConstruction.cc
in your favorite editor

= I've simplified the Geant4
Basic B4c example and
cleaned up the Detector
Construction code.

To start we:

- Call NIST manager for
materials

- Define useful variables

- Construct World volume

B Geometry Setup

| G4VPhysicalvVolume* DetectorConstruction::Construct()

{‘.

// e NIST C
auto nistManager = G4NistManager::Instance();

/] Some va / new material)
G4double a
G4int z;

auto worldSizeXy = 1*m;

auto worldSizez = 2*m;

nistManager->FindOrBuildMaterial("G4_AIR");

G4Material * defaultMaterial = G4Material::GetMaterial("G4_AIR");

G4Box * worldS = new G4Box("World",worldSizeXY/2., worldSizeXxY/2., worldSizez/2.);

G4Logicalvolume * worldLV = new G4LogicalVolume(worldS,defaultMaterial,"World");

auto worldPV = new G4PVPlacement(nullptr,G4ThreeVector(),worldLV,"World",nullptr,false,0,fCheckOverlaps);

Code above already provided.



) Geometry Setup - World Volume (as an example)

- Declare world size e e R LR R B L L S

- Use the NIST manager to LA

find our volumes material. auto worldsizexy = 1*m;
auto worldSizez = 2*m;
nistManager->FindOrBuildMaterial("G4_AIR");
_ 1 1 G4Material * defaultMaterial = G4Material::GetMaterial("G4_AIR");
£¥SSIgr1t}1e AdaterlaltC)a, G4Box * worldS = new G4Box("World",worldSizeXY/2., worldSizexY/2., worldSizez/2.);
I)Oltlter G4Logicalvolume * worldLV = new G4LogicalVolume(worldS,defaultMaterial,"World");

auto worldPV = new G4PVPlacement(nullptr,G4ThreevVector(),worldLV,"World",nullptr,false,o,fCheckOverlaps);

- Define a solid for the World

- Define a logical volume for G4Box(‘Solid-Name’, halfLengthX, halfLengthY, halfLengthZ)

the World

G4LogicalVolume( Solid , Material , ‘LV-Name’)
- Place the World

G4PVPlacement( Rotation, Position, LogicalVolume, ‘PV-Name’, MotherLogVol, false,

- Note: This is the onl
ote: This is the only copy-number, overlapChecker );

physical volume that gets a

name and is returned at the
end of Construct()



) Geometry Setup - Let’s Stick in Some Detector Material

e  Fetch Polyethlene from
the NIST manager and
assign to a G4Material
object.

e Solid (Box): X/Y
dimensions 90% of the
world size; Z
dimension 10cm

e  Declare logical volume,
please give it the name
“detectorLV”

e PlaceitataZ position
of 85% the total
distance in the +Z
direction.



Fetch Polyethlene from
the NIST manager and
assign to a G4Material
object.

Solid (Box): X/Y
dimensions 90% of the
world size; Z
dimension 10cm

Declare logical volume,
please give it the name
“detectorLV”

Place it at a Z position
of 85% the total
distance in the +Z
direction.

) Geometry Setup - Let’s Stick in Some Detector Material

// FETCH POLYETHLENE FROM NISTMANAGER
nistManager->FindOrBuildMaterial("G4_POLYETHYLENE");
G4Material * matPE = G4Material::GetMaterial("G4_POLYETHYLENE");

// DEFINE DETECTOR
G4double detlx = worldSizeXy * 0.9;
G4double detLy = worldSizeXy * 0.9;
G4double detPolylLz = 10.*cm;

G4Box * detectorSolid = new G4Box("detector",detLx/2.,detLy/2.,detPolyLz/2.);

G4LogicalVolume * detectorLV = new G4Logica1Volume(detectorSolid,matPE,"detectorLV”);

G4double detectorZpos = worldSizez/2.0%*0.85;

new G4PVP1acement( G4ThreeVector(P detectoeros) detectorLV 'detectorPV worldLV ,false,0,fCheckOverlaps);

Your code should look something like this. See codeblock #1 in the repository directory



Fetch Polyethlene from
the NIST manager and
assign to a G4Material
object.

Solid (Box): X/Y
dimensions 90% of the
world size; Z
dimension 10cm

Declare logical volume,
please give it the name
“detectorLV”

Place it at a Z position
of 85% the total
distance in the +Z
direction.

) Geometry Setup - Let’s Stick in Some Detector Material

nistManager->FindOrBuildMaterial("G4_POLYETHYLENE");
G4Material * matPE = G4Material::GetMaterial("G4_POLYETHYLENE");

G4doﬁbie deth

= worldSizeXy * 0.9;
G4double detLy = worldSizeXy * 0.9;
G4double detPolylLz = 10.*cm;

G4Box * detectorSolid = new G4Box("detector",detLx/2. detLy/,,,detPolyLz/
G4Logicalvolume * detectorLV = new G4LoglcalVolume(detectorSolld matPE, detectorLV Y
G4double detectorZpos = worldSizez/2. :

new G4PVPlacement(©,G4ThreevVector (o, detectoeros) detectorLV,"detectorPV",worldLV,false,®,fCheckOverlaps);

Your code should look something like this. See codeblock #1 in the repository directory

When you've completed this you
can return to your /build/
directory and recompile by
typing make




PE=Polyethylene
) Geometry Setup - Let’s place a radiator in front of the PE

e Fetchlead “G4_Pb” 4 NISTMANAGER

from the NIST nlstManagér >F1nd0rBu11dMaterLal( G4_Pb");

d . G4Material * matPb = G4Material: GetMaterlal(”G4_Pb”);
manager an aSSIgI’l to G4double detLeadlLz = 10.*cm;

a material.

G4Box * leadPlateSolid = new G4Box("leadPlate",detlLx/2.,detLy/2.,detLeadlLz/2.);
G4Logicalvolume * leadPlatelLV = new G4Logica1Volume(leadPlateSolid,math,"leadPlateLV");
: . G4double leadPlatezZpos = worldSizez/2.0*0.85 - detPolyLz/2. - detLeasz/L.,
i SOhd(BOX)‘Sa’meXY new G4PVPlacement(€ G4ThreeVector(o, ,1eadP1ateZpos) leadPlatelV, "leadPlatePV" ,worldLV,false,0,fCheckOverlaps);

dimensions as PE
solid, let this solid be
10cm thick or how ever
much youwd like.

e Same as before, declare
logical volume, give it
whatever name yowd
like

e PlaceitataZ position
directly in front of the

PE.
10



PE=Polyethylene

B Geometry Setup - Let’s place a radiator in front of the PE

e Fetchlead “G4_ PV’
from the NIST
manager and assign to
a material.

e Solid(Box): Same XY
dimensions as PE
solid, let this solid be
10cm thick or how ever
much you'd like.

e Same as before, declare
logical volume, give it
whatever name yowd
like

e PlaceitataZ position
directly in front of the
PE.

nistManager->FindOrBuildMaterial("G4_Pb");
G4Material * matPb = G4Material::GetMaterial("G4_Pb");
G4double detlLeadlLz = 10.*cm;

G4Box * leadPlateSolid = new G4Box("leadPlate",detlLx/2.,detLy/2.,detLeadlLz/2.);

G4Logicalvolume * leadPlateLV = new G4LogicalVolume(leadPlateSolid,matPb,"leadPlatelLV");

G4double leadPlatezZpos = worldSizez/2.0*0.85 - detPolyLz/2. - detLeadlLz/2.;

new G4PVPlacement(0,G4ThreeVector(0,0,leadPlateZpos),leadPlateLV,"leadPlatePV",worldLV,false,0,fCheckOverlaps);

When you're
done and you
successfully
rebuild the
application it
should look
something like
this »

1



) Visualization - GUI

WorkshopExample

File Run Gun Viewer

e  After you successfully rebuild you have BEEO+02a @00 eDo@oo
the - . . = ex Useful tips viewer-0 (OpenGLStoredQt)
cenetree | Help = History
e You have two terrible white wireframe T A tmatndel
~ v/ [l world:0
boxes together. Let’s do something about O il
. V| G4TrajectoriesModel
that in the GUL
Scene tree Help History cancel Get color and transparency m

viewer-0 (OpenGLStoredQt)
~ v/ G4PhysicalVolumeModel [:I
~ v/ [H world:0 -
v! [] TargetPV:0 ]
v| [] detectorPV:0 -
v [] leadPlatePV:0
V| G4TrajectoriesModel S
¥




) Visualization - GUI

e  After you successfully rebuild you have

the

® You have two terrible white wireframe
boxes together. Let’s do something about

that in the GUL.

Scenetree | Help = History

viewer-0 (OpenGLStoredQt)
~ V! G4PhysicalVolumeModel
~ v/ [H world:0
v! [] TargetPV:0

v| [] detectorPV:0 /

v! [ leadPlatePV:0
V| G4TrajectoriesModel

Scene tree | Help History

viewer-0 (OpenGLStoredQt)
~ V! G4PhysicalVolumeModel
~ v/ @ world:0
v! [] TargetPV:0

v| G4TrajectoriesModel

v' [] detectorPV:0 (
v [l leadPlatePV:0

Custom

- I i e

File Run Gun Viewer

FER+O0xad0oeeBo@oo

@®

Useful tips viewer-0 (OpenGLStoredQt)

Scenetree | Help History
viewer-0 (OpenGLStoredQt)
~ ¥ G4PhysicalVolumeModel
~ v| [l world:0
v! [] detectorPV:0
vl leadPlatePV:0
V' G4TrajectoriesModel

13




B) Visualization Attrlbutes Hard Coded Example

G4VisAttributes Class

. G4V1sAttr1butes * worlthsAtt = new G4V1$Attr1butes( G4Colour(_~~ /255 ,149../255.,,100. /255, ;1) )3
- Constructor 1s (R,G,B,A) worldVisAtt->SetForceWireframe(true);
worldLV->SetVisAttributes(worldvisAtt);

- or a G4VisAttributeObject

To make the world a wireframe,
we:

- Declare a new VisAttribute
object and give it a color.

- Call the SetForceWireframe()
method passing a value of ‘true’

- Call the SetVisAttributes()
method on the ‘World’ Logical
volume

14



B) Visualization Attributes - Now you do it

e Set the color of the radiator to red, SrE——

. File Run Gun Viewer
or any other color you would like. SEG+ O [00mSD @00

2% Useful tips ¢ viewer-0 (OpenGLStoredQt)

Scene tree

" r-0 (OpenGLStoredQt)
~ V| G4PhysicalVolumeModel
. . ~ v/ [l world:0

V! [] detectorPV:0
o  Without that option you can B i)
V| G4TrajectoriesModel

e TForce wireframe is optional.
view it as a solid.
e Thisisn't wholly necessary here but

as you build complicated geometries
setting colors is extremely helpful.

You're code should look HANDS-ON # tribut
. . . G4VisAttributes * pbvisAtt = new G4VisAttributes( G4Colour(255./255.,0./255.,0./255.,1.) );
somethlng like this = pbVisAtt->SetForceWireframe(true);
leadPlatelLV->SetVisAttributes(pbvisAtt);



) G4AnalysisManager = A Simple Analysis Option

G4AnalysisManager a simpler option

src/RunAction.cc

over ROOT Coding in Geant4. ..

AnalysisManager ROOT output ;
effectively equivalent of a .csv — can !
output in root, CSV, or XML

o  While uncomplicated this is
useful for simple projects

In this code, histograms and ntuples
are created in the RunAction()
CONStructor.
o  AnalysisManager’s CreateH1()
o  AnalysisManager’s CreateNtuple

Note that you create an n-tuple, then
add columns, and then let the
AnalysisManager know you've finished.

|{ -

RunAction: :RunAction()

set printing event number per each event

G4RunManager: GetRunManager() >SetPrintProgress(1);

Create analysis manager -- output type determined by file extension

auto analysisManager = G4Ana1ystsManager Instance(),

analysisManager->SetVerboselLevel(1);

analystsManager >SetNtup1eMergtng(true),

// Note: mergi ntuples is available only with Root output

// Creati histogra

analystsManager >CreateH1( Edep","Edep in absorber", 110, 0., 330*MeV);
analysisManager->CreateH1("trackLength","trackL in absorber", 100, 0., 50*cm);

/] Creati ntuple

analy51sManager >CreateNtuple("T", "Edep and TrackL");
analysisManager- >CreateNtup1eDColumn("Edep”);
analysisManager->CreateNtupleDColumn("trackLength");
analysisManager->FinishNtuple();



) G4AnalysisManager = A Simple Analysis Option [Cont’d]

>

At BeginOfRunAction() the
application actually opens/creates

the file.

EndOfRunAction() the application
closes out the file.
o  Always be sure to close out

the file.

src/RunAction.cc

'void RunAction::BeginOfRunAction(const G4Run* /*run*/)

1 // Get analysis manager
| auto analysisManager = G4AnalysisManager::Instance();
i /] create file at beginning of run

| G4String fileName = "B4.root";

i analysisManager->OpenFile(fileName);

|
1

G4cout << "Using << analysisManager->GetType() << G4endl;

an instance of the G4AnalysisManager
auto analysisManager = G4Ana1ystsManager :Instance();

1 /] call

// save histograms & ntuple
analysisManager->Write();
analysisManager->CloseFile();



Code from /src/PrimaryGeneratorAction.cc =

e Default particle set in the constructor
o  Ifyouwant to change particles with
the default G4 /gun/particle
macro this is the easiest setup.

e GeneratePrimaries() runs at the /

beginning of each event.

> More complicated generators are
common. You can:
o Monte Carlo energy spectrums
o  Monte Carlo vertex positions
o  Generate multiple different particles
based on hand-derived kinematics...
o Etc.

> Here, we're just setting a point beam.

|PrimaryGeneratorAction::PrimaryGeneratorAction()

{

1

G4int nofParticles = 1;

fParticleGun = new G4ParticleGun(nofParticles);

/] default particle kinematic

auto particleDefinition = G4ParticleTable::GetParticleTable()->FindParticle("
fParticleGun->SetParticleDefinition(particleDefinition);
fParticleGun->SetParticleMomentumDirection(G4Threevector(0.,0.,1.));
fParticleGun->SetParticleEnergy(300.*MeV);

ivoid PrimaryGeneratorAction::GeneratePrimaries(G4Event* anEvent)

{

I Gadouble worldZHalfLength = 0.;

auto worldLV = G4LogicalVolumeStore::GetInstance()->GetVolume("World");
G4Box* worldBox = nullptr;

if ( worldLV ) { worldBox = dynamic_cast<G4Box*>(worldLV->GetSolid()); }

if ( worldBox ) {
worldZHalfLength = worldBox->GetZHalfLength();
} else {
G4ExceptionDescription msg;
msg << "World volume of box shape not found." << G4endl;
G4Exception("PrimaryGeneratorAction: :GeneratePrimaries()",
"MyCode0002", JustWarning, msg);

}

// Set gun positio
fParticleGun->SetParticlePosition(G4Threevector(0., 0., -worldZHalfLength));
fParticleGun->GeneratePrimaryVertex(anEvent);

18



B Executing Macro: Run in GUI

Let’s run the application in GUI mode:

e File Run Gun Viewer

. /WorkshopExample ! LARAAAR] ERE) L] LA

Useful tips viewer-0 (OpenGLStoredQt)

h e

Scene tree | Help History

In the Session prompt: Search:

Command
control
units
profiler

qui
tracking
geometry
process
particle
event

cuts

run
random
material
physics_lists
analysis

vis

hits
globalField
physics_engine Output a®
gun

Threads: | All v a @

»

This file permits to customize, with commands,
the menu bar of the G4UIXm, G4UIQt, G4UIWin32 sessions.
It has no effect with G4UIterminal.

W o e

File menu :

Session :

19
e



B) Executing Macro: Run in GUI

Let’s run the application in GUI mode:

e File Run Gun Viewer

. /WorkshopExample LARAAAR] ERE) L] LA

e Useful tips viewer-0 (OpenGLStoredQt) ?

Scene tree | Help History

In the Session prompt: Search:

Command
control
units
profiler
qui
tracking
geometry
process
particle
event
cuts

run
random
material
physics_lists
analysis

vis

hits
globalField
physics_engine Output ®@®
gun

//run/beamOn 25

L

Default energy is 300*MeV, let’s change that
to 3" GeV.

Threads: | All v a @

[thread 2]

vents processed : 0
[thread 2] s Real=0.596430s
[thread 1] al run terminated.
[thread 1] Run Summary
[thread 1] Number of vents processed : 0
[thread 1] User=0.2 Real=0.319976s Sys=0.090000s [Cpu=100.0%]
[thread 4] Run Summary
[thread 4] Number of events processed :
[thread 4] User=0.630000s Real=0.839045s .290000s [Cpu=109.6%] =

Session : ‘

20
e



B) Executing Macro: Run in GUI

Let’s run the application in GUI mode:

WorkshopExample
________________________________________________ File Run Gun Viewer

/WorkshopExample FEQ+ O[S0 BD DO O

| B®

Useful tips 3¢ viewer-0 (OpenGLStoredQt)
Scene tree | Help | History

In the Session prompt: Search:

Command
control
units
profiler
qui
tracking
geometry
process
particle
event
cuts

run
random
material

Default energy is 300*MeV, let’s change that
to 3" GeV.

'/gun/ener‘gy 3.0 GeV
/r‘un/beamOn 25

physics_lists
analysis

vis 2
hits Output @®

lobalField =
ghysics_engine Threads: |All ¥ T =
gun A

G4WT14 > [thread 14] Thread-local run terminated.

. G4WT2 > [thread 2] Number of events processed : 0

Let’s Change the partlcle Ofthe gun to mu+ G4WT2 > [thread 2] 0.590000s Real=0.782477s Sys=0.250000s [Cpu=107.4%]
G4WT14 > [thread 14] y
G4WT14 > [thread 14] Number of events processed : 0

________________________________________________ G4WT14 > [thread 14] User=0. 0s Real=0.000154s Sys=0.000000s [Cpu=0.0%]

I . 4 6 > 1rea 6 1read-loca run erminate:
/gun/partlcle mu+ s hhaa e e
/r‘un/beamOn 25 -

[thread 6] Number of events processed : 0

1
1
1
1 G4WT6 >
: [thread 6] User=0.200000s Real=0.271098s Sys=0.080000s [Cpu=103.3%] -

G4WT6

Session : ‘

Note the change in color of the primaries as
they’re positively charged (see top right img) 21
e



B) Executing Macro: Run beam in Batch Mode

. 1 # Macro file for WorkshopExample
We're going to run the application in ‘batch mode’ — | Ll

no GUI. ' » /run/initialize

. + 5 /gun/particle e-
We'll have a nice output ROOT file that we can | & /gun/energy 300. MeV

quickly look at before proceeding into ROOT... T

] i /run/beamOn 100000
At your command line: T

_________________________________________________

The -m here is specified in WorkshopExample.cc

-~

@;@) Any questions while the simulations quickly run?

K;:

22




trackLength trackLength

We can take a quick look at the root files: 7 i

. el b by e b by g L 100;—\ l‘l\\\‘l\lﬂ\‘ﬂ\ﬂl\‘\\l\|\\lﬂ\|\
From the Command llne type: 0 100 200 300 400 500 600 0 100 200 300 400 500 600

- Edep Edep
'root -1 B4.root A 3 ]l | i
This will open up the ROOT command line e e
'T->Draw(“trackLength”) ; T £ I
: : GESn L il oo o dn g a a il o x m? 1 il .H \H i I \H
:T__ > D raw(“ Ede p”) : 0 20 20 60 80 100 ) 20 20 60 80 100
'T->Draw(“Edep:trackLength”) | . Foepacttenon
This will draw you histograms of the data T
collected by G4 into the root file I
e 2 1D histograms, and 1 2D histogram
0 100 200 300 400 500 lrackLeﬁg?h 23




-> Transitioning into ROOT
[ We’ll start by looking at our G4 Workshop Example ROOT File ]



B Proper Setup Check

If the instructions on slide 2 were followed then you should be able to

access the ROOT binaries

To check this, at the command line:

________________________________________________

You should see something like the output below

[ericking@ifarm2401 workshopGeant4andROOT]S root --version

ROOT Version: 6.30/04

Built for 1linuxx8664gcc on Apr 28 2024, 15:46:02
From heads/master@tags/v6-30-04
[ericking@ifarm2401 workshopGeant4andROOT]S D

25



B) Getting Started — Accessing Objects in a ROOT file

[ericking@ifarm2401 workshopGeant4andROOT]S cd ROOT

> Let's move into the ROOT directory [ericking@ifarm2401 ROOT]$ cp ../build/B4.root ./
[ericking@ifarm2401 ROOT]S 1s

of the repository B4.root sampleRootScript
[ericking@ifarm2401 ROOT]S root -1 B4.root
root [0]
> Let’s copy our ROOT file here from Attaching file B4.root as _file0...

(TFile *) 0x3b079a0

the G4 simulation for east root [1][]

cp ../build/B4.root ./

_______________________________________________

> Use ROOT to load the file

'root -1 B4.root

________________________________________________

> This will bring you to the
ROOT command prompt

26



B) Getting Started — Accessing Objects in a ROOT file

>

root [1] _file0->1s
TFile** B4.root
The file loads with object name _file® TFile* B4.root
KEY: TTree B4;1 Edep and TrackL
KEY: TH1D Edep;1 Edep in absorber
KEY: TH1D trackLength;1  trackL in absorber

Now we can see the contents of the file.

root [2] [
Let’s draw one of the histograms:
File Edit View Options Tools Help Ca'nva's
________________________________________________ : s Edep in absorber object
'Edep->Draw(“HIST” — 21 - _
EEEE-0 a(S) _______________________ . asof] e N name 1s
= StdDev  1.557
ety . o same as
Th.1s isn't that easy to see. We can modify s e
this plot 300F
_______________________________________________ 250%
'Edep->SetLineColor(kBlue) i 2005
[Edep->SetLineWidth(2) ; H
cl->setlogyO i
OE—XL\L_I I 1 1 1 l 11 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1
0 20 40 60 80 100 120 140

27



B) Getting Started — Accessing Objects in a ROOT file

root [1] _file0->1s
TFile** B4.root
> The file loads with object name _fileo TFile* B4.root
KEY: TTree B4;1 Edep and TrackL
KEY: TH1D Edep;1 Edep in absorber
KEY: TH1D trackLength;1  trackL in absorber

>  Now we can see the contents of the file.

root [2] ||
> Let'sdrawone of the histograms: I S X X
gl!e Edit View Options Tools ﬂeIP
________________________________________________ : Edep in absorber
! Edep- >Dr‘aw(“HIST”) i EnmesEde%ooooo

> This isn't that easy to see. We can modify
this plot

-
(=]
>

c’1'|'|'|| IIIIIIIII |III|'|'|'|'_|—|_|'|'|'|'I?QIIIIIIIII T

________________________________________________

'Edep->SetLineColor(kBlue) i
\Edep->SetLineWidth(2) —
'c1->SetLogy() !

________________________________________________

102

-
o

-

PEE Y N 2 I
80 100 120 140
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B) Getting Started — Accessing Objects in a ROOT file
T N X X

> Wewill also draw the trackLength Fie Edt View Optons Tool Help
histogram: trackL in absorber
o trackLength
________________________________________________ = Entries 500000
! c »Y . \ Mean 3.447
‘tracklength->Draw("HIST®); > v Sdev 9751

> Note that the canvas retains its property

-
o
>

of having a log-y axis but the histograms

-
o
w

properties are default.

________________________________________________

‘trackLength->SetLineColor(kRed) i
‘trackLength->SetLineWidth(2) ;
‘trackLength->Draw(“HIST”) i

________________________________________________

-
o
~

O}Tﬂ-]._'_rm'm'l IIIII[II| IIIIIl'lTI IIIIIlII| T

bl ! |....ﬂﬂ.ﬁﬂ.ﬂﬂh..m..m...

50 ‘1|06 - ‘||56 N I200 250 300 350 400 450 500

29



B) Getting Started — Accessing Objects in a ROOT file
I T Y X

> Wewill also draw the trackLength Flo Edit View Options Tools Help
histogram: trackL in absorber
— trackLength
________________________________________________ = Entries 500000
‘trackLength->Draw(“HIST”); ! 0 r S
> Note that the canvas retains its property 10t L]
of having a log-y axis but the histograms =
properties are default. 10°
------------------------------------------------ , L
‘trackLength->SetLineColor(kRed) ! 10°E
‘trackLength->SetLineWidth(2) — oL
‘trackLength->Draw(“HIST”) -
________________________________________________ I 15_
050700180 500" 'ésléméuoobusléd 00450 500

Note: If you closed your canvas then ROOT will create a new
one and canvas properties will not be retained.
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B) Getting Started — Accessing Objects in a ROOT file
I T Y X

> Wewill also draw the trackLength Flo Edit View Options Tools Help
histogram: trackL in absorber
— trackLength
________________________________________________ = Entries 500000
‘trackLength->Draw(“HIST”); ! 0 r S
> Note that the canvas retains its property 10t L]
of having a log-y axis but the histograms =
properties are default. 10°
------------------------------------------------ , L
‘trackLength->SetLineColor(kRed) ! 10°E
‘trackLength->SetLineWidth(2) — oL
‘trackLength->Draw(“HIST”) -
________________________________________________ I 15_
050700180 500" 'ésléméuoobusléd 00450 500

Note: If you closed your canvas then ROOT will create a new
one and canvas properties will not be retained.
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B Getting Started — Plotting from the Data Tree
I S YY)

> We can also plot data from the ROOT Tree object: &l Edit View options Tools Help
_______________________________________________________ trackLength:Edep
'B4->Draw(“trackLength:Edep”,« ”, “ ”); 1 £ 600
_________________________________________________________ g
> Technically what it draws for you the first time is B o
a TGraph-the points on this are fairly accurate.
400
>  We can push the draw into a histogram object H: id

l 200

_________________________________________________________

100

III]|I|II|IIII|IIII|IIII|III]|




B Getting Started — Plotting from the Data Tree

>

We can also plot data from the ROOT Tree object:

\B4->Draw(“trackLength:Edep”,* », “ ”); '

_________________________________________________________

Technically what it draws for you the first time is
a TGraph-the points on this are fairly accurate.

We can push the draw into a histogram object H:

_________________________________________________________

ROOT seems to want to draw this as a heatmap.
Let’s at least turn the color map into a log-scale

_________________________________________________________

File Edit View Options Tools Help
trackLength:Edep
H
600— Entries 500000
F Meanx  0.7647
= Meany 3.448
500— StdDevx  1.853
F StdDevy 9.764
400—
E |
300—
200
File Edit View Options Tools 100_—
t E
=
0 s PR N R NS
600 0 20 40 60 80 100
500 StdDevx 1.853
StdDevy 9.764
400
|
300/

200

100

|I|||!|||\\II‘\III'I[[I'\!III

PN BT T N T T
0 20 40 60

L L
100
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B) Getting Started — Using the TBrowser

You can also access the file from a
TBrowser using the command line
o  NOTE: This is cumbersome to
use over an X11 connection. On

your own machine, it’s fine.

Browser ‘Ele Edit View Options Tools

Help |
Files | Canvas_1 @‘ Editor 1 |
4] ¥ & Draw Option: =
(Zgroot
(ZPROOF Sessions
-y ROOT Files
3884.«301
=-Eu
B=-E£3home
)-S5 ericking %
[=]-453 WorkshopTest3
(=453 workshopGeant4andROOT
@-£3R00T
‘:[QB:UOOI
Dsan'oleRomScrm N
Command ‘
| ]
< T | »
Filter: [ All Files (*.%) [~
| 7
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B) Getting Started — Using the TBrowser

You can also access the file from a
TBrowser using the command line
o  NOTE: This is cumbersome to
use over an X11 connection. On

your own machine, it’s fine.

_____________________________________________

_____________________________________________

Click on the ROOT file name, this
will expand the file like a directory

Browser ‘EIe Edit View Options Tools uelp]
Files | Canvas_1 @‘ Editor 1 |
4] ¥ & Draw Option: =
(Zgroot
(Z]PROOF Sessions
£ ROOT Files
E..‘ﬂgm.mm

Wt

_!L]BA‘.

_thB4:1

Ik Edep;1

Ik trackLength;1
B3y

B-Exhome
£ ericking
[=)-£53 WorkshopTest3
(=453 workshopGeant4andROOT
=-£3R0O0T
Cngd.rool
Dsarm)eRoo!Scr‘m Command ‘
Command (local): ‘ |v
< 1Nl | »
Filter: [ All Files (*.%) [~
! [ 7
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B) Getting Started — Using the TBrowser

® You can also access the file from a
TBrowser using the command line
o  NOTE: This is cumbersome to use

over an X11 connection. On your
own machine, it’s fine.

_____________________________________________

_____________________________________________

e Click on the ROOT file name, this
will expand the file like a directory

e Click on an object and it will display
in the window.

ROOT Object Browser [ M )
Browser ‘EIe Edit View Options Tools uelp]
Files | Canvas_1 [x] | Editor 1 [3]|
24 ¥ {2 Draw Option: | [~] trackL in absorber
= x10° trackLength
}L_jrom E Entries 500000
| (JPROOF Sessions 400 — Mean 3.447
|E3ROOT Fies E StdDev __ 9.731
| 350 —
=] ‘1884.1001 E
300 —
250 —
200
150 —
100
4A =
Py =V IV PN IS PN PP I IR I I
0 50 100 150 200 250 300 350 400 450 500
T
Command ‘
Command (local): ‘ =

Il

Filter: [ Al Files (%)
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B) Getting Started — Using the TBrowser

You can click the TREE object (B4) to
expand it

You'll note that there are two
associated Branches

_____________________________________________

_____________________________________________

ROOT Object Browser [ M )
Browser l File Edit View Options Tools uelpl
Files J Canvas_1 @‘ Editor 1 |
24 ¥ & Draw Option:| - trackL in absorber
— x10° trackLength
E@root = E Entries 500000
(L)PROOF Sessions 400 — Mean 3.447
£3ROOT Fies - = Std Dev 9.731
c_‘gﬂft.mol E
I H 300
o |B4 =
\& Edep 250 —
&lrackLengm E
#|B4:1 200 —
IM Edep:1 - 150
|4 trackLength:1 E
&3/ 100 —
=gy E
& Eghome S0
- ericking o E PP (T EPITITES IPETEPINTY NNTIIT) LTI EPFCTUTIl VSParert TSR T
553 WorkshopTest3 0 50 100 150 200 350 400 450 500
=243 t4andRQ o
=3 Ro0T Command |
B4.root = A -
DsarwleRomScr - Command (local): ‘ o]
4| Il |
Filter: | All Files (") E
| 4
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B) Getting Started — Using the TBrowser

You can click the TREE object (B4)

to expand it

You'll note that there are two
associated TBranches

Double-clicking on a branch will
show you the contained data in the=——""

browser window.

ROOT Object Browser

Browser ‘EIe Edit View Options Tools

[ I
Help |

Files |

2y ¥ {2 Draw Option:| [+]

(E3root
(Z]PROOF Sessions
£3ROOT Files
=] %Bft.mol
Bt
[ % |B4

&Edep
B4

Edep.
trackLength:1
=8
B-E£3home
[=-Ex encking

=8

&lraokLenglh

[=)-453 WorkshopTest3

-

t4andRQ

Canvas_1 [x] | Editor 1

\

10°

Edep

iy
20

Std Dev 1.853

htemp
Entries 500000
Mean 0.7647

L PR
80

L -
100

Edep

B-E£3R0O0T

m B4.root

D sampleRootScr v

< il

| >

Filter: l All Files (*.*)

Command ‘

Command (local): ‘

]
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B) Getting Started — Using the TBrowser
* Youcandickthe TREE object (B4) T )

tO eXpand lt Browser ]Eile Edit View Options Tools Helpjf
Files | Canvas_1 (x] | Editor 1 [
8, ¥V & Drawoption:|  [¢] Edep
= = = htemp
(Eroot = Entries 500000
e Youll note that there are two [ icat e Woan Grer
associated TBranches S ey
=] 1184
&Edep
. . . & trackLength
e Double-clicking on a branch will e |
show you the contained data in the g, B dl
. =-E3u
browser window. & Egnome I
s Qe i T I |
60 80 100 Edep
e, nriqc
e Right-click in the margins of the A qgowen || oo ‘ =
. ﬁ&"”’ﬂ?ﬁﬁﬂmscrv omman ocal): Ad|
Canvas and a menu will drop down. (e o
Filter: ‘ All Files (*.*) e i
o  Select SetLogy (about % the | | | y
way down)
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B) Creating a ROOT Macro

You can easily execute a series of commands in {

ROOT using a curly-bracketed macro of
commands. /| All of your ROOT stuff here.

// Lines must end in semicolons;

The macro of commands can then be executed
at the terminal command line: }

_____________________________________________

Note: I typically save my macros as a .C file since it’s
generally an easy conversion adding libraries and a
few tweaks.
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B) Creating a ROOT Macro: TGraph — Make the Graph

e (Create a TGraph object

e Add points to the TGraph
o  SetPoint(n,x,y)
o Add the points:

3->SetP01ntr

~->SetPoint
- ( ©,2.1 ) ~->SetPoint

~->SetPoint
- ( 1,19 ) ~->SetPoint
. ( 3'5 ) 5.6 )

kel
n (5,222) ~->SetMarkerStyle(20) ;
m (6.5,38.0) ~->SetMarkerColor(kBlue);
e Seta Marker Style (use 20), and /7 Dooi £pe gints =

set marker color to blue.

e Draw with option “AP” #
S



B) Creating a ROOT Script: TGraph — Execute the macro

Your output should look like the
following:

40

35

30

25

20

15

10

II|IIII|!III|I|IIIIIIIllIIIIlIIIIIIIIlI

o
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B) Creating a ROOT Script: TGraph Data Fit

e Letsfitthegraphtoa
second-order polynomial, “pol2”

is predefined in ROOT.
_____________________________________________ . “->SetP01nt‘ 0. v
gr->Fit(“pol2”) : r-=SetPoint

i ~->SetPoint
r->SetPoint
~->SetPoint

_____________________________________________

e And lets set an option so our fit
parameters show up on our plot.

_____________________________________________

0]
n
+

<
[
M
\'4
n
m
—+
o

©
~+
M
[
—+

~
=
=
=
=

~

o

_____________________________________________

gr- >F1t( p
gStyle- >Set0ptF1t(1111)




B) Creating a ROOT Script: TGraph Data Fit

Your output should look like the

‘ho- 11.02/2
following: i 022
2.631+2.041

35 -3.311+ 1.667

This isn’t a great plot, and we can 1.362 + 0.2537

30
also fix that...

25

20

15

10

lIIlllllllllllIllllIlllllllllllllllll[l

o
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B) Creating a ROOT Script: TGraph Data Fit

This isn't a great plot, and we can

also fix that...
® Set the Y-axis range of the plot gét;lé-iggioptﬁtmn);

Fix th

o Add a tltle to the PIOt using érr-;GetYa)t(i; () -‘;Set-ﬁal;éé‘ljse;;.t :10, 50);
SetTitle( ) gr->SetTitle("TGraph Data Points;X;Y");

o Takes a string in the form
“Main,X-title Y-title”

// aw
gr->Draw("AP");
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B) Creating a ROOT Script: TGraph Data Fit

Now, you should have something
that looks like the following:

>

50

40

30

TGraph Data Points

x? / ndf

Illl]lllllllllllll[lllllllll

Prob

11.02/2
0.004049
2.631+ 2.041
-3.311+1.667
1.362 + 0.2537




ROOT Object Browser

) Fitting a Gaussian to Emulated Data  sowser g gat vew optons 100

Files |
Time permitting, let’s load into ROOT 4, 7 £ Draw Option: | =]

== e e e o . (L root -
root -1 molana_patterns_20419.root -e “TBrowser x| (] PROOF Sessions

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' £ ROOT Files

=] Emolanaﬁpanemsjoug.roo!

. . . = @ |tPatt1

This will automatically open up a TBrowser § con0

&coml s
e Double-click on the ROOT file R conavg

h coinasymuncorr
& coinasym

e Double-click on the TTree ‘trPatt’ :Z:?

h leftavg

& leftasym

You should see the following: g::::?

h nghtavg

B Anhtaowm

47
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B) Fitting a Gaussian to Emulated Data

e Inthe Local Command line, draw the
branch named “coino” and funnel it
into a histogram called “H”

________________________________________________________

________________________________________________________

You should get something that looks like
the image to the right »

IlIIHIlIlllllIIIIIIIIIIIIIIIIIIIIIIIIIIIII

coin0
H
Entries 536
Mean 6357
Std Dev 77.62

Illl

l
1 11
6500 6550 6600

IIIIIlIIIIIIIlllIIIIIIIIIII
6150 6200 6250 6300 6350 6400 6450
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B) Fitting a Gaussian to Emulated Data

We can add the fit parameters to the plot B Cans. - o x
File Edit View [Options| Tools Help
from the menu: < B Rsizs Ganvs e
| v Move Opaque =
22 T | v Resize Opaque Entries 536
20 | Retosn Mean — Go7
C i td Dev  77.62
. . - Pad Auto Ex
Options >> Fit Parameters e
16 Histooram Tt
:L Fit Parameters
14 :_ A ean msogTans
12—
10— |
8
6
4
2
0: lllllllllllIlllllllllllllllllllllll l

6150 6200 6250 6300 6350 6400 6450 6500 6550 6600
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B) Fitting a Gaussian to Emulated Data

We can add the fit parameters to the plot coin0
H
from the menu: 2 Entrios 536
Mean 6357
20 Std Dev 77.62
%2 / ndf 91.92/75
18 Constant 1157 £0.75
Mean 6358 £ 3.8
16 Sigma 76.93 + 3.74

Options >> Fit Parameters N

III|III|III||II|IIIIIIIIIIIlIIIlIIIlIIIlI]I

When your screen updates you should :
have the Gaussian fit drawn and the .
parameters for the fit listed. 2

6150 6200 6250 6300 6350 6400 6450 6500 6550 6600

Note: This ROOT file data comes from the Moller Polarimeter DAQ using a 3-channel emulator to stress-test the

dead time and accidentals reporting. There is nothing physical here if anyone was wondering.
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