and background




physics, CPvielation physics, cosmic ray physics,
medicall applications and space science applications.

m [n order to meet such reguirements, a large degree of
functionality and flexibility have been provided.




imeworks to achieve maximum
ity In the physics modeling

Ensure that the physics implementations are both
accessible to and transparent for the user, so results
can more easily be verified, and if deviations or
surprising agreement were found, they can be traced
back, and the modeling can be adapted to the usage.

& J.P. Wellisch.




«stub»
Event
Generator

«system»
«framework» y

N Shye! GHAD
' ; ysIcsS physics
‘ I
«stub» |
; Intercoms
Persistancy
0,

«system» ==
Geometry

J.P. Wellisch.




OMEY »
urornagrje”” physics.
“ Hadronicrpnysics.

m Application highlights from accelerator
and astro-particle physics, and space
engineering.

R A J . P . Wel I iSCh ;




Rhistialization.

B GUIS:

_Nlplitefeonnls,

= Run and event frameworks.
® Tracking, stacking, transportation.

R A J . P . Wel I iSCh ;




. e ‘ ’
NRDESCIIING "Lup :rs volume hlerarchy or ‘flat’ structure

Allows i) / compg etups (millions of volumes)
llooISHeIFCHEating ¢ i Ing complex structures

FastugeVigation in complex geometry models
n Altomatic eptimization

sometry models cani be ‘dynamic’
- = Changing the Setup at run- -time
Multiple geen 'ES
m For tracking, hits/readout, biasing/scoring, fast simulation
m Defining geometrical ‘regions’

m Choice of production threshold
m Triggering of fast simulation

& J.P. Wellisch.




Bolw !“ 'solids

- volumes defm d by boundary surfaces
- cylinders, cones, toroid, polyhedron,
etc.

Fields: any variable, non-
uniform field (ideally

differentiable )

Magnetic, electric, combined...
& J.P. Wellisch.




JCiities for
f

gy Uy Setups

peciaINEsilites allow a |

CroupVellmestieicreate regular geometry patterns

s anrassemlyAeiivelumes can be imprinted several times
REfIECT pant eifaistitictire (as above)
Debu HEGEBIMEtry Setup (see picture at right)

s Usinglcontibuted tools & embedded commands ﬁiwliﬁi =
Charactenzing paruspwithicommon attributes (regions) = ""ii iy ii"‘ | =
Calculate the velume of a solid & the mass of a setup S ,_m

= A geometry setup can be described either in C++ code or: ‘||| g |||| i
= Using a simple tool (Geant4 Geometry Editor) Jl oy =

= Importing / exporting from external XML format — ....|||||||\_|,,. ~
= e.g. GDML (Geometry: Description Markup Language) E— |
= hittp://cern.ch/GDML

m Through other specialized applications

= e.g. interactively in GATE
(http://Iphe.epfl.ch/=PET/research/gate)

J.P. Wellisch.



http://cern.ch/GDML
http://lphe.epfl.ch/~PET/research/gate

An event in the LHCb detector

i ‘gf
I3

:-- -!Jm;..‘
v

¥

A few example setups
from LHC experiments ... \

J.P. Wellisch. A view of the Atlas detector




SICS 1@’ Geant4

f]fﬂcl, slectron, and positron

nedia 2 traditionally called

EJM Umglgmm PIOCESSES! (EM)

m HaeieNnRteractions with atomic electrons are
- providead by G4 EMI

u OpiicalNeNeLon d!heration and interaction are

- alsorunc 'r responsibility off EM physics group

[

m Two sets of codes: standard electromagnetic
physics, and low energy physics.




ial evelution; of the GEANT 3 EM physics

FCOMPIETLE SEet of MOC Is for simulation of EM
] ener” angeiitem 1 keV to 10 PeV
UIEPaCkagES: utils, standard, muons, highenergy, xrays
[cal" photens production and transport
ach for energy loss processes:

= Cont [JLIDL» nergy loss for transfers below cut
= Sampling of secondary with energy above the cut

m Cuts expressed Iin term of particle range

m Focus on particle physics, but well applicable for
Instrumentation, space, and medicine studies

& J.P. Wellisch.




s Review ofi G3lmodels have
ﬁmpne

u Vererpreciserthensies are
used If poesSInIERs
a Vain PYGGESSES:
logliZztte)
premsstEitng
multiple scattering
photoelectric effect
Compton scattering
gamma conversion
e* annihilation
Cherenkov radiation
scintillation
synchrotron radiation

& J.P. Wellisch.

Landau-Pomeranchuk-Migdal
Effect for bremsstrahlung

Gamma spectrum 10 Gev e- in Pb

no LPM

with LPM

2 |
logl0(

3
E(MeV)

4
)



knock-on

mteractlons

m Muonrpreduction
and transport in | [l geont
Geant4 is available 5 6. 5Y)
up to 10 PeV

No. interactions per bin

& J.P. Wellisch.




teld by process

-
o
&

process contribution, %

A

neutron production yield, n/p/(g/cmz)
S

others ¢~

3
10
energy, GeV

atomic weight

. Wellisch.




pr

We‘w nlesseavering Model

P
e

_

- ; O n LeWi S th e O ry ) hackscattering coeff. of &+ as a function of energy(Au}
1950) 526 ¥

= ns
e

m Provides simulation of
transverse displacement

% J.r. Wellisch.




1l ntengacﬁ g

—

B E) N CI@SS) SECUIGIS SUreRgly,
of) 2alErc)y

Integrallapproach:
interac?n prenability s
sampledrusing integral

method

Integral methed for
tracking and updated
model of multiple
scattering provide less cut
dependent results

& J.P. Wellisch.

Sampling Calorimeter

G470

“caezpoe 2.5cm Cu 0.85cm | Ar
-6452p02 cut = 0.7 mm

60 80 100 120

Beam Energy (GeV)

Sampling Calorimeter
2.5em Cu 0.85¢cm [Ar

Cut in range (mm)




T

HergyaVl processes

03

o -~
- Nl

N %lfground due to
o

=

positron annihilation

=
o
N

. : : gammas
INteractionwv edia:

my “(c—27)
= e’ (e) > W (c—~2)
et (e) > an (c—~2)
m Visible at LEP andl High
at SLC

m Of particular concern for
linear colliders

~—~
c
o
—
3
K
0
2
S

~

=

Cross section

& J.P. Wellisch.




Hadronic EndCap Calorimeter

(HEC)
(Liquid Argon/Copper Parallel

S 180 GeV . Y Goonta (0.2 mi cul)
e o 10 kg IIQ Courtesy of
10 GeV electron in the ATLAS 7 o I B T T
Electromagnetic Barrel Accordion ol 0 DellAcqua
Calorimeter  AJAZAYAA 300 | SR B B e

7400
100

0
-100 0 100 200 300 400 500
Calorimeter Signal [nA]

EMB Energy Resolution

GEANT4 GEANT4

— —

GEANT3 GEANT3

——

Geant4 reproduces the average
electron signal' as a function of

data data
incident energy in all ATLAS B
calorimeters very well Courtesy of P.Loch, ATLAS
Signal fluctuations in EMB are very well 02 03 04 05 9 92 2400
’ high energy limit [%]
simulated [% xVeev]

J.P. Wellisch.




L)

Clyiile

-

B Surface propertiesican e defined in great detail for
simulation ofi refraction and absorption

m The scintillation process allows to simulate slow and
fast components

m Wave length shifter process is available
J.P. Wellisch.




RONIC GHAD

Hadronic

"

1

Inclusive

processes Cross
sections

«subsystem» Stopping
Final state modeling hadrons

General
utilities

& J.P. Wellisch.




Imaginary Model Haronic «subsystem»
R-matrix utilities Dataset Verification engine

High
energy Isotope Neutron Precom
rod. transport ound

parametr. P P p

«subsystem» Coherent Binary «subsystem» Bertini Nucleon

De excitation elastic cascade @ Parton string cascade nucleon
elastic

abrasion

J.P. Wellisch.




Parton
string
man.

De-excit.
Man.

Fermi
breakup

Multi

evapo
ration

diffractive

String
hadroni
zation




Processes
(hadronic)

Direct process implementation

In Flight
Framework

isotope event

production biasing
framework

Cross model

section
framework
framework framework

¥ AA A A

direct X-sec implementation direct model implementatio T direct iso implementationfffdirect biasing implementation
eory
] framework

Spallation
Framework

String “ Direct spallation implementation
arton Cascade
frapme\i\)/ork framework _

A

Direct string parton imp String
fragmentati Cascade impl.

on utiity o ]
framework framework

utility

«interface»
fragmentation function

_ Evap. implementation
A




IIRRERCEL COMPAarisons
VEricaton or "If omponents
Code comparisons (least effective)
Complete application tests

Robustness.

& J.P. Wellisch.



01 GIOSS-Section:
—

1000

Ta0

107

1500
1000 1186, 11
500 114, 120, 118

I.P.Wellisch

J.P. Wellisch.




@o“n_;ﬁﬁ ouerior exaimples, QGS:
Weboichiiy) ciserio1EgS anuariant
CIOSS=S LA AICADNS 11 quark gluon string model

WHITMORE 84 ZP C62, 189
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EKIN(LAB),GEY

100 GeV pi+ on Gold 400GeV protons on Lithium
J.P. Wellisch. I.P.Wellisch




E
aFr

' ‘ thest secandary neutrons from 800 MeV p on Lead (FLUK
) : ’ ‘

0 = 30°

@, O dat
V%% o ciienc
%

SIM/DATA

it
Bipan) Caseadss

data Z
JK
G4 — BIC 1. FLUKA

-
-

JATA

D

SIM/

G4 — BIC
FLUKA

J.P. Wellisch.
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prec[zctzon Jf DL ) m %
@R Gl 500 f— 4:} a

[2ACEIg cross SeCElg wo LA Mol

250 |
0 _|||||_2| 1 ||||||_1| vl 3l o _|||||_2| ||||||||_1| vovnnl 0l
Sample the impact T el T
parameter over %sm - % '
aoo - +
a very large area. i 0o, e : g
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, . 1000 }
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SO CHET NI O LIATISpOT L

¥ 4

7’ el jmm e/ capture on Oranium

3500

I.P.Wellisch
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RADLIST (BNL) Geantd

Eadiation  Energy (keV) Intensity (100dks) Energy (keV)  Intensity (100dks)
CE K 7,301 F1.00 (6.0 7,301 7055 (1.88)
CE 12.859 1000 {0770}
CE L 13567 740 (06 13,562 5.95 (0.54)
13,687 0.25 (013
14.315 083 (021)
14 405 045 (019
114 545 1.82 (0.14) 114 545 1.95 (031)
120457 570 (053
121.215 0.1% (0.020;
121 965 0.03 (0005
129 361 1.30 (0.16) 129 262 1.25 (0.25)
134910 0.25 (0.11)
14413 916 (0.1 14.413 1002 (0.771)
122061 Bo60 (017 122061 8605 (2.07)
136.474 1068 (0.08) 136,474 1005 (0.71)
692,410 0,15 (0.071) 632,030 0,15 (0.0%)
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MEdl.Cal Titanium shell (50 ym)
phy%IIC§' core (250 um) &
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4.5 mm

Astroparticle and underground
physics
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Courtesy T. Ersmark, KTH Stockholm



Secondary Particles Energy Spectrum

for RadFET package with LID

W {protons: 300 MeV)
B Pratons

Gamma

Heaqvier ions
(protons: 60 Mev)

-
B Pratons

Gamma
B Heavier ions

RGP I N T A i SR Gl

Number cof Secondary

Ana Keating (ESA-ESTEC)

Ensrgy (MaV)




MARS CRUSTAL MAGNETISM MGS MAG/ER

-200

MGS at mapping orbit altitude ~400 km
1° by 1° resolution

Connerney et al., Geophys.Res. Lefl., 26, 4015-4018, 2001,

Canaz1 1 002
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J.P. Wellisch.
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m Geant4
based
simulation
since 2001
production

= More than
" | 1019 events

“ (BaBar

& J.P. Wellisch.




bk

T T

i

e i e
e

e e e
)

N ]

W R P

}.l'.l'
o T T R e ' o o o

e 1y I 0 I )
Wi

1
Transverse conversion Radius

ek

i

P L
R T

J.P. Wellisch.

Transverse conversion Radius

Geant4
based
simulation
since 2001
production

More than
101% events



Dipole Magnet

| Muon Chambers

Photon
Spectrometer
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View of 180 Higgs event simulated
iIn CMS Tracker detector

J.PAWenmiscn:




OSCAR245-GEANT452 (TB02)
QGSP-2.7

~ OSCAR245-GEANT452 (TB02)
LHEP-3.6

TB02 Data

2
(%)2= 11;.3 +5.52

100 150 200 250 300
Pion Beam Energy (GeV)

Excellent agreement in resolution
J.P. Wellisch.

Syst.

Data A i~ N

E o /E(%) stat bkgnd calib
20. 26.22 0.15 500 0.1
30. 21.76 0.12 3.00 0.2
50. 17.40 0.10 0.60 0.2
100. 12.95 0.07 0.40 0.3

300. 8.55 0.05 0.00 0.3

Syst. Errors 100% correlated
in Energy, uncorrelated

with each other (added in
quadrature)



1.05

LHEP normalized up by 1.05
— QGSP normalized up by 1.03

Energy Response

’ E oJ/E stat bkgnd calib
? 20. 0.8640 0.0015 0.0800 0.008
30. 0.8790 0.0010 0.0320 0.008

0.95( o

O—@—n

- o 50. 0.9240 0.0010 0.0050 0.008
0.9 Includes Electronic Noise 100. 0.9604 0.0007 0.0003 0.008
300. 0.9823 0.0004 0.0003 0.008

[ o OSCAR245-GEANT452
0851 4 ¢ LHEP-3.6 ;
OSCAR245-GEANT452 Syst. Errors 100% correlated
° QasP-27 in Energy, uncorrelated
8 with each other (added in
i  TBO02Data quadrature)
078 I5||:|I - I1||J|JI - I15||JI - IEI!.IIJI - Eéul - I3|IJ|JI

Pion Beam Energy (GeV)

% 1 welisch. Excellent agreement in linearity



“Physics validation of LHC simulations” meeting February 04, 2004

Pion energy resolution

¥ ndf 4806 | 10
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e E o [
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—_ g P2 5822 i 1.8 |
25 3 ndf 2782 {10 o E O QGSP
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“Physics validation of LHC simulations” meeting February 04, 2004
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simulation

" low energy dosimetric

CAlOHIMELHy. applications

Lrackers: “ !%_h energy production targets
Averag tector e.g. 400GeV protons on C or Be
| OW ERNENGY dosimetric medium energy production

‘ ‘ | targets

e.g. 15-50 GeV p on light targets

penetration shielding LHC neutron fluxes

= linear collider neutron fluxes ™ Air shower applications (stil

high energy penetration working on this)
shielding = low background experiments

m medical and other life-saving
neutron applications

i~ wellisch. mhttp://www.geant4.com/hadronics/GHAD/HomePage
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http://www.geant4.com/hadronics/GHAD/HomePage
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