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ﬁm Ihar soloinyg is this:
Wl plestnilation enygine.

5 IeveIs of |mplementat|on framework to
adronic physics.

These, aEd 240 packages implementing them, will

be u assemble the hadronic physics for any
diven simulatienrengine.

The number of possibilties is large.

Each comes with trade-offs in descriptive power and
performance.

There are 25 particle species to be tracked, that need
complete and consistent physics.



Processes
(hadronic)

el dhe

«interface» |
At rest

a

Direct process implementation

In Flight
Framework

|
event

Cross isotope evel
section fraTn(:\::cI)rk production biasing
framework framework framework

A

AA A

‘. direct X-sec implementation @ ldirect model implementation ™ direct iso implementation jdirect biasing implementation
eory

framework

ighEnergyinteraction
Spallation
Framework

precompound Cascade

framework (M 000000000 |

String
parton
framework

A

«utility» «utility» Direct spallation implementation
Transport

String
fragmentati
g Evap. Cascade impl

Direct strin imp.

] on utility

L framework framework ]
iy S

Direct string frag. imp. «interface»
_ fragmentation function
] ] Evap. implementation

A

. —
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Fission Elastic . Capture
(no detail) (no detail) Inelastic (no detail)

[ I
Cross Biasing Isotope
sections (no detail) production

I'NeutronReacti :
: on :

| L !
! L i
| Evaporation ! 1 Precon l—"”D'-"'di ! : fragmentation
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ﬁ@. ezucatec[ quess physics
Fi&/W% Oiies
Mme clear earIy on that writing a good physics
g N particular when hadronic physics is
INVOIVEES
| [tiis nicextorbe able te exploit the full power in the

fexipilityAanaivariety of hadronic physics modeling,
but being fierced to do so Is not what we want.

m [t s also nice to have the physics transparently in
front of you and' be able to exploit it in the best
possible way, but being forced to understand it all is
(very understandably) not what people want, either.

J.P. Wellisch,
CERN/PH




e of

g

g systematicallyfaccumulated experience with
PINALIGRAS Off cross-section and models
OVEr thelas

0 Todayl@ previde al set of pre-packaged simulation

enginestinsutitionalizing this knowledge.

J.P. Wellisch,
CERN/PH




eG simulationrproject.
E;mbﬁi AV

HEP track%
‘Averagescolliderdetector

J.P. Wellisch,
CERN/PH

Low dosimetric
applications
with; neutrons

Low energy nucleon
penetration shielding

Linear collider neutron fluxes

High energy penetration
shielding

Medical and other life-saving
neutron applications

LL.ow energy dosimetric
applications

High energy production targets
e.d. 400GeV protons on C or Be

Medium energy production
targets

e.g. 15-50 GeV p on light targets
LHC neutron fluxes

Air shower applications (still
working on this)

Low background experiments

mhttp://cmsdoc.cern.ch/~hpw/GHAD/HomePage




o ke

oy edsier, and the code
mlesetiroduced Builders.

[LOf2 [2¢

¢¢ghstracts:
G4V Protonbui Ider

{{concretes:

‘ .
G4VProtorbuilder () B40RSPProtonEuilder

%54 ¥ProtonBuilder ()
WBuild (2P : GdHadronElasticProcesss) : woid
$ruildfap : G4ProtonInelastinlrocessg) : void

. G4¥ProtonBuilder

{{concretes:
G4ProtonBuilder

ZE c{concreter:
GdPrecoProtonbBuilder

$54ProtonBuilder ()
$oG4ProtonEuilder ()
VE0ild() : void

QReqisterMe(ab : G4VProtonBuilder*)

: G4ProtonBuilder

: woid

ciconcreters
G4LHEFProtorBuilder

J.P. Wellisch,
CERN/PH

¢{concretelsy
GALEANProtonBullder

Liconcreter:
G4FTFCProtorBuilder

Liconcreter:
G4FTFPProtorEuilder

s{concreter:
G40G5CProtaonBuilder

siconcreter:
GALEPProtonBuilder




=
1 S S
V GdHadronQEDEwilder
‘ Gd¥PhysicsConstructor
{(from <unspecified:) $c4HadronQEDBui lder ()
%~ 04Hadr ondEDEUL Lder ()
$Euild()
ﬁegisterﬂne £
¢{mbstracty:
GdNeutronBuilder —theHadron]ED
feconcreters |
G4LHEPHentronBuilder 1
) GdStoppingHadr
YE4LHEPNeutronBuilder (3 theleutrons 1 1 onBuilder
Y 04LHEPNeutr onBuildes oy HRPNeutr on Qir___f—f—
YEuild() =3 ap Hadr DrnPhyBlcsLI-IEP
Euild() 1 1
¥Euild() 1
VEuild(d 11
SetMinEner gy () i ticoncretes:
YsetMinInelasticEnergy () ~thePyd 4 G4PiKEBuilder
<<cnncrete b
G-’-lPrDtnnBull er chnn_:retn_a}}
LEHPPigdLHEPPiERBuilder
b
SG4Prot iﬁr;hﬁ
S L 1 o $O4LHEPPiKEuilder ()
1 ®Ei1d 4 <concrete >'>ld % 34LHEPPiEBuilder ()
_ i 2cLHEP “‘Reqia GALHEPProtonEuilder :Bu:!'ig Eg
: i Eul
peMiscliibebuLlder 04LHEPProtonBuilder (3 SEuild ()
. . %~ G4LHEPProtonEuilder () WEuild()
"G4H1§CLHEPB1J.1:!.6.EI I::l ‘B'L'l.l 14 I::I ‘B'L'l.l 14, I::I
"N GdHlSCLHEPBU.l lder |::| ‘Bul 1d. I::I ‘Bul 1d. I::I
$Build() ®setMinFnerqy () ®pnild()
YSetMinEnergy ()

J.P. Wellisch,
CERN/PH




> r b
JQI\.@’ZUW oSS mear.

i@@n
m JUst a|physics list from my ‘menu’.

s Adgredateneur ewn cocktaill from limited
Co Xty of the builders

m Use allf5 firamework levels and 40 packages with
their fiull'power and flexibility.

> A layered reduction in the level of complexity
exposed.

J.P. Wellisch,
CERN/PH




2 5eiitille 1152- 610525
GIEER calorimzer) e

Physics lists for calorimetry.

Far calomimetry, we provide foar sliemative physics lists. The hasic iden is o provide
alberrmalivies Gomceniing e most iportant aspect of modeling colommeter nesponss; 1., the
imitinl interntion, as well os lesding paticle intemetions further in the calorimeter materinl

» The first physics list, LHEF, i= the fastest, when it comes fo CPLL 11 uses the LEP ard
HEP parsmstnzed medels for imelasie scatenng. The medeling parmetnizes the ol
states imdividual inelastic renctions, =0 v will pot see resorances, and 1he detailad
secandary angulor destnbuticns for O 10OMe'Y ) reociions many ned be descnbed
perfetly. The averape quantiines wall be well described

» The secomd physics list, (G5 E, uses theaory driven medeling for the renctions of

engrgelic proms, Laons, and nuebeons. [V employs quark glsom sinng mode for the

'puneh=through’ imemctions of the projeciile with & nuclens, the strivg excidntion cresas

sections being calculsted m guasi-eikomal approsimaton A pre-egmlibriam decay

model with an extensve evaporation phase to model the behavior of the msclens ‘after
the punch’. It uses currenl best pion cross-sechon

The third lis, QGRC, 8 s OG8P For the initial reaction, b wses chiral invariani phase-

space decmy (multi=guasmon Fragmerdmtion ) i mode] the behavior of ihe system's

[ragmuentstion,

Thee foaarile list, FTFP, i= similar o QGSP for the trestment of the frag mesmsamon, bor the

sinng excilnbon’ frag menlobon 1% changed from quark-gluon stnng model 0a

diffractive string excitation samdlar to that i FRITIOF, and the Lind fragmentation
funeclions.

Mode that the models used 1m lists 254 i geneml give somewhal betler descnipions of

e rassogiv eross-seebion data than list 1 s will produce the resondes, O ihe
nlnclnmugr-ﬂm jprt if the :-.'Im'.'..'crlilu.rulr'ﬂn:-'nd., wira will 522 a marked difTerence in CFU
perfonmamcs, though, The momsent we can convisee ourselves that LHEF con desenls: the
tesi=henm <daia, it will therefor be the prefemed solution for calerimeter sisnulation, Mole also,
tkat the aptimization was done maiely on sampling calommetry.

I e of questions, plesse coming |P Wellisch LP, Wellisch, 2002

J.P. Wellisch,
CERN/PH
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%ﬁv&ents are bused on interplay of
_ﬁﬁj[lW el imodel verification

T

erification/validation effort of GHAD is
group @ several sections:
m [nclusive Cross-sections

m Verifcation offmodel components

m Diffierential’ cross-section comparisons

s Code comparisons

s Complete application tests (per use-case)
m Robustness.

J.P. Wellisch,
CERN/PH
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WO Coss-sections: dots: data, open

_‘yiﬁEW Meﬂ’nt parameterization

] m+ inelostic cross—sections for various targets
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s a"ri%ﬁ gueso exaimples, QGS:

Resgldiay diserioelos i T daptits
kS SIS 1D quark gluomn string model

WHTMORE 04 ZP C82, 199 BayUKOV B0 ITEP—80-37 (400 Cev}

py
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ka

)
th
o

F=LAB) INDEG 90.0
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h
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S
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S
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YRAP(RF=LAB) EKIN(LAB),GEY

100 Ge'V pi+ on Gold 400GeV protons on Lithium
J.P. Wellisch, ]T WB[[ISCﬁ
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0 pW%ﬁe‘nﬁutmn spectrum

Double differential cross section”®Pb{px)n at 160.3 MeV 24.0 degrees

BOPTII01I50) thie rrodel

{(mb/MeV/rad)
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d’o
deqT
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. |
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J.P. Wellisch, T (MeV)
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W Me[m production cross-
seat’w

'attmng by binary casacde
fm,ﬁs cfuet

J.P. Wellisch, 9.P.Wellisch
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MizationiiS done;in close
collaboration with the various
communIties

J.P. Wellisch,
CERN/PH
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YeorretTiy), iy toy analysis)

B0

a/E [I\%ercent]
-2
on

data, arg

g4 4.1-p2 — LHEF 3.2, Pack 1.2

g4 4. 1—p2 — QGSC 2.3, Pack 1.2

g4 5.0 — OG5P 2.2, Pdack 1.2, new oy, for m
g4 4.1—p2 = FTFF 2.1, Pack 1.2

FLURRIS, 7.1, org.

GCALDR, 3.2, org.

25 50 75 100 125 150 175 200
J.P. Wellisch, E [GeV]
CERN/PH
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1.5

EC G4L5,0) (epite geormetry, miy toy cma[ysiS)

1182/091F

¥

data, org

g4 4.1 — LHEF 3.2, Paclk 1.2

g4 4.1 — QGSC 2.3, Pack 1.2

g4 9.0 — QG5F 2.2, Pock 1.2, , new o, far m

g4 4.1 — FTFF 2.1, Pack 1.2

B FLUKAE, 7.1, org.
¥ GSCALOR, 3.21, org.

¥

H O
® B
a - oy 8

¥

(]

(=19,
E [GeV]
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gc@% eded proced e for using my

_égih[ L235

-_—
-,%b?/ trying the simulation engines "as is'.
%ﬁch that results by different groups can be

Companeds
m Youpwillisprefitfirom validation and verification done by
otlﬂ%
m Of courseyourare still encouraged to tailor the

physics lists'that I provide, and/or build your own
Where youl need.

m Please also let me know about your findings.

= Plots you may whish to provide can enter WWW for
everyone'’s benefit.

=»Please do not use code from geant4 examples as

- example for a hadronic physics lists.
J.P. Wellisch,

CERN/PH




%
oo™

e providedra set off simulation
engine!'slfg use with geant4.

u It issedntinuously being improved in

collaboration with a large and still
growing User community.

J.P. Wellisch,
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