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Python Interface, Geant4 Education and on Web

B Geant4 Python Interface
v flexibility to configure user applications
v’ scripting environment

B Geant4 Education
v’ Hajime kicked off the project.
v’ several workshops, to collect user requirements.
v’ some prototype examples
v how to merge and distribute?

B Geant4 on Web

v Web 2.0 (rich client on Web) is a new possibility of
Geant4 interface.
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Example of Virtual Lab

Measurement of mass attenuation coefficient

" GeantdPy = W X ogisxviewer

Lessonl| Geant4 Commands | Vis Commands

| Run start|

Materials Particles %] prot %] compt %/ conv
() lead ® water ® gamma _ 8
- ~ ~ %] msc (%] eloni X eBrem
) gold ') iron =
(Jair () aluminum | () proton | [ annikil 3 hIoni E e e
incident beam |1 198 Mev 1 51198 |5 | Mev
energy - sl
absorber 3.004 cm ' (3 |28 |2]em
thickness 3 = X : = :

Number of 40
Events =

¢ 1.198 MeV gammas entering 3.004 cm of water
* 40 events are displayed to “measure” the probability of the through gammas
e All EM interactions are activated
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Example of Virtual Lab

EM cascade in sandwich calorimeter
_ _—

Start a run exampleN03 -
empowered by X oglsxviewer -0} X
Geant4Py
10
Ho of layers ]
0 1 2 3 4 a3 ] ¥ il 9 10
Absorber Material - - Aluminium 4 Lead
b62.6
LR ) mn]
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 §0.0 90.0 100.0
Gap Material . liquidArgon - Scintillator - Air 4 Aerogel - Galactic
a0
Thickness (mm) | | |
0.0 100 20.0 30.0 40.0 50.0 60.0 70.0 §0.0 90.0 100.0
Z200.0
SizeYZ (mm) | [T
0.0 20.0 40.0 60.0 0.0 100.0 120.0140.0 160.0 180.0 200.0
Parpﬂe v proton 4 gamma s B- s B+ o mu- s MU+
1000.0
Energy (MeV) | [
0.0 100.0 200.0 300.0 400.0 500.0 600.0 700.0 §00.0 J00.0(000.0
1
Events f
0 10  Zzo 30 40 a0 60 70 g0 90 100
Process onfoff @ phot W compt H conv
W msc H eloni  eBrem & annihil
W muloni ® muBrems & hiloni
0.025
Cut (mm) [T
0.000 1.000 2.000 3.000 4.000 5.000 6.000 7.000 §.000 9.00000.000
0.50
Magnetic (T) | 1
0.00 1.00 Z2.00 3.00 4.00 5.00
Viewer 4 OpenGL - VRML
Geant4 command [/vis/vigwerizoam 0.4 ] Execute
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Example of Virtual Lab

Sandwich calorimeter (process switch on/off)

X tx ~ (o] [x

‘ Start a run exampleH03 -

empowered by
GeantdPy

~ oglsxviewer—

Ho of layers ]
1} 1 Fid 3 4 ] b 7 il 9 10
Absorher Matenal - Aluminium 4 Lead

2.6
Thickness (mm) | I
0.0 100 200 300 40.0 50.0 60.0 70.0 B0.0 90.0 100.0
Gapuateﬁal -~ liquiddrgon - Scintillator - Air 4 Aerogel - Galactic
| a.0
[Thickness (mm) | _|
i 0.0 100 200 30.0 40.0 50.0 60.0 70.0 60.0 90.0 100.0
i ) 200.0
SizeYZ {(mm) 11
0.0 200 400 0.0 §0.0 100.0 120.0 140.0 160.0 160.0 200.0
Particle ~ proton 4 gamma W B- v Bt A W MU+
1000.0
EnErgy(HEH) L]
0.0 100.0 200.0 300.0 400.0 500.0 600.0 700.0 §00.0 900.0 0D0.0
1
Events 1
1] 10 20 0 40 al 60 70 0 90 100
Process onfoff W phot o compt H conv
_| ms¢ _| eloni _| eBrem W annihil
M muloni @ muBrems & hloni
| 0.025
Cut (mm)
0.000 1.000 2.000 3.000 4.000 5.000 6.000 7.000 §.000 5.00000.000
0.50
Magnetic (T) | =]
| 0.00 1.00 Z2.00 3.00 4.00 a.00
\Viewer & OpenGL - VRML
!Geanm commantd ;;’\-fvi'sf\“f\\é\ﬁéffiaﬁ?n-ﬁ:é i Execute |
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TestEmO with Tcl/TK

B Jean created a new example based on TestEmO.

™oy o g

TestEm0 empowered by Geant4Py

] [3¢|(_|[=| kmura on lcars: fhome/kmura fwork/geant4 fproj
twzax RE F|E Juvdvw—4 BEE AT

| 2zl

action: 186.88 % ElmAbundance 186.88 % Particle Material Energy Cuts

Material: Uranium  density: 18.958 g/cm3  temp PI® Air 1.0 1.0
1.88 atm RadlLength:  3.166 mm pi- HZ2liquid J eV um
---» FElement: Uranium ( ) Z=192.8 N = 238.9)|4ip
sFraction: 100,00 % ElmAbundance 109.99 % - kev
proton | WaterSteam MeV cm
triton | BGO Gev m
Aluminium
Table of registered couples ’f / TeV / ki /

Index : @ used in the geometry : Yes recalcuyl

Material : Water

Range cuts : gamma 1 mm e- 1 mm e+

Energy thresholds : gamma 2.968186 keV e- 347.13

Region(s) which use this couple :
DefaultRegionForTheWorld

proton (1 MeV) in Water (density: 1 g/cm3 ; radiation length: 36.8925 cm )
Range cuts : gamma 1 mm e- 1 mm
Energy cuts : gamma 2.98186 keV e- 347.138 keV

processes : hIoni total

cross section per volume : 8 m"-1 B m™-1
cross section per mass 5 B em2/g 8 cm2/g

mean free path = 5.82593e+288 pc 5.82593e+288 pc
(g/cm2) 5 2.88022e+285 kg/cm2 2.88022e+285 ko/cm2

restricted dE/fdx H 267.118 MeV/cm 267.118 MeV/om
(MeV/g/cm2) H 267.118 MeV*=cm2/g 267.118 MeV=cmi/g

range from restrict dE/dx: 23.4295 um

( 2.34295 mg/cm2)
range from full dE/d= H 23.4295 um {2

34295 mg/cm2)

transport mean free path : 1.36439 cm { 1.36439 g/cm2 )
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Experiences at Michel’s course

B Visualization is a key element for observation of physical
phenomena by students.
v’ Trajectories and geometries

B Simple geometry like a water box are useful to “measure”
physical quantities like the mass attenuation coefficient, etc...

B Simple measurement like Rutherford don’t need advanced
analysis tools. Intuitive “measurement” is effective.

B Analysis tools will be necessary to study quantitative features

B How to manage contents and distribute as coursewares?

Web application is one of the best solution.
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Possibilities of Geant4 on Web

B Course-ware on Web

v Geant4 Education

 Not to teach Geant4 but use Geant4 to teach Physics
e for HEP experiment, radiological physics and dosimetry,...
e hyper document with textbook and hands-on work

B G4 examples on Web with user manual

v hyper experience with G4 for instant users
B Exposure inside G4

v’ particle, material, cross section, etc.

v’ framework of presenting physics validation results
B Geant4 simulation server

v" medical applications

v’ radiation background study

B And more?
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Inside Geant4 on Web

B Run Geant4 as web service
v’ independent of client enviroment

v’ Python web application framework

e TurboGears / Pylons
e MVC (Model/View/Control) model == — =

B MVC model gaanta =2 Geant¢Py
v’ Model: Geant4 / Python-interface / document management
v View: HTML template (Kids/Genshi/Mako) / XHTML+CSS

v’ Control: URL mapping of Python functions
e CherryPy, route gfcherrypy

B Rich client

v’ Ajax (Javascript) powered
* Ext |

B Multi-users access and scalability
v Deployment of web servers
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.html

View on client

L3 | ssiibs |

Rich client
using Ajax, Javascript

Client

\
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View
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Geant4 Virtual Laboratory Educational Courseware on Elementary Particle Physics

Documentation Explorer £ . o . .
Exercise 1: Annihilation of a positron

{5 Documentation Home Author: M. Maire (LAPP Annecy)
= &5 API Reference —
H [CJExt Description | Geometry /... Physics List Primary Pa... Detector Experiment Questions / ... “
=] Date
=lExt Electron-positron annihilation into two photons
=] Function
2 S Examples and Demos Electron-positron annihilation occurs when an electron and a positron (the electron's anti-particle)
 [_] Dialogs collide. The result of the collision is the conversion of the electron and positron and the creation of
=l =5 Toolbar and Menus gamma ray photons or, less often, other particles.

ETDD”JBF and Menus . Naturally occurring electron-
# ] Grid In the most common case, two photons are created, each with energy equal to the rest energy of the positron annihilation as a

9 £ Form and electron or positron (511 keV). Since the system had zero linear momentum before the annihilation, the result of beta plus decay
%’Eﬁ?ﬁ:ﬁﬁ?& Forms gamma rays are emitted in opposite directions.

&
el
|
|
|
|
|
|
|
|
|
L =

HKML F . . . . . . . o Y
= erm This process is the physical phenomenon relied on as the basis of PET imaging. Also used as a method of
iCDmeBaxes

- measuring the Fermi surface and Band structure in metals. .
ELIVE Search

=9 Tree ~——
S#Ajax + Drag and D Micro-view of the interaction :
S Twe Trees ﬁ%ﬁ%ﬂmhnaﬁon
iExt Dependency Bu This is the annihilation of a positron in fly (left), or at rest (right), within a given material.
_?Photcu Organizer wy|

= &5 Layouts
;Simple Layout
5 Complex Layout
iNestEd Layouts
EFEEd Viewer

@ [ Resizable

=l =5 TabPanel |
iBasic Tabs . ¢
iAdvanced Tabs

H [ Views

# [ ] Localization

H [ JDebug Console

womL o RN W 3 —

;_@Help Forums

| - Interface Design

|-

P
e

Console



Geant4 Virtual Laboratory Educational Courseware on Elementary Particle Physics

Exercise 1: Annihilation of a positron .
- Author: M. Maire (LAPP Annecy)
Description Geometry /... | Physics List Primary Pa... Detector Experiment Questions / ... ; “
Geometry and Material
There a simple cube in the “Virtual Laboratory”. Set a cube size and choose a material inside the cube.
Geometry
Cube Size
X: |
Y: | -
& I
. J
Material
/©Standard Material (NIST) I select a material ... [¥ \
Density Potential (eV)
(g/cm3)
G4_CSI 4.5 - 12.1 2 -
OComposite
Density: |
Add Element ]
| |-
- _ _ - :
- | EEENEA Y F A H
- I B I s
Na . s s
| i@ N | A HARHBREEBERE I t D O
\_ > '
i
Console s



Geant4 Virtual Laboratory Educational Courseware on Elementary Particle Physics

Exercise 1: Annihilation of a positron .
= Author: M. Maire (LAPP Annecy)
Description || Geometry /... || Physics List Primary Pa... Detector Experiment Questions / ... ; “
Physics List

Switch each physics process active/inactive.

List of defined particles

List of defined particles

[ photon interaction o/
ILep‘ions
O O O
(@ oo | [:. - | @ |
B Y s @ =) @ =)
[ electron/positron interaction
EdPouraier phos boln: Wetre orfeamins,
[ ionization M bremsstrahlung [ multiple scattering [ positron annihilation [ mésons
Detail Parameters % {5 nqu ‘ b [—‘ o [% o
[ energy straggling - T . :
:)(%:)% )%
)% %=0E
O muon interaction L%mﬂmJ %mfm

[Baryors
Interface Design

[0 hadroninteraction

i
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Geant4 Virtual Laboratory Educational Courseware on Elementary Particle Physics

Exercise 1: Annihilation of a positron .
- Author: M. Maire (LAPP Annecy)

Description || Geometry /... | | Physics List Primary Pa... Detector Experiment | | Questions/ ... “

Primary Particle

+
Set parameters (particle species, kinetic energy, direction, etc.) of primary particle. €

s »
/—Pamde-Gun-Set-t-mg ~

Particle: | |v

&
el
.
|
|
|
|
|
|
|
|

-

Kinetic Energy: | [ mev ]~

Direction:

x| | v )

Interface Design

|-
Console s




Geant4 Virtual Laboratory

Educational Courseware on Elementary Particle Physics

Author: M. Maire (LAPP Annecy)

Description Geometry /... Physics List Primary Pa...

Detector

Experiment

Questions / ...

Let’s Experiment

Are you ready for an experiment? Let’s beam On!

heck your setting

4 HEPREP

# of events: |:|

VRML
[ pawn

Tracking Verbosity: [ o |~

R C. + 1
nuiltl GUTILINviI1

Current Status:

ort

—

| Output

b

Log Vis. Analysis

i i

My Docs.

Documentation Explorer «

43 Documentation Home
=) API Reference
@ (]Ext
=] Date
=lext
=] Function
= {5 Examples and Demos
# ] Dialogs
23 Toolbar and Menus
Ed Toolbar and Menus
@ CIGrid
= &9 Form and
SIHABME Forms
E@ML Form
5 ComboBoxes
[dLive Search
=] Tree
(@ Ajex + Drag and D
@ Two Trees
[E4Ext Dependency B
EdPhoto Organizer w/
3 {9 Layouts
Edsimple Layout
4 Complex Layout
EdNested Layouts
FdFeed Viewer
@[] Resizable
= ) TabPanel
EdBasic Tabs
EdAdvanced Tabs
@ ) views
# ] Localization
® (1Debug Consele
3 Help Forums

—_— K

Console

L

khkkkkhkkhkhkhhkkhkkhkkkhkhkkhkkhkkkkhkkkkkhkhkkhkkhkkhkkhkkkkkhkhkkkkkk*

Geant4 version Name: geant4-08-02-patch-01 (23-February-2007)
Copyright Geant4 Collaboration
Reference NIM A 506 (2003), 250-303

WWW : http://cern.ch/geant4

khkkhkkhkkhkhkhhkkhkkhkkkhkkhhkkhkkhkhkkhkkkkkhkhkkhkkhkkhkkhkkkkkhkkkkkkkkk*

Visualization Manager instantiating...
Visualization Manager initialising...
Registering graphics systems...

Interface Design




Geant4 Virtual Laboratory

Educational Courseware on Elementary Particle Physics

Exercise 1: Annihilation of a positron

Author: M. Maire (LAPP Annecy)

Description || Geometry /... | | Physics List Primary Pa... Detector Experiment | | Questions / ... E

>

Questions and Report

ey e

Question:

Let’s get similar pictures, playing with
¢ Choose a material.
¢ Set a thickness of the absorber.

¢ Switch on/off physics processes for each particle type.
¢ Set an energy of the primary positron.

Report: - o
&
. Open

Interface Design

|-
Console

P
e




Snapshots from prototype

FrAILE) IREE FERY) REES Jwse-—28) w-WI) ~LTH) e murakamikoichi

(] (7] [«=] [e] [x] (] & nepyiocaimost:sooy =R
GeantdPy Developmentv Geantdw 1STv Programingv Workv Personalw  CGooglev Geantdw v EFw  Borgnet Macv WebAppw OSv GWVliabw

Google [ Ej] G~y ¢ 2 B~ M~ 9 Fvov—so Pofnk SBrreov 2ImRv (@RCRE A » i) ot
(5] Geant4 Virtual Laboratary {3: = |E|

Keichi.Murakamitkek jp  Home | Setting | Help | SignOut ol
Geant4Virtual Laboratory Educational Courseware on Eementary Particle Physics iy
i

Application Navigation <

ﬁ Home

= £ Documents
® ] Passage of Rad ation

Welcome to Geant4 Virtual Laboratory

Geant4 Virtual Laboratoy is an educational courseware on elementary particle physics. Ths
® ] Radiological Physics Iaborator',f_is a hybrid e—learning system of text books and Geant4 appl_icatior_ls on web. You
can experience what happens in the elemental world through Geant4 simulatiors.

= £ Exercises
® CJTest Course
= =3 Michel Ccurse
5 Index
jﬁnnihilation of a pos
iﬁttenuatiu:un of a beg
iElectanagnetic cas
il:nizatiun
;Multiple Coulomb sc
;I—igh enz2rgy muon
= =1 Test Package
= 3 TestEm
;TestEmD
_'?TestEnﬁ
S@TestEmld
# ] Examples
= I Inside G4
® (ZJ Control Panel
® (] Properties |
b

E [l Geametry
| [ —— L3

3 >

Python & Ajax powered.

. python

Cocantd Home | Contact | @ 2007 Coantd/KEK & Yoshida Co Lid.
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Geant4 Virtual Labﬂfatﬂw Educatiomal Courseware on Elementary Particle Physics

Application Navigation “ | Exercise 1: Annihilation of a positron
4% Home i —
m Description Geometry/Ma PhysicsList Primaries Detector Experiment Qutput Report
=3 pocuments i
9 CPassage of Radiation |} | 1o ctron-positron annihilation into photons o
® [ Radiological Physics & | P P i
= = Exercises | Electron-positron annihilation cccurs when an electron and a positron (the electron’s - |
# [ ]Test Course | anti-particle) collide. The result of the collision is the conversion of the electron and positron |
2 £3 Miche| Course I and the creation of gamma ray photons or, less often, other particles. ._ |
=l Index | In the most common case, two photons are created, each with energy equal to the rest f |
iﬁ.nnihilatinn of a pos | energy of the electron or positron (311 keV). Since the system had zero linear momentum . M - |
54 Attenuation of a be: | before the annihilation, the gamma rays are emitted in opposite directions. I
54 Electromagnetic cas|| This process is the physical phenemenan relied on as the basis of PET imaging. Also used |
3 Lonization | as a method of measuring the Fermi surface and Band structure in metals. Naturally occuwrring |
: elec tron-positron annihilation as
=4 Multiple Coulomb sc I a result of beta plus decay |
zHigh energy muon -
= 3 Test Package I
= I TestEm
I
S TestEmo ‘|| Micro-view of the interaction
5 TestEm3 | " -
5 TestEm14 | This is the annihilation of a positron in flight (left), and at rest (right), within a given material.
H [ JExamples I time
= I Inside G4 .
- - e .
#H ] Control Panel space—
® [C]Properties Feynman Diagram of 1
H T Geametry 1 -
.l 3 -

Geantd Home | Contact | @ 2007 Geant</KEK & Yoshida Co. Ltd.

http://localhost: 5000/ michel/annihilation/index html
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Geantdv 15T Programingy Worky  Personal v

Gﬁfjﬂ]ﬁ |

5! Geant4 Virtual Laboratory

-Eﬂ :C?ﬂiﬁv i
ol

Geant4 Virtual Laboratory

Application Nawigation

ﬁHuma

4

= = Documients
H [_]Passage of Radiation
H ﬂRadiological Physics §
= =3 Exercises
] Test Course
= £3 Michel Course
%Index
iﬁmnihilation of a pog
iAttenuatiu:un of a bes
jElectromagnetic cas)
ilunization
EMUItipIE Coulomb sc
iHigh energy muon
= <3 Test Package
= 3 TestEm
iTestEmD
jTestEmB
S TestEmi4
H CJExamples
== Inside G4

H (O] cControl Panel
£ ﬂPl'opeﬁ:ies

H Ml Geametry
— L

TestEm0: EmCalculator

O B

Google v
o g

¢ Jupw—p FageRank

Geantdw v EFw Borg.net
ﬁ? Frwldl -

Macv WebAppy OSw
a1 g
3 im -

Kaoichi. Murakami@kek.jp | Home | Setting | Help | SignOut

GlVlabw
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Educational Courseware on Elementary Particle Physics

Energy thresholds

Region(s) which use this couple :

Description Test
Select parameters
TestEm0 Control Panel
Particle: | proton v
Material: ate b4
Energy: 1 MeV w
Cuts: |1 mm v
Fun H Clear
Fy
========= Table of registered couples [
|
Index : @ used in the geometry : Yes recalculation needed : No '
Material : Germanium '
Range cuts gamma 1 mm e- 1 mm e+ 1 mm :
|
|
I

e- 863.242 keV

e+ 821.764 key

F——————,

v

-

Geantd Home | Contact | @ 2007 Geantd/KEK & Yoshida Co. Lid.

@ we
<]

b

= (@) B |
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B Off-line visualization
v VRML file and HepRep file are currently available.

B \We want a drawing engine to directly generate

ipeg/png/gif files.
v DAWN

e Tcl/Tk GUI frontend (currently)

e command-line interface (wish)
— can convert PS to jpeg by “convert” command.

v’ OpenGL

e offline interface, directly generate a jpeg file without
drawing (wish)

e possible?
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