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% FRNREIRIE, BiEFINIs
% GEANTHRI TR I4aF1{ER

* EHiES



BAER

% TTRHEL

& C++

% Linux

% PRIIRREL

% ROOTHY

% Monte Carlo5%
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% T HESEI— MRS RRER, SCILITIDEE:
> fE—1MRER3m, ERE20cmBBIIEIEEK, ERRAEBRIN, ENEKIPETFIB
KAOmBIIZ B, BROSMZABHRLES, MABRBIRAK,
- BIFEIES> FE: 1.18g/cm3; C: 59.984%; H: 8.055%; O: 31.961%
- BN ZE: 0.859g/cm3; C: 87.924%; H: 12.01%; O: 0.034%; N: 0.027%; S: 0.005%
> £ LARBKIERF=E105MBDESI, FBHIINSIIT2HBEEKISA.
> T BIRIZEPRRIL MEEEFEIIROOTEH:
- BHlmS
» IBDFEATRE (x, Y, 2)
- RFHIIREESE (nu_energy)
 IEEBFYIIREERE (eplus_energy)
- AF(ZIXAIIE (capture time)
- BSSiNIREER (prompt_depE)
- B{ESTREEE (delayed_depE)
- RSSNIREEE MABEE R HH3%/sqrt(E), prompt smearedE)
- IE(ESiNIREEE MABEE R #E3%/sqrt(E), delayed smearedE)
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NI EIEET SN PETYIERESHELZ, hEAFSRlEZHNEFZEEEASEA, LA ESHAT

FRERT S SRS TIRIERITEE.
000 06K G

hepai/deepseek-v3.2
RN EF AT SNSRI RUEEYIENE (AR FHEFA. ESERSKIE) BETHEMERIRA, LTS E ST

W/,
A CHON s Y I CINS

aliyun/qwen3.6-plus

BEHRT 167 v
BRI EF AT EEEL SYIENE, EIUSTHRNEEN AT ESSHEALEE, LISEENHUL. EeeithSEuES 1.
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BRI S SEIREIR R F

* RIUETR. FEB. Bk
% RIMFTTEESENE, BREEIEL,

* IRPGRERESE, EREYEFEREPARTRRI—IMHT,

% BREMRNERERESIEYF.

% SEIORISIGIRINIEiRTERIE—IRE.

% RPIRRANE: “MREFRIRBFIIIEFEST
% EROEMNRE: "HRIRSASEEAINE

I

i

A
=

[Bi

KETAR”
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% PRNEER&DIER
> MR E LR A RRIT A RS NEEFE
> IHEFRNERNSZIRITSHNEERZRE
> 7R NEERYTRER [ EREatR

LT T SER UNO) T B A

Stainless steel tank &=

Py
Fr
~

Water Seal
X EYE
R TR RS

RS T B
C BER PR < 3%/sqrt(E)
XM 1MeVEE B YT

Ll 2 ™lezereneenrt® ’ . 1 200/\ y o

Water Buffer 10kt

MO buffer6kt

~15000 20” PMTs. ;-\ &
optical coverage: 70-80%_"_{_’."

-




JUNOARRIKITHE

H LB K

o
~ r ‘\“[ / Y ‘1 \\ 3
! Va | o A VWaVy 4
| 4/ V(A NS N/SOVSORNY
Va7 N N\ N NN \
\ © - Y B B )l s o 8
\ ',\ N\ \| / \\y 1/ /4 1 A
1. N M. = at LLL S A
_ K AN AN A N I B
) A, il VN | \y/ / 7 A
A X\ 7 M
‘ | ,IU: 1 il “
“Il ﬂ II"IH“I ll”
TATE T TR S 0 ¥ e o M Y 1. AR g 2.3

Balloon«

Acrylic board«

‘::%> BT
L |

HIAFRUE R B
1. AHLBEHEERT RN BERIHEHE.
2. BRI RRIA RIS .

AY

®Ja, GEBEEMER, HURBTHSEE XS
FRR, EFE T HAIBERTR.
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% e EirERNER R ERRENE T EXK,
+ AR NIRRT RIE R I TR SIS AR,

% LAJUNOZAf, EidiRizStRitlifeE ¥ RESFlzhgitsEl:
> RINERIKE
> TRIASGF=En
> PMTEEEE
> PMTHRMIZEER

% éﬁg ITESHNRELRGSSREUER, s, kaF, MIEF
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5 ?7"?:;')1] *szs%ﬁ’-hﬁﬁﬁﬁl.ﬂ%ﬁEI'JEEQEEJZ*BQ
> iR, AEFEEIEFLZIBRFIETL.
> 1858, FilEENZEREZNEEFER,

% ERNRRRERLIENEE, BREMEHRNEEEIIRERSEN
LI IR R *;;umzz;&%
> REHECEURRN YRR
> FIF—1 I seRYiNE £z, ﬁﬁze*iiuﬂlﬂﬂg’zﬂﬁiﬂ

> RIS GERERTTEA, STHMBS, IR BRI
PIESCIURIEEEE,

> ARV FERR, MLFIERFAHEIRELRS.
> ’I‘“EEMEM!FFF RYtEI, ﬂl:PG*E?U.EMfF&VI'*I]J:?:TJ_ -




IRENETT R &R DB ER

% RIIET (MC tuning), BRIERIMEHSEIRRIRZER].
> {RHRTS € RIS SRS LL

% (GENERNEARI IR AR BRI 2RI R,

% (ELIRELROthR, REESRHEFERMERA, TS, EBIHR
ABERFEZER N mAF A EESXEEER.

% BEEREIER R AM PN REIFEEENAE.
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Arx: HEiR., KR

BRI RESE T RS FIA0F
a) &xEB

b) dl<

c) IREZERIE

d) KRBT

g LA EEiERELIR, ERIES)+
VLELIN(FIEK)
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BIRPISESEA, SREFEEE,

BIEUF RS, ftmEdEFERANS
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% —PREMFUSRNURAESEELTLERS
> BEFET: EERARIEORT,  GEANTA, FLUKA®
> MRSV SRR ey T B, P
> HFSYREENR: e R NEREHRIRELTE,
> BFFRGEN: T CHEEERES0E, ENRTYRANL,
- BEATRGR. u@@%zﬁn@mwm)\, AR RIS, MR
» BIERERGH: TIREA O REBLEOIES, KEERSTE.

% FRLALERSY, EERNSBEURFERSILIATIIEE:
> EIlCR5
> (SRIRHY
> 1EEEl ST
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Current displayed event: NO.0 PMT
Sum of all the PMT hits: 10212
maximum of hit time: 117953 ns
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ERER IR LT

% [RUE, {&UREMS2aEUER LIRS ESEHRNER—EES, 5
EERARTR,
> EFRIHEIBENRN, BEEIEREUASERIFITEELE.
> (FHEEREERNERRI VIR, SRS RZIM RIS RN X k& = R A
WIEFE, WMpiREFE, BE, TXF.

% IRNERIRII TR (GEANT4, FLUKASHIRIBBERRMA. VEEREEME. 7

FRENENTIE,

> };ME % ek, R, (U8, ¥, JWWEZEXR, YIREE, BinZafREERER
EXF,

> YR$BF. CEUHMESYRTEARE, TEBESMHRAZFEER.

> PEEE: BE, WSEWERD/ERF), XFBEGTIER, RIKE, BERKE, X~
&, ZXHES), mEFEDE.

> HFFRH: EXNAFHFEZRE LR, RISFIEE.




% Fr&—HnER IR REIEARE

% BEHNEEETFEBEIE, &4
> EBEHIE
> ERFIIIE
> RIF=ET
> FFAERFSZIEEER
> FFHFIE

>~ */I 7 q /

FRELIRE TR Geant D8 R SR EE (ER RO,

+ NFRERATES, TUESERE TR R OEE RO, RGO RESTR,
o TR T RS IRENSAR, FE AN E e e R
A

* RIS FTHEEXE!




NAEPYETE

* JLHE ARIEEE(EA
> RSERIF

- KITHRRE

> %F
. JRRRRL
. R
. JFeE

> WHRAIF
- BEIE
- SR
- SEHHE(ER




NAEFPIEIIZREE DR

* JLHEBEEE(ER

> RABERLIF

- KITHRE

> %F
. JRRRRL
. R
. JFeE

> WEBRIF
- BEIE
- ZIXEEY
- SRHEE{ER

/ Unstable particle
Decay in flight

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

etc.

0 Decay

L
L = Velocity * 1
if Velocity = ¢ = 3 x108m/sec,
L=25x10-9m=25nm

The other decay mode

— e'ey (1%)

o
K Branching ratio

Decay mode
m — 4% (99%)

~

/




NAEFPIEIIZREE DR

* JLHE ARIEEE(EA
> RSERIF

- KITHRRE

> %F
. JRRRRL
. R
. R

> WEBRIF
- BEIE
- ZIXEEY
- SRHEE{ER

/ Photon \

Photoelectric effect

y + Atom — Atom™* + e” \
Q zlectron

Related:
Characteristic X-ray
Auger electron

Compton scattering
y +e — V’+ e"

NN

Free electron

Pair production (Ey >2m,~ 1MeV)




NAEFPIEIIZREE DR

* JLHE ARIEEE(EA
> RSERIF

- KITHRRE

A3 P4
PHF oy
oi' &
Y (b) Lead (Z = 82)

o E o —experimental G,
E. 1 Mb

. 32
c &
S 3
+—
O =
Q ,.E, B coherent
-
g5 -
el - 1
SH
E — IL.'liintruh
« 3C
3 b

°
wru
|

10 mb

/ Photon \
Photoelectric effect

y + Atom — Atom™* + e”

Related:
Characteristic X-ray
Auger electron ¢lectron

Compton scattering
y +e — V’+ e"

NN

Free electron

Pair production (Ey >2m,~ 1MeV)

10 eV 1 keV 1 MeV 1 GeV
Photon Energy

Photon Energy




NaEriEd

= (=) 5 [0] [P

* JLHE ARIEEE(EA
> RSERIF

- KITHRRE

> %F
. JRRRRL
. R
. JFeE

> THHRIF
- BEIIE
- ZIXENET
- RtEHE{EMA

charged particle
L E E’
lonization _ >3 >

Charged particle

o-ray

(electror
Multiple scattering
Coulomb scattering
(Rutherford scattering)
= Coulomb force _ _
_ == % Multiple Scattering
Charged particle ‘ 00 000
ORE @

Charged partice @ @ @ @ @
Hadron interaction

He, H, n

i XY ¥ Y -!/




19~ L iaEtEE{ERIREIRRI R

+ I5EYTETE (The exponential law)
P(x): ExEEBARISBAZEHEEERAIE,

wdx: ExFlx+dxALZEHEBIERRILE,
Hf, o =N xo, N: BuidfiRsERFE; o EE(ERAEMA.

P(x + dx) = P(x)(1 — wdx)
'\'\ IS EEE B
BB AR
WOASIE, S5
P(x) = exp(—wx), iZEDHEEIZIBE D,




FEHEFAN—RRSE

* BF F—mansie, &Eix, x+dx|AREHEHEERRLE Py, (x) , AILIRTA:

P (X ) dx =P (X ) wdx P (x): BEZRZRE RREL(Probability Density Function, PDF)

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

jPint(x)dx = jP(x)a) dx = Ja) exp( — wx)dx
=1 — exp( — wx)
% EERHTRBIERNRR D HELSE, 11155,
% REASEIBRINGE=E—MEAEEA,
n=1—exp(—wx) nE0FNZERNIZTRH.

x=—In(1—-n)/w



ARYERFEEHEEARNLIERE

x=—In(1—-n)/w

wERKE. 55, HIKEFY

o

5. EE, XIxAY

S T R T,

B T3EHR, AEMEFIRESYIREX.
xw =—In(1-n)

S| AFEIIBHFE(mean free path) -- 1, FENII:
A= ij(x)dx/jP(x)dx =1/w

HMEFIIELL VAR, FAKITFIR.

x/A=—In(1-—n)
x/0: SEBEHIEEL (Number of Mean Free Path, NMFP)




WA E e F PR NS iE?

AFENRPREEIIERE—S—SHTENIN, —EA— P step,

. :\Step

SMeVIEERFE/KPRYERZIE

ERT MR ES—SER?




RIBIFE R PRIERTRE

1. fE814 stepfIFHIR, WizfuFEB—EIIERINMFPHITHE,
X—{tFIEEA IR T YIRS,

flan: IEBFEETEHIYIELE, WE—IESNAESERE
1TihtE, DAHSEINMFP:

Bremsstrahlung NMFP = Ny ..,
Ionization NMFP=N.
Positron annihilation NMFP=N__.



RIBIFE R PRIERTRE

2. AR FSYIREEIEREE, ISNMFPESREAHEERIKE
(physical length, PL),

NMEFP = x/A = xw

Current Position

Of the particle w = No
Bremsstrahlung > PL,;em (Noyrem CONverted)
lonization » PL,,, (Ny,converted)
Positron annihilation [—» PL,, (N, converted)
Geometry boundary > Distance to boundary

3. Hm/M<ERNYIEZE/ LB R ARESRIsteplHKE.
> {£LfIR, stepikEHIEBFERX—IIERE.




RIBIFE R PRIERTRE

4. SEROZRAIFEIX —step ISR,

5. MNEERMEEIERLIG, ZHFIRALFEEIRS, 3BAX
FRBRINMFPsEF{iltE, HITTF— 1 stepAItEl,

6. MREAHBEBEIERLIG, ZhiFiHEK, BBAZAIFIRIUER



—ARIBRIEIF

% AFRTBUE

> BREGSN TR FRERMRZEH: Decay!!
f(t):lexp(—l) t>0 = f(x):iexp(—ij %’i‘%
4 T VT VT A d,

z is the mean life of the particle ¢y = 7/(vT)
v is the velocity of the particle (non relativistic)

> HEENMFP, x =—In(l-n)-vr

> HTHISHIES, x = AB = d, Geometry boundary

> WFLFAME, (HEACIER,. e
> Steptﬁgﬂ!;;&a:min(dp dZ)o A

> WMRB<C, RFRERE.

WRB>C, AHHITEHE, EiTHEAZICRYCITRIE.



—ARIBRIEIF

% NFRTIE

> HRAFREET,
fFian, mO>yy  (~99%) ° 0.99 *
>vete  (~1%)
> IR ZLUBERTRS, [0, 1]1ZEIkEHERTr,

> FEERASHT S
ENOFROERBERSHRIF4TNE, 6Q = sin0 dO do, /
1Hid Lorentz3EHAEIZISCIDE R,

BT TLRBEHE? Zjl

SRR FETELNE— 1N EREE, (BEiEEMESR 1 analogue Monte Carlo (“honest”
simulation ) FJEAREE,

BE: ELidgiEh(E




HRERTFENRPBIEITE

% Geant4jZBtracking cut
> BRI FEZEHEEE HSHEHIRNEE.

% StepfIKENRFREHEBERKE, (BXFHEAFZRITHRLIE
> %ﬁ%&ﬂﬁﬁﬁ?ﬁk. SHistepiKERD, FPstepBIGEETNIRED > T RIEGEERX

% RRInIREEE (S5 5 @3 K ERIEW,MEEIER.
> Wi, 1REIEREER, iSTEREmIE.

% WREENMRNFWRIEERIER, RBFRITIIMEEIRIL,

,\e-, E, Y, V
5

e-, E-w @ 2 O \539

e-; E, e-, E;-w o E,
s; (E) <W> =Ss,
W =581 S.: stopping power

Oe—, E




A FEREIZPREIE

% THERAFEBREDPINSHE—IRAHZ.
% BINAFRNSTHIEHTEHER BRI F ST ERRE,

> BE#EARunge-Kutta (RK)/5i%
% HILEFHZ /M4 (linear chord)3RiA(EL,

% JINEZENSHRAERIEHIEIUGE
> miss distance (chord distance): HIZ&#HBEZIF{LIAILIHRE
> delta intersection: SiBRKIZAIE(NRE
> delta one step: EZCEER D RIRIFIRE

miss distance

4
»~*
»

‘Tracking’ Step
Chords

real trajectory



bk

% YIIERE
> I'I'%*n :Iﬁu*l:'
> TSI RRO R ST 15
> BEINEIFREFILEES, RIGIEERT

% HF L ((AREHNEY)
> Y(EfRER, MEINAFEIIE—IEE.
> ENAFFISESHM,
> BRIFIEIESR.
> MCHRIURRYEZ RN

i+

RIRKEME,

3

—RRiR, RIURETRHIROOTES thr LR ERIPEN =B e
ZBERAINEXR, KFRaJLABULMER.




—LEMCIERIL TR

ETRAN (Berger, Seltzer; NIST 1978)

EGS4 (Nelson, Hirayama, Rogers; SLAC 1985) www.slac.stanford.edu/egs
EGS5 (Hirayama et al; KEK-SLAC 2005) rewww.kek.jp/research/egs/egss.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.frilists/penelope.htm
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/MARS
MCNPX/MCNP5 (LANL 1990) mecnpx.lanl.gov



Geantd %3

S =TiE Geant4

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

Geant4 ZIEHIHE
O #IERS

> Linux (lf: CentOS8, EHIHL), HFfEH
» macOS

» Windows 7+
O %sikds

> C++11, #lm: 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 48

» Xerces-c, X11, OpenGL, ...



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

LR

% BN EERTE T GeantdfIROOTSFHIRSE, ILAEIE(EHH.

> /usr/local

% TEEEML 10GER), VMware playerfllZz=iBA3 (.

> X4 11GB):
https://ihepbox.ihep.ac.cn/ithepbox/index.php/s/IENNKTpzBAntlIKM

» VMware player:
https://thepbox.ihep.ac.cn/ihepbox/index.php/s/fdSRBVEIPbV86Sr

> Readme (15 BA3Z4E):
https://ihepbox.ihep.ac.cn/ihepbox/index.php/s/tzQyur1 A4O0QIwo6i

% JEFIXMAEI.



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

GeantdHR{EEROOT

% (ZICMakeLists.txt¥A%, HIMNMTHEHAR:
> {ESB209TRIE, ERO0:
find package(ROOT REQUIRED)
include(${ROOT_USE_FILE})

> HEEROOTEN Y

target link libraries(exampleB1 ${Geant4 LIBRARIES} ${ROOT _ LIBRARIES})



GEANT47HEHI{ER



Geant4{g7t

% Geant4 (GEometry ANd Tracking)2— 1 FHRIEIRIF1EYD

% GeantdigH T IRMSEIARFAEEN—RFITH: T {/4YE

BH{ERA. run/event/trackEIE. TJ{l{k.

ERinmEN TEE,

ARPEOF.

. AIFiENE, 16

% Geant#RETIEEESAIWIEITIE, HE T ARRIFHEIREEESTEF
EXNF—MFENYIEZE, BEESHYIBIRE R (HiEE,

% FARPREETF Geantd AN T RESNE SRR ZES.

% GeantdBHFC+HHESHAE, X

% Geantd=FFIERY.

HHEEMRATER AR,



Geant4 N F$lak

% EFGeantdBUERNIZZRI 2T,
> SeciE dFlzhgit, WE/EE, SRSt
> R
> FHEYE

% by, MMNRAFRSEBHI,
> FEF]EF
> KSR
> EE CGRiftialy, 17, B, i85iHR)
> EsmEanta




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 KBIHEPSCIERYBIIFERK, ZHAJAIGeant3
(Fortran)B&AsemEEK, EHEM L, Geant4IEz|
BT %,



GeantdZEBHBEIN

> Pre—-R&D M- E&
> 1993 —— JECERNA=KEK, JF453F+GEANT3:R B & f) 3 £ &9 R K #47 & #i% .

> R&D Y £
> 19945127 — R&D#H X PHHE X B|CERN - Geant4at# ]
> 1995512 — ZRBEGEKRKLZH LA, RRDAR X E 21005 5485 K.
> 199740 — F—AN AR KA,
> 19985F7H — F—ANBMEKA,
> 1998512 H — M A1K A, RDME £ %,

> (5eant4f‘\'f’1E 48 PR, 5.

> 1998512 —— GeantdBSAE4Am L, £ T “MoU” (Memorandum of Understanding) .

2012411 30H —- Geantd 9. %A % # .

20134-12H06H —— Geant4 10. 0R& & X 7 ,

20144-12H 058 —— Geant4 10. 13 & X % ,

2015412 F 048 —— Geant4 10. 2/ & X 7 ,

20162:12}1 09H — Geant4 10. 3)%);1?&1

2021%-12H 108 — Geant4 11.0M A X

2025412058 - Geantd 1.4 A X% <€— 2LETHRA

BEi, Geantd B EASGERLT—1TIRA,

\7\7\7\7\7\7\7\7



GeantdS1ELH

Geantd — A Simulation Toolkit

g y X F NATIONAL

ACCELERATOR

CERN P B LAESDFEATIDRH"
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Geant4$8 3

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

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

> TEtaR (Installation guide)

> JFFAR (User’s guide: For application developers)
SRBRFE (User’s guide: For Toolkit developers)

> YIIRSEFAF (Physics reference manual)

> RCIENEGEE (LXR source code browser)

» Doxygen -- classes and members reference guide

s FHF'&’C*

HRi1tis (HyperNews -- bug reports and fixes)
> FAQ



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

Geant4FRRYEA(3]
% {EGeant4rh, AR RILAAEATS®FEFER SRR,

s (EHABRMHOEME, Geant4{EFH—ERTEN. BiSAYE(RILE:

» millimeter (mm)
» nanosecond (ns)

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

% TR MAIILIBERERBALEITEN.
» millimeter=mm=1;
» meter = m = 1000*mm;

% BBURIENESE TFEER:

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



Geant4EB{i/{$ FH

% B EHFEW ISR ESIER B,
» double Radius = 10.0*cm;
» double KineticE = 1.0*GeV;

% RATRA—NEENE, VRERUEMNRIEBSL,
» Gdcout << eDep/MeV << “ [MeV]” << G4endl;
» Gdcout <<G4BestUnit(eDep, “Energy”) <<G4endl;

* WIRFBE, (RAILAEX—FRRYELL
% TS RURERESIER:

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

)

» Gd4double xposition = (radius*cos(alpha*rad))*cm;  //is this really what you want to do??
» Gd4double yposition = (radius*sin(alpha*rad))*cm;




121 T Geant4i2{HAIGIFB1

% FREMI, FFIHTerminal,
% Geantd, ROOTHlcmake M IETZT EE LB Ng B,

bash$ vim ~/.cshrc

% Mgeant4dBFRTENB1{IFIBSHIEER.

bashS$ cd ~/
bash$ mkdir gdwork
bash$ cp /usr/local/geant4.10.07/share/Geant4-10.7.0/examples/basic/B1 . -r

% EEHIE(TBI

bash$ cd ~/g4work/B1

bash$ mkdir build <> — N 1FEH 3>
bashS cd build

bashS$ cmake .. <2 % B1H]makefile>
bash$ make <Z®i%B1>

bash$ ./exampleB1 <iz{TB1>

geant4$ /run/beamOn 10




B1IFha LT 5%

O B147]-F % A 3FF JUAT A K :
K 7 #K (G4Box)

[Z] #% (G4Cons)
#H (G4Trd)

OB1#-F & A T4 4R :
FA K AR, T

G4Box G4Cons

4090 *
130 20 5

=20,

-50




% Geantd URERARIR (BEXH) , RBEEH, BIEETRITN
+ APEERAN, FEACEXE, flumBiflF

7 —

ERE main() || CMakeFLE XXM | | FRIEXXHFE® | FEELCHEHZ

ExampleB1l.cc CMakelists.txt Src include
TR 540 22 FEAET i)k 3
BlDetectorConstructi B1PrimaryGeneratorActio B1RunAction.cc
on.cc nc 0L
N
IR 2R AT E)ak:qm

B1DetectorConstructi B1PrimaryGeneratorActio B1RunAction.hh
on.hh n.hh




%3(E55 (1)

% TR
% FABLinxZHE S
% REB1GIFHRZAE/ZEa9T08E, =KD

* IHiFE. 1B1TB1IF



FIFAGeant4fiBixiNEE (HE-+T1A)



G4V UserDetectorConstruction

O MB15IFFr7R, FRAFEREFEN SRRy /B R EE R
(G4VUserDetectorConstruction)

49 class G4VUserDetectorConstruction

20 1

51 public:

52 G4VUserDetectorConstruction() ;

53 virtual _G4VUserDetectorConstruction() ;

b4

5h public:

56 virtual G4VPhvsicalVolume* Construct() = 0

b7

58 virtual void ConstructSDandField() :

59 //This method is used in multi—threaded applications to build
60 //per—worker non—shared objects: SensitiveDetectors and Field managers
61

62 virtual void CloneSD() ;

63 virtual void CloneF() :

B4

65 public:

66 void RegisterParallelWorld (G4VUserParallelWorld#) ;
67

68 public:

69 Gdint ConstructParallelGeometries()

70 void ConstructParallelSD() :

O AR EEBRMSCIIE NSRBI ConstructOFEL, B, IFNEBHNMS
YIREN FEMELEREPSER, FHESRBKIRMD]”world physical volume”,




1327 E CRIERN=E

% EE—MIECBENEEEEE, EFEMEZXG4aV UserDetectorConstructiondffk,

%  BBRECIPConstructOERES :
1) 13EFRENMIR (G4Material)
2) TEMIFNZBIAAZAK (Solid volume)
3) TEXIFUZEILMEME (Logical volume)
4) SThEIFMEEIER (Physical volume)
5) TEMFNBHERREME 7
6) TEMregions (/%)

% BY{FSEM ConstructSDandField )ERZY :

1) EXHFENEEARBIAEKEA (%)
2) TEXREEFNRRAIE)

#  IBREFAYIRNEEAZ LS G4RunManager,

% SERREERASRE, ZoF

JC++iF

e .
—
—

R4S

=1

AA\\Y/

SEIRXTERNZZANRRICTE N .



Geantd Y ERFIEE

% YR (Material) BFcE= (Element)ZHRBY

> &Y (molecules compounds), JZE#) (mixture)

% B ESBEIETNMIGIZEsotopes)

Geant4£§FH PRI T3/ 23!

> Isotope <> G4lsotope
> Elements <> G4Element
> molecules, compounds and mixtures <> G4Material

G4lsotope and G4ElementFASRENX RFRIEIE.

» atomic number (Z), number of nucleons(N), molecular mass(A), shell structure, etc.
> FEMRRIEXH
G4Material
> ENTTERIHERK
> EXVYIERNEM: iBE (temperature), E/I(pressure), K& (state), Z2E (density)
> FTEFNZERILAIENX R



HE—rERYIREX 61

{ ¥ oVoUegc (%

FUCRCC OGS / -
:.ogx—l 2 AN , 4 H e
‘ 4 * 4,00.-‘"

Hydrogen

O fE—c=ERNYE (RS 9

- B BT, BE, 7, A" EXYE

-
N 5 N d
39.10 40.08 ¢ . ¥ 50.94 52.00 54. 155.85 158.93 58. 6! 63.55 179.90 §3.80
; ~alci : Scandivm B Titanivm r fr ; 3 ~ bl ~ : ~ 73 -ceric Caleies g -
Potassium Calcium Scandivum B Titanivum §| [WVanadiwmn hromiiung | [ Iron Cobalt Copper Zinc Gallium =y Arsenic Selenium Bromine Krypton
JJ (4 V.,

‘Xeﬂ
G4double density = 1.390 * g/cm3; o

G4double a = 39.95 * g/mole;

G4Material* LAr =

| o (AAdCT i~ ~ L .
I . e p T A 5 I . I 132 3 10932
wiuwm Terbium | | sicon M Holmiuwm
I I

| Thulium

94 3 95 : 96 101

(256)

Mendele-
vium

Ll oron

ivon Berkelium




CEPIRIENX

O {t&¥: BSVEFERM (H,0)

G4double a = 1.01 * g/mole;

G4ELement* elH = new G4ElLement("Hydrogen”, symbol="H", z=1., a);
a = 16.00 * g/mole;

G4ELement* elO = new G4ElLement("Oxygen", symbol="0", z=8., a);

G4int ncomp;

G4double density = 1.000 * g/cm3;

G4Material* H20 = new G4Material ("Water", density, ncomp=2);
G41int natoms;

H20-> AddElement(elH, natoms=2);

H20-> AddElement(elO, natoms=1);



e MNEX - TEREFDLL

S °
O RS (Air)
G4double a = 14.01 * g/mole;
G4ElLement* elN =
new G4ElLement(name="Nitrogen", symbol="N", z= 7., a);
a = 16.00 * g/mole;
G4Element* elO =
new G4ElLement(name="0Oxygen", symbol="0", z= 8., a);

G4int ncomp;

G4ouble density = 1.290 * mg/cm3;

G4Material* Air =

new G4Material (name="Air", density, ncomp=2);
G4double fracMass;

Air-> AddElement(elN, fracMass=70.0*perCent);
Air-> AddElement(elO, fracMass=30.0*perCent);



e IEX — YIRB LY

O

e FEE (Aerogel)

G4Element* elC = ..; // define “carbon® element
G4Material* Si02 = ..; // define “quartz” material
G4Material* H20 = ..; // define “water” material

G4int ncomp;
G4double fractionmass;
G4double density = 0.200 * g/cm3;

G4Material* Aerog =
new G4Material ("Aerogel"”, density, ncomp=3);

Aerog-> AddMaterial (5102, fractionmass=62.5*perCent);
Aerog-> AddMaterial (H20 , fractionmass=37.4*perCent);
Aerog-> AddElement (elC , fractionmass= @.1*perCent);



(ERB CHEEEERENTR

gn: *%&EE)‘(E%H%H!TE%

G4Isotope* isoU235 = new G4Isotope(“U235", 1z=92, 1a=235, a=235.0439242*g/mole);

G4Isotope* isoU238 = new G4Isotope(“U238", 1z=92, 1a=238, a=238.0507847*g/mole);

G4ElLement* elenrichedU = new G4Element(“enriched U", symbol=“U”, ncomponents=2);

- elenrichedU-> AddIsotope(isoU235, abundance=90. *perCent);
. elenrichedU-> AddIsotope(isoU238, abundance=10.*perCent);

G4Material* matenrichedU=
new G4Material (“U for nuclear power generation”, density=19.050*g/cm3,
ncomponents=1, RStateSolid);

matenrichedU-> AddElement(elenrichedU, fractionmass=1.);

65



YIREX T EHIN

% HE(vacuum) B LATE X AR EYIR

> (B “universe_mean_density (=1.e-25%g/cm3)”

G4double z =
G4double a =

10;
1.008*g/mole;

G4double density = 1.e-25%g/cm3;
G4double temperature = 2.73*Relvin;

G4double pressure = 3.e-18*pascal;

G4Material* vacuum =

new G4Material (“interGalactic”, z, a, density, RStateGas, temperature, pressure);

% WFBHEFRGRE, IERENXRURIYIRN ERTERERM

SEEEXEENM,

> B {E

H " averaged material”.



NISTHIIR IR R

% {EGeantddR, RJLAEIZ(ERANISTHIGEUREEE.

> https://www.nist.gov/pml/atomic-weights-and-isotopic-compositions-relative-atomic-masses

% iﬂ;ﬁ:*i%%ﬁﬂﬂﬂﬁﬁ%ﬂ%ﬂ s EiRRY.
> BE
> EI9HRE
> (L5
> JeRZARk
> Eu=ERk

% FARPAILUMERAUIGRSFITEDGEFE=TIZR, W
> /material/nist/printElement (FJENE M IFAITTE)
> /material/nist/listMaterials (FJEPTE M 4FRI¥IR)

* BEINFEHEER, 5S35 Geantd R FHEIR0,



http://www.nist.gov/srd/materials.cfm

NISTEIEEARN Tt ESRGIE

14 Si

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

.02552
.011546
.004107
.992330
.98670476
.9769265327
.97649472
.97377022
.97536327
.9741481
.978001
.978576
.984580
.98669
.99300
.99598
.00230
.00580
.01270
.01610

(17)
(20)
(3)

(5)

(7)

(23)
(17)
(15)
(40)
(11)
(13)
(29)
(43)
(54)
(64)
(75)

(%) Aeff
28.0855(3)
92.2297(7)
4.6832 (5)
3.0872 (5)
FEUFRERABAEE, —HB30002HE0REA
1'4 »Emo




1 G4 H H_2 8.3748e-05 19.2
2 G4_He 0.000166322 41.8
3 G4_Li 0.534 40

4 G4_Be 1.848 63.7
5 G4_B 2.37 76

6 G4_C 2 81

7 G4_N DN_2 0.0011652 82
8 G4 0 0.2 0.00133151 95
9 GA4_F 0.00158029 115
10 G4_Ne 0.000838505 137
11 G4_Na 0.971 149
12 G4_Mg 1.74 156
13 G4_Al 2.6989 166
14 G4_Si 2.33 173

% NISTHREIERFIH:

> Hto Cf (Z=1 to 98)

% NISTHALRSY:

> G4 _ADIPOSE_TISSUE

Ebm + I:I:I% - EgMuR:

> liquid Ar, PbWO4, etc

13 G4_Adipose_Tissue

1
6
7
8

4 G4_Air

2 G4_Csl
53
55

0.119477

0.63724
0.00797

0.232333

0.0005
2e-05
0.00016
0.00073
0.00119
0.00032
2e-05
2e-05
2e-05

0.000124
0.755268
0.231781
0.012827

0.47692
0.52308

0.00120479 85.7

4.51 553.1



Ul {sEE RANTS THRRE S UF YR

ZIERIEX TR,

=111
d|ul

A

G4NistManager* manager = G4NistManager: :GetPointer();
G4ElLement* elm = manager->FindOrBuildElement(“symb”, G4bool 1iso);
G4ElLement* elm = manager->FindOrBuildElement(G4int Z, G4bool 1iso);

G4Material* mat = manager->FindOrBuildMaterial (“name”, G4bool 1iso);
// 1so is omitable (true by default)

G4Material* mat = manager->ConstructNewMaterial (“name”,
const std::vector<G4int>& 2,
const std::vector<G4double>& weight,
G4double density, G4bool 1iso);

G4double isotopeMass = manager->GetMass(G4int Z, G4int N);



YRIEIEENX

G4Material* Acrylic = new G4Material (“Acrylic”, 1.18*g/cm3, 3);
Acrylic->AddELement(C, 0.59984);
Acrylic->AddElLement(H, 0.08055);
Acrylic->AddElLement (0, 0.31961);

Float energy[2] = {1*eV, 10%*eV};
Float ABSLength[2] = {206*m, 1*m};
Float RayLength[2] = {27*m, 10*m};
Float index[2] = {1.6, 1.7};

G4MaterialPropertiesTable* AcrylicMPT = new G4MaterialPropertiesTable();
AcrylicMPT->AddProperty(“ABSLENGTH”, energy, ABSLength, 2);
AcrylicMPT->AddProperty(“RAYLEIGH”, energy, RaylLength, 2);
AcrylicMPT->AddProperty(“RINDEX”, energy, index, 2);

Acrylic->SetMaterialPropertiesTable(AcrylicMPT);



%3(E55 (2)

+ BFBIGIF, SEREIIERFIEIIHEINENX, B165IFREIYER]
VAGRES, BB16IFRESELAISIMAEEIRABIIEIE, HELE
(FEIEFRARN

% FERIE, BRI



FIFHGeant47E SR NZZ TR

O SFB16lF, SYREN—H, FENERILAREXNERNESEE SR PRY
ConstructOEREIREIN, FHERBIRE]"world physical volume”,

O ZRERNAIRIEESE

% Introducti IR< KT, BRIE
ntroduction )‘L{Ejﬁ;){j{<{/{ﬁﬁé’ fikﬁ?y

% Solid and shape
# Logical volume
e

Various ways of placement T E < h, SwonlE
» Simple placement volume ‘@ ’ JEIQQ;BT%{IJ\IH %% ’

» Parameterized volume
> Replicated volume JUART R HE TR <AL B, e

> Divided volume




JL{t3i2 =ERHh

% =SEENM

» G4VSolid -- shape, size
» G4LogicalVolume -- daughter physical volumes,
material, sensitivity, user limits, etc.

» G4VPhysicalVolume -- position, rotation

G4VSolid — G4LogicalVolume —| G4VPhysicalVolume

i N i

G4Box G4Material G4VisAttributes

G4PVPlacement

G4Tubs G4\VSensitiveDetector

G4PVParameterised




flF: EX—M<HIF

G4vSolid* pBoxSolid = et 2
new G4Box(“aBoxSolid”, 1.*m, 2.*m, 3.*m); N

G4LogicalVolume* pBoxLog =
new G4LogicalVolume( pBoxSolid, pBoxMaterial, “aBoxLog”, 0, 0, 0);

.................... -
G4RotationMatrix* rm = new G4RotationMatrix();
rm->RotateY (90*deg); : g ;
G4VPhysicalVolume* aBoxPhys =
new G4PVPlacement( rm, G4ThreeVector(posX, posY, posZ), pBoxLog, -

“aBoxPhys”, pMotherLog, 0, copyNo);

% H[IE—NMPREMAEHBPIRN, HyUSShetai2ENFREEBRNBERAITRRIRE. BHE
ARESFERNEREVTRC,

> FISIRRAN BER L E B,



NATBFRERNERXF

% —MEEBHEILSZXIEN, —1 B RAALL
BME—1 XS FIR

% (PHRZAIEZXREET G4Logical VolumeRiE
3MZHY
> MR—ANBIRESIXIER, BAXMBHERAFETR
SIRFEEHATR—E S IR,

# HRAGEE—1! (world volumeAREE—RT, ©
S SEHTHR)
> World volumeZEEX T 2BI5R, LHRRER=EwWorldRIHIG
> ERIEER, SiTRIGSEEEENTF2RBLR.




Geant4FRRYJL{JH5R

% GeantdFRELEE M IFRILAAZIR
» CSG (Constructed Solid Geometry) solids

* G4Box, G4Tubs, G4Cons, G4Trd, ...
* Analogous to simple GEANT3 CSG solids

» Specific solids (CSG like)

* G4Polycone, G4Polyhedra, G4Hype, ...
» Tessellated Solids

« EXJUBFTRE(G4VFacet)

* EARMCADESERIEZ1{T
» Boolean solids

* G4UnionSolid, G4SubtractionSolid, ...



CSG: KB, B

G4Box (const G4String &pname, // name
G4double half x, // X half size
G4double half y, // Y half size
G4double half z); // Z half size
G4Tubs (const G4String &pname, // name
G4double pRmin, // inner radius
G4double pRmax, // outer radius
G4double pDz, // Z half length
G4double pSphi, // starting Phi
G4double pDphi); // segment angle

i#}'

e e e e e e

e




BZRICSGILEEF

G4Para

G4Trap (parallelepiped)
G4Cons
106100 x
r 1 5 GTorus
100 50
-1 ! O
i i, 50 i

—-100

G4Sphere (full solid sphere)
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http://geant4.web.cern.ch/geant4/G4UsersDocuments/UsersGuides/ForApplicationDeveloper/html/Detector/geomSolids.html

m/REL{

% A ETLIEI HRIEERITEFH:

» G4UnionSolid, G4SubtractionSolid, G4IntersectionSolid.

> B3R 24N UIF, IMRRIiERE, SN VIR ERSER (RiE) .

> 2N VIR ERENTFE— N LR SRR T S AY.

> 2PMNVBEERRIRER, BRR—NVE, BEit, SERLAFISE3INVUTEZHRRIEERHITSH.

% CSGEBUJ sk EmRENMEaLAE It ANHITSFH.
% R EWRBIFRNSENAE, MERERSZSBRENME, S, BETEESEE.

G4UnionSolid G4SubtractionSolid G4IntersectionSolid




YRR R B L{al (Boolean Solid)?

G4VSolid* box = new G4Box (“Box" ,50*cm,60*cm,40*cm) ;
G4VSolid* cylinder
= new G4Tubs (“Cylinder”,0.,50.*cm,50.*cm,0.,2*M PI*rad) ;
G4VSolid* union
= new G4UnionSolid("Box+Cylinder", box, cylinder) ;
G4VSolid* subtract
= new G4SubtractionSolid("Box-Cylinder", box, cylinder,
0O, GAThreeVector(30.*cm,0.,0.));

G4RotationMatrix* rm = new G4RotationMatrix() ;
rm->RotateX (30. *deqg) ;
G4VSolid* intersect

= new G4IntersectionSolid("Box&&Cylinder",

box, cylinder, rm, G4ThreeVector(0.,0.,0.));

AR AR IRRERFERSATFEGRENANE—1TTEER



Al R /R B {al (Boolean Solid)?

G4VSoli
G4VSoli
= new |
G4VSoli«
= new |
G4VSoli
= new |
1
G4Rotat.
rm->Rot:
G4VSoli
= ne!

]

] SR



12458 J1{a) (G4LogicalVolume)

G4LogicalVolume (G4VSolid* pSolid,
G4Material* pMaterial,
const G4String &name,
G4AFieldManager* pFieldMgr=0,
G4VSensitiveDetector* pSDetector=0,
G4UserlLimits* pULimits=0) ;

% FIUUFRAEFEDNIMIFIBEER

> FPARFIRT (G4VSolid)

> VIR, REUFNEE, THREEHE

> FFRRIIE

> EBiEln, BPBRE (User limits) , X1 (Region)
% HEISEELAVDIB LA (Physical volumes)RJ LA F[E—MEIRT LA,
% JURIAZARFIR T (solid) BUIRET AEERZE,

% YIRAYSSTABEAZ,




JU{A X1 (Region)

% —PMEEAPTLMEEX A—PMEE, SMEENAILE
FR—X1ak.

% RKif(region) RIVARXKXFZPI—NMERERS. flal, —F51

BV AR—IMES, TLAEXNA—NRIE, —1MFRE.

% —MZEIA—BiFEEN— 1 X, ABACEEI—MRE
5 JL{Al(root logical volume),

> FAEHRZENANFNLAFEZER— X, FERE—1FUERAZ—1
Rz L.

% —MEE/TREBRTF—MXE, FEEHREE,

%  World logical volumeBEHEENAIREA— XL, Ellt, AR
AgEB AworldigE—P X1,

World Volume - Default Region




X1kRYTE X S{EM(G4Region)

% AJLABWMTAEEX —1Xik:

G4Region* aRegion = new G4Region (“region name”)

aRegion->AddRootLogicalVolume (aLogicalVolume) ;

% S— 1 XiigERIF =2 |F (Production cuts)

G4Region* aRegion = G4RegionStore::GetlInstance () -
>GetRegion (“region name)

G4ProductionCuts* cuts = new G4ProductionCuts;,
cuts->SetProductionCut/() ,
aRegion->SetProductionCuts (cuts) ;



G4Region3s

G4Region class may take following quantities.

void SetProductionCuts(G4ProductionCuts™ cut);

void SetUserInformation(G4VUserRegionlnformation™ uri);

void SetUserLimits(G4UserLimits™ ul);

void SetFastSimulationManager(G4FastSimulationManager* fsm);
void SetRegionalSteppingAction(G4UserSteppingAction™ rusa);
void SetFieldManager(G4FieldManager® fm);

Please note:

If any of the above properties are not set for a region, properties of the world
volume (i.e. default region) are used. Properties of mother region do not

propagate to daughter region.



JURI AL B 1% (Visualization Attributes)

% JUAAIMEETERZR G4 VisAttributesiH{ TEIE,

% APAAIBEIZRNE— AR EERTIZE, W:

myLogical->SetVisAttributes(G4VisAttributes: :Invisible);

G4VisAttributes* yourLogVis = new G4VisAttributes(G4Colour(0.,1.,1.));
yourLogical->SetVisAttributes(yourLogVis);

% FXIB1FIFRIITEEARRTRLEE.



EnGJETE (G4Colour)

G4Colour white
G4Colour white
G4Colour gray
G4Colour black
G4Colour red
G4Colour green
G4Colour blue
G4Colour cyan

0

1.,1.,1.)
(.5,.5,.5)
(0.,0.,0.)
(1.,0.,0.)
(0.,1.,0.)
(0.,0.,1.)
0.,1.,1.)

G4Colour magenta(1.,0.,1.)
G4Colour yellow (1.,1.,0.)

// white
// white
/] gray
// black
/l red

/] green
// blue
// cyan

// magenta

// yellow



WE JL{a[{& (Physical volume)

% Placement volume: IERI—IX
> — MR RE—NEAUFNEEE T,
% Repeated volume: SR
> — MRV REEES /I EERIRNERETT.
> AJLABHIEERFRIGERA.
> Parameterised (S£b) placement
- RIS (copy number) #1728, FHESIEI.

> Replica and Division

- GE— N EIFHESEN.
« —PMEBPHATLIES:
> SPM—IRIEEBRI LD
> HEE, —PNESIEMALE
% BNV ZBELZEES (overlap) BT A FIVFAY.,

repeated




IR JL{a{A (Physical volume) (1)

% G4PVPlacement 1 Placement = One Placement Volume
> JUIHSEEBHFIRRIEN—IX.

# G4PVParameterised 1 Parameterized = Many Repeated Volumes

> (RIRILAB4S (copy number) B TSEMEIEIN,

RIEGRS, ILATU AR, Ky, #F, REURUES, oJEENE, (AEFERE
SEMSEML.
HARPYREEI—1EFRYZE, 4R FG4VPVParameterisation,

> FERFHRE.

> BB, SECER NG ZUERTF TEAI e
a) JUAFREEFIHH, &
b) WA BHEBERNRTHRAR, LAiRERZBoverlapAdiEii.

> WNERIERG4PVNestedParameterisationfEAEISHITSEUL, BBA, WG, R6Y
NS BT LSS E N DRSS 8.




Physical volume (2)

# G4PVReplica 1 Replica = Many Repeated Volumes

> BEBEHERIRNFEIREE -1 SLIFHETTEN.
> FRRRSRERESFRA, FEBORRIRBLER.

% G4PVDivision 1 Division = Many Repeated Volumes

> BEREHERRANFRIGE -1 SLITHETTR.
> BFRSEIMIBFFRREEE.
> FIPRZIARBERE.

% G4ReflectionFactory 1 Placement = a pair of Placement volumes
> RIRRIEXITRAYA VR LA,

> BRFinEE6esaH.

% G4AssemblyVolume 1 Placement = a set of Placement volumes
> BIREHN—1EE.



G4PVPlacement

G4PVPlacement (G4RotationMatrix* pRot, // rotation of mother frame

const G4ThreeVector &tlate, // position in mother frame
G4LogicalVolume *pDaughterLogical,

const G4String &pName,

G4LogicalVolume *pMotherLogical,

G4bool pMany, // ‘true’ is not supported yet..

G4int pCopyNo, // unique arbitrary integer

G4bool pSurfChk=false); // optional boundary check

% Single volume positioned relatively to the mother volume.

Mother volume A

rotation T




G4PVParameterised

G4PVParameterised (const G4String& pName,

G4LogicalVolume* pLogical,

G4LogicalVolume* pMother,

const EAxis pAxis,

const G4int nReplicas,

G4VPVParameterisation* pPar,

G4bool pSurfChk=false);,

% {EEHFFApMotherA, (ERHSEUEGZpPar, ESERL{A){FnReplicasik,

% HAPREFEEM—1BECHSEE LSS, LAG4VPVParameterisation/AEZE, FHECI TEIAIER
& (& F N RS):

»> where it is positioned (transformation, rotation)
> the size of the solid (dimensions)

» The type of the solid, material, sensitivity, vis attributes

s YIEEARICSGILER,



G4VPVParameterisation

class G4VPVParameterisation

virtual void ComputeTransformation // position, rotation
(const G4int copyNo, G4VPhysicalVolume* physVol) const;,
virtual void ComputeDimensions // size
(G4Box& trackerLayer, const G4int copyNo,
const G4VPhysicalVolume* physVol) const;
virtual G4VSolid* ComputeSolid // shape
(const G4int copyNo, G4VPhysicalVolume* physVol)
virtual G4Material* ComputeMaterial // material, sensitivity, visAtt
(const G4int copyNo, G4VPhysicalVolume* physVol,
const G4VTouchable *parentTouch=0)

// G4VTouchable should not be used for ordinary parameterization

};



G4PVParameterisedf§ll == (B2b)

B2bDetectorConstruction.cc

G4Tubs* chamberSs

210
211
214
213

[
=
e

= new G4Tubs (“tracker”, 0, 100%cm, 100%cm, 0. *dez, 360, *de=)
flogicChamber

= new GdlozicalVolume (chambers, fChamberMater ial, "Chamber ™, 0, 0, 0)

Gddouble firstPosition = —trackerSize + chamberSpacing:

215

216

Gddeuble firstlensth = trackerlensth/10:
Gddeuble lastlength = trackerlensth;

217

218

[t | e
[0 D =
= i e

K]
-0
]

]
-2
L

[0
-2
s

-0
[ya]
[

[~
[
Dy

[0
-2
-1

[
-2
o0

[
-2
o

-2
L
o

8]
[y
| e

i8]
[y
]

(]
]
[N

[
[N}
e

(]
]
(3]

GdVPVFarameterisat icn¥ chamberParam =
new B2bChamberParameterisationt
Wb OfChamber s, /4 NoChambers
firstPosition, // Z of center of first

chamberSpacing, // Z spacing of centers
chamberWidth, // chamber width

firstLlength, /f initial lensth
lastLenzth) : /f final length
A/ dummy value @ kZAxis —— medified by parameterised wolume
new G4PVParameterised (" Chamher”, /4 thelir name
flogicChamher, /4 their legical wolume
trackerlV, /i Mother logical wolume
kZAwis, // Are placed alons this axis
NhOfChambers, Jf HNumber of chambers
chamberFaram, // The parametrisation

fCheckOwverlaps) : // checking owverlaps




Replicated Volumes

* FTIUTRT SR BTZRR, THRREAARQGRTH

Ko

% FHAERIUATH T AL & T & 69 L AR 31T

> B RRETX, Y, Z)
> E AR (Rho) — HORIEHY B

AR

> LA (Phi) - B2

a daughter
logical volume to
be replicated

mother volume



% B F RALARH -kXaxis, kYaxis, kZaxis
> FnA-THARERGEOE:

-width* (nReplicas-1) *0.5+n*width
> OffsetEiX A IF LA Ao
% 2w 2 4R4 - kRaxis
> FEnNFHRBRAG PO E: width

width* (n+0.5) +offset

> Offset@y1E LM & ARG N F 12,

width

offset
% Phi ) & 474 - kPhi
> B FARRE T A “
width* (n+0.5) +offset ¥~ offset

> Offsetsbil B FHARANGG 4148 A B,



G4PVReplicaf{ A4

G4double tube_dPhi =2.* M_PI * rad;
G4VSolid* tube = new G4Tubs("tube",20*cm,50*cm,30*cm,0.,tube_dPhi);
G4LogicalVolume * tube_log = new G4LogicalVolume(tube, Air, "tubel", 0, 0, 0);

G4VPhysicalVolume* tube_phys = new G4PVPlacement(0,G4ThreeVector(-200.*cm,0.,0.),
“"tubeP"”, tube_log, world_phys, false, 0);

G4double divided_tube_dPhi = tube_dPhi/6.;

G4VSolid* div_tube = new G4Tubs("div_tube", 20*cm, 50*cm, 30*cm,
-divided_tube_dPhi/2., divided_tube_dPhi/2.0);

G4LogicalVolume* div_tube_log = new G4LogicalVolume(div_tube,Pb,"div_tubel",0,0,0);

G4VPhysicalVolume* div_tube_phys = new G4PVReplica("div_tube_phys", div_tube_log,
tube_log, kPhi, 6, divided_tube_dPhi);



SIS ERIF AR A P ESTS?

FEMALE

FIRNMADRITEF(G4Box)1EI2 A S FRTEZSIE)
= G4PVReplica

AEIEFIEHFEII A4S
—» G4PVNestedParameterisation

e S ENR
EERESRARE, (BLAREEERAK

SEGIERMHIF: ICRP110 HumanPhantoms




EXIEF R

G4VPhysicalVolume* volumel; == =
G4VPh§Z;Z:lVglll:$Z* iﬁlﬁﬁﬁz; aﬁéiﬁiﬁﬂﬂ%ﬁ*@ﬁ%qﬂiiﬂ' J

G4OpticalSurface* OpSurface = new G4OpticalSurface(''name");
G4LogicalBorderSurface* Surface = new G4LogicalBorderSurface(''name', volumel, volume2, OpSurface);

G4double sigma_alpha = 0.1;

OpSurface -> SetType(dielectric_dielectric);
OpSurface -> SetModel(unified); T
OpSurface -> SetFinish(groundbackpainted);
OpSurface -> SetSigmaAlpha(sigma_alpha); \\
const G4int NUM = 2; - R
G4double pp[NUM] = {2.038%eV, 4.144*eV};
G4double specularspike[NUM] = {1.0, 1.0};
G4double rindex|[NUM] = {1.35, 1.40};
G4double reflectivity[NUM] = {0.3, 0.5};
G4double efficiency[NUM] = {0.8, 0.1};

surface

G4MaterialPropertiesTable* SMPT = new G4MaterialPropertiesTable(); /

SMPT -> AddProperty("RINDEX", pp, rindex, NUM); Polar plot of the raciant intensity in the UNIFIED model

SMPT -> AddProperty("SPECULARSPIKECONSTANT", pp, specularlobe, NUM);

SMPT -> AddProperty("REFLECTIVITY", pp, reflectivity, NUM);

SMPT -> AddProperty("EFFICIENCY" efficiency, NUM); .
perty( > PP, I JF Z£ “Section 5.2.5 of Geant4

OpSurface -> SetMaterialPropertiesTable(SMPT); Application Developers Guide ”



%3(E55 (3)

+ BFBIfIF, SSREIIERFIEILARIKRENFHIEM, ZERB1
FRIRBRYLE

% SERERIFH RFMERLAAZX



ALV el 2

* APERSEMFEFHSESERTHES
G4VUserPrimaryGeneratorAction

> EERES R PR ZRA9—  user action

% GeantdPIEBEHIIEGIFZET

> RIF#8 (G4ParticleGun)
> HER—LAIRIFF=ERS (GPS) (G4GeneralParticleSource)

% YMEREGIFEEF S Geant4iZ[] (HEPE VL)



FEFRARREREBXR

G4RunManager
SetUserAction()
use
_ G4VPrimaryGenerator
GeneratePrimaryVertex()
herit
“w inherit

UserPGA e
G4ParticleGun

G4GenerarlParticleSource




AR~ R ERRZEIR G

% FAPRIFFETFIRIESE (PGA class) EEHIRELE I G4VPrimaryGeneratorAction
s {EPGAXERERFEIGeneratePrimariesOFR, AHAFEFZEAIGeneratePrimaryVertex()EHE]
% Geantd RRIERIF=HEF

» G4ParticleGun
» G4GeneralParticleSource (GPS)

// constructor
void TO1PrimaryGeneratorAction::TO1PrimaryGeneratorAction
{

// particleGun is a member of this class.

particeGun = new G4ParticleGun();

}

void TO1PrimaryGeneratorAction::GeneratePrimaries
(G4Event™ anEvent)

{

particleGun-> GeneratePrimaryVertex(anEvent);

}



BRI FIBFEHEF (G4ParticleGun)

%  G4VPrimaryGeneratorfl) EL{SEIR

% NFERAFRENER. HENBL—MSELR, RFUEAFITIANEEIFEREIRF
> BE—RINBFIEE

% LRV SFRENIE:

/gun/list List available particles

/gun/particle Set particle type to be generated

/gun/direction Set momentum direction

/gun/energy Set Kinetic energy

/gun/momentum Set momentum

/gun/momentumAmp  Set absolute value of momentum

/gun/position Set starting position of the particle

/gun/time Set initial time of the particle

/gun/polarization Set polarization

/gun/number Set number of particles to be generated (per event)

/gun/ion Set properties of ion to be generated [usage] /gun/ion Z A Q



WNl{EFHG4ParticleGun?

void T01PrimaryGeneratorAction::GeneratePrima riES(G4Event* anEvent) {
G4ParticleDefinition* particle;
G4int i = (int)(5. * G4UniformRand());
switch(i) {
case 0: particle = positron; break;
case1: ...

}

particleGun-> SetParticleDefinition(particle);

G4double momentum = 100.*MeV;

G4double pp = momentum + (G4UniformRand()-0.5) * sigmaMomentum;
G4double mass = particle-> GetPDGMass();

G4double Ekin = sqrt(pp*pp+mass*mass) - mass;

particleGun-> SetParticleEnergy(Ekin);

G4double sigmaAngle = 10.*deg;
G4double angle = (G4UniformRand()-0.5) * sigmaAngle;

particleGun-> SetParticleMomentumDirection(G4ThreeVector(sin(angle),0.,cos(angle)));

particleGun-> GeneratePrimaryVertex(anEvent);



G4GeneralParticleSource (GPS)

% NFEERUEY ST TIMARNG R THE
> W—1|. B KAS. .. R5HF.

% RIFAPH
> IR T VM AREIAD T isotropic, cosine-law, focused, ...
> [RIIEIRE T —E4=HIS%4 (min/max-theta, min/max-phi,...)

% RIFRIENEESS T
> IR —LHBH AR ST (e.g. mono-energetic, power-law)
> ey, EB—LEFIMYS T (e.g. black-body), BEKFHRBEXMS .

% ZPMRIFR
> EEHREXARIEZEENSE.

% BEFISINSEHIHFIERTIEE (event biasing)
> IRERIFEB, TREa7Hh. SEEMRESHNE.




{ERGPSRYBIF

// constructor
MyPrimaryGeneratorAction: :MyPrimaryGeneratorAction()

{

// gps is a member of this class
gps= new G4GeneralParticleSource();

}

void MyPrimaryGeneratorAction::GeneratePrimaries(G4Event*
anEvent)

{
}

gps-> GeneratePrimaryVertex(anEvent);

% BT RSAUIGSHAPEEER



GPSHJUIRE S

% THNEERHE TRSEAGPSHFIF, AIHSE,

» http://hurel.hanyang.ac.kr/Geant4/Geantd GPS/reat.space.qinetiq.com/gps/examples/examples.html

/gps/particle proton

protons

/gps/ene/type Mono

/gps/ene/mono 560 MeV mono energetic beam of 500 MeV

/gps/pos/type Plane -
/gps/pos/shape Rectangle planar emission from a zx plane along -y axis

/gps/pos/rotl 0 0 1
/gps/pos/rot2 1 0 ©
/gps/pos/halfx 46.2 cm
/gps/pos/halfy 57.2 cm é%?f%?:

/gps/pos/centre 0. 57.2 0. cm G4GeneralParticleSourceMessenger

/gps/direction 0 -1 ©


http://hurel.hanyang.ac.kr/Geant4/Geant4_GPS/reat.space.qinetiq.com/gps/examples/examples.html
http://www-geant4.kek.jp/lxr/source/event/src/G4GeneralParticleSourceMessenger.cc

HEPEvt

% G4HEPEvtInterface
> (E/HEPEVT/HEI, NWRESEFFORTRANHKFHEFERIEH
> ASCIIST{8EGN

411

2 A 2 J  0.188382d0et+02 0. 2d84636%e+02 —0. 6046593 TeHl1 0.303T8159=+03
2023 4 B 0.11302123e+01 -0, 2315644 3e+02 0. 11416953e+13 0. 8803804 &e+02
E 23 [ T N 1eANSN2 e N2 0 AQLON2EI 1402 1 12N 124113 N Q] TATT N2
| 17 Extended/runAndEvent/REO5: pythia_event.data
1 11 a 0 0.580723584e+00 —0. 1361 Ta30e+02 -0, 8d1T062deH]2 0. 509090908 —073
1 -11 0 0 0.1787303e+02 0. 6162044 1e+02 -0, 36045494 e+12 0. 5099998803
2 -2 bl Bl -0,24825286e+01 -0, 143156886:e+01 0. 284T23T0eHI0 0. 5500000802
NHEP
ISTHEP IDHEP JDAHEP1 JDAHEP2 PHEP1 PHEP2 PHEP3 PHEPS
ISTHEF = =tatus code
ISTHEP IDHEP JDAHEP1 JDAHEP2 PHEP1 PHEP2 PHEP3 PHEPS TLHEFR — HEP FIC code
... INHEP times] JDAHEP = first daughter
NHEP JDAHEF = la=zt daughter
PHEF1 = p¥ 1n GeV
ISTHEP IDHEP JDAHEP1 JDAHEP2 PHEP1 PHEP2 PHEP3 PHEP5 PHEE? — Dy in Ge¥
ISTHEP IDHEP JDAHEP1 JDAHEP2 PHEP1 PHEP2 PHEP3 PHEP5 PHEP3 — pz in GeV

... INHEP times] PHEFS mass in GeV



{EFHEPEvt (N04)AI{IF

ExNO4PrimaryGeneratorAction::ExXNO4PrimaryGeneratorAction()

{

const char* filename = "pythia_event.data";
HEPEvt = new G4HEPEvtinterface(filename);

}

ExNO4PrimaryGeneratorAction::*ExNO4PrimaryGeneratorAction()

{
delete HEPEvt;

}

void ExXNO4PrimaryGeneratorAction::GeneratePrimaries(G4Event* anEvent)

{

HEPEvt->GeneratePrimaryVertex(anEvent); }

}



%3(E55 (4)

+ BFBIBIF, (Be~=EFE05, EANHEPEVHETURIIBDF=SEFIL
%, EHFNZEAI~=EIBDERH)
https://ihepbox.ihep.ac.cn/ihepbox/index.php/s/Zq9BY XhjSnvVHyYH

% SeRdmIFHEINET10NSEG


https://ihepbox.ihep.ac.cn/ihepbox/index.php/s/Zq9BYXhjSnvVHyH

YIRS (Physics lists)

% T4 Rphysics list?

>BXERE—1R, ZREE7TRPHRNMRIMEFERMBINAFENX,
Lyl LdNE 1 T 15

> BEHIFRG4IRunManager K BYIIEHEIER

> 1R E CYIBIIRN A ZRRER
- ARETLAER R B AR TR
- (REILAA SR T IS e

> (8%, (R IBS R — 1 B 7 /%
- L F IR TR E (AT A SRR R MR R




FAI AT AT2IETIR?

% GeantdGiEIRE— P TENIBEI R IFRELEBI AP HEH
> Geant4d PEBE XS AP IBIRBIFLE (LI 1E
« XYEHEHBEREERAER
- ERNBEFEFBEHEAE(ERP
> IBINEEBE— M
> ISEARPREREXERN: ECeandPIEEFFE IR T IEAEZETIRIF

+ BFX—RA,
> Geant4iR(RANFZS VIR IE 2 AR SRR IRIZAY
> A PEIEX IR IE A NG EE R — Y




Geant4iR{HEYINIETTE

+ FBEEEIER
> fERBENIEE, M ~1keV B ~PeV
> {REEEBENIEE, M 250 eV El| ~PeV
> FFFFIIE

+ S5fHE{EH
> EARFHI=EE
> [RFZBIET =SS

+ sEffB{EH
> SEEpsEdiE, M 0 El ~Te
> BFFHMIIESSZBIEEIER. I 10 MeV Fl| ~TeV

% SEMEE) “RIEEN" YEgE




G4V UserPhysicsList

% FAF E CRIYIIRFIRIETZR R IR T 1%
> ZIEEERZYIEFIRSIF G4RunManager

(il
Class MyPhysicsList: public G4VUserPhysicsList {
public:
MyPhysicsList();
~MyPhysicsList();
void ConstructParticle();

void ConstructProcess();
void SetCuts();

}
% FAPRPEZEBRPSEM ConstructParticle(), ConstructProcess()§SetCuts()




ConstructParticle()

Void MyPhysicsList::ConstructParticle() {

//construct boson

=
G4Gamma::GammaDefinition(); ”QI\_WH Et
G40OpticalPhoton::OpticalPhotonDefinition();
//[construct lepton

G4Electron::ElectronDefinition(); Void MyPhysicsList::ConstructParticle() {

G4BosonConstructor::ConstructParticle();
//construct meson

G4PionPlus::PionPlusDefinition():; G4LeptonConstructor::ConstructParticle();
...... G4MesonConstructor::ConstructParticle();

//construct baryon G4BaryonConstructor::ConstructParticle();
G4Proton::ProtonDefinition(); G4lonConstructor::ConstructParticle();

"""" . G4ShortLivedConstructor::ConstructParticle();
//[construct ion

G4 Alpha::AlphaDefinition(); ]
G4 AntiAlpha:: AntiAlphaDefinition();
G4Genericlon::GenericlonDefinition();

//[construct short lived particle

G4ParticleDefinition* particle = new G4Gluons(***)
particle->SetAntiPDGEncoding(21);



Eé?*ﬂﬁ@?

electron
positron

muon +/-

tauon +/-

electron (anti)neutrino

muon (anti)neutrino

tau (anti)neutrino

photon (y, X)
photon (optical)
geantino

charged geantino

G4Electron
G4Positron

G4MuonPlus
G4MuonMinus

G4TauPlus
G4TauMinus

G4NeutrinoE
G4AntiNeutrinoE

G4NeutrinoMu
G4AntiNeutrinoMu

G4NeutrinoTau
G4AntiNeutrinoTau

G4Gamma
G40pticalPhoton
G4Geantino

G4ChargedGeantino

e+

mu+
mu-

tau+
tau-

nu_e
anti_nu e

nu_mu
anti_ nu_mu

nu_tau
anti_nu_tau

gamma

opticalphoton

geantino

chargedgeantino

11

-13
13

-15
15

12
-12

14
-14

16
-16

22
(0)
0)
0)



§E¥$ﬂ%¥%
T T I

(anti)proton

(anti)neutron

(anti)lambda

pion

kaon

(anti)alpha

(anti)deuteron

Heavier ions

G4Proton
G4AnitProton

G4Neutron
G4AntiNeutron

G4Lambda
G4AntiLambda

G4PionMinus
G4PionPlus
G4PionZero

G4KaonMinus
G4KaonPlus
G4KaonZero
G4KaonZeroLong
G4KaonZeroShort

G4Alpha
G4AntiAlpha

G4Deteuron
G4AntiDeuteron

G4lons

proton
anti_proton

neutron
anti_neutron

lambda
anti_lambda

pi-

pi+

pi0
kaon-
kaon+
kaonO
kaonOL
kaon0S

alpha
anti_alpha

deuteron
anti_deuteron

ion

2212
-2212

2112
-2112

3122
-3122

-211
211
111

-321
321
311
130
310

1000020040
-1000020040

1000010020
-1000010020

100ZZZAAAl*

*777=nroton number AAA=nticleon nuumber |=excitation level



ConstructProcess()

void MyPhysicsList::ConstructProcess() {

//method provided by G4V UserPhysicsList assigns

//transportation process to all particles defined in ConstructParticle()
AddTransportation();

//put EM physics here, defined by user
ConstructEM();

//put hadronic physics here, defined by user
ConstructHad();

//put optical processes here, defined by user
ConstructOP();

//put all other processes here, defined by user
ConstructGeneral();



ConstructEM()

void MyPhysicsList::ConstructEM() {
G4PhyscisListHelper* ph = G4PhysicsListHelper::GetPhysicsListHelper();
theParticlelterator->reset();
while( (*theParticlelterator)() ) {
G4ParticleDefinition* particle = theParticlelterator->value();
if(particle == G4Gamma::Gamma()) {
ph->RegisterProcess(new G4GammaConversion(), particle);
...... /l add more processes

if(particle == G4Electron::Electron()) {
G4eMultipleScattering® msc = new G4eMultipleScattering;
G4UrbanMscModel95* mscl = new G4UrbanMscModel95();
G4WentzelVIModel* msc2 = new G4WentzelVIModel();
mscl->SetHighEnergyLimit(highEnergyLimit);
msc2->SetLowEnergyLimit(highEnergyLimit);
msc->AddEmModel(0, mscl);
msc->AddEmModel(1, msc2);
ph->RegisterProcess(msc, particle);
...... /l add more processes

...... //define processes for other particles



ConstructHad()

void MyPhysicsList::ConstructHad() {
G4PhyscisListHelper* ph = G4PhysicsListHelper::GetPhysicsListHelper();
theParticlelterator->reset();
while( (*theParticlelterator)() ) {
G4ParticleDefinition™ particle = theParticlelterator->value();
if(particle == G4Neutron::NeutronDefinition()) {
// define elastic scattering
G4HadronElasticProcess* elasticproc = new G4HadronElasticProcess;
G4HadronElastic* elasticModel = new G4HadronElastic;
elasticModel->SetMinEnergy(19*MeV);
G4NeutronHPElastic* elasticHP = new G4NeutronHPElastic;
elasticHP->SetMaxEnergy(19*MeV);
elasticproc->RegisterMe(elasticModel);
elasticproc->RegisterMe(elasticHP);
elasticproc->AddDataSet(new G4NeutronHPElasticData());
ph->RegisterProcess(elasticproc, particle);
...... // inelastic scattering
...... /l capture
...... /[ fission

...... //define processes for other particles



ConstructOP()

void MyPhysicsList::ConstructOP() {

G4Cerenkov* theCerenkovProcess = new G4Cerenkov('"Cerenkov');

G4Scintillation* theScintillationProcess = new G4Scintillation(' Scintillation");
G40pAbsorption* theAbsorptionProcess = new G40OpAbsorption();

G40pRayleigh* theRayleighScatteringProcess = new G40pRayleigh();
G40pBoundaryProcess* theBoundaryProcess = new G40OpBoundaryProcess();
theScintillationProcess->AddSaturation(G4LossTableManager::Instance()->EmSaturation());

theParticlelterator->reset();
while( (*theParticlelterator)() ) {
G4ParticleDefinition* particle = theParticlelterator->value();
G4ProcessManager* pmanager = particle->GetProcessManager();
G4String particleName = particle->GetParticleName();
if(theCerenkovProcess->IsApplicable(*particle)) {
pmanager->AddProcess(theCerenkovProcess);
pmanager->SetProcessOrdering(theCerenkovProcess, idxPostStep);
J
if(theScintillationProcess->IsApplicable(*particle)) { ...}
if(particleName == “opticalphoton”) {
pmanager->AddDiscreteProcess(theAbsorptionProcess);
pmanager->AddDiscreteProcess(theRayleighScatteringProcess);
pmanager->AddDiscreteProcess(theBoundaryProcess);

}

}
}



ConstructGeneral()

void MyPhysicsList::ConstructGeneral() {
G4PhyscisListHelper* ph = G4PhysicsListHelper::GetPhysicsListHelper();
G4Decay* theDecayProcess = new G4Decay();
theParticlelterator->reset();
while( (*theParticlelterator)() ) {
G4ParticleDefinition* particle = theParticlelterator->value();

if(theDecayProcess->IsApplicable(*particle)) {
ph->RegisterProcess(theDecayProcess, particle);

...... // Add other processes



SetCuts()

void MyPhysicsList::SetCuts() {

5

defaultCutValue = 0.7*mm;
SetCutValue(defaultCutValue, “gamma’);
SetCutValue(defaultCutValue, “e-");
SetCutValue(defaultCutValue, “e+”);
SetCutValue(defaultCutValue, “proton”);

// These are all the production cuts you need to set, not
// required for any other particle.



G4VModularPhysicsList — S8 _fh}5 3,

# G4VModularPhysicsList #9 4F4E
» M G4VUserPhysicsList 4k &
» AddTransportation() E] 348 7 Ae

> H 4% F B %2 H) 2 3F 49 physics constructors

PAHFRAPRLGTHPERR, o LHIE, BIE, AFIEFF

public:
MyPhysicsList();
void ConstructParticle();
void ConstructProcess();
void SetCuts();

//
//
//
//

class MyPhysicslList : public G4VModularPhysicsList {

define physics constructors
optional
optional
optional




{a{sEFAG4VModularPhysicsList?

MyPhysicsList::MyPhysicsList() {

MyPhysicsList::MyPhysicsList() { defaultCutValue = 0.7*mm;
defaultCutValue = 0.7*mm; emList = new G4EmLivermorePhysics();
//define hadronic processes here emExtraList = new G4EmExtraPhysics();
RegisterPhysics(new G4HadronElasticPhysics()); decayList = new G4DecayPhysics();
//define EM processes here raddecayList = new G4RadioactiveDecayPhysics();
RegisterPhysics(new G4EmStandardPhysics()); hadronESList = new G4HadronElasticPhysicsHP();

} hadronList = new G4HadronPhysicsQGSP_BERT_ HP();

stoppingList = new G4StoppingPhysics();
void MyPhysicsList::SelectAlternativePhysics() § } lonList = new G4lonPhysicsPHP();

//add a physics in the created list

Ad dPhysics (new G4 Op ticalPhysics); void MyPhyswsLls.t::ConstructPartlcleO {
. . //Construct particles

//remove a physics from the list

RemovePhysics(fDecayPhysics); )

//replace a physics with another one Void MyPhysicsList::ConstructProcess() {

ReplacePhysics(new G4EmLivermorePhysics); emList->ConstructProcess();
} emExtraList->ConstructProcess();
void MyPhysicsList::SetCuts() { }

SetCutsWithDefault(); void MyPhysicsList::SetCuts() {

} SetCutsWithDefault();

}



Geant442BITE X 1FAYPhysics constructors

EM physics lists:

G4EmStandardPhysics — default (ATLAS, BESIII, ...)
G4EmStandardPhysics_optionl — HEP fast but not precise (CMS)
G4EmStandardPhysics_option2 — Experimental (LHCb)
G4EmStandardPhysics_option3 — medical (most accurate standard)
G4EmStandardPhysics_option4 — standard+low (most accurate EM)
G4EmLivermorePhysics
G4EmLivermorePolarizedPhysics
G4EmPenelopePhysics
G4EmDNAPhysics

Combined Physics
Standard > 1 GeV
LowEnergy < 1 GeV

Hadronic elastic:
G4HadronElasticPhysics, ... https://geant4.kek.jp/Ixr/source/physics lists/constructors/

Hadronic inelastic:
G4HadronPhysicsQGSP_BIC, G4HadronPhysicsFTFP_Bert, ...

Decay, optical physics, EM extras, ...



https://geant4.kek.jp/lxr/source/physics_lists/constructors/

Geant43]J B IFRIZE2IRYIZE

+ ESBENIEFRIIES
> 8—MIEIFNYEIRBESAEBEIENEIENEAS
> F TR R eI LATEX BB El

geant4/source/physics_lists/lists/include

% XL TaIFaIIEsIRAR, B—LRREGeant4HEF(ERAY (“reference”
physics lists)

> IXEYIR%| R EPLEIT R UF B 4EFPFONit
> LB RITES NS IBSCIE R (E B (BESIIL, ATLAS, CMS, ...)

% WHMAIEA?
> SEB1f5l5, exampleBl.cc
runManager->SetUserInitialization(new QBBC);

https://geantd.kek.jp/Ixr/source/physics lists/lists/



https://geant4.kek.jp/lxr/source/physics_lists/lists/

EIF SIERITIIEYIR

% Geantd—HB SN ITBRIFRIIIETIZR
» FTFP_BERT
> QBBC

> QGSP_BERT https://geant4-

N Q(,;SP,—BIC userdoc.web.cern.ch/UsersGuides/PhysicsListGuide/html/index.html
» Shielding

% RFIIiEan 2N
» QGS = Quark Gluon String model (>~20 GeV)
» FTF - Fritiof string model (>~5 GeV)
» BIC - Binary Cascade ( <~10 GeV)
» BERT - Bertini-style cascade (<~10 GeV)
»> HP -> High Precision neutron model ( <20 MeV)
» P =2 G4Precompund model used for de-excitation

% EMIZiEEdRES
» No suffix: standard physics
» EMV suffix: older but faster EM processes
» Other suffixes for other EM options




sh g f=FTFARUIREY

CHIPS
At rest
Absorption CHIPS (gamma)

I
High precision neutron

Evaporation :

Fermi breakup Pre- FTF String (up to 20 TeV)
- compound .

Multifragment QG String (up to 100 TeV)

Photon Evap Binary cascade

Rad. Decay Bertini cascade
Fission
LE pp, pr | HEP (upto15Tev) |

1 MeV 10MeV 100 MeV  1GeV 10GeV  100GeV 1TeV
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% WASEWNIRITIE, Geant4EPIRIE 1 validationBIZER
> Xe—MFEAIRE, HERSFITER.

% RIS R SR AT LATE FHEAYERIEE]

https://geant-val.cern.ch/



https://geant4.web.cern.ch/publications_validations/testing_and_validation

HIMESS (5)

+ BFBISIF, 192EIEFFrBRITIESIR, ZR(EM(RGERH
gz, PFIIE(ERAHP

% (ERFIRYIRRFRBIREIEIIR

% STREmIFFIEIT10N G



Geant4 q:{ﬂﬁ-%ﬁﬂyﬂg:?\ﬁs*Egg

FIGENSS B EEFHETE Step

AREARERETICS:
e Step — Event

e Event — Run

e Hit — Detector Response

=M R Histogram / Ntuple / ROOT 3%

Sensitive

Detector / Hit

Generator

Event / Run
Summary




Geant4 RIERERGE

Event

Track

Step

Hit

— A IEEG

—AMRIFRIEE

—IREHES

BRillERan

G4Event

GA4Track

G4Step

User Hit

XiTER

B&it. IE. RE
B, %, Hit] RS
RIFHPE, BEE. RFXER

edep, UE. FiK. I

B, GE. SRS, fE m




Sensitive detector, score, hit, hits collection

% Given geometry, physics and primary track generation, Geant4 does proper physics simulation
“silently”

> You have to add a bit of code to extract information useful to you

% There are two ways:
» Use user hooks (G4UserTrackingAction, G4UserSteppingAction, etc.)
* You have an access to almost all information.
* Straight-forward, but do-it-yourself
» Use Geant4 scoring functionality
* Assign G4VSensitiveDetector to a volume

* Hits collection is automatically stored in G4Event object, and automatically accumulated if user-

defined Run object is used.

* Use user hooks (G4UserEventAction, G4UserRunAction) to get event / run summary



Use your own sensitive detector (SD)

% Very common way for a large project
» Highly customizable, save whatever you want

% Create a class of SD and register it to the SD Manager
% Assign the pointer of your SD to the logical volume of your detector geometry
% Must be done in ConstructSDandField() of the user geometry

G4V SensitiveDetector* mySensitive = new MySensitiveDetector(SDname="'/MyDetector"");
G4SDManager* sdMan =G4SDManager::GetSDMpointer();
sdMan->AddNewDetector(mySensitive);

SetSensitiveDetector(*'LVname"*,mySensitive); // or

/NlogicVol->SetSensitiveDetector(mySensitive);



HitCollection in your SD

% Create a class of Hit, and define the variables that you want to save
% Should be derived from G4VHit
% The HitCollection is automatically managed by Geant4, and can be accessed in user hooks
% Add hits to HitCollection in your SD
% Refer to examples/basic/B2/B2a
class myHit : public G4VHit { G4bool mySD::ProcessHit(G4Step™* astep) {
public: myHit* newHit = new myHit();
newHit->SetTracklD (aStep->GetTrack()->GetTrackID());
const myHit& operator=(const myHit&); fHitsCollection->insert( newHit );

G4int operator==(const myHit&) const;
return true;
void SetTrackID (G4int track) { fTrackID = track; }; };
G4int GetTrackID() const { return fTrackID; };
void mySD::EndOfEvent(G4HCofThisEvent*)
private: {
G4int fTracklID; G4int nofHits = fHitsCollection->entries();
}; for ( G4int i=0; i<nofHits; i++)
(*fHitsCollection)[i]->Print();
typedef G4THitsCollection<myHit> myHitsCollection; }
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User interface

% UI session
» G4UIExective
» G4Ulterminal
» Batch mode

% Ul commands (/run/beamOn n), can be used
» in a Ul session
» in a macro file
» by hard-coded implementation

% Messenger

» If built-in commands are not enough, you define your own command.



UI Flow Chart

G4UIcommand .

I
| - .
| G4AUIcmdWithAnInt Macro file
I /run/initialize
/gun/particle gamma
| GAUImessenger o . /gun/energy 6 MeV
| “."5- 7'2;% /run/beamOn 100
| '3 380
\ (] o
| e i §3
I LS @27
2 T!
I . @ . —| G4UIsession
I G4RunMessenger I
| e e e e e e e o o o o o = -
> . /
O
L
S | /run/beamOn 100 |
f <
G4RunManager

Actually does the task User



Built-in Ul commands

% There are built-in commands roughly organized according to Geant4 categories

Idle> 1s

Command directory path : /

Sub-directories :

/control/ UI control commands.

/units/ Available units.

/geometry/ Geometry control commands.

/tracking/ TrackingManager and SteppingManager control commands.

/event/ EventManager control commands.
/run/ Run control commands.
/random/ Random number status control commands.

/particle/ Particle control commands.
/process/ Process Table control commands.
/material/ Commands for Materials

/vis/ Visualization commands.

/gun/ Particle Gun control commands.

A complete list of built-in commands is available in the Geant4 Application Developers Guide, Chapter 7.1



Built-in command types

G4UIcmdWithoutParameter: /run/initialize
G4UIcmdWithAnInteger: /run/beamOn 10
G4UIcmdWithABool: /process/em/auger true*
G4UIcmdWithADouble: /particle/property/decay/br 0.5
G4UIcmdWithADoubleAndUnit: /gps/time 1.5 us
G4UIcmdWithAString: /gps/particle e-
G4UIcmdWith3Vector: /gps/direction 0.707 0.707 0.0

G4UIcmdWith3VectorAndUnit.
/gps/position 0.0 0.0 0.0 m

*Note: The true values are t, true, y, yes and 1 (case insensitive);
everything else is false.



New Messenger

MyClassMessenger.hh

[ .
#include <G4UImessenger.hh>
#include <G4UIdirectory.hh> < Geant4 headers
#include <G4UIcmdWithADouble.hh>
#include <G4UIcmdWithoutParameters.hh>

#include "MyClass.hh" L_ Header to the class to manage

class MyClassMessenger : public 54”Im9553“33“‘-~uﬁﬁhhhﬁ

{ Inherit from G4UImessenger
public:

MyClassMessenger(MyClass* myObject); -

Commands are defined in constructor

~MyClassMessenger();

void SetNewValue(G4UIcommand* command, G4String newValue) override;

private: \

MyClass* fObject; .
GaUTIdirectory* fDirectory; Method reacting to all

GAUIcmdwWithADouble* fSomeParameterCommand; C‘fmma“d calls managed by
G4UIcmdWithoutParameters* fDoSomethingCommand; this messenger

};




New Messenger

MyClassMessenger.cc P Include the header
“

#include "MyClassMessenger.hh"

MyClassMessenger: :~MyClassMessenger() { UI command and directory
delete fSnmeParameterCommanE;/l/ pointers should be deleted!
delete fDoSomethingCommand;

delete fDirectory;

}

MyClassMessenger: :MyClassMessenger(MyClass* myObject) Assign the pointer to
: fObject(myObject) { < the associated
fDirectory = new G4UIdirectory("/myClass/"); object

fDirectory->SetGuidance("Commands for MyClass");

fSomeParameterCommand =

// Create the command

directory (with
description)

To be continued in the next slide...



New Messenger

MyClassMessenger.cc Create a new command with description ‘

/...
fSomeParameterCommand = new G4UIcmdWithADouble("/myClass/setParameter”, this);

fSomeParameterCommand->SetGuidance("Set some parameter");
fSomeParameterCommand->AvailableForStates(G4State_PreInit, G4State_Idle);

// ... More details - -
\ Enable only in certain state(s)
fDoSomethingCommand = new G4UIcmdWithoutParameters("/myClass/do", this);

Method reacting to Which command What are the

command calls is it? command's parameters?
T

void MyClassMessenger::SetNewValue(G4UIcommand* cmd, G4String newValue) {

if (cmd == fDoSomethingCommand) { fObject->DoSomething(); }
else if (cmd == fSomeParameterCommand) { ‘hﬁh““‘“mumﬁ Simple

G4double value = fSomeParameterCommand->GetNewDoubleValue(newValue)| reaction

fObject->SetParameter(newValue); X
} } \ It is necessary to parse
Use the parsed the parameters string!

value







Tessellated Solids

/l First declare a tessellated solid
GA4TessellatedSolid* solidTarget = new G4TessellatedSolid("' Solid name");
G4double targetSize = 10*cm ;
G4TriangularFacet *facetl = new G4TriangularFacet (G4ThreeVector(-targetSize, -targetSize, 0.0),
G4ThreeVector(+targetSize, -targetSize, 0.0),
G4ThreeVector( 0.0, 0.0, +targetSize),
ABSOLUTE);
G4TriangularFacet *facet2 = new G4TriangularFacet (G4ThreeVector(+targetSize, -targetSize, 0.0),
G4ThreeVector(+targetSize, +targetSize, 0.0),
G4ThreeVector( 0.0, 0.0, +targetSize),

ABSOLUTE);
G4TriangularFacet ( const G4ThreeVector Pto,
const G4ThreeVector vtl,
const G4ThreeVector vt2,

G4FacetVertexType fType )

i.e., it takes 4 parameters to define the three vertices:

ABSOLUTE in which case Pt0, vt1l and vt2 are the three vertices in

G4FacetVertexType . . . .
yP anti-clockwise order looking from the outside.

RELATIVE in which case the first vertex is Pto, the second vertex is
G4FacetVertexType Pto+vtl and the third vertex is Pto+vt2, all in anti-clockwise order
when looking from the outside.




Multi-Union Structures

#include "G4MultiUnion.hh"

// Define two -G4Box- shapes Since release 10.4, the possibility to define multi-union

G4Box* box1 = new G4Box("Box1", 5.*mm, 5.*mm, 10.*mm); structures is part of the standard set of constructs in Geant4.
* = . . . - o

GO o0 = sy (LA Hm(MLE0ROI, ST, s, LTy A G4MultiUnion structure allows for the description of a

Boolean union of many displaced solids at once, therefore

/I Define displacements for the shapes . ) . )
representing volumes with the same associated material.

G4RotationMatrix rotm = G4RotationMatrix();
G4ThreeVector positionl = G4ThreeVector(0.,0.,1.);
G4ThreeVector position2 = G4ThreeVector(0.,0.,2.);
G4Transform3D tr1 = G4Transform3D(rotm,positionl);
G4Transform3D tr2 = G4Transform3D(rotm,position2);

/[ Initialise a MultiUnion structure
G4MultiUnion* munion_solid = new G4MultiUnion(""Boxes Union');

// Add the shapes to the structure
munion_solid->AddNode(*box1,tr1);
munion_solid->AddNode(*box2,tr2);

// Finally close the structure
munion_solid->Voxelize();

/I Associate it to a logical volume as a normal solid
G4LogicalVolume* lvol = new G4LogicalVolume(munion_solid, munion_mat, "Boxes Union_LV");



ERlERRAEIBENX

% BJPA{EConstructSDandField()ERZYHRSCIR
> World 13517

G4ThreeVector field(0,1.*tesla,0);
JFR,—: GA4GlobalMagFieldMessenger* fMagFieldMessenger =
new G4GlobalMagFieldMessenger(field)

G4UniformMagField* magField = new G4UniformMagField(field);
G4FieldManager* fieldMgr =

HFR . G4TransportationManager::GetTransportationManager()
->GetFieldManager();
fieldMgr->SetDetectorField(magField);
fieldMgr->CreateChordFinder(magField);

# B, BPALLEEStepperBIBEHZERD FTERRIGIE



ERlERRAEIBENX

% BJPAfEConstructSDandField()ERZIHRSCIR

> EWorldIFENAEYI SN % : IR FRIEIA3E, M G4aMagneticField3E4E
#, SEIGetFieldValue()BZ

vimrA AT iAlAdecc D AdTiAlAN JA Ll Al amavnar AAaiidla NAar i M1 AdAcilila i ALA\ AaAmaA+

GeantdFfJf}: http://seantd-userdoc.web.cern.ch/geant4-
userdoc/UsersGuides/ForApplicationDeveloper/html/Detector/electroMagneticFie
|d.htmI#an-overview-of-propagation-in-a-field

Geantdf] F: examples/extended/field

> ERSEN A AENX A6

MyField* myField = new MyField();

G4FieldManager* localFieldMgr = new G4FieldManager(myField);
G4bool allLocal = true;

logicVolWithField ->SetFieldManager(localFieldMgr, allLocal);


http://geant4-userdoc.web.cern.ch/geant4-userdoc/UsersGuides/ForApplicationDeveloper/html/Detector/electroMagneticField.html#an-overview-of-propagation-in-a-field

Basic concepts in Geant4

% Run, event, track, step, step point

% Track €-> trajectory, step €= trajectory point

% Process
»> At rest, along step, post step

# Cut = production threshold



Run in Geant4

% As an analogy of the real experiment, a run of Geant4 starts with “Beam On”

% Within a run, the user cannot change
> detector setup
> settings of physics processes

% Conceptually, a run is a collection of events which share the same detector and physics
conditions

> A run consists of one event loop.

% At the beginning of a run, geometry is optimized for navigation and cross-section tables are
calculated according to materials appear in the geometry and the cut-off values defined

% G4RunManager class manages processing a run, a run is represented by G4Run class or a
user-defined class derived from G4Run

» A run class may have a summary results of the run

% G4UserRunAction is the optional user hook



Event in Geant4

% An event is the basic unit of simulation in Geant4

% At beginning of processing, primary tracks are generated. These primary tracks are
pushed into a stack

% A track is popped up from the stack one by one and “tracked”. Resulting secondary
tracks are pushed into the stack

» This “tracking” lasts as long as the stack has a track
% When the stack becomes empty, processing of one event is over

% G4Event class represents an event. It has following objects at the end of its (successful)
processing

» List of primary vertices and particles (as input)
» Hits and Trajectory collections (as output)

% G4EventManager class manages processing an event

% G4UserEventAction is the optional user hook



Track in Geant4

% Track is a snapshot of a particle
» It has physical quantities of current instance only. It does not record previous quantities
»> Step is a “delta” information to a track. Track is not a collection of steps. Instead, a track is
being updated by steps
% Track object is deleted when
> it goes out of the world volume,
> it disappears (by e.g. decay, inelastic scattering),
> it goes down to zero kinetic energy and no “AtRest” additional process is required, or
> the user decides to Kkill it artificially
% No track object persists at the end of event

» For the record of tracks, use trajectory class objects

# G4TrackingManager manages processing a track, a track is represented by
G4Track class

% G4UserTrackingAction is the optional user hook



Particles and Tracks

*

A particle in Geant4 is represented by three layers of classes

G4Track

» This is a class representing a particle to be tracked

% G4DynamicParticle

» Each G4Track object has its own and unique G4DynamicParticle object

2

» This is a class representing an individual particle
% G4ParticleDefinition
» G4ProcessManager which describes processes involving to the particle
» All G4DynamicParticle objects of same kind of particle share the same G4ParticleDefinition

Position, volume, track length
TOF, ID of itself and mother

E, p, polarization, time
pre-assigned decays

PDG info: mass, charge, spin,
lifetime, decay table




Step in Geant4

% Step has two points and also “delta” information of a particle (energy loss on the step,
time-of-flight spent by the step, etc.)

% Each point knows the volume (and material). In case a step is limited by a volume
boundary, the end point physically stands on the boundary, and it logically belongs to the
next volume

> Because one step knows materials of two volumes, boundary processes such as transition radiation or
refraction could be simulated

% G4SteppingManager class manages processing a step, a step is represented by G4Step class
% G4UserSteppingAction is the optional user hook

Boundar

Step
O

Pre-step point



Trajectory and trajectory point

% Track does not keep its trace. No track object persists at the end of event

% Gd4Trajectory is the class which copies some of G4Track information. G4TrajectoryPoint is the class
which copies some of G4Step information

» G4Trajectory has a vector of G4TrajectoryPoint.
> At the end of event processing, G4Event has a collection of G4Trajectory objects.
 /tracking/storeTrajectory must be set to 1.

% Keep in mind the distinction
» G4Track € G4Trajectory, G4Step € > G4TrajectoryPoint

% Given G4Trajectory and G4TrajectoryPoint objects persist till the end of an event, you should be
careful not to store too many trajectories

> E.g. avoid for high energy EM shower tracks.

% G4Trajectory and G4TrajectoryPoint store only the minimum information

> You can create your own trajectory / trajectory point classes to store information you need. G4VTrajectory
and G4VTrajectoryPoint are base classes.



Processes in Geant4

% All the work of particle decays and interactions is done by processes
» Transportation is also handled by a process

% A process does two things:

> Decides when and where an interaction will occur
* Method: GetPhysicallnteractionLength()

» Generates the final state (changes momentum, generates secondaries, etc)
* Method: Dolt()

% The process which requires the shortest interaction length limits the step

% Each process has one or combination of the following natures:
> Well-located in space = PostStep = Discrete process

* e.g. decay on the fly, hadronic interaction, ...

> Not well-located in space = AlongStep

- Continuous process
* e.g. Cerenkov process, ionisation, ...

> Well-located in time - AtRest
- AtRest process

* e.g. muon decay at rest




Track status

% At the end of each step, according to the processes involved, the state of a track may be changed
» The user can also change the status in UserSteppingAction
> Statuses shown in green are artificial, i.e. Geant4 kernel won’t set them, but the user can set

% fAlive
» Continue the tracking

% fStopButAlive
» The track has come to zero kinetic energy, but still AtRest process to occur

% fStopAndKill

» The track has lost its identity because it has decayed, interacted or gone beyond the world boundary
> Secondaries will be pushed to the stack

% fKillTrackAndSecondaries
> Kill the current track and also associated secondaries

% fSuspend

» Suspend processing of the current track and push it and its secondaries to the stack

% fPostponeToNextEvent
» Postpone processing of the current track to the next event
» Secondaries are still being processed within the current event



Step status

% Step status is attached to G4StepPoint to indicate why that particular step was determined.
»> Use “PostStepPoint” to get the status of this step.
»> “PreStepPoint” has the status of the previous step.

Step
fWorldBoundary

» Step reached the world boundary

fGeomBoundary

» Step is limited by a volume boundary except the world
fAtRestDoltProc, fAlongStepDoltProc, fPostStepDoltProc

» Step is limited by a AtRest, AlongStep or PostStep process
fUserDefinedLimit

» Step is limited by the user Step limit
fExclusivelyForcedProc

» Step is limited by an exclusively forced (e.g. shower parameterization) process
fUndefined

> Step not defined yet

PreStepPoint PostStepPoint

S - < G S

If you want to identify the first step in a volume, pick f{GeomBoudary status in PreStepPoint.
If you want to identify a step getting out of a volume, pick f{GeomBoundary status in PostStepPoint.

B B



Interaction with Geant4 kernel

Given concrete (dummy)
G4RunManager implementation. User
MAY give an alternative

% Wtation

VGeometry VPhysics EvtAction

N,
_____ N N A

~~~~~~ MyStep

Geant4 kernel

StepAction

~
~
~
~
~
~

— ~ N
—" S
-
_ -

N
-

Only virtual interface ™ ™

A

o - : provided - users N
{ WLLEEY BUTIEN] MUST implement their MyEvent

concrete
. _ P “
) implementation _.--- MyRun

~
S~
S~ -
-~ -
~ -
- -
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-~ -
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User classes

Initialisation classes Action classes

Invoked at the initialization Invoked during the execution loop

% G4VUserDetectorConstruction

% G4VUserPhysicsList s G4VUserPrimaryGeneratorAction

s G4UserRunAction

s G4UserEventAction

s G4UserTrackingAction
s  (G4UserStackingAction
s G4UserSteppingAction

Classes having name
starting with G4V are
abstract classes
(containing purely
virtual methods)




Initialization

m ain Run manager user detec_tor_ user _Dhysics
construction List
1: initialize |
== 2:construct -

3: material construction

1

N~

4: geometry construction

5: world volume

<

6: conjstruct

~

7. physics

/é\ctivate physics processes
appropriate to your experiment g

Describe your
experimental set-up

process construc
-

. set cuts

<



main Run Manager Geometry Event Eve

managﬂgﬁnﬂaLQLManagﬂ

. 1: Beam Oni
= > 2:c|ose\

T
! Generate primary events
3. gene ra'[ e one event i according to d|str|but|ons

—r relevant to your experlment

4. process one event

U




Event loop

main Run Manager Geometry Event Eve
manager g_QD_QLaLQI‘_ Mauagﬂ
. 1: Beam Oni
- > 2:close

- u
! Generate primary even’ts
3: gene ra'[ e one event i according to dlstrlbut|on§ relevant

/LI to your experiment

4. process one event :
]




Geant4 as a state machine

% Geant4 has six application states.
» G4State Prelnit

* Material, Geometry, Particle and/or
Physics Process need to be
initialized/defined

» G4State Idle
* Ready to start a run

» G4State_GeomClosed

* Geometry is optimized and ready to
process an event

» G4State_EventProc
* An event is processing
> G4State Quit L :

initialize

beamOn
o _

(event loop)

Run

* (Normal) termination
» G4State_Abort

* A fatal exception occurred and program
is aborting




Multithreading



Motivation

= Multi-core CPUs

10°

1072

1074

10-®

ln—lD

= Expensive memory

Relative prices per unit (1977=1)

— RAM
- CPU

slower

fast

1980 1990 2000 2010

= Memory optimization is more and more important!



History of Geant4 multithreading

e MT code
integrated into

* Public release

* All functionalities

ported to MT

G4 10

series

G4
AMT 9. 4 410,
G4MT 9.4. (2011) G(20129)5 i L

(Dec. 2013)
Proof of principle * API re-design
|dentify objects to e Example migration
be shared * Further testing
First testing * First optimizations

(2014+)

Further
Refinements
Focus on further
performance

improvements



Multithread

Master | Geometry

READONLY




Parallelisation

Geometry

Geometry

Node

O Each node hosts a complete
simulation

(d Many copies of geometry and
physics tables

O More memory-thirsty



Memory in MT application

Without MT

With MT

Detector geometry & Transient per event
cross-section tables MEMORY SPACE data (tracks, hits, etc.)

AVAILABLE CORES
--.-.-..........
Actwe cores Unused cores
MEMORY SPACE
 AVAILABLE CORES

Actwe cores (C) A. Dotti



General design

s | _oners | [ wonera | [ woers

[ G4Run (100 evts) ]\

[ G4Run (33 evts) ] [ G4Runpi-{34 evts) ] [ G4Run (33 evts) }

[ G4Run::Merge()

Note: The diagram is simplifying a bit: events are distributed
in seemingly random (though optimized) chunks,
not split among workers one-by-one or in equal parts.




Shared and thread-local objects

J The geometry and physics tables are shared

L The event, track, step, trajectory, hits, etc., as well as several Geant4 manager classes
(EventManager, TrackingManager, SteppingManager, TransportationManager,
FieldManager, SensitiveDetectorManager) and Navigator are thread-local

(J Among the user classes, the initialization classes (G4VUserDetectorConstruction,
G4V UserPhysicsList and the new G4V UserActionlnitialization) are shared, whereas
all user action classes and sensitive detector classes are thread-local

» It is not recommended to access a thread-local object from a shared class object, e.g. from
detector construction to stepping action.

»> Please note that thread-local objects are instantiated and initialized at the first BeamOn.

L To avoid potential errors, try to keep in mind which classes are shared and which
classes are thread-local



User classes in MT and thread safety

v’ called in master
X called in workers

(G4vUserphysicsList

Single instance

l
l
l
l
l
l
(read-only for workers)

One instance / worker thread



Sequential mode

main()

\

G4RunManager

G4EventManager

G4TrackingManager -

G4SteppingManager -




main()

Master thread

N\

! G4MTRunManager ;

/

G4WorkerRunManager

nager

G4EventManager

ger

G4TrackingManager -

nager—

G4SteppingManager

Inager—

Worker thread #0 Worker thread #1

Ager

er

ager—

jer

Worker thread #2




Sequential mode

main()
G4RunManager UserRunAction
G4EventManager UserPrimaryGeneratorAction
UserEventAction
UserStackingAction
G4TrackingManager UserTrackingAction

G4SteppingManager UserSteppingAction




Master thread

G4MTRunManager UserRunAction

UserRun UserRun UserRun
G4WorkerRunManager Action anager Action \ger Action
UserPrimary UserPrimary UserPrimary
GeneratorAction GeneratorAction GeneratorAction
G4Event
Manager UserEventAction UserEventAction UserEventAction
UserStackingAction UserStackingAction || UserStackingAction
G4TrackingManager UserTracking | gger UserTracking | |- UserTracking
Action Action Action
: UserStepping UserStepping UserStepping
G4Ste M ager r
AR Action 2 Action Action
Worker thread #0 Worker thread #1 Worker thread #2




G4UserRunAction in MT mode

% This action (unlike the rest) can apply in both worker and master threads:
» To distinguish where you are, use IsMaster() method

» If you have behavior for master, register the instance in
G4VUserActionlnitialization:: BuildForMaster()

void MyActionInitialization::Build() const {
SetUserAction(new MyRunAction());
// ...other actions

}

void MyActionInitialization::BuildForMaster() const {
SetUserAction(new MyRunAction());
// Only run action

Note: This, in principle, can be a different class




Set the number of threads

% Default number of threads: 2
# Change this using:

> Ul command
 /run/numberOfThreads 6

* /run/useMaximumLogicalCores

» C++ code
* runManager->SetNumberOfThreads(4)

» Environment variable (highest priority)
* G4AFORCENUMBEROFTHREADS=4

# G4Threading::G4GetNumberOfCores() tells the actual number
of logical cores

# Note: Must be done in pre-initialize stage



G4dcout in MT mode

 G4cout is relatively synchronized and each message is prepended with the thread
number (this is not true for std::cout)

### Run © starts.

G4AWT1 > EventAction: absorber energy/time scorer ID: ©
GAWT1 > EventAction: scintillator energy/time scorer ID: 1
GAWTO > EventAction: absorber energy/time scorer ID: ©

GAWTO > EventAction: scintillator energy/time scorer ID: 1
Run terminated.

Run Summary
Number of events processed : 16000
User=21s Real=11.36s Sys=1.59s

d To buffer the output from each thread at a time, so that the output of each thread is
grouped and printed at the end of the job

»> [control/cout/useBuffer true|false

1 To limit the output from threads to one selected thread only:
» /[control/cout/ignoreThreadsExcept 0

1 To redirect the output from threads in a file:

» /control/cout/setCoutFile coutFileName
> /[control/cout/setCerrFile cerrFileName



Use native Geant4 scoring

% Geant4 provides a number of primitive scorers, each one accumulating one
physics quantity (e.g. total dose) for an event.

# G4MultiFunctionalDetector is a concrete class derived from
G4V SensitiveDetector

» It should be assigned to a logical volume as a kind of sensitive detector

> It takes an arbitrary number of G4VPrimitiveScorer classes, to define the scoring quantities
that you need
» Each G4VPrimitiveScorer accumulates one physics quantity for each physical volume

* E.g. G4PSDoseScorer (a concrete class of G4VPrimitiveScorer provided by Geant4) accumulates dose
for each cell

» Each G4VPrimitiveScorer is automatically named as
<MultiFunctionalDetectorName>/<PrimitiveScorerName>

% By using this approach, no need to implement sensitive detector and hit classes!



Example

MyDetectorConstruction: :ConstructSDandField ()
{

G4MultiFunctionalDetector* myScorer = new
G4MultiFunctionalDetector (“myCellScorer”) ;

myCellLog->SetSensitiveDetector (myScorer) ;

G4VPrimitiveScorer* totalSurfFlux = new

G4PSFlatSurfaceFlux (“TotalSurfFlux”) ;
myScorer->RegisterPrimitive (totalSurfFlux) ;

G4VPrimitiveScorer* totalDose = new R

G4PSDoseDeposit (“TotalDose”) ;

myScorer->RegisterPrimitive (totalDose) ;

instantiate multi-
functional detector

} attach to volume

create a primitive
. scorer (surface
flux) and register
y it

create a primitive
~ scorer (total dose)

and register it



List of some primitive scorers

% Concrete Primitive Scorers (= Application Developers Guide 4.4.5)
» Track length
* G4PSTrackLength, G4PSPassageTrackLength
» Deposited energy
* G4PSEnergyDepsit, G4PSDoseDeposit

» Current/Flux
* G4PSFlatSurfaceCurrent,
* G4PSSphereSurfaceCurrent,G4PSPassageCurrent,
* G4PSFlatSurfaceFlux, G4PSCellFlux, G4PSPassageCellFlux

% Others

» G4PSMinKinEAtGeneration, G4PSNofSecondary, G4PSNofStep,
G4PSCellCharge



G4VSDFilter

% A G4VSDFilter can be attached to G4VPrimitiveScorer to define
which Kind of tracks have to be scored (e.g. one wants to know
surface flux of protons only)

» G4SDChargeFilter (accepts only charged particles)
» G4SDNeutralFilter (accepts only neutral particles)

» G4SDKineticEnergyFilter (accepts tracks in a defined range of Kkinetic

energy)
» G4SDParticleFilter (accepts tracks of a given particle type)

» G4VSDFilter (base class to create user-customized filters)



Example

MyDetectorConstruction: :ConstructSDandField ()
{

R #*
G4VPrimitiveScorer* protonSurfFlux scorer (SUFfElCE

flux), as before

create a primitive
= new G4PSFlatSurfaceFlux (“pSurfFlux”); :%

G4VSDFilter* protonFilter = new ™ i
create a particle
G4SDParticleFilter (“protonFilter”); . filter and add
protonFilter->Add (“proton”) ; protons to it

\

register the filter
> to the primitive
scorer

protonSurfFlux->SetFilter (protonFilter);

-
myScorer->RegisterPrimitive (protonSurfFlux) ;

} register the scorer to the
multifunc detector (as
shown before)



Retrieve the information

//needed only once
G4int collID = G4SDManager: :GetSDMpointer()

->GetCollectionID ("myCellScorer/TotalSurfFlux") ;

Get ID for the
— collection (given
the name)

Get all HC

—

G4HCofThisEvent* HCE = event->GetHCofThisEvent(); [ available in this

—

G4THitsMap<G4double>* evtMap =
static_cast<G4THitsMap<G4double>*>
(HCE->GetHC (collID)) ; -

for (auto pair : * (evtMap->GetMap())) {
G4double flux = *(pair.second) ;
G4int copyNb = *(pair.first);

—_—

event

Get the HC with the
given ID (need a cast)

Loop over the

individual entries of
— the HC: the key of the

map is the copyNb,
the other field is the
real content



Retrieve the information

/ /?eeded only once | Get ID for the
G4int collID = G4SDManager: : GetSDMpointer () - collection (given
->GetCollectionID ("myCellScorer/TotalSurfFlux") ; the name)

—

Get all HC
G4HCofThisEvent* HCE = event->GetHCofThisEvent(); [ available in this
] event
GdTHitsMa?p{Galdauble}f evtMap = Get the HC with the
static cast<G4THitsMap<G4double>*> given ID (need 3 cast)
(HCE->GetHC (collID)) ; -

HCofThisEvent
Scorer 1 Scorer 2

Event#1 (0, 5.32) ' (0, 1.43)



