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Unit system

m Geant4 has no default unit. To give a number,
unit must be “multiplied” to the number.
m for example :
Adouble width = 12. 5*m
Adoubl e density = 2. 7*g/ cnB;

m If no unit is specified, the internal G4 unit will be used,
but this is discouraged !

m Almost all commonly used units are available.

m The user can define new units.
m Refer to CLHEP: SystentOf Units. h

m Divide a variable by a unit you want to get.
Gcout << dE / MeV << “ (MeV)” << HAendl ;
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HEP system of Units

m System of units are defined in CLHEP, based on:

= millimetre (nM), nanosecond (ns), Mega eV (MeV), positron
charge (epl us) degree Kelvin (kel vi n), the amount of
substance (nol e), luminous intensity (candel a), radian
(r adi an), steradian (st er adi an)

m  All other units are computed from the basic ones.

m In output, Geant4 can choose the most appropriate unit to
use. Just specify the category for the data (Lengt h, Ti ne,
Ener gy, etc...):

GHAcout << ABest Unit(StepSi ze, “Length”);

St epSi ze will be printed in kmm nmor ... f erm , depending
on its value
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Defining new units

®m New units can be defined directly as constants,

or (suggested way) via AUni t Defi niti on.

m AUnitDefinition ( nane, synbol, category, value )
m Example (mass thickness):

m AUnitDefinition (“grampercn”, “g/cnk”,

“MassThi ckness”, g/cn?R);
m The new category “MassThi ckness” will be registered
In the kernel in (AUni t sTabl e

m To print the list of units:

m From the code

HAUnitDefinition::PrintUnitsTabl e();

m At run-time, as Ul command:
| dle> /funits/|i st
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Definition of Materials

m Different kinds of materials can be
defined:
m isotopes <> (G4lsotope
m elements <> G4Element
m molecules <> G4Material
® compounds and mixtures <> G4Material

m Attributes associated:
m temperature, pressure, state, density
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Isotopes, Elements and Materials

m (Al sot ope and AEl enent describe the
properties of the atoms:

m Atomic number, number of nucleons, mass of
a mole, shell energies

m Cross-sections per atoms, etc...
m GANVat eri al describes the macroscopic
properties of the matter:
m temperature, pressure, state, density
m Radiation length, absorption length, etc...
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Elements & lsotopes

m Isotopes can be assembled into elements

Al sot ope (const (AStri ng& nane,
i nt z, /'l nunber of atons
i nt n, /'l nunmber of nucl eons
Adouble a ); [/ mass of nole

® ... building elements as follows:

AEl enent (const (AStri ng& nane,
const (AString& synbol, // elenent synbol
i nt nlso ); // # of isotopes
HAEl enment : : Addl sot ope( (4l sot ope* iso, [/ isotope
Adoubl e rel Abund); // fraction of atons
/] per vol ume
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Material of one element

m Single element material

Adoubl e density = 1.390*g/ cn8B,;
Adoubl e a = 39. 95*g/ nol €;
HAMaterial* | Ar =
new AMaterial ("Ii1qui dArgon", z=18., a, density);
m Prefer low-density material to

vacuum

G.Cosmo, Detector Description - CERN, November 2002



Material: molecule

m A Molecule I1Is made of several elements
(composition by number of atoms):

a = 1.01*g/ nol e;
AEl enent* elH =

new GAEl enent (" Hydr ogen", synbol ="H', z=1. , a);
a = 16. 00*g/ nol e;
AEl enent* el O =

new AEl enent (" Oxygen", synbol =" 0", z=8. , a) ;
density = 1. 000*g/ cnB;
Alaterial * HO =

new AMaterial ("Water", density, nconp=2);
H2O >AddEl enent (el H, nat ons=2);
H2O >AddEl enent (el O, nat ons=1);
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Material: compound

m Compound: composition by fraction of mass

a = 14. 01*g/ nol e;
AEl enent* el N =

new AEl enent (nanme="Ni trogen", synbol ="N', z= 7., a);
a = 16. 00*g/ nol e;
AEl enment* elO =

new AEl enent (name="Oxygen", synbol ="0', z= 8., a);
density = 1.290*ng/ cnB;
HAMaterial* Air =

new AMateri al (name="Air", density, nconponent s=2) ;
Ai r - >AddEl enent (el N, 70. O*per Cent ) ;
Ai r- >AddEl enent (el O, 30. 0*per Cent ) ;
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Material: mixture

m Composition of compound materials

AEl enent* elC = . [/ define “carbon” el ement
ANaterial* SIAR2 = .., [/ define “quartz” materi al
AMaterial* HRO = .. [/ define “water” materi al

density = 0.200*g/ cnB;
AMaterial* Aerog =

new AMat eri al (" Aerogel ", density, nconponent s=3) ;
Aer og- >AddMat eri al (SI Q2,fracti onmass=62. 5*per Cent) ;
Aer og- >AddMat eri al (H20 ,fracti onmass=37. 4*per Cent) ;
Aer og- >AddEl enent (el C ,fracti onmass= 0. 1*perCent) ;

G.Cosmo, Detector Description - CERN, November 2002

12



Example: gas

m It may be necessary to specify
temperature and pressure

m (dE/dXx computation affected)

Adoubl e density = 27. *ng/ cnB;
Adoubl e tenperature = 325. *kel vi n;
Adoubl e pressure = 50. *at nospher e;

AMaterial* CO2 =
new AMat eri al (“Carboni cGas", density,
, tenperature,
CO2- >AddEl enent (C, natons = 1);
CO2- >AddElI enent ( O, nat ons 2);
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Example: vacuum

m Absolute vacuum does not exist. It Is a gas at
very low density !

m Cannot define materials composed of multiple elements
through Z or A, or with r =0.

Adoubl e at om cNunber = 1.;

Adoubl e massO Mol e = 1. 008*g/ nol e;

Adoubl e density = 1. e-25*g/ cnB;

Adoubl e tenperature = 2. 73*kel vi n;

Adoubl e pressure = 3. e-18*pascal;

GAMat erial * Vacuum =

new AMaterial (“i nter@l actic", atom cNunber,

massOf Mbl e, density, :
t enperature, pressure);
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