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medical_linac
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This application based on
examples/advanced/medical_linac.

The geometry imitates GE Saturn 43 LINAC

Excises in this hands-on

1: How to compile and run Geat4 application

2: How to handle IAEA phase space file

3: How to score dose depth curve
(Using Built-in scoring interface)

4: Advanced ! : we don’t support in this tutorial
How to score absorbed dose in an ionization chamber
(Using SensitiveDetector via MultiFunctionalDetector)



Step1 – 1 : Build Application
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$ mkdir G4Work
$ cd G4Work 
$ cp –r  path/to/link/to/hostOS/medical_linac_handson.tar.gz .
$ tar -zxvf medical_linac_handson.tar.gz
$ cd medical_linac_handson
$ mkdir build
$ cd build
$ cmake ../
$ make
$ ./medical_linac

① Execute the following commands from terminal

UI window will be popped up



Step1 – 2 : Execute command from UI 
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/run/beamOn 100 and enter
Irradiate 100 electrons to target
Red: electron
Green: gamma

right click

default mouse actions
scroll: zoom
drag: rotation
shift+drag: translation

② Execute the built-in command from the UI window



How to edit text files?
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■ gedit ■ nano

$ gedit run.mac
Save Close

$ nano run.mac

Save: Ctrl+o → Enter
Close: Ctrl+x



Step1 – 3 : Execute with macro 
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$ ./medical_linac run.mac

③ Control number of events from macro file
change the following line in run.mac

④ Execute the command from terminal

See the number of events



Step2 – 0 : IAEA phase space file (PSF)
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IAEA provides phase space file for several medical linacs
https://www-nds.iaea.org/phsp/phsp.htmlx

You  can get PSF from here

In this application these files stored under IAEAPSF
VarianClinaciX_6MV_4x4.IAEAheader(Text file for PSF detail)
VarianClinaciX_6MV_4x4.IAEAphsp (Binary PSF file)



Step2 – 1 : How to handle IAEA phase space file (PSF)
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in medical_linac_handson/include
G4IAEAphspReader.hh
iaea_config.h
iaea_header.h
iaea_phsp.h
iaea_record.h
utilities.h

in medical_linac_handson/src
G4IAEAphspReader.cc
iaea_config.cc
iaea_header.cc
iaea_phsp.cc
iaea_record.cc
utilities.cc

Geant4 class for PSF handler

IAEA PSF handler

You can check the lines involved in step 2

Source files to read IAES phase space file

In step2, you will be trying to implement the application as an application developer. 



Step2 – 2 : Call G4IAEAphspReader in PrimaryGeneratorAction
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PrimaryGeneratorAction.ccPrimaryGeneratorAction.hh

$ make
$ ./medical_linac run.mac

Still running without PSF…
Why?
→ useiaeaFile = false 

Let’s try to control the flag
by macro command!

⑤ Try to call G4IAEAphspReader in PrimaryGeneratorAction !

⑥ Make again and execute the command

# Example of command
$ nano ../src/PrimaryGeneratorAction.cc

keep these comment out the three lines



Step2 – 3 : Setup Messenger Class ①
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$ make

PrimaryGeneratorAction.ccPrimaryGeneratorAction.hh
⑦ Try to implement class member functions

⑧ Check the application can   
be compiled without error



Step2 – 4 : Setup Messenger Class ②
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PrimaryGeneratorMessenger.ccPrimaryGeneratorMessenger.hh

⑨ Implement use macro commands in PrimaryGeneratorMessenger

$ make

➉ Check the application can   
be compiled without error



Step2 – 5 : control IAES PSF via macro commands
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activate IAEA PSF
set PSF file name

set Z position (see IAEAheader)

irradiate particles 
at z =0 cm

$ ./medical_linac run.mac

in run.mac

⑪ control the class member via macro commands 

⑫ Execute the command



Step 3-1: How to score dose depth curve
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$ ./medical_linac run.mac

⑬ Score the dose in water phantom  using built-in scorerer

⑭ Execute the command

in run.mac



Step 3-2: How to score dose depth curve
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$ root –l Draw_PDD.C

⑮ Execute the command

Analysis Code (Draw_PDD.C )Output (dDep.txt)



Step 3-3: Results
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execute .q in the root command interface to exit



Hands-on completed!
Congratulations!
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→ Next page, advance hands-on
for those who are not novice users.

(We don’t support this section in the tutorial)



Step 4-1: Dosimetry using Ionization Chamber (IC)
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Score absorbed dose using ionization chamber

30 mm 14 mm

5 mm

1 mm 1 mm
Plane parallel ionization chamber

Place IC surface at 3 cm depth

Sensitive 
volume



Step 4-2: Construct an Ionization Chamber (IC)
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DetectorConstruction.ccDetectorConstruction.hh



Step 4-3: Check the geometry
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$ make
$ ./medical_linac



Step 4-3: Try to score the dose
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RunAction.ccRunAction.hh

$ make
$ ./medical_linac run.mac

but… the output file is always empty… why? : You did not read/save the dose!



Step 4-4: Score and Save the dose
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So… How? → See EventAction_handson.cc

And activate it via ActionInitialization.cc

$ make
$ ./medical_linac run.mac

Then, output.root is created!



Step 4-5: Calculate dose in the IC
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$ root –l Calc_dose.C

Analysis code (Calc_dose.C)



Step 4-6: Set function to change the material of sensitive volume
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DetectorConstruction.ccDetectorConstruction.hh



Step 4-7: Set messenger class
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DetectorMessenger.ccDetectorMessenger.hh



Step 4-8: change the material of the sensitive volume
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$ make
$ ./medical_linac run.mac
$ root –l Calc_dose.C

Try to calculate the ratio of 
dose to water and dose to air !

Challenge! (without any help)
1. Try to implement macro command  to 

change depth of the IC
2. Try to implement macro command  to 

change material of IC-body


