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> RAEERIF

- KITHRE

> %F
. FER
. YRS
BT

> WHRIF
- BEEIE
- ZIRENET
- RtHE{EM

/ Unstable particle
Decay in flight

Life time 1, for example,
10 = 8.4 x107"7 sec.
u 1= 2.2 X107° sec.

etc.

70 Decay,
L _
L
L = Velocity * 1

if Velocity = ¢ = 3 x108m/sec,
L=25x10-9m=25nm

The other decay mode

m — e*ey (1%)

\ Branching ratio

Decay mode
m — 4% (99%)

~
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charged patrticle
lonization = , >3

Charged particle S E
o-ray
(electror
Multiple scattering
Coulomb scattering
(Rutherford scattering)
= Coulomb force
N Multiple Scattering
Charged particle ‘ 00000
ORE @

Charged particle @ @ @ @ @
Hadron interaction
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+ I5EYTETE (The exponential law)
P(x): ExEEBEAIRBAZEHEEERAINILEE,

wdx: ExFlIx+dxAREHBEIEARNIEE,
HA, w=Nxo, N: B{UPRAELHRFE: o tHEIEREME.

P(x + dx) = P(x)(1 — wdx)
'\'\ I PHEEEEIERNE
IERA AR EHE R
ﬁi’l*ﬂﬁﬁ. ,5‘:%“2
P(x) = exp(—wx), IIZRSHRBAZBIEN .
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* BF E—TTe, fEx, x+dx| AREHEERILE Py, (x) , BILIRTRA:

Pt (x)dx = P (xX)wdx P (x): BEEREREE ERE(Probability Density Function, PDF)

% RIS HEREL(The cumulative distribution function, CDF) A :

jPint(x)dx = jP(x)a) dx = ja) exp( — wx)dx
=1 —exp( — wx)
% EEH RSB RR D HEIZE, 1115,
% RESTIRG EFEE—MEEER,
n=1—exp(—wx) nE0F1ZERNITR.

x=—In(1—7n)/w
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x=—In(1—-n)/w
x2KE. 55, BEREFTIRE. Eit, WxpmEdiERERmRITIER.

BN TR, AEmFEIESTYREX.
xw =—In(1—7)

SIAFIIBEHFZE(mean free path) -- ., HENXA:
1= ij(x)dx/jP(x)dx - 1/

HEFIIELL A9 GL, HARERIRTFHIRE.
x/A=—In(1-n)

x/A: SEBEHIEEL (Number of Mean Free Path, NMFP)
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IRIIBL R RIIERYTRIE

1. fE5 1 stepiIFIR, MWiZzfFE—EIERNMEFPHITHEE,
X— S EAMKIR TR,

flan: IEBFEETEHIYIELE, WE—JESNAESERHE
1TihtE, FRISZEINMEP:

Bremsstrahlung NMFP =N, ..,
Ionization NMFP=N._,
Positron annihilation NMFP=N__.
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2. FIBRFSYRNEEIERERE, SNMFPEIRAEBEERIKE
(physical length, PL),

NMEFP = x/A = xw

Current Position

Of the particle w = No
Bremsstrahlung > PL, ., (Nyrem cOnverted)
lonization » PL,,,, (N,,converted)
Positron annihilation [—» PL., (N, converted)
Geometry boundary > Distance to boundary

3. AERMKERNIEZENRLAAFRRESBisteplIKE.
> LB, stepREMERFERX—SRRE.
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4. SERIZALFTEIX—step YNSRI,

5. MNREFREEERLIG, ZHiFNALFEFBRIRES, BBAX
FRFERINMFPsEFR{fhtE, HITT—1 stepAItE,

6. MRIETREEIEARLIE, ZAiFiHEK, BBAIZAFIRIIGER
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# MFREUE
> BEER IR TFREREEER:
1

o-Lesp( L) 120 = s -Lowy( ) L
T T d

VT VT
7 is the mean life of the particle  w = 7/(vT)

v 1s the velocity of the particle (non relativistic)

> HEENMEFP, x = —=1In(l-7n)- vt

> BEANSHIIEE, x = AB = d1 Geometry boundary
> WFAFAGE, HEACIER,, P
> StepiKEEURFmin(d,, d,). *

> WMRB<C, RFRERE.
WRB>C, AMYUEMAFR, (BitHEAZICRIKITRIE,
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% PIFETIIE

> HRIFEERE,
Flan, m>yy  (~99%) ’ 0.99 '
2>vete  (~1%)
> RIEDZILIRERTERS, [0, 1]1ZIAEH:ERr,

> FEERSRIF D A‘e
EnOFR O ERRERSRIFIHE, 6Q = sind do de, /
« EidLorentzZEHEMOIFSCIRER,

BE: ELidIEPREER T JLRREIE? /P \

SRR FETENE—NEERNIE, (BBiEE RS 7 analogue Monte Carlo (“honest”
simulation )JJE AR B8,
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% Geant4iZBtracking cut
> BRI FEZEHEEE NS EFIRNEE.

% StepRIKEIRTFEEEBERKE, (BXwRAFSEZALE
> %ﬁ%ﬁﬂgﬁﬁ?ﬁk, SHistepiKERD, FstepRIGEETIRERD > T RIEGEEHRX

% RRnIREEE (S5 5 W3 K ERIEW,MHEEIER.
> Wi, 1REIEREER, iSTEREmIE.

% WeeERANFWRIEEER, RKBFITRIMEELEL,

\8'; E, Y, E4/
S

e_, E'W . 2 . —x)

S3
e-, E, e-, E;-w e-, E;
s; (E) <w> =S,
SW> =568 S.: stopping power

Oe—, E
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% WHRAFEREILPRIEEIHNT—R L.
% BIAFINEITHAERHITHIER S R A F ST IEaE,

> BE{HEARunge-Kutta (RK)5i%
% BSCEHZ /N 9% (inear chord)3RiR(EL,
% LN EENSHRARIETHRLEE

» miss distance (chord distance), delta intersection, delta one step

miss disiance

‘Tracking’

SIED __— .. J——_
Chords

real trajectory
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% YIIERE
> 11'%*“:@%"*):
> BE Y RRIALET 1E
> BEINEIFEFILEESE, QISR REXEE.

% BFHE (AREINED
> {ERER, BINAREIIE—RE.
> FEINE RIS ES TN
> BFIFIGIESESE.
> MCIRHFRRY EER FE

—igKiR, BT EIROOTE Dtk TE MR AN &= LS E A EE
SRERAIFER, ARuJILAKCER.
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ETRAN (Berger, Seltzer; NIST 1978)

EGS4 (Nelson, Hirayama, Rogers; SLAC 1985) www.slac.stanford.edu/egs
EGSS (Hirayama et al; KEK-SLAC 2005) rcwww.kek.jo/research/egs/egs5.html
EGSnrc (Kawrakow and Rogers; NRCC 2000) ww.irs.inms.nrc.ca/inms/irs/irs.html
Penelope (Salvat et al; U. Barcelona 1999) www.nea.fr/lists/penelope.html
Fluka (Ferrari et al; CERN-INFN 2005) www.fluka.org

Geant3 (Brun et al; CERN 1986) www.cern.ch

Geant4 (Apostolakis et al; CERN++ 1999) geant4.web.cern.ch/geant4
MARS (James and Mokhov; FNAL) www-ap.fnal.gov/IMARS
MCNPX/MCNP5 (LANL 1990) mecnpx.lanl.gov
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St EIE Geant4.10.7

http://geant4-userdoc.web.cern.ch/geant4-
userdoc/UsersGuides/InstallationGuide/html/ ZZZE3FH#

Geant4ZZIEHIHESS

O #IERS
> Linux (ffftl: CentOS 8, BN, HEFHEH
> macOS

> Windows 7+
O 9wikds

> C++11, #l0: GCC 4.8.5+, clang 3.6+, Visual C++ 14.0
O CMake

>  Mwww. cmake. org F#;

» unzip cmake-*.zip/tar.gz/Z
» ./bootstrap, make, make install

O AhEREE

» Xerces-¢, X11, OpenGL, ...



http://geant4-userdoc.web.cern.ch/geant4-userdoc/UsersGuides/InstallationGuide/html/
http://www.cmake.org/

LR

* BN EEREE T GeantdHIROOTFER(H, RILIEIEER.

> /usr/local
% TEERI 10GES), VMware playerflIZZZRiR A4,
> EWNLHA1GB):
https://ihepbox.ihep.ac.cn/ihepbox/index.php/s/IENNKTpzBAntIKM
» VMware player:
https://thepbox.ihep.ac.cn/ithepbox/index.php/s/fdSRBVEIPbV86Sr
> Readme (3R BA3CHE):

https://thepbox.ihep.ac.cn/thepbox/index.php/s/tzQyur1 A4O0QIwo6i

% EFXMAI



https://ihepbox.ihep.ac.cn/ihepbox/index.php/s/lENNKTpzBAntlKM
https://ihepbox.ihep.ac.cn/ihepbox/index.php/s/fd8RBVElPbV86Sr
https://ihepbox.ihep.ac.cn/ihepbox/index.php/s/tzQyur1A4OQIw6i
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Geant4{87}

# Geant4 (GEometry ANd Tracking)@— P AFRERIFEEREE TR,

% GeantdiZHTIRMZEZEIIARFFIEEN—RFTER: /4%, fAiFians. 8
B{EM. run/event/trackESIE. wJ{{t. APEOSE.

% GeantdiE(R YIFEFEMNYIEIEE, H= 5 AR FHRREGRETCE. &
BEUF—MFENMIEGDEE, ARZMZIRRE aJ#hEE,

% FARPREE T Geant4PiiRHI TR E CIRIERFIRIARES.

% GeantdBFC+HHESHA, KAEMBYIRAVEREFEAN.

% Geantd=FFIERY.
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% BF GeantdBUIFRNZRIA iz AT,
> DEcE dxzSiit, ZE/EiE, SRS
> Z4IE
> FHZEE
% by, MMNRAFRSEBCEI,
> FEFEE
> SRl E
> B Riialy, 7, &R, B99HR)
> BaEIhtE




Geant4jitsE

Storage

raw recording rate 0.1-1 GByte/s
accumulating at 5-8 PBytes/year

Processing
200,000 of “today’s” fastest PCs

1000 person-years
“Offline” software effort per experiment

~5000 physicists

around the world, around the clock

20 years software life-span

HFLHC L KBIHEPSCIERYBIIFER, HAIAIGeant3
(Fortran)B&AaEmEENK, EHEM L, Geant4IEFz
it %,




GeantdZEBHABEN

> Pre—R&D M- E&
> 1993 — fCERNATKEK, FF455FGEANT3E A @ 5t £ 49 3% A4 F 47 3% it o

> R&D M &
> 1994F12H —— R&D#H X Pi#E KX B|ICERN - Geantdit# !/
> 19955120 — ZRRBRBHEKEH LN, RROAR KEF"1005 582 K.
> 19975F4F — B—/AaRA K,
> 1998F7H — B—ABHRAEAXH,
> 19984120 — MR A1K A, RDME 4 k.,

> (5eant4f‘\'f’1E 48 PR, L.

> 19985F12H —— GeantdSAF4Am L, X T “MoU” (Memorandum of Understanding) o

2012#11)51303 —— Geant4 9.6 A K,

201341206 H — Geant4 10.08R K K .

20145121058 — Geant4 10. 1R KK,

20155121048 —— Geantd 10.2JR K K,

2016?21—3 09H — Geant4 10. 31&%23};

2021%12A108 — Geant4 11. 0%k

2022412098 - Geantd 11. kA% <€— LEfiRZE

EEi, Geant4&SFAGFFRRMB—THEA.
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http://geant4.cern.ch/support/userdocuments.shtml

% Geantd S{EHIRH
> Geant49148 (Introduction to Geant4)

> TEFEEI (Installation guide)
> JF AR (User’s guide: For application developers)
SRR FEM (User’s guide: For Toolkit developers)
> YIIESEF (Physics reference manual)
> BRSNS RS (LXR source code browser)
» Doxygen -- classes and members reference guide

s FEF'JE’C*

HRiE1lx (HyperNews -- bug reports and fixes)
> FAQ



http://geant4.cern.ch/support/userdocuments.shtml

Geant4dFRRYER(iL

% {EGeantddh, HPALAAEMAIESiEIFFIERS ISR,
% EERAPCHEIELE, GeantdEFH—ERTEA). BEiSHYEA(IEE:

» millimeter (mm)
» nanosecond (ns)

» Mega electron Volt (MeV)
» Positron charge (eplus)
> Degree Kelvin (kelvin)
) S

% FIBREAETLAB T EFRPALRITEN .
» millimeter=mm=1;
» meter =m = 1000*mm;

% BBUREXESE FEAINHER:

» Geant4/global/management/include/G4SystemOfUnits.hh



Geant4ER{\/{shFH

% B EHFEW IR ESIER B,
» double Radius = 10.0*cm;
» double kineticE = 1.0*GeV;

% ATEH—ANEENE, VRERIAEMAVEBA,
» Gdcout << eDep/MeV << “ [MeV]” << G4endl;
» Gdcout <<G4BestUnit(eDep, “Energy”) <<G4endl;

% WIRFBE, (RAILIEX—MFRRYELL
% IERUAIERARSEIER:

» Gd4double radius=10.*m; //internally converted: radius=10000
> e

» Gd4double xposition = (radius*cos(alpha*rad))*cm;
» G4double yposition = (radius*sin(alpha*rad))*cm;

// is this really what you want to do??
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