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Validation of Geant4 Electromagnetic packages is based on Geant4 extended electromagnetic and medical examples. Validation is performed versus published data and/or between Geantd
versions. The list of dedicated tests for standard electromagnetic physics is shown below.

Multiple scattering

|Test |Flesponslble |C0\rerage |Purpose

|Hanson data |VI |e- of 15.6 MeV off Au targets |Thin targets

|Electron benchmark |DS |13 and 20 MeV e- off Be, C, Al, Ti, Ta, Au targets |Thin targets

[MuScat data |vi |96.2 MeV mu-+ off IgH, Li, Be, C, CH2, Al, Fe [This targets

[High eneray data v [mu+ 7.2, 11.6 GeV off Cu; pi, K, p at 75, 125, 175 GeV in Be, C, Al, Cu, Sn, Pb [This targets

IM odel comparisons |VI |e— off Si |This targets

|Sandia data ok |e- of 0.5 MeV in semi-infinite media of Al, Mo, Ta, TaAl, AIAuAl [Dose profile

|Fano theorem |SE |gamma of 1 MeV in water |Radiati0n dose inside cavity
|Fano theorem |SE |e— of 1 MeV in water |Fiadiati0n dose inside cavity
[Dose kernel E |e- of 1, 10, 15, 100, 1000 keV in water [Dose profile

Calorimeter tests

‘Test ‘Flesponslble |Coverage |Purpose

|ATLAS barrel |‘u"| |e- of 10 GeV in Ar/Pb sampling calorimeter |Calorimeter response
[ATLAS HEC v |e- of 10,30, 50, 70, 90, 110 GeV in Ar/Cu sampling calorimeter [calorimeter response
|m |\\."I |e— of 10 GeV in Sc/Pb sampling calorimeter |Calorimeter response
|ATLAS Tile |VI |e—, mu- of 20 GeV in Sc/Fe sampling calorimeter |Calorimeter response
IZEUS testbeam data |‘u"| |e- of 10 GeV in Sc/Ph sampling calorimeter |Calorimeter response
|C|VIS ECAL |‘u’| |e- of 10 GeV in PbBWO4 crystal calorimeter |Calorimeter response
|CI‘JIS combined |\\."I |e—, gamma in CMS ECAL + HCAL |Calorimeter response

http://www.geant4.org/geant4/collaboration/working _groups/electromagnetic/benchmarks.shtml
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Bremsstrahlung

Validation of the Geant4 simulation of bremsstrahlung from thick
targets below 3 MeV

Also Faddegon et al. (2008)
for 10 — 30 MeV
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Multiple scatterin 0 e

Ross et al.
13 and 20 MeV

scoring plane
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helium bag

7 materials of various thicknesses
(37 foil/lenergy combinations)
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Ratio of char. widths (simulated/measured)

Multiple scattering
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Multiple scattering

Reduced chi squared

20

Ross et al.

13 and 20 MeV
7 materials of various thicknesses
(37 foil/lenergy combinations)
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Multiple scattering
160 MeV protons
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Multiple scattering

160 MeV protons

160 MeV proton scattering

emstandard_opt3+elastic x2/N = 5.9
emstandard_optd+elastic 32/N = 2.63
emstandard_optO+elastic x2/N = 2.32
emstandard_optO+none ¥%/N = 4.65
emstandardWVl+elastic ¥2/N = 2.34

emstandardWVInoDisp+elastic )/ N=234
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Multiple scattering

172 MeV/c muons in thin,
low Z materials

100 WJ. Murray ! Nuclear Physics B (Proc. Suppl.) 149 (2005) 99-103

S2 scintillator

TINA
Sci-Fi tracker

LH; target

S1 A/B scintillators
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Multiple scattering

172 MeV/c muons in thin,
low Z materials

| 172 MeV/c muon scattering off Al 1.5 mm, Geant4 10.1ref08
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Multiple scattering

172 MeV/c muons in thin,
low Z materials

172 MeV/c muon scattering - MuScat, Geant4 10.1ref08
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Multiple scattering

L3 45 GeV muons

QOuter Cooling Circuit

Inner Cooling Circuit

Muon Detector __




Multiple scattering

L3 45 GeV muons

Endpoint Displacement of " in the r¢ Plane
geant4-10-01-ref-08, All MSC models, ARealisticRun, Gaussian fits
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| e 0.521 MeV in Al, Geant4 10.1ref08
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Fan Vi

One material with two densities

Dose is independent of density

5mm

30 mm

20 mm




Fan Vi

Fano cavity test case

Ratio between simulated and theorical dose deposited by a 1.25 MeV photon
beam crossing an ionization chamber

Geantd release : 10-01-ref-07

Basic test (no fluct, no msc):

standard_opt0 : 0.9946 +/- 0.0002 for dRoverRange = 0.004
standard_opt3 : 0.9977 +/- 0.0002 for dRoverRange = 0.004

Full test (fluct & msc):

1 —=— standard_opt0

standard_opt2

+5%

Dose simulationftheor

+1%

A% T [ : -_____.____.r_‘-_- __________________________________ 1

0.01 0.1
dRoverRange

Fano cavity test case

Ratio between simulated and thecrical dose deposited by a 1.25 MeV photon
beam crossing an ionization chamber

Geantd release : 10-01-ref-07

Basic test (no fluct, no msc):

standard_WWI : 0.9993 +/- 0.0006 for dRoverRange = 0.004
standard_GS : 0.9977 +/- 0.0002 for dRoverRange = 0.004

Full test (fluct & msc):

1ET—— standard_Wvi
standard_GS
—&— standard_SS

+5%

Dose simulationftheor

+1%

~1%

0.01 0.1 1
dRoverRange




Fan Vi

Fano2 cavity test case

Ratio between simulated and theorical dose deposited by a 1.00 MeV electron
beam crossing an infinite radius chamber

Geantd release : 10-01-ref-07

Basic test (no fluct, no msc):

standard_opt0 : 1.0008 +/- 0.0009 for dRoverRange = 0.004
standard_opt3 : 0.9999 +/- 0.0009 for dRoverRange = 0.004

Full test {fluct & msc):

6
5 —— standard_opt0
gd-sll% -
8 standard_opt3
k|
-
E
‘w
@
w
L]
[m]
+5% |
-5%
E 1 1 11 I 1 1 1 1 1 1 11 | 1 1 1 1 1 1 11

0.01 0.1 1
dRoverRange

FanoZ2 cavity test case

Ratio between simulated and thecrical dose deposited by a 1.00 MeV electron
beam crossing an infinite radius chamber

Geantd release : 10-01-ref-07

Basic test (no fluct, no msc):

standard_WWVI : 0.9981 +/- 0.0033 for dRoverRange = 0.004
standard_GS : 0.9999 +/- 0.0009 for dRoverRange = 0.004

Full test (fluct & msc):
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Fluctuations

(ALICE Time Projection Chamber)

HV electrode (100 kV)

field cage

readoul chamber



Fluctuations

(ALICE Time Projection Chamber)
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Fluctuations

(semiconductors)

| Energy loss distribution for 8 GeV/c p in 370 um Ge, G4
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Bragg peak

proton Bragg peak in water (HIBMC, Japan)
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Mgglggl Lln& photons: brem, Compton, msc
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M | l Lln electrons: msc, stopping power
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