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Abstract

A s lation framevork presented here inchides a simulations program based on Geantd and a buili-
in smupport for a flesdble geometry description. It simplifies the d ecription of detector grometries
automates to a large ectenbt the detector response simulations, amplifies the digitization coding and
provides ad ata hand ing machanizm with & builtin decumentation and databamse support.

1 Inbroduction

In the boommming yeats the =FHIC collaboration have to made a number of debecbor choices on the
haziz of the detailed debecbor WC similation. A fast and reliable way o implement these e mons is b
ime a dedicated geond parser |Fortian preprocessor) which is muppotted by a spedal GEANT inkerface
libraty, Mlaintaimng the GEANT spacific tables of matetialk, woluimes, hits descaipbions, =k and in=suriog
the mtrinal commistency of most of the ackual parameters of the GEANT roulines, it sigmiicantly redhices
the amount of information the umser should care of and improrres the robustoe=s of the program. Here we
dezcribe the main riles and features of this program.

2 GEODMETRY DESCRIFPTION

The gecmetry of sach deteckor in ESIL & described in a simgle module. lodules are writken in
the geont language and wanslated by the parser inbo cormrrenbional| wrell commented Fortran sulccubines
compiled and linksd with the rest of detector deamcripbion. A module conmists of the module header, the
data defmiticn part and of a number of blocks, each describing one GEANT elementary wolime and its
combenk.

2.1 geont languag=
The geant language iz a Fortran ecbemmion orienbed o the GEANT application. Apart from standard
Fortran statements, it contains a number of geont state=ments in the form:

OFPERATOR IMARE [ kepwordi=vaiue ... kegword ;=wvalue |

whete the OPERATOR defines a specific setvice b be performed by the dHsim mterface. Apart fom
the declatabions and data handling operators, described in sechions 2.4 and 2.5, there are 9 GEALIT
dedicated operators and 3 control opetators in the geont lang uages . For these operators:

— HAMIE i= the name of a GEANT volume or of a volime shape (4 ktbers), or a material or medium
name (up bo 20 lebber=i. A Forbmn string variable & generated by the parser by comrrerbing the
MALE ints uppercase letbers.

— Heywords (left parts of assignment) are variables used in the GEANTS manual [1] o describe
the parametsrs of the cortesponding GEANTS roukine .

— Their values (tight parts of assignment) are anr kgal Forbran ecgression,

The language is n=ither case nor posibion semmibe. A geond shaterment can be conbimied on the
mext line cnly using a comma of an underscore at the end of a hne a5 a conbimialion sgEn. A comima
can also be ussd betreen keywords bo improrre the teadakility. All geont comments mentonesd belowr are
mandatory. They should pot conbain smgle or douible quotas m=de.

A list of keywords with their rahies & called below a definition.

2.2 Volume description
281 Generzl studure

Amy GEANT wvolume in a module = deactibed az a block. A block commists of two parts - the
dezcription of it own properkies and the descriphicn of it= combent - and has the allowing structure (last
column shows the correspending GEANTY rokine) :

U Far dekdions fiom this 1ule whei e the manied mme e ambdguous =] e mentio med ke



BLOCEK HMAME comment
MATERIAL name definibicn = GESLATE
ot e COMPONENT name definition ]
follemred by KL TURE name defintion =GEERIXT
LKEDIUL] name defimition = GSTLIED
ATTERIEUTE natme defmition =G3ATT
SHAPE name definifion = GEVOLL
= Qa0
a mimber of CREATE name
follemred by POSITION name definbion =GP OE(F )
HITS name definition = GEDET*)
CIGL name definition = GEDET*)
EMDE LOCI

BLOCE, ENDELO CE and CREATE are conbrol opeatators becatize the v affect the sccecitbion crder:
CEEATE is ecceciibed aza jump o the tequested BLO CI code and the tetiirn hack when it= EITDBL O CE
iz teached. All other are GEANT dedicated opetators and are substituted by acall bo oie of 2w GEALIIT
roitbines via the Adsim interface .

Example 1:
Elack GAAS iz Gadrezenid forward tracher
Hat=risl Air
Me=dium gaan_mother Ifis=ld=1, Fialdl=2, TmaxFd=3, Epeil =0 001,
Skl =0 001 Deamlaze=0 08 SEMin=0, 001
Shap= TUEE Emin=10 Rma zz=50 d= =200
do idizc = 1,nint (gaag Ndi=zc)
Creats G 1

Pozitiom GLE 1 ==tgd=zi_ZTdi=sc
Pozitiom GLE 1 —=-gdezi_Tdizc ThetaZ=130
andd o
andblack

The Atlsim inksrface mainbains GEANT tables of matetials, mediims, volumes and robation mat-
ces, Afber checking that the recuiested name already exisks in the corresponding fable or having created
a newr table enbry, the mbsrface provides the enbry mamber b0 the GEANT roubines.

The cnly mandatory operabor inmide a block is its SHAFE, othets can be cmitbed. [n this case
the rolume properbies are inherited fom ik's mother ~ohlime, and posibion definibions are azsumed to be
defaulk (w=y=:=0, no rokaticn).

If needed, mabetial, medium and atkibuke operabors should be defined before the SHAPE coperator.

228 More on SHAPE
The neme aggument of the SHAPE operator conbains a name of amy of the 16 l=zal GEANT
shapes described in the mamial. Keywords in the defmition part ar= the names of parameters, ussd in the

GEANT mamial |section GEOW 050) 4o describe these shapes The only exception ate mulbpls -, Rmn
and Amar pamametes of the P OO and P GO shapes, which shouild be supplisd as veckors namesd 2t

Amn and Amz, defmed in one of the folloming o forms:
vector = {val1, valz.. val,}
or vector = {Ain o)}
whete a vecfor stands for D, Amn or Amaz, val; are any Forlban expressions, and A is a Fortran armay.
As the patametsts are an=mitbsd to the GEVOLT roubine via the A dsim intetface, they can be
prerrided in amy order or b= inhetited from the mother oluime.

E-ample 2 the POON specification from the GEANT mamial {GEOLI 080, figiare 23] may look
like:
SHAFE POON  phil=180 dphi=279 Jke=4 Zi={-400,-300,300 4007,
Bmn={50,50,50 ,50} Rme={250,100,100,250}
The GEANT divisions are in the gean? language parbicular cases of the SHAFE cperabor. The
acttial divizion mechanism i attbomatically selecbed by the A#lsim inbetface dependent on the paramebers
sipplisd.



Ezample 2 thi=s =il creats divisiorns of a TUBE m o usigg GSOVIT (GEORT 130):

Zhape TUEE Rmin=Rj Rmax=Rj+Dr D==0/2
Create GDij

Elack Ghig iz a secbor combaining one counber
Zhape DIVIzion Taxiz=2 Hdir=Jdr

endblaock

28 8 Inkeritance rules

Unlem= defined =:xcplicitly, paramebets of the BIATERIAL, MINTURE, MEDIULL, and SHAFE op-
etators in a new block are inheribed fromm the block ceating thiz one. Mormally this = al=o it= mother
wolime ' I no matetial or medittm ate defined in a new block at all, the ate inheribed from the mother
hleck. A BIATERIAD or a MEDIUR] operator writhoiit paramebet= can bhe ised bo get paramebers of
.:.]11.-.1-\:]}' defiteed matetials I:n'.ﬁ:rbm:eu:l ot tedia. [ no matetial o meditim are defited in a mew block ak
all, the ar= inherit=d from the mother block.

A mew GEANT mednim, which combines both material and tracking parameta1=, is mtrodiced nok
cmly after a MEDIUL] operabst re-defines any of the tracking partameters, bit also if a material has been
chamged by a MATERIAL or MIXTURE operators.

A MATERIAL or a MEDIUL] operater without parameters can be imad o refer bo an abeads
defimed material imochire) o medium.

2.3 Volume positioning

Unle== defined axplicatly, the parameters of a POSITION operators have the default values:

r=py= =0, KONLY="0MNLY unit robabion makriz,

If the -ohime bemng positioned has been defined with all parameteizs squal b zero, the GEPOSE
roitbine will be callsd, othetwrize the GSPOS is 1med. [n case of the GSPOSP call, the actual parameteis
of the ohime shape supplead in the POSITION opetator shll folloer the inhetitance rules for the SHAPE
cpetabor.

If a rotation should be defined when positionimg a volime, it is possible b0 define it it ways:

— Providing up to & patameters of the GEANT rotation matix [ GEOL 200). The parameter names

* and their default vahies defining the unit matrtc are

ThetaX =%F° PluX =07 Thefal =90F° Pixl =9%0° Theta T =0 Pl =0F

Only those paramet=1= which are different from the default umt matix should be given.

Ezample: ThetaZ=120 in the scample | m the sscond POSITION operator makes the sscond copr

aof the GDEI volume to be posifioned az a mirer refleckion of the first cne.

— A motabon aroimd one of the o, g, - axds can be inbroduced simply by defimng one of the folloming
parameters:
AlpfzaX | Alpial or AlphkaZ.

Fotabion pammetez are not inherited from one POSITION operator b0 ancther.

2.4 Volume naming mechanimm

All volumes in ESIN are referenced by theit generic names, comsisting of 4 upper-cass letbers '
When the real dimensions of the zame gensric wolume are variable, the supporbing A#lsim libmany proerides
an auvbsmatic and tramsparent mechanism which, for phymically different volumes wikh the same generic
name, gensrates ni dinsunes  umed by GEANT, by changing last letbe1s of the generic name inko mumbers
ot lomret-case lebbets. These volumes with different nicknames are conmideted as imstances of the zame
generic object. The original genetic name is albo kept in each msbance together with its nickname.

The positioning of all vohimes i= done using their generic names, the latest generabed insbance of
the object been actually used. When posithioned in the same mother vohime such inshances will ke made
different also by their GEANT copy numbers. I a volume inskance has been defined with all parameters
equal to zero, ik will be positicned by the Adlsim inberface vming the GEP OEF routine with the dimenmions,
defined in the POSITION operabor.

% The sccwplicn & dohs chb fo the menboned sl vescbos 23, Biren, Baes of the PG00 and POO1 s hape,
A Jhumes w6 modifisd compsging b the GEANT maniiad 1 — =, 2 — g, 3 — = b okl thest mesining.
U The commnbion iz to hivw the sume fisk et ko um Heelk within o whole moduls



Thi= mecham=m provides a simple and eflechi-= way bo automatically generabs the unicque path fo
mach GEANT ~olume, needed for the HIT package, without an additional user oode.

2.5 MModule header

The module brader in DICE-AS iz 1med b0 prordide the Fortian declarations as well as the program
maint=nance inbormation. I commists of the folloming geontd declarations

LIODULE IMAWME coimime ik

AUTHOR atithor lisk

CREATED dabe of rermion

COMNTENT list of GEANT ol imsed
STRINCTURE MANE { bzt of ~arisbles }
+CDE,.. list of the KEEP= imed.
Othet Fottran declatations

ITrbe that:

— The fost line should be the BIODULE declaration, the order of other shatements is irtelevant The
mochile name consists of a 4=t detector oode plis the medule Fpe code |GEQ, DIG 2bc). [t
alzs uzed b0 idenbify module mput and cubput data shackures | GEANT hits and digits, DETLI -
Ilaster debechor shuckure ebe).

— The foomat of comment, author list and creation dabe & arbibrary, but ther presence & mandabory.

— The COMNTENT declatation should lisk all blocks 1sed in the module.

— The STRUCTURE declatation groups bogether r=al vanables or oie-dimensonal amays, which are
subject bo pobenbial chamge usmg datacards oo should be accessible fom external routines, foo
example at the recomsbricbion skage. Therr 1mage 5 described in the pexh sechion.

Ezample:
MODULE GAASGED iz the Geometry of the Galrcenid forward tracker
Author Rene Erun, Favel Hevzki
Created 23 zepk 94
Conbent GAAS, GISi, G3ij, GHij, GDhij, GSUE, GASS, GELE, G3UIP

Struckture GAAG { Verziem, Mdizc, DrCounter, DfCounter, D=Counter,
TCKzube, TCKzupp, [Hele, IVele, Do=le }
Structure GISi { Dizc, RIdisc, ROdizc, ZDhisc T
Real Zdel Rj,Zk,IR
Integer Idizec,j, k0 ,ndr
+CLE , AGECO , GCOIEET .

2.6 Daka structhuwre handling
A group of logically linked variables, which are declared m a STRITCTURE operator, is defined
wuming the FILL skabsiment:

FILL IMTaALIE | hanlk ootk
vartable; = valve; | ecplanation of var tables

vartablen = valve, | eplanation of var table,

Iiobe that:

— The struckure name conmists of 4 lebbers and iz 1sed as the TEBFLA bank name and as the prefc of
itz varisbles in the Fortran code.

— The order of azsignments is irrelevant, but comments and explanations are mandabory.

- G‘EI'.!EI cmn‘h ]:IJ'.!EE L'ﬂﬂ']m‘l: :iJ'J'bEIlEﬂ"-'E "i‘-'].‘h]'] FII.L .:m.;._z.nenrn{::

— value; ate Fortran expressions in caze of a simple varrable or a veckbor in the form {r.u.!-]I ...r.u!-k}
for an amay.

— When the FILL shabement iz sxectrbed by the AHsim interface, the data are szred az a bank in the
master debecbor (DETH shruckure.

There may be tro kevels of data striactures (banks) defined and ussd in a module: the structure
name, defined by the first FILL operator, hecomes the high level struckure name. All shruckums with
other names are considered as lower level shrucbures amociabed bo it.

Each of thess strictures may be a linear chain of similar banks, creabed by sequentisl FILL operabors
with the zame name. They all are consdered az mebances of the zame genetc ohjeck, 2o at any moment

atily obe selecked copy of each shrichite & available. A fypical tmage of the high level shtuchire & o



proride diffetent geometsy versicns of the same detector, the actial version besn s=lected usng the
datacard mput. [osbances of the low lere]l stnchines can be vssd to provide patamet=1= for diflerent
components of the of the zame detachor.

E:camijle:

Fill GAAG | geometry descripkion
TErElon =- 3 | Annecy layoub
MHicc = 2 I Wr. of dicce (on =ach zide)
IriCounter = 5.3 I DX (Dr) of a counter
I Counter = 2.5 ! DY (Dphi} of a counker
I=Counter = 02 | DZ (Thickne==zz) of & counter
TCKezube = 01 | Thiclkn=ese of the zubztrate
TCKeupp = 0.8 | Thiclknesz of the suppork
Diale = 3. | DX (Dr) of the alackronicz board
DY ale = 7 ! DY (Dphi) of the electromics board
IZele - 05 | DZ (Thicknezz) of the =l=ctronicz board

Fill GI&Ei | individual disc paramebers
Digc = 1 ! dizc number
RIdizc il + ! inner Radius
ROdizc = 35. ! owker Radius
Zdiesc = 156 ! Pocition along =

Fill GIGi | idem for nexk di=c
Digc = 2 | pecond disc
RIdizc = 25. ! inner Radius
ROdisc = 40, ! outer Hadius
Zhiec = 185.5 ! Pocition along =

Ezample: data strctiares produced by the previous example:

O N
T NID ND =
[JoeTH] Detector main Sank _m|

—— niD2 =
[esss]  Gasmenid forward tracker |

MG 1 HMO=17
[[e22c| GEOMETRY CEsCRIFTION |

——— np1 D=6

| GDsI INDIVIDUAL DISC PARAMET ERY GDS[>

One can s=kct the actual copr of the shuckure to be us=d by the program (an instance of the data
structiure) with the help of the USE statement :

USE MALIE varmable = valwe

Any varable from the cortesponding struckure can be ussd bo select the cutent instance of the
bank. The wolue may be any Forbran expression. Once the top level hank i seleched with the USE
opetabor, the descendent lovrer level hanlks are s=lectsd cnly within the same bmnch. S=lecked banks are
te-linked at the fitsb position of theit bop level hanks, so that they always becotme default banks for any
further s=lechion. Alss at that moment their conbent = changed by the sbandard datacard input.

Cince selecbed with the USE opembor, -anabls fom the daka skruckure can be referenced by the
program in the form BenklVame. Vameble. In this way they are sasmy bo recognize among the other program
vatisbles (mee fitst exammple).

This mechanism provrides an sasy and Besdble way of the gecimetir vetmioning within =ach modile.

3 CREATIMNG GEAMT HITS

In DICE-3S user does ot need o witbe a debscbor speafic roubine o creabe GEANT it skrocture
and to fill it with a isefil wfctmabion. [msbead, a geont shatements with the HITS opetator, called in
a block describing a semmitive rolime, B umad o prodidce a relevant GEANT hit definifions and fo sbeat



thenr filligg at the tracking time. This statement genetates all necessary GEANT calls (see GSDET and
GEDETH robines, HIT 100) with their patameterz as follows:

— The set neme is defined by the fitst 4 letbeis of the modiule name;

— The detetor name is the name of the geant block

— Follerring the DICE standard, IDTYFE i= taken a= the debecbor mimber;

— The nome argument of the HITS operator, (hit address) = the name of the wolumes us=d
identify the kit umially the s=m=mifive detecbor it==lf. The AHsim mierface finds the path to the
==lect=d wohime 1ming generic names of all higher lere] vochimes and bulds the HAMESY array. [t
al=s defines the mimber of hranchings and the number of bits requiired at all kvels (NBITSEY array)
to imigquelr describe the path to 2ach metance of the ==lactad nolimme;

— For memory allocabion defaulls walues of ITHWL IMVDL = 1000 are imed.

The definition part of the HITS opetabor conbains a lisk of informabion quankibes, measureme=nts,
which shoiild be saved in sach GEANT hit, and theit packing in cn= of the foom

measuTemend : Nui : [min, max )
of measurement ; bm : min, max)

For a messumement, Ny of bin are mandabory and Hmits are opbicnal. At present the follomring
vatiables are known as measurements bo the Aflsim inbetface {the track point means here the middle
pomt of the track ssgment producing the hikj:

— z,5, ¢ - local Descarbes coordinabes of the track point in the s=r=itive volume:
— theta, pia, AlerAA) - local orlindrical {or polar) coordinates of this point;

— 'z Oy, Oz - bocal direchion comines of the tack segment:

— % - comine of the angle betreen the frack ssgment and the radius pombng o its cenber;
— TOR - closest approach of the Hack ssgment 4o the local z-axis;

— STEP - the kngth of frack s=gment producing the luk;

— ELOS - the snetgy kst at this st=p;

— BIEK - equivalent emerngy of the calotimeter respomse (e PHYS 237

— TOF - time of fight for thi= hit:

— ETOT - particle energy in the current poink;

— LGAR - login of the particle Lotenk= fackor:

— ETA - peeidorapidiby of the track poink;

— UEER - the hit quantity is calculated in a 1mer funchon.

An inbsger mimber, following a measurement variable, = miterpreted as Ny - the mumber of biks
for packing the -ariable values. O means that the vahie iz a cumuilabie sum, cccupring a full compirker
wrord. Diue o the GEANT hrmdbation O can be um=d cnly in last elements of the HITS skatement

If a measurement variable is follrred by a real exgpeession, i is inketprebed a= the packing bin =iz=,
and the nimber of biks, requited bt packing, will ke cakiilated by the dtlim inbetface.

If the wser does nob provide the limits ecplicitly, min and/or max are deberimined by the Atlzm
inberface using the rohime dimensions.

Ezample:

HITS GASS 212 3:11: ELOSE:0:

In case of the USER element, a subroutine XXX XSTEP pointer. hat) | where 220X i the vohime
name, will be callsd o proride the measuremens. This subtoutine should be described a= EXXTERITAL
in the modhile brader. k= inbsger input argument pointer & the addiess of the hit description array (10
words, ral) in the GEANT memory and it rebirns in i the measimement. The format of this description
can be found m the Appendc.

Thi=s oplion wiolates the daka sncapsulation principls as a umr gets a ditect access o the GEANT

memoty. [k is not nesded at present in DICE-95 and 1meis are dscouraged o us= it unbl they ate siure
they really peed it.

4 DIGITISATION
4.1 Detector response desoiption

The detsctor digiti=ation | 1.2 similabion of the respomme of mdiidual elements of a grren debacbor
after tracking of a compeate 2vent, & done in a separabe geont module.

A digikisaticn medule has the header and the data handling park similar bo a geometry modide,
bk inmbead of blocks, describing debackor geometiy, it describes how a specific debschor tesponss in =ach
sepatabe ekment iz prodiuced, kaken inbo accoint multiple hit cverlap, neisss, threshalds ebe.



The comtent of the digitized information piece | the digi?, should be described I the detecbor digik-
zation module wmng the DIGT opetator. This operabor, similar b0 the HITS opembor, creates necessary
hanks in the GEANT JSET structirs.

DIZE-AS creates digits in the Atlbim format, which is damilar to the foomat of hits, but different
from the one used for the standard GEANT digits. The differmnce & summatzed beloer:

— The amomnt of memory ussd by the Afsim digits In sretage & rice less then the one consumed
by the skandard GEANT digit=.

— The transformation of the digitized meamirements inbs mt=ger numbers, repres=nbng packing hins,
i= done mbsrnally by the corresponding roubines in the Aflsim library m the simuilar way as GEANT
makes it for hits, When a 1z=1 12ads thess digitised measurements back at the moonstrixction stage,
he getz them in the zame coordinate s7stem where they were “meamged”. Thi fatire fr== the
u=sar from the necesmity o Hrarsfer the pacling constant= to the reconstrschion routines in a ium=r
code and eliminates one of the mportrant aource of the reconstriction srrors.

— It iz possible to inbroduce cumalatrre digitizabions in the same way as the GEANT cimulati-=
hitz. If a mom positive mamber was definesd as the mimber of packing bits for & meamirement, its
valie and the values of mibequent measrements will b= sumimesd, prodided that the other digit

parameters (track number rolume address non-~cumilati-= measuiements) are the zame=.

4.2 Collecting all hits in & debecbor alement

The AHsim intetface conbaing 4 inbsger funckions (AgFHITO, AgFHIT1, AgSDIG0, AgSDIGE1) which
preride the kit access and the digikization sborage sstvice. Theit eccectilion and the print ethosiky are
conboolled by the datac ards in a way described laber. If the operation was successhal, the Amckicns retirn
the DIC Hag (0 walie).

Tosaleck a hit zab bo be analyzed, a AgFHITO| Coat, Cdet) Amnckion should be called, where Cset and
Cdet are d-letbet names of a system and its semmitive debecbor. The funclon returns O, if the selected
pet contains hils and the digitimation of this sysbeam has been requested by control cards, obherwize the
digitizabion should be abandoned.

If the addiess part of the DIGL se b coincides with the address of the HIT st (mame volime ussd a=
theit address), this call alza defines the cubpirt DLGL bank, Othetrise, i the HITE and DIGET debec bors
are diffarent ®'| the AgSDIGO| Cmet, Cdet) fanchion should be called,

Afbet theze inbializabion calls are succemssfully done, the A Hsim inbarface i= ready bo procdide ot s
quuietibially writh all hits in each debecbor element by perborming the AGFHITL(IH ITEA MULEY HITS)
funchion. Here the cutput arguiments are

- ubsIIH:I will be om au‘lpu‘h the ﬁequenﬁ:.] hit mimber in the arrent deteckor eleiment. A ni_-a.:.i:i.\'e
IH i tsed bo signal the last hik i the debecbor =lement.
— HNULIEBY is an inbsger attay, that will conbain on cubput the lisk of vohime copy numbers which
idenbify the path to thi=s deteckor element.
— HITS iz a real array which will combaire the measireimett= belonging b thi=z hi
— abs(ITEA) will be the track mimber having produced thiz kit The negati-e [TEA i=sused tosignal
that other patbicles also contribiubed bo this debector alement.
The function itzalf retirns O unkl all hiks in the seleched sa b are 1z=d.

In this way in the digitizabion roukine the vser does nob nesd neither bo inbroduce arrays bo accw
trilate the infotmatbion fom different debackor elements in parallel, nor even fo koo the fall mimber of
the detector elementz. Ilotecrret, if a user needs bo knowr the space position of a hit, he can simply vz the
GEANT roibine GOTOLI fo translate a point in the cument debeckor element to the Wlaster Flefe rence
Srsbem, as the conbent of the pecessmary commen blocks is resbored by the Adlsim inberface.

Finally, when all hit= in one debacbor element ate mceived, the AGSDIGL{ITERA MULEY DLGI)
funckion should be called fo sbore the simulated digibization. Here the inpub arguments are:

— ITEA iz the mimber of the track that has produced this digik. A negative [TEA will be sbored as
et

— NULIEY is the address of volume to which this digitisation balomgs.

— DIGL iz a veal armay conbaining the digitised measurement=

Belowr vou will find as an example a part of a calonimeter digibizabion roukine. [k gels energy
depomibted in a sat of fubes with arbitrary gecmetry and produce the digitisations as the spetgy sum in a
standard i, presentation.

% Thiz & the coe, o1 soumple, in the il clotimets | whews hik ow tegbtaed and shawd pea tiks with cettzdn (3,20
poattich, ot in bhe irdegiated fot ead culot medes, which conbdin fibes attanged ih oo kdn (<200 gid, but whets the
COIGITs should beaboted pea JAq o Ao bim.



Ezxampls: FWDIC digibization loop:

If (AgFAITO(*FWDC?,*FWAL®) .ne. OK) Return

If (AgSDIGO( FWDC®,"FWIC®) .ne. OK) Return

DO While (AgFHITL (IH,ITRA,MMEV HITS) .eq. Ok)
If (abz(IH} .eq. 1} then | a new tube

Ezum =0
end if
* Accumulate energy jusk in cne tube
Ezum = Ezum+Hitezil)
If (IH .le. O) then ! all hitz in on= tubes received
* tranzlate MWL -» x,yv,= —* e=ta,phi

call GDTOMizero ,xy=,1)
theta = acos(xy=(3) fmed(xy=,30 )
Eta = —log (tan (theta,/ 230
Fhi = aban?(xy=(2),xy=i(13)
If (Phi .1lt. O) Phi = Fhi + 2épi
DIGI (1) =Eta
DIGI (2 =phi
DIGI (3} =Ezum
If (AGSDIGL I:IT.H..I’I.,H"I"BV,DIGI 3 .n=. 0K} HReturn
Endif
EndDO
A complete digitization modhile of the Hle calrimetst is shown in the appendiz 3 as an ecample.

5 INTERACTIVE VERSIOMN
The Atlsim library knked with an ibetact= GEANT provides a unique possibility bo study, mochtr
and todebig the description of a new geometiy. A specal maco-command, maks | compiles and execiibes
droamically o a stand-alomg mode any s=lecbed geomety module, =dsting in a s=patate file with the g
ectErEion.
Usmyg this progtam one can perform in parbicular the folloming operaticos with a single geoimetsr
moduk or with a complete ATLAS detechor:
— CALL AGDEOP{™" - 4o clear TEER A memory by droping all prevdoiizly ceated banks.
— make module-name - bo compile, link and excecube interackively a modiile writben in a s=parate file.
The name of the fil= should be the same a= the module name= wikh the =xdenmon g .

— DEEUG O - bo eccmcuabe folloming modules in the debugging mode, with an moeasing level of the
Abszm prinbouts. Most of the parameters of the created materials, media, robabion matrices and
oliumes will be ponted.

— FZ/FILE | atlazsgeom [ - totead in a geometry file ofthe Atlas debector from the current direckorsy.

— DRAW .. e DCUT .. - fo draw different dews of the selecked sysbem or itz patks vsing GEATIIT
gr.lph:i:u. I the q:]i.-'l:hug e I:.:.:Hrr DERBLNG QT i:\:nn':nmd:l an iscimetric view of the n.'_'.'n.'bem =
drarm attboimatically.

— OTEEE ... - o draw the logical tree of the GEANT volumes with their gensrated nicknames and
ditmenmicns.

— DISP detm detm.az - bo survey the tree of the ceated daba sbruchares, fo navigate through them,
to me= the actial comtent of ach ceated bank with its descrpbion, exdbracksd from he modidle by
the Aflsim inbetface.

— CALL AGDURE " /DETM name' 0, 'FH' - o produce HTRIL descriptions of all banks of a par-
tHeular MODULE name.

— KINE Ikine Par(1-10) - 4o define patametets of simulated parbicles. In addition, last tono patametets
(9 and 10) litmit the verbes position.
WViarhez p-\:vmh.n:m and npre.:.d can he defined b:.' CALL .-'!nES".-EPII::-:I:.'I:IEc-: ,S:.',S'_:I I:deﬂl.u]i: ap LHC
shandard). [kine =0 fores sitmilabicn of a particle selected by Phype. [hine -1 cotresponds bo GENT
inptit and -2 corresponds bo M-buple inpu, -3 being ressrved for a tser inpub format. By default,
ccne:.pm:]:i:.g file patmes :EEP._-'!L.PI newn hbook |:]'.|:i.ﬁ+. & -l:l and iizer fil. This can be cretwrrithben
by CALL AgMZOFPEN(file), CALL AglT OFEM(file,[DH) are CALL AglUSOPEN(file).

Fot tmote details the tiset i tefetted bo the XIITT ssction of the GEAITY mamiial.



g DATACARD CONTEROL
6.1 FProgram control
Uzual Aags from the *LIODE datacards are used by the Ailim mierface fo control the geometiy
buikding ( GEOLL), hit sxring in sensitive debector (SIMU), sribching on)/off of the magnetic fisld (RIFLDY),
to allorr detecbor digitmation (DLGL o recorstnction (FEC Q). The control & done in a trarsparent way,
50 a user cdoe=s not need o analyse this fages hime=lf The only inberesbng Hag 5 GEOL], whxh & um=d
alzo bo select the debscbor vetmion. This flag iz available in a geometty module az RIGEOL] adable.
The vethosity of the pontoit & also controlled by datacards. As the print reqiirements may be
chiffetent pob only from debscbor bo detector, but abo for difletent stoges of the program execubion, the
actuial primt kvel is alrays prodiced as a prodiuct of the debecbor print fag, defined in the debeckor data
card:

"LIODE '>20000 'PROTT L, ...
and of the curtent sbage print fag, defined in the sfcge data card:
LIODE "YYW 'PRIN' L, ...

whete X00000 are comrrentional detecbor system codes and stage codes TVYY can be "GEORIY, "SINITY,
'TLGI, 'BECD" ete.

6.2 Print contral
In genetal the action of the resulbing print level L = L, # L is defined by the follwing stategy:
— 0 - no printoit at all (same for L pegatee= )
— 1 - mmimal printout (not more than once per eenk);
— 2 - skl reamomable ameamt of prints (1p b0 L0 lines per event);
— 3 - youi can boletabe it for a dozen erentbs;
— 4 and more - debuggmyg bo find a problem.
Some particular cases for different skage= are ecplained baloer.

A2 1 GEON - Geometry building stage

The print lere] decteases by obe sach fime the program makes a jimp inbo a next el block . 5o
with small L yets will get only general debacbor dimermicn, and with higher L you will get paramebers of
smaller debecber pieces.

A28 ST - Smalekon stage

The prinboit, tracing parbicles, iz done by the GEAINT roitbine GDEBING. This roitbibes opetates
ihdetr the control of DEBUG and ISWIT daka cards (see zechon BASE 100) and may prodice a vety
abiindant prinbot.

In addition, the Afsim inberface provdides a posmibility o tracing particles only it selecbed detactor
systeme. A detecker *MIODE 220000 DEEW D daka card = uzed o litdt the masdmal volime msarbion
levre], whete a call to GOEBITG iz done. S0 with D=1 cne will get the tracing only the systeim mother
volime, and with higher D fom it inbernal volimes. The tobal number of voliime lesels, whete the
tracing = done, iz defined by the detecker print level

8.2 8 DIGT - digekisakion stage

The detecter *MODE 20000 'DIGEH d 'PRIIN L data card defines weither this debector will be
q:]i.g:i.ﬁ:a:] I:d=l:| otk I:d=I:I:I. At the Pr.irﬂ: levral A and more, the bokal mimber of d:l.gﬂnm:] hit= will he
pribed for each evenk. If the prink level &= 4 and mote, the cutpit digi st will be dumped. If it is 5 and
tnote, the input hit st is dumped.

6.2 Poameter input

The conteirt of a daka sbructure | defined m any module of DICESS, can be modified by a *DETE
datacard. To medify a variable, user has bo provide the name of the debecbor, the name and the vale
of the “use" salecbor of the demitable bank, and then names and new saluss of vaniables in the selaci=d
bank. All medification for the mme detechor should be dome on the zame *DETP datacard, which can
be conbimisd an sevemal lines follorng the FFREATD rles

Example. To modify the “Dix of the aleckiomes board™ in the sxample on page 5 on can use the
fellorring datacard:

"DETF '"a4A5" 'GaaG="3 Drele="2.1
Iobe that dobs ate mandaboiy, bit idenbificabors ate cas= ihsensibe.



T DoOCUMENTATION AND DATABASE SUPFORT

As it hazs been already menbioned, when the FILL statement = execitbed by the A dsim mirface,
the data are saved a=s a bank in the master detsctor [DETR) structire. At the same time the dilsm
inberface creates the appropriate documentation bankes for DIDOC package [2]. For sach bank in the
DETM strixtire the documentation banks comtain the ceation date, suthorship inbommation, the variakl=
names and comments as well as the full information on the hank relabionship.

All this informabion & mainkained in a B Il detmrz which can be analymed by the DIDOC
paclkage. Bunmng its miertack-re version DZEDIT, 1mets can get the full information on the cae=ated banks
azs well as bo print a hardeopy of the current input data strachire descopbion. As the documenbation
BZI-fil= is updated avbsmabically each b the program has been chamged, ths desciphion is alwayrs
up-bodate.

It is posmible bo g@et with the USE operabor not only rersiors of banks defined dieckly in the
medulke, but also to read them fom the geomety data hase | mpporbed centrally.
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Appendix L Description of the hit /digi banks used in GEANTS,

Hits and digikizaticns are skored in o symmetrie s=t=. [nternal names of sets, containing hiks, and
with H, while mternal names of digitization sets end with D This is transparent o a uwmer who alwars
address them with the sub-=ystem name. This allrs b have diferent debecbor parameter banks EEJD)
for hits and digitisabicons.

|SETS|
MO=100
EE(|SEJD | GEAMT detector parameters |
MO=4_
| SJDH | Hit parameters (by GSDETH) |
T ND=2

(50D | Digit parameters (5 GSDETD) |

M
[=ipu | Atlas Hit/ Digit descriptio

RE_ID

SEID GEANT detector parameters
e e e entered file at 13-Tec-9d 14:59

Eank ITH SEID GEMT detector parameters (filled by GISDET)
Author R. Erun
Version 3,01
Store SGCBANES
Divizion Conztant
L 4
s 4
1 100
p 3ETS -1
I0-Charac 10I / 1R 11
---------- Deccripkion of the links ----————--
1 SJDH - pointer to hit parameter:z
2 SIDD - pointer to digiticabion parameter:z
3 31D - pointer to uwsers parameter:s

---------- Deccripbion of the data wordes ———— e

1 Ther Thmber of words to cbore packed hit descriphtors
e Thr Thmber of hit descripbors (Volumes + non-cumilabive slementsz)
3 Theh Tmber of words per packed hit part
4 1h Thmber of cumulative s=lementz per hikt
5 Thed Thmber of words per packed digit parkt
L] i Thmber of cumulative slements per digiticaktion
T TWHI primary cize of hit bank
& WD I primary size of digitication bank
2 llpath Thmber of paths through JVOLM tree; (-1) after GzDETV call
10 Idm For aliacses only, IDET of mobher debechbor
--REF lerel=1 Hr times
11 HameVol Hame of a rolume or a non-cumulative element
12 HbitVol Humber of bitzs for packing its number

--REF levrel=1 -- End --

11



SJDH Hit parameters (by GSDETH)

Eank ITH
o

T
I0-Charac

e e e e e entered file at 13-Dec-2d 14:59

ZIDH Hit parametersz [F111ed oy 3SDETH)
4 - per =ach hit element

ZEID

--REF level=1 Jh &

1

= L k

Nam=Hit
NbitHit
origin
factor

-1
S 1R 1T ZF
===-= Dezcription of the data worde  --—---———--
ime=s -
Nam= of a cumulative =]ls=m=nkt
Number of bite for ite packing
dizplacement for packing
zcale for packing

SI00 Digit parametars (by GSDETD)

Eank ITH
o

p
I0-Charac

—-REP levrel=1

1

-

ettt entered file at 13-Dec-2d 14:59

IIDD Digit parameters (by GISDETD)

z
SEJD -2

Hoame=Dig
NbitDig

- per mach digi eleme=nt

£1R 1T
---- Deccription of the data words @ -—-——--—---

Hd time=z

Hame= of the digit deccripber
Humber of bits for ite packing

510U Atlas Hit/Digit description

e e e e e entered file at 10-Jan-95 10:44

Eanlk ITH SIDU Atla= Hit/Digit dezcripkiom
Author Farel Herzki
jiig 200
g ZEID -3
I0-Charac -F
---------- Dezcripbion of the data worde e

1 Iadri dizplacement for hit dezcription park = 10
2 JTha Jhmber of hit descripbors (both in nmon— and cum. Pﬂ.‘l.‘h:-:'
3 Tadr?2 dizplaceme=nt for rolumes descripbion part = 104 10#]h
4 Thra number of all rolume de=criptors (branching or not)
5 Iadr3 dizplacement for the free cpace = 10+ 10+0h+3 45k
=] Irrb number of real rolume branchinges for IMTEV
T opk ion 1 - zingle skep hit opkicn (2 in any hit element)
E=] zerial zencitive rolume zerial number for thiz table
") IdType  ATLAS detector number
10 Iprin current print flag both for HITS and DIGI
—-REP levrel=1 Jha times, j=10+ih

jti hit encoded hit nams

jt2 opkicn  encoded hit aopticn (R-rounding)

jt3 b number of bit regquested

J+4 Fmin hit lower limik

jts Fmaz hit upper limik

s Origin Geank ocrigin

7 Fackor  Geant fachkor

JtE kit number of bit allocatsd

e Tk addrezs of the Geank weer sbep routins

F+10 Ifun hit function code (1-18 at prezent)
--REP ler=l=1 Jlra btime=s, k=10+10+1Tha+3éir

E+1 Tral Volume of branching (pointer in JVOLIN

s Neoopy number of branchings

kt3 b number of bit nesded



Appendix 2 exampls of a feometry module=,

LR L TR L L
MOCUILE GAASGED in the Geomebtry of the Galrcenid forward trachker
LR N L R L
Author Rene Erun, Favel Hercki
Created 23 cept 94
+CLE , AGECOH , GCOIET.
Content  GAAS, GDEi, GS3ij, GHij, Glij, GSUE, GASS, GELE, G3UP
Structure GAAS { Verziom, Ndisc, DrCounter, DfCounter, I=Counter,
TCEzubz, TCEoupp, Diels, IYeles, Ioele 1
Structure GD31 { Disc, Rldi=zc, RDdizc, Zhizc }
Real Zdel Rj,Zk,IR
Integer Idisc,j,k, 0 ,ndr

+ ______________ e e S e S . e —— —— - — —— —
Fill GAAG | gmometry descriphion
rerzion = 3 | layout versicn (1-Coziner,2-Fanel, S-innecy)
MHicc -2 | Wr. of dicce (on =ach zide)
DIriCounter = 5.3 | DX (Dr) of a counter
I Counter = 2.5 ! DY (Dphi} of a counker
I=Counter = .02 | DZ (Thickne=zz) of a counter
TCKezube = a1 ! Thickne=szz of the zubstrate
TCKeupp = Q.8 ! Thiclkness of the cuppork
Diele =- 3. | DX (Dr) of the eleckronicz board
D¥ele - 2 | DY (Dphi) of the electromics board
IZele - 05 | DZ (Thickne=zz) of the =lectronics board
Fill GI&Ei ! individual dizc parame=ter:s
Digc = 1 | dizc number
RIdizc = 20. ! inner Radius
ROdizc = 35. ! ouwbker Radius
Zdicc = 1565 ! Pocition along Z
Fill GIZi | cams=
Digc = 2 | pecond dizc
RIdizc = 25. ! inner Radius
ROdizc = 40, ! ouker Radius
Zhicc = 185.5 ! Pocition along Z
*
NZE GANG rar sion=3
* ———
Creats GAAS
call GIFOS( GAAS®,1,"INNE?,O. 0. ,0., O, "HMANY*)
* ______________ e e S e S . e —— —— - — —— ——
Elock GAAS iz Gadreenid forward tracker
Maberial Air
Me=dium Ablacz
Attribute gaac S mp =)
Shape TUEE Rmin=10 Rma =50 d==200
Zdel = maxigaag [Tele gaag DZcountertgaag TOKzube) | used later
do idizc = 1, ninkt(gaag Ndi=zc)
*
11EE GLE 1 Dizc =idi=c
* -
Create GLE 1
Pozition GDE1 ==tgdezi_Zdizc "forward"
Pozition GDE1 ==-gdezi_Tdizc ThetaZ=130 "backward reflecked"
andd o
andblack




Elaock GG iz one dice of Galdrzemid

Attribute gdei Emmn =)

Shaps TUEE Rmin = gdei RIdizc _
Amax = sgrbiigdsi _ROdicctgaag Dielejt+ 2tgaag DV elet+2) _
d= = (gaag TCHzupptS+Zdel)/ 2

Create and Pozition GIUP dz=gaag_ TCHKzupp/'2
IR = O

n = nint{ (gdsi ROdisc-gdei RIdisc) /gaag DRcoounter )
if (n*1l) DR=(gdzi ROdizc-gdzi_RIdizc-gaag DRoounter)/ (n-13

do j=1,n | make radial divicions
Rj = gdei RIdi=zc+(j-1)+DR
Create G317
do k=12
zk=-gaag_TCKoupp /2-Tdel+ (1+2+tmod (§ 200 +(k-10+ (gaag TCHoupptd +Td=1)
Porcition GSij ===k
enddo
endda
endblock
+ ______________ e e S e S . e —— —— - — —— ——
Elack G313 iz a sub-disc - one ring of overlapping counters
Thap= TUEE Rmin = Rj _
Rmax = sgrbl(Rjtgasg_DRcountertgaag DXels)#+2t+gang Dieledb2) _
d=z = Zdel
Mdr = ink (2+pi / atan(gasag DFcounter,(Rjtgaag DRcounter /20 /4+1)
Create GHi 5§
position GHij ==-Tdel/2
pocition GHij ==tZdel/2 AlphaZ=3E0. 0/ (241 )
endblock
* ______________ e e S e S . e —— —— - — —— ——
Elock GHij iz a half of the ring - on= plan= of counbter:z
Shap= TUEE DI=Zde=l/2
Create Ghi 5
endblock
* ______________ e e S e S . e —— —— - — —— ——
Elock Ehig iz a cector conkaining one counter
Shaps DIVIziecm Taxiz=2 Hdir=dr
Create and Pozitiom GSUE x = Rj + gaag DRcounter/2
Create and Pozition GELE x = Rj + gaag DRcounter + gaag D[fele/2
endblock
* ______________ e e S e S . e —— —— - — —— ——
Elock EEUE iz a GAAS cubotrate pluz cencitive counter
Component H A=1 =1 W=Z
Component © A=12 I=5 W=5
Component O A=16 =B W=2
mixzhure Flexiglaze Denz=1 .10
Attribube= GSUE SEEN=-1 COLO=3
Shaps= B du =gasg DRcounter /2  dy=gasg DFcounter /2

d==({gaag_ IZcounter + gaag TCEzube) /2

Create and Porition GASS ==-gaag TCHeub=/2
endblaock




Elack GASS iz a pencikive layer of the Ga Arsenid counter

Compoment G A=58 .7 Z=31 W=l
Component A5 A=T4 .9 T=33 %=1
Mixture Gadreenid Demne=5. 307
[Me=dium pennikbive Stellax=gaag I=Counter/5 Iszvol=1
Attribube GASS SEEN =1 COLO =4
Shap= B d==gaag [Tcounter,2
+ ________________________
HITS GASS x:11 y:10: El: O
+ ________________________
e=ndbl ack
+ ______________ e e S e S . e —— —— - — —— ——
Elack GELE iz an eleckronic board for one counter
Material zili con 4=28 .02 I=14 Denz=2.33 Radl=9. 36 AbzL=45.5
Attribube GELE SEEN =1 COLO =5
Shap= B duz=gaag [ele/2? dy=gaag Diele/? do=gaag [Tele/2
e=ndbl ack
+ ______________ e e S e S . e —— —— - — —— ——
Elack E3F iz a pupport for a whole Gades disc
Component F a=14 .1 =T W=.85
Component A=12 .01 ZT=5 W=.05
Mixkure C_whickers Denz=.24
Attribube GSUP SEEN=1 COLO=T
Shaps TUEE min=3 HRmax=0 d==0
e=ndbl ack
=nd
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Appendix 3 exampls of a digitisation mo dule=

1

I e R N

Meodul = TILEDIG iz the DIGITIZATION routine OF THE TILE caleorimebter
I e R N
Author Marzioc Hezzi

Created 10 Jan 24

Structure Tdig { Verziocm ,Scale,Emax ,Etamazx Deta  Dphil

+CLE, AGECOH , GO0 NET ,GCUNIT.

+

INTEGER 17 111, 1D
PARAMETER  (JV=10 NH=10 1D =107
INTEGER IVLEWVY , AegFHITO AeFHITL AeSDIG0  AeSDIGL , LTRA, IH,IR
REAL VNOD , HITS(NH) ,DIGI (D) , Ezum, The ,Eta Fhi E,
e (307 340 ."', :q';:iS:l

B mmm—————————— e e e e e e [Eyer—— - e e e e e
*
If (FIRST) then
Fill TDIG | Digitization parameters
Veresion= 1 | rerzion
Seale = 1. =5 | ADC zeale fackor
Emazx = 100 | Max =n=rgy
mtamax = 3.0 | rapidity limik
de=ta = 0025 | =ta granularity
dphi = Zépi 255 | phi garnularity
DIGT TEMA  =ta:tdig Deta:(-3,3), phi:tdig Dphi: (0, 24pi],
Elozz:0: (0, bdig _Emax)
FIRST = .fales=.
=ndif
B e - ———— o e = - e e
If (AgFHITO(*TILE","TESA") & ok} Rekturn
If (AgSDIGO(*TILE","TEMA®) & ok} Rekturn
DO While (A4gFHITL (IH,LTRA, JVL HIT3) .eg. Ok}
If (abz(IH) = 1) then | & new £il=
Ezum =
and if
* Accumul ate jusk =n=rgy in on= tils
E = Hit= (1)
Ezum = Ezum+tE
* all hite in thie tile received T
If (IH<=0) then
* translate NVL -> x,y,= —* sba,phi
call GITOW(=ero ,=zy=,1)
the = acosi(zy=(33 rmod (zy=, 302
Eta = -logitan(the/2))
Fhi = atanZ(=y=(2),=y=(13}
If (FPhi < @.3 Phi = 24pi + Fhi
DIGI (1) = Eta
DIGI (2) = phi
DIGI (3} = Ezum
If (AGSDIGL (LTRA,NVL,DIGI) % ok) Return
Endif
EndTO
ENn



