i

plical

Version6.0 (March'2k+1)

lvanBelyaes!
(ITEP, Moscow)




Abstract
A way to handlethe optical propertieof materialsandsurfacess described
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Chapter 1. Optical Propertiesof Materials

For GEANT4 simulationof Cherenkv radiationonedefinitelyneedgo definetheoptical prop-
ertiesof material,like photonabsorptionengthandrefractve index, andsomeothers. Since
versionof v6 of DETDESC packagehereis way to specifysuchproperties.

Usually optical propertiesof materialsaregivenin the form of tables(or 1D-histogramspasa
function of wavelengthor enegy of the photon.

1.1 Transent representation

The classTabul at edPr operty is designedo describeeachoptical propertyof material.
Therelationsbetweenvat er i al baseclassfor descriptionof generamaterialpropertiesand
the specifictatulatedpropertiesof materialareshown in figure1.2.

Mat eri al classhastwo accessorto getanaccesdo theit’s own properties:

class Material : public DataObject

{

public:
/1] useful typedef
t ypedef Smart Ref Vect or <Tabul at edProperty>  Tabl es;
/1l sonme tabul ated properties
inline Tabl es& tabul at edProperties() ;
inline const Tabl es& tabul atedProperties() const ;
111

};...

Classdiagramfor classTabul at edPr operty is representedn figure 1.2. The essential
publicinterfaceis:

cl ass Tabul at edProperty: public DataObject
{
public:

/1] useful typedefs

t ypedef std:: pair<doubl e, doubl e> Entry;

t ypedef std::vector<Entry> Tabl e;
/1] acessors to property type
inline const std::string& type () const ;

i nline Tabul atedProperty& setType ( const std::string& T );
/1l acessors to nanme of x-axis

inline const std::string& XAxi s() const ;

i nline Tabul at edProperty& set XAxis( const std::string& T );
/1l acessors to name of y-axis
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2 Chapter 1. Optical Properties of Materials

inline const std::string& yAxi s() const ;
i nline Tabul at edProperty& set YAXis( const std::string& T );
/1] acessors to the table itself

inline Tabl e& tabl e () ;
i nline const Tabl e& tabl e () const ;
/1l another form of accessors to table

i nline operator Tabl e& @) ;
i nline operator const Tabl e& () const ;
111

[** Fill a table fromthe function

@aram func The function. It could of type
of function, pointer to function,
STL adaptor for nenber function,
STL functional or any type of functor
or function object
@aramfirst "lterator"(in STL sence) to a first
el enent in a sequence
@aramlast "lterator"(in STL sence) to a (|l ast+1)
el emrent in a sequence
*/
tenpl ate< class Func , class Iter>
inline const StatusCode
fill( Func func , Iter first , Iter last );

};...

In principle,sinceTabul at edPr operty classis quite general(sinceit is simple),it could
bereusedor otherpurposes.

1.2 Filling of Tabul at edPr operty

Thestraightforvardwayto fill Tabul at edPr operty is:

111

Tabul at edProperty* tabProp = ..

double x = 0 ;

double y =1 ;

t abProp->t abl e(). push_back( Entry( x , y ) );
111

In additiononecouldfill Tabul at edPr oper t y usingits templatedunctor method.In fol-
lowing examplewe havefilled Tabul at edPr opert y with 5 entriesusingarrayx andstan-
dardfunctionsqrt :
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111

Tabul at edProperty* tabProp = ... ;

const double x[] ={ 1, 10, 30, 3, 40 };
tabProp->fill(sqgrt, x, x+5);

111

Theway of filling usingpointerto standardcontaineist d: : vect or <doubl e>* x anduser
functionf unc is alsoillustrated:

111

doubl e func(double);

111

const std::vector<double>* x ce
Tabul at edPr operty* t abPr op cee
111

tabProp->fill ( func, x->begin(), x->end() );
111

Any otherstandardr userdefinedfunctionsor functionobjects(functorsareacceptablealso.

SinceclassTabul at edPr operty inheritsfrom Dat aCbj ect and thereforeit could be
read/writefrom/to ary type of databasesupportedvithin GAuDI frameawork.

DataObject

L.

Material O TabulatedProperty

Figurel.1l: Relationbetweenclassedvat eri al andTabul at edPr operty. References
areof typeSmar t Ref Vect or .

1.3 XML description

XML descriptionof Tabul at edPr operty lookslike:

<t abproperty nane
type

"Propertyl’
" ABSLEN
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DataObject

TabulatedProperty

attribute
m_type: std::string
m_table: std::vector<std::pair<double,double>>

std::vecto

Figurel.2: Classdiagramfor classTabul at edPr operty

xaxi s = 'energy’
yaxis = ' AbsLen’
xunit =’ 1*eV

yunit ="1*mm >

<entry x =0 y="'1000 />

<entry x ='1 y="'200 text = 'special!’ />
<entry x = '2" y="'300" />

4 400

5 500
6 600
10 800
</t abproperty>,

Attributesxaxi s,yaxi s,xuni t,yuni t andt ext couldbeomitted,theirdefaultvaluesare
"XAXis',"yAxis',”1.0", 1.0 and’’ respectiely. Theabovelisted XML description
definetablewith 7 entries.Firsthalf of entriesaregivenexplicitly using<ent r y> tagandthe
remainingthreeentriesaregivenin aform of freeformattable.

It is worth to mentionthat XML corvertersdo notrequirethatvaluesfor Tabul at edPr op-
er t y shouldbe providedwith units.



1.3. XML description

XML descriptionof Mat er i al , which hascertainopticalpropertiedookslike:

<material nane = "Water’
density = ’1*g/cnB >
<l-- elenents -->
<el ementref href="#Hydrogen’ natons="2" />
<el ementref href= #Oxygen’ natonms="1 />
<!-- optical properties -->
<t abprops address="/dd/ Materi al s/ Propertyl />
<t abprops address="/dd/ Materi al s/ Property2’ />
<t abprops address="/dd/ Materi al s/ Property3 />
</ material >



Chapter 2. Surfacesand their optical properties

2.1 Transent representation

Descriptionof optical propertiesof surfacesis very similar to optical propertiesof material.
Theproposedschemas shovnin figure2.1.
Theessentiapublicinterfaceof Sur f ace classis:

cl ass Surface: public DataObject

{

publi c:
/1l useful typedef:
t ypedef Smart Ref Vect or <Tabul at edPr opert y> Tabl es;
/1l accessors: (namng from Geant4, except for |ast)
/1] "nodel™

i nline const unsigned int nodel () const ;

inline Surface& set Model ( const unsigned int );
/1] "finish"

inline const unsigned int finish () const ;

inline Surface& set Fi ni sh ( const unsigned int );
1] "type"

inline const unsigned int type () const ;

inline Surface& set Type ( const unsigned int );
/1] "value" - (NB: quite ugly nane!)

i nline const doubl e val ue () const ;

inline Surface& set Val ue ( const doubl e );

/1l nanme of first vol une

inline const std::string& firstVol () const ;

inline Surface& setFirstVol ( const std::string&);
/1l name of second vol une

inline const std::string& secondVol () const ;

inline Surface& set SecondVol ( const std::string&);
/1l tables of optical prorties

i nline const Tabl es& tabul atedProperties () const ;

inline Tabl es& t abul at edProperties () ;

111

1

This proposalof classSur f ace allows to get a full setof information aboutthe surface
and its optical properties. Later this information is usedfor corversionof Sur f ace into
GEANT4 classesALogi cal Bor der Sur f ace (both physicalnamesare given) or (4-
Logi cal Ski nSur f ace (only onelogical volumenameis given)andto their corresponding
AAOpt i cal Sur f ace with theirown properties.

6



2.2. XML description

DataObject

Surface

attribute

m_model: unsined int
m_finish: unsigned int
m_type: unsigned int
m_value: double
m_first: std::string
m_second: std::string

<&

TabulatedProperty

Figure2.1: Classdiagramfor classSur f ace. Referencesf type Smar t Ref Vect or

2.2 XML description
ThesimplestXML descriptionof bordersurfacecouldlook like:

<surface nane "M rrorSurfacel’

nodel ="'0
finish ='0
type ='0
value ="'0
<l-- it is border surface!
bot h names are nanes
of physical volunes -->
vol first = '/dd/ Geonetry/ Ri chl/|vRi chl#partl’

vol second = ' /dd/ Geonetry/ Ri chl/| vRi chl#part2’ >

<l-- properties -->

<t abprops address='/dd/ Geonetry/ Ri chl/ Propertyl />
<t abpr ops address="/dd/ Geonetry/ Ri chl/ Property2’ />
<t abpr ops address='/dd/ Geonetry/ Ri chl/ Property3 />
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</surface>
ThesimplestXML descriptionof skin surfacecouldlook like:

<surface nane "M rrorSurface?’

nodel ="'0
finish ='0
type =0
value ="'0
<l-- it is skin surface!

the only nane is the
nane of |ogical volunme -->
volfirst = '/dd/ Geonetry/Richl/lIvR chl >

<l-- properties -->
<t abprops address='/dd/ Geonetry/ Ri chl/ Propertyl />
<t abpr ops address='/dd/ Geonetry/ Ri chl/ Property2’ />
<t abpr ops address="/dd/ Geonetry/ Ri chl/ Property3 />
</ surface>
To becorvertedinto GEANT4 Sur f ace shouldbeattachedo somelogical volume:

<l ogvol nane ='lvRichl .... >

<surf address=’/dd/ Geonetry/Ri chl/ Surfacel />
<surf address=’/dd/ Geonetry/Ri chl/ Surface2’ />

</ surface>



