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Abstract

A way to handletheopticalpropertiesof materialsandsurfacesis described
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Chapter 1: Optical Properties of Materials

For GEANT4 simulationof Cherenkov radiationonedefinitelyneedsto definetheopticalprop-
ertiesof material,like photonabsorptionlengthandrefractive index, andsomeothers.Since
versionof v6 of DETDESC packagethereis way to specifysuchproperties.

Usuallyopticalpropertiesof materialsaregiven in the form of tables(or 1D-histograms)asa
functionof wavelengthor energy of thephoton.

1.1 Transient representation

The classTabulatedProperty is designedto describeeachoptical propertyof material.
TherelationsbetweenMaterial baseclassfor descriptionof generalmaterialpropertiesand
thespecifictabulatedpropertiesof materialareshown in figure1.2.

Material classhastwo accessorsto getanaccessto theit’ sown properties:

class Material : public DataObject
{
public:
/// useful typedef
typedef SmartRefVector<TabulatedProperty> Tables;
/// some tabulated properties
inline Tables& tabulatedProperties() ;
inline const Tables& tabulatedProperties() const ;
///
...

};

Classdiagramfor classTabulatedProperty is representedon figure 1.2. The essential
public interfaceis:

class TabulatedProperty: public DataObject
{
public:
/// useful typedefs
typedef std::pair<double,double> Entry;
typedef std::vector<Entry> Table;
/// acessors to property type
inline const std::string& type () const ;
inline TabulatedProperty& setType ( const std::string& T );
/// acessors to name of x-axis
inline const std::string& xAxis() const ;
inline TabulatedProperty& setXAxis( const std::string& T );
/// acessors to name of y-axis
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2 Chapter 1. Optical Properties of Materials

inline const std::string& yAxis() const ;
inline TabulatedProperty& setYAxis( const std::string& T );
/// acessors to the table itself
inline Table& table () ;
inline const Table& table () const ;
/// another form of accessors to table
inline operator Table& () ;
inline operator const Table& () const ;
///
/** Fill a table from the function

@param func The function. It could of type
of function, pointer to function,
STL adaptor for member function,
STL functional or any type of functor
or function object

@param first "Iterator"(in STL sence) to a first
element in a sequence

@param last "Iterator"(in STL sence) to a (last+1)
element in a sequence

*/
template< class Func , class Iter>
inline const StatusCode

fill( Func func , Iter first , Iter last );
...

};

In principle,sinceTabulatedProperty classis quitegeneral(sinceit is simple),it could
bereusedfor otherpurposes.

1.2 Filling of TabulatedProperty

Thestraightforwardway to fill TabulatedProperty is:

///
TabulatedProperty* tabProp = ...
double x = 0 ;
double y = 1 ;
tabProp->table().push_back( Entry( x , y ) );
///

In additiononecouldfill TabulatedProperty usingits templatedfunctormethod.In fol-
lowing examplewe havefilled TabulatedProperty with 5 entriesusingarrayx andstan-
dardfunctionsqrt:
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///
TabulatedProperty* tabProp = ... ;
const double x[] = { 1, 10 , 30 , 3 , 40 };
tabProp->fill(sqrt,x,x+5);
///

Thewayof filling usingpointerto standardcontainerstd::vector<double>* x anduser
functionfunc is alsoillustrated:

///
double func(double);
///
const std::vector<double>* x = ... ;
TabulatedProperty* tabProp = ... ;
///
tabProp->fill( func, x->begin(), x->end() );
///

Any otherstandardor userdefinedfunctionsor functionobjects(functors)areacceptablealso.

SinceclassTabulatedProperty inherits from DataObject and thereforeit could be
read/writefrom/to any typeof databasesupportedwithin GAUDI framework.
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Figure1.1: RelationbetweenclassesMaterial andTabulatedProperty. References
areof typeSmartRefVector.

1.3 XML description

XML descriptionof TabulatedProperty lookslike:

<tabproperty name = ’Property1’
type = ’ABSLEN’
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__________ 
attribute ,

m_type:  std::string -

m_table: std::vector<std::pair<double,double>> 
__________ 

. / 0 / 1 2 3 4 5 0
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std::pair<double,double>?

Figure1.2: Classdiagramfor classTabulatedProperty

xaxis = ’energy’
yaxis = ’AbsLen’
xunit = ’1*eV’
yunit = ’1*mm’ >

<entry x = ’0’ y= ’100’ />
<entry x = ’1’ y= ’200’ text = ’special!’ />
<entry x = ’2’ y= ’300’ />
4 400

5 500
6 600
10 800

</tabproperty>,

Attributesxaxis,yaxis,xunit, yunit andtext couldbeomitted,theirdefaultvaluesare
’xAxis’, ’yAxis’, ’1.0’,’1.0’ and’’ respectively. Theabove listedXML description
definetablewith 7 entries.First half of entriesaregivenexplicitly using<entry> tagandthe
remainingthreeentriesaregivenin a form of freeformattable.

It is worth to mentionthatXML convertersdo not requirethatvaluesfor TabulatedProp-
erty shouldbeprovidedwith units.
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XML descriptionof Material, which hascertainopticalpropertieslookslike:

<material name = ’Water’
density = ’1*g/cm3’ >

<!-- elements -->
<elementref href=’#Hydrogen’ natoms=’2’ />
<elementref href=’#Oxygen’ natoms=’1’ />

<!-- optical properties -->
<tabprops address=’/dd/Materials/Property1’ />
<tabprops address=’/dd/Materials/Property2’ />
<tabprops address=’/dd/Materials/Property3’ />

</material>
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2.1 Transient representation

Descriptionof optical propertiesof surfacesis very similar to optical propertiesof material.
Theproposedschemais shown in figure2.1.
Theessentialpublic interfaceof Surface classis:

class Surface: public DataObject
{
public:
/// useful typedef:
typedef SmartRefVector<TabulatedProperty> Tables;
/// accessors: (naming from Geant4, except for last)
/// "model"
inline const unsigned int model () const ;
inline Surface& setModel ( const unsigned int );
/// "finish"
inline const unsigned int finish () const ;
inline Surface& setFinish ( const unsigned int );
/// "type"
inline const unsigned int type () const ;
inline Surface& setType ( const unsigned int );
/// "value" - (NB: quite ugly name!)
inline const double value () const ;
inline Surface& setValue ( const double );
/// name of first volume
inline const std::string& firstVol () const ;
inline Surface& setFirstVol ( const std::string& );
/// name of second volume
inline const std::string& secondVol () const ;
inline Surface& setSecondVol ( const std::string& );
/// tables of optical prorties
inline const Tables& tabulatedProperties () const ;
inline Tables& tabulatedProperties () ;
///

...
};

This proposalof classSurface allows to get a full set of information about the surface
and its optical properties. Later this information is usedfor conversionof Surface into
GEANT4 classesG4LogicalBorderSurface (both physical namesare given) or G4-
LogicalSkinSurface (only onelogical volumenameis given)andto their corresponding
G4OpticalSurface with theirown properties.
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Figure2.1: Classdiagramfor classSurface. Referencesof typeSmartRefVector

2.2 XML description

ThesimplestXML descriptionof bordersurfacecouldlook like:

<surface name = ’MirrorSurface1’
model = ’0’
finish = ’0’
type = ’0’
value = ’0’

<!-- it is border surface!
both names are names
of physical volumes -->

volfirst = ’/dd/Geometry/Rich1/lvRich1#part1’
volsecond = ’/dd/Geometry/Rich1/lvRich1#part2’ >

<!-- properties -->
<tabprops address=’/dd/Geometry/Rich1/Property1’ />
<tabprops address=’/dd/Geometry/Rich1/Property2’ />
<tabprops address=’/dd/Geometry/Rich1/Property3’ />
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</surface>

ThesimplestXML descriptionof skinsurfacecouldlook like:

<surface name = ’MirrorSurface2’
model = ’0’
finish = ’0’
type = ’0’
value = ’0’

<!-- it is skin surface!
the only name is the
name of logical volume -->

volfirst = ’/dd/Geometry/Rich1/lvRich1’ >

<!-- properties -->
<tabprops address=’/dd/Geometry/Rich1/Property1’ />
<tabprops address=’/dd/Geometry/Rich1/Property2’ />
<tabprops address=’/dd/Geometry/Rich1/Property3’ />

</surface>

To beconvertedinto GEANT4 Surface shouldbeattachedto somelogical volume:

<logvol name = ’lvRich1’ .... >

<surf address=’/dd/Geometry/Rich1/Surface1’ />
<surf address=’/dd/Geometry/Rich1/Surface2’ />

</surface>


