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Chapter 1: | Sol i d interface

All solidsimplementsan abstracinterfacel Sol i d. This interfaceallows theretrieval of all
informationwhich arecommonfor all typesof solids.Onecanaskit thefollowing questions

e const std::string& nane() const
It returnsthe nameof the solid. This nameis not requiredto be uniqueor specific. It is
usedonly for theusercornvenience.

e const std::string typeName() const
It returnsthe specifictype namefor the given type of the solid. It could be used(in
parallelwith dynam c¢_cast and/ort ypei d) for determinatiorof the concretetype
of the solid.

e bool islnside( const HepPoi nt 3D& Local Point ) const
It checksf theLocal Poi nt isinsideof thegivensolid or not. Pointshouldbegivenin
alocalreferencesystemof the solid!

e const | Solid* cover() const
It returnsthe C++ pointerto the "simplified” solid, which canbe usedfor differentap-
proximationsandsimplifications.

e const | Solid* coverTop() const
It returnsthe C++ pointerto "the mostsimplified” solid, which canbe usedfor different
approximationandsimplifications.Normally it is just a box.

¢ anadditionanoverloadedutputoperatotost d: : ost r eamisimplementedor objects
of typeconst | Sol i d&andconst | Sol i d*.

e Thespecial(technical)methodis definedfor searchinghe intersectiorpointsof theline
andthegivensolid.

/1] tick type definition

t ypedef doubl e Tick ;

/1] tick container definition

t ypedef std::vector<Tick> Ticks ;

virtual inline wunsigned int intersectionTicks (
const HepPoi nt 3D & Point
const Hep3Vector & Vector ,
| Sol i d:: Ticks & ticks ) const;

Line is assumedo be parametrisedn the local referencesystemof the given solid as
r(t) = po + Vt, wherep, correspondso const HepPoi nt 3D& Poi nt andv cor
respondsoconst Hep3Vect or & Vect or . TheoutputcontainefTi cks& ti cks
is ordered.Thereturnedvalueis justthe numberof intersectiorpoints(sizeof the output
container).



e Thesameasprevious method,but only "ticks” betweenspecifiedminimal andmaximal
valuesarereturned:

virtual inline wunsigned int intersectionTicks (
const HepPoi nt 3D & Poi nt ,
const Hep3Vector & Vector
const Tick & tickMn ,
const Tick & tickMax |,
| Sol i d:: Ticks & ticks ) const;

Please pay someattentionthat all methodsfrom | Sol i d interface are constantmethods,
whichis quite favourableform the safetyconsideration.

All specificquestionconcerninga specificshapesandparametersf the solids,pointedby an
const 1 Sol i d* pointer shouldbe addressedo a specificclassesfter castingperformed.
For castingto a specificsolid typethereexist 3 possibility

e sequentiatastingviadynam c_cast to all hypothesidill successfutasting

void f( const ISolid* solid )

{
const Sol i dBox* box =
dynam c_cast <const Sol i dBox*>(solid); }
if( 0 != box )
{ /* do what you want with box */ }
el se
{
const SolidTubs* tubs =
dynam c_cast <const Sol i dtubs*>(solid); }
if( O != tubs )
{ /* do what you want with tubs */ }
}
}

e determinethe exact type of solid beforecastingvia dynam c_cast usingtypei d
facility:

voi d func( const ISolid* solid)
{
if( typeid(*solid) == typei d(SolidBox) )
{

const Sol i dBox* box =
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dynam c_cast <const Sol i dBox*>(solid);
/* here one can do sonmething with box */
}
else if( typeid(*solid) == typeid(SolidTubs) )
{
const Sol i dTubs* tubs =
dynam c_cast <const Sol i dTubs*>(solid);
/* here one can do sonething with tubs */

}
}

e determine the exact type of solid before casting via dynam c_cast using
| Sol i d: : typeNane() methodfrom| Sol i d interface:

voi d func( const ISolid* solid)

{
i f( sol i d->typeNane() == "Sol i dBox" )
{
const Sol i dBox* box =
dynanm c_cast <const Sol i dBox*>(solid);
/* here one can do sonething with box */
}
else if( solid->typeNane() == "SolidTubs" )
{
const SolidTubs* tubs =
dynam c_cast <const Sol i dTubs*>(soli d);
/* here one can do sonething with tubs */
}
}

The classdiagramfor all concretesolidsimplementedn DETDESC versionv6 is shovn in
figurel.1.



ISolid < SolidBox
A
SolidSphere
SolidTubs
SolidCons
SolidChild
SolidPolyHedronHelper
SolidBoolean
A _ .
SolidTrap SolidTrd
SolidIntersection SolidUnion SolidSubtraction

Figurel.l: Theclassdiagramfor all concretesolidsimplementedn DETDESC versionv 6



Chapter 2: Primitive solids

Currently5 typesof "primiti ve” solidsareimplemented.The mostfrequentlysolids("shapes”)
were chosenfrom shapesavailablein GEANT3 and GEANT4 packages.Thereare no ary

principallimitations andif oneneedssomeadditionalshapesrom GEANT3 and/orGEANT4

tool kits they couldbeimplementedbn demand.

For all solids,thereis no ary "setters”.Oneis ableto setthe parametersnly in the creationof

theobjectsvia parameter#n constructor

Furtheronly specific methods(or specificdetailsof commonmethod)are describedfor all

availablesolids.

2.1 Boxes

This shapeis describedin classSol i dBox!. This is the most primitive shape. Essential
featuresof this classare:

e Constructorequiresnameof the solid and 3 positive? parameterso be given. All pa-
rametersare mandatory Thereis no ary default valuesfor them. Keepingin mind that
a significantnumberof physicistshave someexperiencewith geometryand shapesn
GEANT3 a half-sizeshalf sizein x-,y- andz- directions)of parametersvere chosenas
baseparametergor constructor

e Since further “simplification” of this shape looks not reasonable, both
Sol i dBox: : cover () andSol i dBox: : cover Top() methodgustreturnst hi s
pointer It meanghat”simplified box” is exactly the samebox.

XML descriptionof this shapdookslike:

<box name = ' Box_nane’
sizeX = '0.4*cm
sizeY = ' 0.5*cm
sizeZ = '0.6*cm />

2.2 Simpletrapezoids

Trapezoidsareimplementedn theclassSol i dTr d3. Essentiafeaturesof this classare:

¢ Constructorequiresnameof thesolid and5 positive* parametero begiven. All param-
etersaremandatory Thereis no ary default valuesfor them. They are- half lengthin
z-direction,half sizeson x- andy-directionsat minimal valueof z andat maximumvalue
of z.

11t correspond$o’ BOX * shapegrom GEANT3 package
2Non-positive parametershrow exceptionvia Sol i dExcept i on class
31t correspondso’ TRD ' shapdrom Geant 3 package
4Non-positive parameterghrow exceptionvia Sol i dExcept i on class
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e Simplificationof Sol i dTr d is doneby a 2 steps.If sizesin x-directionarenot equalto
sizesin y-direction,the”simplification” is justthe smallest'symmetric” trapezoidwhich
containsthe giventrapezoid.If the trapezoidis alreadysymmetric,the "simplification”
is theminimal box, which containghe givensymmetrictrapezoid.

XML descriptionof this shapdookslike:

<trd nane = ' Trd_nane’
sizeZ = '100*cni
sizeXl = ' 10*cni
sizeYl = " 12*cm
SizeX2 = ' 13*cni
sizeY2 = '14*cm />

2.3 Tubesegments
Tubesegmentsareimplementedn theclassSol i dTubs?®. Essentiafeaturesof this classare:

e Constructorrequiresnameof the solid, the positive half-lengthof the tube (no default
value), the positive outer radiusof the tube (no default value), the non-ngative inner
radiusof the tube (default valueis 0), startof phi angle(in radians,with default value
0* degr ee) andthe size (non-ngjative) in phi (in radians,default valueis 360* de-
gr ee) andthe parametewith describeshe coveringmodel(default valueis 0)

e Simplificationof Sol i dTubs is underthe control of the specialparameterThe default

simplificationis doneaccordingto thefollowing schema:

1. simplificationfor tubeseggmentis tube(no gapsin ¢)

2. simplificationfor tubeis cylinder

3. simplificationfor the cylinderis thebox
Suchschemaooks quite naturalfor long tube segmentswith small gapsin ¢. But it
looks unnaturalfor e.g. wafersof vertex detector Alternative schemas implemented
especiallyfor suchcases:

1. simplificationfor tubesegmentis cylinder segment(setinnerradiusto zero)

2. simplificationfor cylinder segmentis the cylinderitself (no gapsin ¢)

3. simplificationfor thecylinderis thebox

Othersimplificationschemaganbe easilyimplementecdn demand.

XML descriptionof this shapdookslike:

5|t correspondso’ TUBS' shaperom GEANT3 package
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<t ubs nane = ' Tubs_nane’
si zeZ =’ 100* nmi
out er Radi us = " 10*cm
i nner Radi us = 7 0*mmi
st art Phi Angl e = * 0*degree’

del t aPhi Angl e ' 360*degree’ />

Attributesi nner Radi us, st art Phi Angl e anddel t aPhi Angl e couldbe omitted.

2.4 Conical tube segments

Conicaltube sggmentsareimplementedn the classSol i dCons®. Essentiafeaturesof this
classare:

e Constructorrequiresnameof the solid, the positive half-lengthof the tube (no default
value), the positive outer radiusof the tube at minimal z-value (no default value), the
positive outerradiusof the tubeat maximalz-value (no default value),the non-ngative
inner radiusof the tube at minimal z-value (default valueis 0), the non-n@ative inner
radiusof the tube at maximalz-value (default valueis 0), startof phi angle(in radians,
with default value 0* degr ee) andthe size (non-ngative) in phi (in radians,default
valueid 360* degr ee) andthe "parametemwith describeghe covering model(default
valueis 0)

o Simplificationof Sol i dCons is underthe control of the specialparameterThe default
simplificationis doneaccordingto thefollowing schema:

1. simplificationfor conicaltubesegmentis conicaltube(no gapsin ¢)
2. simplificationfor conicaltubeis the cone(setinnerradiusto null)
3. simplificationfor the coneis the cylinder

Suchschemadooks quite naturalfor long conical tube segmentswith small gapsin ¢.
Alternative schemas implementedespeciallyfor suchcases:

1. simplificationfor conicaltubesegmentis conesegment(setinnerradiusto zero)
2. simplificationfor conesegmentis coneitself (no gapsin ¢)
3. simplificationfor the coneis the cylinder

Othersimplificationschemaganbe easilyimplementecbn demand.

XML descriptionof this shapdookslike:

61t correspond$o’ CONS' shaperom GEANT3 package
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<cons hane = ’ Cons_nane’
si zeZ =’ 100* nmi
out er Radi usPZ = ' 100* nmi
out er Radi usMz = ' 200* nmmi
I nner Radi usPZ = ' 0* nmi
i nner Radi usMz = ' 0* nmi
start Phi Angl e = ’ O*degr ee’

del t aPhi Angl e ' 360*degree’ />

Attributesi nner Radi usPZ, i nner Radi usMz, st art Phi Angl e anddel t aPhi An-
gl e couldbeomitted.

2.5 Sphere segments

Spheresggmentsareimplementedn theclassSol i dSpher e”. Essentiafeatureof thisclass
are:

e Constructorrequiresnameof the solid, the positive half-lengthof the tube (no default
value), the positive outerradiusof the sphere(nalefault value), the non-negative inner
radiusof the sphere(default valueis 0), startof ¢ angle(in radians,with default value
0* degr ee) andthesize(non-ngative)in ¢ (in radiansdefaultvalueis 360* degr ee)
startof ¢ angle(in radians,with default value0* degr ee) andthe size (non-ngative)
in @ (in radians,default valueis 180* degr ee) andthe parametemwith describeghe
coveringmodel(default valueis 0)

e Simplificationof Sol i dSpher e is underthe control of the specialparameterThe de-
fault simplificationis doneaccordingto thefollowing schema:
1. simplificationfor spheresegmentis spheresegmentwith no gapsin 6
2. simplificationfor spheresggmentwith no gapsin ¢ is justthe spherdtself
3. simplificationfor the spherds spherewith innerradiusequalsto null
4. simplificationfor the spherewith innerradiusequalsto null is thebox

Alternative schemas implementecdespeciallyfor suchcases:

1. simplificationfor spheresegmentis spheresegmentwith null innerradius

2. simplificationfor spheresegmentwith innerradiusis spheresegmentwith no gap
in o

3. simplificationfor spheresegmentwith no gapin ¢ is spherdtself

4. simplificationfor spheras thebox

"It correspondso’ SPHR shaperom GEANT3 package
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Othersimplificationschemaganbe easilyimplementedn demand.
XML descriptionof this shapdookslike:

<sphere nane ' Spher e_nane’

out er Radi us = "100*cmi

I nner Radi us =’ 0*nmi

st art Phi Angl e = ' 0*degree’
del t aPhi Angl e = ' 360*degr ee’
start Thet aAngl e = * O*degr ee’

del t aThet aAngl e '180*degree’ />

All attributes,but out er Radi us couldbeomitted.

2.6 Themost general trapezoid

the mostgeneraltrapezoidsareimplementedn the classSol i dTr ap®. Thefacesperpendic-
ularto thez planesaretrapeziaandtheir centresarenot necessarilypn aline parallelto thez
axis.

From 11 parametersiescribedoelow, only 9 arereally independent a checkfor planarityis
madein the calculationof the equationfor eachplane. If the planesarenot parallel,a call to
Sol i dExcept i on is made.Parametersre:

pDz Half-lengthalongthez-axis
pThet a Polarangleof theline joining the centresof thefacesat+/ - pDz

pPhi Azimuthalangleof theline joining the centreof the faceat - pDz to the centreof the
faceat+pDz

pDy1 Half-lengthalongy of thefaceat- pDz
pDx1 Half-lengthalongx of thesideaty=- pDy 1 of thefaceat- pDz
pDx2 Half-lengthalongx of thesideaty=+pDy1 of thefaceat- pDz

pAl p1 Anglewith respecto they-axisfrom the centreof thesideaty=- pDy1 to thecentre
aty=+pDy1 of thefaceat- pDz

pDy2 Half-lengthalongy of thefaceat +pDz
pDx3 Half-lengthalongx of thesideaty=- pDy2 of thefaceat +pDz
pDx4 Half-lengthalongx of thesideaty=+pDy2 of thefaceat+pDz

8]t corresponds$o’ TRAP' shaperom GEANT3 package
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pAl p2 Angle with respecto they-axisfrom the centreof thesideaty=- pDy 2 to thecentre
aty=+pDy2 of thefaceat+pDz

XML descriptionof this shapedoesnot yet exist.



Chapter 3: Boolean solids

Booleansolidsrepresenta new way of constructiorof complicatedshapegrom simpleone.
The essentiafeaturesof all boolearsolidsimplementedvithin GAUDI framework are

¢ all of themareinheritedfrom classSol i dBool ean, whichimplementd Sol i d inter-
face.

e classSol i dBool ean hasanotionof "main” (or "first”) solid anda (optionallyempty)
list of "child solids”. This "main”("first”) solid definedthe overall referencesystem.
Each”child solid” is placedwith respecto thisreferencesystem.Pointerso theexisting
solids (either primitive or boolean)are usedin constructorof booleansolid (wherethe
valid pointerto the "main”("first”) solid is mandatory)andin further booleanoperation
with "child solids”.

¢ thegreatssimplificationin thecurrentimplementatiorof Sol i dBool ean classis thatit
simply delegatesmethodsSol i dBool ean: : cover () andSol i dBool ean: : co-
ver Top() toits "main” (or "first”) solid, insteadof exactbut tediouscalculationof the
covering.

¢ all implementedbooleansolids- subtractionunification,andintersectiondiffer only in
the implementatiorof methodSol i dBool ean: : i sl nsi de(const HepPoi nt -
3D& Local Poi nt) const.

3.1 Subtraction

Subtractiorof solidsis implementedn classSol i dSubt r act i on. Theessentiafeaturesof
this classare:

e constructorgetsthe nameof the solid and mandatoryvalid pointerto the solid (either
primitive or boolean)}o be usedas”main”("first”) solid.

e Sol i dSubtraction::islnside(const HepPoi nt 3D& Local Poi nt) me-
thodimplementedsucha way thatlocal point”is inside” of the givensolid if it is inside
of "main” ("first”) solid,andit is notinsideary child solid.

e child solid could be added using method Sol i dSubt racti on: : subtract
(I'Solid* child, HepTransforn8D* ntrx).

For purpose®f propervisualisatiorandGEANT4 trackingit is recommendetb avoid common
facesbetweer’main” solid andsubtractecthild.

12
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3.2 Union

Unificationof solidsis implementedn classSol i dUni on. Theessentiafeaturesof thisclass
are:

e constructorgetsthe nameof the solid and mandatoryvalid pointerto the solid (either
primitive or boolean)}o be usedas”main”("first”) solid.

e Sol i dUni on: :islnside(const HepPoi nt 3D& Local Poi nt) methodmple-
mentedsucha way thatlocal point”is inside” of the givensolid if it is insideof "main”
("first”) solid or it is insideof any child solid.

e child solidscouldbeaddedvia methodSol i dUni on: :unite(l Solid* child ,
HepTransf or mBD* ntrx).

3.3 Intersection

Subtractionof solidsis implementedn classSol i dI nt er sect i on. Theessentiafeatures
of this classare:

e constructorgetsthe nameof the solid and mandatoryvalid pointerto the solid (either
primitive or boolean)}o be usedas”main”("first”) solid.

e Solidlntersection::islnside(const HepPoi nt 3D& Local Poi nt) me-
thodimplementedsucha way thatlocal point”is inside” of the givensolid if it is inside
of "main” ("first”) solid andit is insideeachchild solid.

e child solids could be added via method Sol i dl nt er secti on: :i ntersect
(I'solid* child , HepTransfornBD* ntrx).



