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Mo UISE GHAD?

u Implicﬁbﬁs ior: detector construction.

s A looRinside (hadronic) processes, or
how! tortallor.

m WWhat models and options are available?
= How good is it really?
= Where to find more information.

J.P. Wellisch,
CERN/EP/SFT




How to use GHAD?




W Sy the physics

PAYSIES, asiall other physics, is used
eant4's physics lists.

5 A physies ists is (user) code specifying the
com pPhysics modeling used in your
application;

m Particle types
m Decays
m Electromagnetic physics

o
m Hadronic physics

m It associates processes with particles.

J.P. Wellisch,
CERN/EP/SFT




GeneralPhysics

MuonPhysics

TonPhysics

_.é‘-:_-

GdvModularPhysicsList

HadronPhysicsQGSC LEAD HP

J.P. Wellisch,
CERN/EP/SFT

PhysicsList

-
b

T
EMPhysics

GAEMEu1lder

]
I 1
_theEMPh 11.:152’{%@»1@:3

EM GMPhysics

GdElectroMuclearBuilder




the two are identical.

m [[hey provide the; physics and its modeling to an
application.

m Each “package” is built of a complete and
consistent set of models
m Early in geant4, the idea was that each user
would (have to) build *his” package.

J.P. Wellisch,
CERN/EP/SFT




SO Aadonic physics,
WBAOIpLeALLY .

plementation framework in
1adronics.

Jihese, and s Implementing them, are used
to assemwle the hadronic physics for the simulation
enging.

The number of options is quite 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.

J.P. Wellisch,
CERN/EP/SFT




0 study activation.
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J.P. Wellisch,
CERN/EP/SFT




eaegten yuess physics

LyBeilyiites
m hecame clear that writing & good physics list is
Wticular WhEen hadrenic physics is

nvelvead;

m tis M pe ablerto exploit the full power in the
fiexipility*andwariety. of hadronic physics modeling in
geant4, but being forced to do so is not what we want.

m |t Is also nice torhave 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/EP/SFT




Ve systematically:accumulated experience
[l cOMNINations of cress-section and
mod.glﬁv e lastiyears.

N [odayWeprevide a set of physics lists
nstitutionalizing this knowledge.

m Publishing them te the general audience was
one of the mainimilestones of the hadronic
working group for 2002.

J.P. Wellisch,
CERN/EP/SFT




g6 Simulationr project. low energy dosimetric

MELRY. applications
HEP trackﬁ high energy production targets
‘Averageasceolliderdetector e.g. 400GeV protons on C or Be

LOW_E*‘G% dosimetric medium energy production
applications targets

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

low energy nucleon
penetration shielding = LHC neutron fluxes

linear collider neutron fluxes Air shower applications (still

high energy penetration working on this)
shielding low background experiments

medical and other life-saving
neutron applications

JP. Wellisch, mhttp://cmsdoc.cern.ch/~hpw/GHAD/HomePage

CERN/EP/SFT




4

AN

PP g

oy edsier, and the code

loRaeitroduced Builders.

~

J.P. Wellisch,
CERN/EP/SFT

<¢ghstracty:
G4V Protonbul Ider
04VProtorBuilder {) : B4VProtonBuild ciconcretes;
‘~B4U;§0§nngail§;£}) fokonbuLseet {:j G40GSPProtonBuilder
Gi;ﬁ?ﬁgi;ﬁf?&;r YEuild(sP . GdHadronElasticProcess&) : wvoid
$Fuild(al : G4ProtonInelastinProceags) : void‘iz}hﬁﬂhﬁﬂhhﬁnh
$04ProtonBuilder() : G4ProtonBuilder Z& ¢econcreted
$.G4ProtonBuilder () G4PrecoProtonBuilder
$Euild() : woid
$ReqisterMe(ab : G4¥ProtorBuilder*) : wvoid
{{concretesy
GALHERProtonBuilder
P T— <<concrete{> <<cnncrete>}
GALEADPTotonBui Lder G4FTFCProtorBuilder G4FTFPProtorBuilder
ciconcreters clconcreters
G40G5CProtonBuilder G4LEPProtonBuilder




™

ey

<{ahstract:>
GdMeutronBuilder

<{concreter:
GALHERHeutronBuilder

)

VCALHEPNeutronBuilder (b the

% G4LHEPNeutr onBui Ldesr Ha

Neutrons

PHeutron

SEuild ()

YEuild ()

SEuild ()

‘SetHinEnerq?{)
‘SetﬂinlnelasticEnerg?{}

Euild () =
1

G4VPhysicsConstroctor
(from <unspecified:)

GdHadronQEDEuilder

%64HadronQEDBuilder ()
@.04Hadron0EDBuilder ()
PEuild ()

gﬁegisterﬂne{}

-th

1

1

1scLHEP

- HadronPhysicsLHEP

-theF o4

{{concretels
GdProtonBuilder

T
*GdPrDtnnﬂhéiﬁékﬂﬂﬂ

adron(ED

GdStoppingHadr

orBullder

iE “<concrete::
G4PiKBuilder

% G4P g
@Euild

<{concreter:
GALHEPProtonBullder

<dconcretes:

LHHPPifdLHEPFiERuilder

i

L g

PReqgis

GdMiscLHEFBullder

PBuild ()

%G4MiscLHEPEuilder ()
¥ 34M1iscLHEPBuilder ()

J.P. Wellisch,
CERN/EP/SFT

$C4LHEPProtonBuilder ()
%~G4LHEPProtonBuilder ()
$Euildi)

$Euild()
‘SetMinEnergy{}

$C4LHEPPiKBuilder ()
%~G4LHEPPiEBuilder ()
$Euild()

$Euild()

$Euildi)

SEuild()

$Euild()

$Euild()

$Euildi()
YSetMinEner gy i)




*

2a physics list from the ‘menu’,

our own cocktail from limited
co Xity of the builders

n Use alif5 firamework levels with their full power.

> A structured reduction in the level of
complexity exposed to you.

J.P. Wellisch,
CERN/EP/SFT




-
1 ng@s = sinall demo.
IS a physicstlists’ topic on the geant4
IHVPERNEWS:

-

m We go to:
m hittp://cmsdeccern.ch/~hpw/GHAD/HomePage

J.P. Wellisch,
CERN/EP/SFT




.
*

Py trYInG| the previded physics lists.

= Of courseyeu are still encouraged to tailor the

physics lists that we provide, and/or build your own
where you need.

m Please alsollet us know about your findings.

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

= Do not use examples/novice/N04 as example for a

JP. Wellisch, hadronic physics list.

CERN/EP/SFT
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Some; Implications for
detector construction




Q\W CO1S i ETg))

are three Way's to construct
mater| geant4

= Fmtmlt Slisotopic composition

= Erom Its elements
m As/an efifective material (Aeff, Zeff)

J.P. Wellisch,
CERN/EP/SFT




= eZthia[s’"

monics Cross:section are not a function of
2l properties, but a function of nuclear
PrOPEI

= If y se efifective; numbers, the element
COmMpositien cannot be automatically recovered.

m [[he cress-section will be *highly approximativ’ at
best.

m [he final states will have wrong properties.

m Never use effective A, Z with hadronic physics

(There are situations, here you will not be able to
avoid it, so we cannot protect against it.)

J.P. Wellisch,
CERN/EP/SFT




iiciieod roaesiohy

12,01, 12 14 15.99, 18
< M o

w1 gt gt 10 1@ 100 et 10 1 1@ gt

+
24.31, 24y 4

10, 167 167 gt 104, 100 107 10*

55.ES,EE|_—e

103 1G4 10 1D2

* 116, 117,118

119.12n.115,718
Il

1B’7Au ZDT.ZPb ZBBU

J.P. We”l%h, 1(}4 2 17 'IC"* 10 'ID2 103 'IO‘L
CERN/EP/SFT E,. [Mey]




frﬁm@t@y EOViposition
lﬁi"ﬁ's gooaleneugh for most high

energﬁpglications.

-

J.P. Wellisch,
CERN/EP/SFT
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detallled simulation of low energy
5 Important, element info is not
SUFICIER 20MeV) to get the cross-section
andifinellstates FIght.

m For different i1sotopes, the neutron nuclear
resonances will'be at entirely different positions

m For different isotopes, the final state channels
open can differ drastically.
= = You may be tempted to construct your
materials from Isotopes in this case

J.P. Wellisch,
CERN/EP/SFT




.“ .
| OW COIIPUSIEL0T
%e the'neutren_hp models are used
| eutron transport below 20MeV),
geant4 recoyers the natural isotopic
comptﬁtion, N case materials and mixtures

are speciiiediin terms of their constituting
elements.

m [f your have enriched isotopes (like Uranium-
238), please use the isotopes directly, to
specify your material.

> Normally you do not need to use the
G4Isotope in your detector construction

J.P. Wellisch,
CERN/EP/SFT




.“ .
| aWwamn Lithium
@n Inelastic eross-section at 150eV:
= Li~7: 0000 millibarns

m Li-6; 12.2 barns !

= Open'inelastic channels:
= LI=7; none
m Li-6: nLi=»rto
(which makes Li=6 a well known shielding isotope)

J.P. Wellisch,
CERN/EP/SFT
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A look inside (hadronic)
PrOCesses, or how to tailor.




the

-
» The classes involved in the building D S

are.

The G4ParticleDefinition
concrete classes:

The G4ProcessManager;
The processes;

J.P. Wellisch,
CERN/EP/SFT

—> IRICGESSIN
> Process 2

—> [IRIGEESSISN




T ﬂ'e'}j tr%ﬁing-inteﬁace.

A
O T@e ﬁre threersitiiations, where <tracking> may want

r@ti\on fif@Mm <process>:

e

to

— AtRest:

» Decay, e* annihilation ... AlongStep
— AlongStep:

e To describe “‘continuous’ interactions,
occuring along the path of the particle,
like 1onisation;

— PostStep actions:
e Most hadronic interactions, ...

J.P. Wellisch,
CERN/EP/SFT




Jrocess Willimplement of the
REst "AlongStep and PostStep actions:

= Eachiaction defines

o Used to limit the step size:

— because the process « triggers » an interaction, a decay, geometry
boundary, a user’s limit ...

 Implements the actual action to be applied on the track;

* Typically final state generation.

J.P. Wellisch,
CERN/EP/SFT




ssc A LiosessManager

»

. | praxi  the! G4ProcessManager has
eCLors C :
= One MtRest methods of the particle;

. One@ the AlengStep ones;
s And onejier the PostStep actions.

m [t is those vectors the user sets up in the
physics list and which are used by the tracking.

J.P. Wellisch,
CERN/EP/SFT




80/ a0 010 processes ordering
Ed

A
2 OrEErNE O ielBWIRNG PHOCESSES IS :
u ' DIOCESSES,
ongGetP of the last

PrOCESSES sﬁi%e:
. -2 .

-

= Why ?
m Processes return a « true path length »;

m The « virtually folds up » this
true path length into a « geometrical »
path length;

m Based on this new length, the can
geometrically limits the step.

m For other processes ordering does not matter.
J.P. Wellisch,

CERN/EP/SFT




-
w@[@ OjApTOCesSes
ﬁ'ransportation

E4elonization

GZionlenization

G4AMuBremsStiahiting
G4SynchrotronRadiation
G40pADbsorption
G4HadronElasticProcess
G4NeutronInelasticProcess
Etc..

= These are registered with the process managers by

spwatissn the physics lists and the builders.
CERN/EP/SFT




ICAPBLOTIgfetic processes

mhysics (mostiy):
ﬁl model and 1 cross-section.

= In hadmic physies (mostly):

J.P. Wellisch,
CERN/EP/SFT

1 process = an assembly and selection of many cross-
sections data-sets, models, production codes, model
components, sub-assemblies, options.

Default cross-section are provided for each process.
You decide in the physics list, what exactly you use.

Mix, match, assemble.



L4

‘inelastic process.

o
c -
——— ————
————
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J.P. Wellisch,
CERN/EP/SFT




o
VA o FILO stack.

-
-
”&tCrossS ection(...)”
es the first applicable

dataset Data set 3

-
Data set 2

R
e
J.
o
e
q
u
e
n
C
e

Data set 1

Cross section baseline

J.P. Wellisch, ' , il .
CERN/EP/SET Energy, particle, material, isotope, anything else
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