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The fourth version of the Ariadne program for generatingQCD cascadesin the colour dipole approximationis
presented.The underlyingphysics issuesarediscussedanda manualfor using the programis given togetherwith a
few sampleprograms.

The majorchangesfrom previousversionsarethe introduction of photonradiationfrom quarksandinclusion of
interfacesto the LEPTO andPYTHIA programs.

1. Introduction 1.1. Updatehistory

Thecolourdipolemodel(CDM) [1—31asim- The first versionof Ariadne [9] only handled
plementedin theAriadneprogramhashadcon- gluon radiation from primary quarks in e+e~
siderablesuccessin describingdata from both collisions.Since then the programhasevolved
e+ e [4] andlepto-production[5] experiments, as follows:

The CDM differs from other QCD cascade • version2 [10]: Includedgluon emissionfrom
modelsin thatit in anaturalway correctlytreats extendedemittersto describethe QCD show-
most QCD coherenceeffectsby describingthe ersin lepto-production.
gluonbremsstrahlungin termsof radiationfrom • version 3 [11]: Includedalso productionof
colourdipolesbetweenpartons,insteadof treat- QQ pairsfrom gluon splItting.
ing partonsas independentemitters. • version 3.1: Adoptedthe new eventrecordof

Ariadneis oneof the “Lund family of Monte JETSETversion7.1.
Carloprograms”andisnot acompleteeventgen- • version3.2: Includedpreliminaryfacilities for
erator. It only generatesthe QCD cascadepro- generatingdipole showersin hadron—hadron
cessandhasto be interfacedto otherprograms collisions.
which handle hard interactions,hadronization • version 3.3: Includeda preliminarytreatment
andparticledecays.Standardinterfacesto the of electro-magneticdipole radiation of pho-
JETSET[6], LEPTO [7] andPYTHIA [81pro- tons.
gramsareincludedin the versionpresentedin • version 4.01 (this version): Completely re-
this paper. written, built arounda new internal dipole-

orientedevent record. The preliminary fea-
turesof subversions3.2 and 3.3 are properly
included. Streamlinedinterfacesto the JET-
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1.2. Programmingphilosophy q~-dipole

TheprogramisalibraryofFORTRAN77 sub- e g’ e~
routinesto be called from a user-suppliedmain y Z0 2 Z0
program.Although thereexistoverfifty subrou-
tines, only ahandfularemeantto be explicitly — - — 2

calledby the user. e 3 e 3
Theinterfaceto the mainprogramas well as 1

to otherprogramsis handledthroughthe event qg-dipoe
record in the JETSET LUJETS common block. ,/ql
The communicationbetweendifferentAriadne
routines is, however,handled by an internal q-—\ q
dipole-orientedeventrecordin the ARSTRS, AR- g

2
DIPS and ARPART common blocks, where the
dipolesandpartonsarelinked togetherto form
“Lund-type” strings. gg-dipole

1.3. Aboutthismanual g~2 g~ g

This paperis divided into threeparts. The \-g2
first part, section 2, explains the underlying ‘g3

physicsprocessesmodeledin Ariadne. Section Fig. 1. The relevantFeynmandiagramsfor gluon emission
3 describesthe actualprogramcomponentsand from aq~,qg andagg dipole.
in section4 acoupleof samplemain programs
are given to illustrate how Ariadne is used.In eachof thesecanbecalculatedfrom the relevant
the appendix information on how to obtain, Feynmandiagramsin fig. 1 andcanbe written
installandtest the programis given, as

dO’q~ 2c~~ X1+X3 (1)
2. The colour dipole model dx1dx3 — 3ir (1 —x1)(1 —x3)’

da 3c~ x
3+x2

The CDM is basedon the fact that a gluon qg = (2)
emittedfromaq~pairinane~ecollisioncan ~ 4ir (I —x

1)(1 —x3)
be treatedas radiation from the colour dipole dagg = 3a5 X1 + X3 (3)
betweenthe q and~, andthat to agoodapprox- dx1 dx3 4ir (1 — x1 ) (1 — x3)’
imation, the emissionof asecondsoftergluon
canbe treatedas radiation from two indepen- where x1 are the final-stateenergy fractions
dentdipoles,onebetweenthe q andg andone 2E,/~ of the emitting partons in the
betweenthe g and~. dipolescenterof masssystem.Note that eqs.

In the CDM this is generalizedso that the (1) and (2) are slightly modified when finite
emissionof athird, still softergluon,is givenby quark massesare takeninto account (seede-
threeindependentdipoles,etc. scriptionofMSTA (19) in section3.5). It should

alsobe notedthat thesecross-sectionscorrectly
2.1. Gluon emission reproducethe Altarelli—Parisi splitting kernels

in the low p1 limit.
For gluon emissionthere are threedifferent The a5 is by default running with the scale

kindsof colour dipolesto be considered;q~,qg takento be thep~of the emission,definedin-
(or ~g) and gg dipoles. The crosssection for variantlyas



L. LOnnblad/ Ariadnev. 4 — A programfor simulation of QCDcascades 17

‘np~ 2

N
Fig. 3. The orientationof adipoleafter emission.

Fig. 2. Thephasespacelimits for emissionof afirst gluon The transformationof the cross-sectionsin
(thick lines) anda secondgluon (thin lines), termsofp~andy (roughly the rapidity of the

2 2 emittedgluon) is a very convenientone.With
2 m1 — (m2 + m3)P±= SdiPI\l —xl + Sd1~ 1—x1

y=~ln (7)
x(1x3 + m~—(m2+ mi)

2) (4)
Sd~~ all threecross-sectionsarewell approximatedby

wherem
2, themassof the gluon,is alwayszero. dp

2
dacx—~dy (8)

p-I-

2.2. Ordering
and the availablephasespacecanbe approxi-

Thep~scaleisalsousedfortheorderingofthe matelyrepresentedby theinside of atrianglein
emissions.Thismeansthatanemissionatascale the (ln (p~),y) planeas in fig. 2.
p~

1is performed“before”anemissionatalower The CDM canbeprovento beagoodapproxi-
scalep~2<p~1.This is achievedby introducing mationonly in thelimit wherethe emissionsare
a Sudakovform factor,giving the probabilityof strongly orderedin p~:p~1>> p~2>> p~3>>...

emittingagluon at somescalep~jaccordingto . But as seenin fig. 2 wherethe thin linescor-
respondto the availablephasespaceleft after

dP(p
2 y) emittingonegluon, it is possibleto haveasec-

d 2 ondemissionatahigherscalethanthefirst one,
P

1 y shouldthe dipolesbe consideredcompletelyin-
2 P~max dependent.The defaultprocedurein Ariadne is

= da ~ exp(— f dk~I(k~))~ to havestrictly orderedemissionsso thatp~1>
dp1dy

(5) 2.3. Recoils

wherethefirst factor is oneof thecross-sections Thecross-sectionsin eqs. (1)—(3) do notcorn-
in eqs. (1)—(3) and the second(the Sudakov pletelyspecifytheemissionofagluon.Theyonly
form factor), with give the energyfractionsof the partons,while

therearetwo moredegreesof freedomto be de-
Yma, (kI) termined; the azimuthangle q~of the emitted

1(k
2) — I dy’ da(k~,y’) (6) gluon andthe polarangle0 of parton 1 in fig. 3I — j dk~dy’ ‘ which determinesthe distributionof the trans-

Yrnin(k~) verserecoil amongtheemittingpartons.Thefor-
rner is alwaystakento be evenlydistributedbe-

correspondsto theprobabilityof not havingany tween0 and2,r. Forthe latterthereexistsapre-
emissionsata higherscale. scription [12] in thecaseof aq~dipole derived
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e~\ e~\ da~.~Q (1_x2)2+(1_x3)2 (10)

z° g Z° - where2 and 3 denotethe Q and Q. Again this

g correctlyreproducestheAltarelli—Parisisplitting
e - e kernelsin the lowp~limit.

- Introducingorderingwegettheprobabilityfor
splitting a gluon in a qg dipole ata phasespace

2

Fig. 4. TheFeynmandiagramsrelevantfor e~e qqQQ i01fl ~P±~y as

from spin considerations,wherea correcttreat- dPqQQ(Pj, y) = daqQQ(pt,y)
ment is achievedby letting oneof the quarksre- dp~dy dp~dy
tam its direction afterthe emissionwith aprob- pj ma,

ability proportionalto the squareof its energy. / 1 2 2 2
Forotherkindsof dipolesno suchprescriptions x exp~— j dk1 (IqQQ(k1) + ‘qgg(k1 )
exist. InsteadtheCDM postulatesthatthe trans-
verserecoils aredistributedin sucha way that (11)
“the disturbanceof the colourflow in neighbor-
ing dipolesis minimized”. In Ariadnethis is im-
plementedso that for a qg dipole the gluon a!- 2 m~ , dcj,(k±,y’)
waysretainsits direction (asthereis no neigh- Ii (k1) = j d~’ dk

2 dy’ (12)
boringdipoleon thequarksideto disturb)while ~,,,, I
fora gg dipoletherecoil is distributedaccording
to Hencethereis acompetitionbetweenthis pro-

cessandthe possibilityto emitanothergluonin-

o — X
3 ~ — stead.It turns out [3] that the choiceofp~as

— 4 + 4 ‘ orderingvariabletendsto favor the QQ produc-
tion morethanin conventionalpartoncascades

where~,t,is the anglebetweenpartons I and3 (e.g. [61) wherethe orderingis typically in Q
2.

2.5. Radiationfrom extendedsources
2.4. QQproduction

In deepinelasticscattering(DIS) of leptons
The processof splitting agluon into a q~pair on hadrons,the CDM doesnot divide the QCD

cannotbe straightforwardlyintroducedinto the cascadeinto a initial andfinal stateas conven-
dipole picture. Looking at the cross-sectionfor tional parton cascadesdo. Insteadit assumes
the processe+e ~ q~jQQ,correspondingto the that all radiation can be describedas radia-
diagramsin fig. 4, in the limit of small p~of tion from the colourdipole formedbetweenthe
the gluon andsmall invariant massof the pro- struckquarkandthe hadronremnant.
ducedQQpair,it canbe shownthatit factorizes In thisway the situationis very similar to the
into two parts;onecorrespondingto the process e+e casewith oneimportantmodification.In
e~e —f qg~andthe other the processqg~—~ e~eboth the q and~ canbe consideredpoint-
q~QQ.The first partjustgives thecross-section like, but for DIS only the struckquark is point-
in eq. (1). In the CDM thelatter is dividedinto like while the hadron remnantis an extended
two equalcontributionsfrom eachof the two object. It is a well-knownfact thatemissionsof
dipolesqg andg~.This gives the cross-section smallwavelengthsfrom an extendedantennais
for splitting agluonin aqg dipoleinto aq~pair: suppressedandthatfor anantennaof transverse
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ln p~ it correspondsto a gluon radiatedin theinitial
statein a partonshowerscenario[13] andthat

~/ \ -. in the low P±limit, the two approachesareba-
sically equivalentif the recoil gluon is given a
transverserecoil accordingto

______________ ______________ p~3e~=p~2e~2, (14)

where2 denotesthe emittedgluon and3 the re-

Fig. 5. Theavailablephasespacefor gluonemissionin DIS. coil gluon. Both this “recoil strategy”and the
Positiverapiditycorrespondsto the directionof the struck oneimplied by the rules in section2.3 are im-

quark. plementedin Ariadne. By default howeverthe
strategyis givenby eq. (14).

size 1, effectivelyonly afraction proportionalto In bothcasesthe recoil gluon is submittedto
theemittedwavelength)L x 1 /p~isparticipating p~ordering, i.e. it is not emitted if a normal
in the emission.In the CDM this is takeninto emission of a gluon betweenthe remnantand
account [2] by allowing only afraction gluon 2 givesa largerp~.

a — (13) 2. 7. Photonradiation

A q~pair is, besidesacolourdipole, of course
of the hadronremnantto takepart in an emis- also an electro-magnetic(EM) dipole, and the
sion with atransversemomentump~,where~ CDM canin anaturalwaybe extendedto also
describestheinversesizeandathe dimensionof describebremsstrahlungofphotonsfrom quarks
theremnant.Thismeansthattheavailablephase [14]. The cross-sectionfor emitting a photon
spaceisreducedascomparedwith thee+ e case from aq~pair is given by
in the way describedin fig. 5, leadingto a sup-
pressionof the radiationin the targetregion. da — LtEM 2 x1 + X3 15

dx1dx3 —

2.6. Recoilgluons
which isthe sameaseq. (1) substitutinga~with

Alsothedistributionof transverserecoil is dif- aEM andthe colour factor4/3 with the square
ferent in DIS as comparedto the e+ e— case. of the quark charge.Introducingorderingin p~,
Sinceonlyafractionofthehadronremnanttakes therewill bea competitionbetweenphotonand
partin the emission,only thatpart shouldbeal- gluonemissionfrom aq~dipolegiving theprob-
lowedto recoil. This is realizedby introducing ability to emitaphoton
an extra“recoil” gluon takingafractiona of the
remnantsenergy.The recoil is thendistributed dP~(p~,y) do~(p~,y)
betweenthis recoil gluon andthe otheremitting d 2 d = d 2 d
parton. ~ p~1~

This would meanthat in the first emission / Pi,ma~

of a gluon from the dipole betweenthe struck x exp( — I dk~(I~(k±)+ ‘g (ky)) ‘~,

quark andthe remnant,the quark shouldtake I
thefull recoil accordingto the prescriptionfor a
qg dipole in section2.3, leavingthe recoil gluon (16)
collinearwith theremnant.Analyzingtherole of
the recoil gluon,it can,however,be shownthat whereI, is given by eq. (12).
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If atfirstagluonisemittedfromtheq~dipole, of sea—quarkinteraction,theqc~pair has lived
which is very likely dueto therelativesmallness longenoughfor the partonsto beconsideredin-
of aEM, therewill bemanycompetingprocesses dependentof eachother, which is not the case
in the next stage;emitting aphoton from the in photon—gluonfusion.
EM dipolebetweentheq and~, emittingagluon In the interfaceto the LEPTO program,the
from eachof the two colour dipolesqg andg~ default procedureis to let LEPTO generatethe
andsplitting the gluon into anew QQ pair. hardprocessaccordingto first ordera5. In the

As longas only gluonsandphotonsareemit- caseof a yq —p qg process,the gluon is simply
ted, the CDM cantreatEM bremsstrahlungin a removedasthe gluon emissionis assumedto be
well definedwayusingp~ordering.If, however, well treatedby the dipole radiation.In thecase
an additionalq~pair is createdin thecascade, of yg —~ q~,the virtuality of theqcj pairis taken
the picture becomesvery complicated.This to betheirp~.If this virtuality is smallas com-
wouldmeanthat furthercolour dipole emission paredto the virtuality of the photonprobe Q

2,
would have to compete with EM quadrupole the q~pairhaslived long enoughto betreated
emissionfor which it is not possibleto definea as independentandthe eventisconsideredto be
p~in the sameway. Insteadit maybe argued an ordinarysea—quarkinteractionaccordingto
that whenan additional q~pair is created,the the discussionabove. Otherwiseif p~is larger
original EM dipole is screenedand in Ariadne thanQ2 (multipliedby somefactor,seedescrip-
by default, the EM bremsstrahlungis simply tion of PARA (20) in section3.4) bothquarksare
switchedoff. Optionally it is possibleto allow givena momentumtransfer,creatingonedipole
the original EM dipole to continueradiating.In eachwith thehadronremnantwhichwill radiate
anycasethephotonsthatareemittedatthislate independently.
stagein the cascadeareusually drownedin the
backgroundof photonsfrom hadronicdecaysin
thejets. 2.9. Hadron—hadroncollisions

It should be notedthat the Ariadneprogram
only describesfinal state photon radiation in In principleit is straightforwardto usethefor-
e~e collisions. Initial-state photon radiation malismforDIS alsoto describedipoleradiation
mustbe handledby theprogramperformingthe in hadron—hadroncollisions.After the hardin-
hard interaction,andno interferencesbetween teractionthe formeddipolesshouldbe allowed
initial andfinal statearepossible. to radiate,treatingthe partonsthathavetaken

part in the hardsubprocessas point-like andall
2.8. Photon—gluonfusionin DIS othersas extended.

Oneproblemariseswhenthereisagluoncom-
As the CDM only looksatradiationfrom the ing out of the hardsubprocess.Theinvariantp~

dipolebetweenthestruckquarkandthehadron of this gluon must limit the subsequentgluon
remnantin DIS, it doesnot give a satisfactory emissionto avoid doublecounting.
descriptionof the photon—gluonfusionprocess, Anotherproblemarisesin the caseof Drell—
whereit ispossiblethatbothaquarkandananti- Yan production. In the caseof e.g. q~—~ W
quark receivelargemomentumtransfer,creating therewill be a dipole betweenthe two hadron
onedipole eachwith the remnant. remnantswhich can radiate.Although the di-

Picturing the hadronas a Lund-typestring, pole in othercasesdescribescorrectlythe initial-
there is, however,no cleardistinctionbetween state QCD-radiation,in this caseit doesnot,
the photon—gluonfusion processandordinary as the W is already “disconnected”from the
sea—quarkinteraction.Bothprocessescanbede- radiating dipole. This makes it impossibleto
scribedin termsof resolvingakinkon thestring give it anytransversemomentumfrom the mi-
(agluon) into a (virtual) q~pair.Themain dif- tial state which has beenobservedin e.g. p~
ferenceis the time scalesinvolved. In the case collisions[15].
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3. Programcomponents partonicstatehasbeenproducedby theprogram
for which Ariadnehasbeeninitialized, andre-

The programconsistsof a large numberof formatsthe event-recordaccordingly.
routinesperformingdifferent,well-defined,op-
erationson an internal dipole-orientedevent SUBROUTINE ARPRDA
record, consistingof the threecommonblocks Prints out the values of the parametersand
/ARPART/, /ARDIPS/ and /ARSTRS/. Externally, switchesusedby Ariadne.
however,the programusesthe eventrecordof
JETSETin the /LUJETS/commonblock. SUBROUTINE ARTUNE(SET)

Mostof theseroutinesareonlyusedinternally Sets the parametersin Ariadne to the values
by theprogramandareof no realinterestto the tunedby differentexperimentalcollaborations.
ordinaryuser. They are,however,all described The argumentis a characterstring andshould
briefly in appendixB, mainly to give the user be set to ‘DELPHI’ or ‘OPAL’ to use the tun-
someideaof how the programworks. ing of refs. [16] and [4], respectively.Note

In short Ariadne works as follows: After it that ARTUNE also changessome parameters
has beeninitialized with the ARINIT subrou- andswitchesin JETSET (PARJ(21), PARJ(41),
tine, it canbe madeto acton partonicstatesin PARJ(42) andMSTJ (11)).
the /LUJETS/ commonblock by calling AB.EXEC.
AREXEC makes some initial modifications to SUBROUTINE ARTEST(IPRINT)
/LUJETS/ dependingon which programit is mi- A test programto checkthatAriadne hasbeen
tialized to runwith andthencallsARPARS which installedproperly,disguisedasasubroutine(see
performsthe translationto the internal event appendixA. 3).
record.In ARCASC the main loop overemissions
is found,wherefirst ARGPT2is called to generate 3.2. Ajet clusteringroutine
ap~for apossibleemissionfrom eachdipole.
Thedipolewith largestp~is thenallowedto ra- In addition to the generationof dipoleemis-
diateby a call to AREMIT. The loop is continued sion, Ariadne also providesa routine for jet-
until all generatedPj’5 arebelowthe cut-off af- clusteringcalled ARCLUS. It implementsaCDM
ter which acall to ARDUMP translatesthe formed inspired jet algorithm which is very different
partonstatebackto /LUJETS/. from conventionalalgorithms.

Conventionalalgorithmsare typically based
3.1. Themain routines on somemeasuredefiningthe distancebetween

twojets.This measurecanbetheinvariantmass
The following routinesarethe onesnormally as in the JADE algorithm [18] or somemutual

calledby the user: P±as in theLUCLUS algorithm[6]. Theproce-
dure would thenbe to find the two jets which

SUBROUTINEARINIT (MODE) are closesttogetheraccordingto this measure,
Before Ariadne can be used, it hasto be mi- replacingthesewith a newjet by summingtheir
tializedwith ARINIT. ARINIT takesoneargument momenta.Thiswould thenbe repeateduntil no
whichis a characterstringindicatingwhich pro- two jetsareclosertogetherthansomecut-off.
gramAriadneis usedwith; ‘JETSET’, ‘LEPTO’, The algorithm usedin ARCLUS is different in
‘PYTHIA’ or by itself — ‘ARIADNE’. thesensethatit looksatall combinationsof three

jets, looking at the invariantp~of onewith re-
SUBROUTINEAREXEC spectto the two others.The combinationwhich
This is themainroutine in Ariadne.Givenapar- gives the smallestp~is thenselectedandthese
tonic statein /LUJETS/ it administersthe dipole threejets arethenclusteredtogetherinto two,
radiationaccordingto the optionsandparam- wherethe orientationof the two newjetsarede-
etersset in /ARDAT1/. AREXEC assumesthat the terminedby eq. (9). An inversedipole emission
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if you like. The procedureis repeateduntil no When run togetherwith the JETSET,LEPTO
p~is belowa cut-off. or PYTHIA programsAREXEC will automati-

The algorithm is obviously inspiredby the cally handlethe encodingof the partonicstates
CDM but it also fits well into the Lund sting which should be treatedby Ariadne. When
fragmentation[17] picture wherea hadron is Ariadne is usedby itself the user must ensure
not producedby oneparton but ratherin the that thesepartonicstatesarecorrectly encoded.
stringbetweentwo partons. Ariadne will thenperformdipole radiation for

The algorithm is invoked by CALL ARCLUS ( all un-decayedstrings of partonsin /LUJETS/
NJET) andis usedin the sameway asthe LUCLUS whereall partonshavethecodeK(I, 1)=2except
algorithmandalsousessomeof the switchesin for the last one in a string which should have
JETSET’s/LUDAT1/ commonblock for compat- K(I , 1)=1 (the standardJETSETencoding).In
ibility. The cut-off in invariantp~is given by addition,all partonswith K (1,4) between1 and
PARA(31) in /ARDAT1/. With MSTU(47) one can 3 will be treatedextendedwith the dii given by
require a minimumnumberof jetsto be recoil- PARA(10+K(I,4)). After the call to AREXEC the
structed. MSTU(41) determineswhich particles initial partonswill haveK (I , 1)= 12 or K(I , 1) =11

areusedif MSTU(48)=0,otherwisetheclustersal- to indicatethat theyhavedecayed,andK(I ,4)
readyin /LUJETS/ from an earlierclustersearch andK(I,5) will point to the first andlast par-
areused. ton in the cascadedstring. The partonsin the

After the call, NJET is equalto the numberof producedstring will be properly encodedfor
jets found, or negativeto indicate that some- a subsequentcall to LUEXEC for fragmentation.
thing went wrong. The energyandmomentum In addition K (5,1) will give informationabout
of the jets are storedin positionsN+1 through in which order the partonswereemittedin the
N+MSTU(3) in /LUJETSI. cascade.A gluon producedin emissionnumber

Note that this algorithm is poorly optimized NO will haveK (1,5)=NO, a recoil gluon from the
forspeed.It will hopefullybecomefasterin com- sameemissionwill haveK (1,5) =—NO. If in emis-
ing revisions. sion NO agluon, previouslyproducedin emis-

sionNOG, is split into aq~pair,bothquarkswill
3.3. Main commonblocks haveK(I , 5)=NOG*1000+NO.

In appendixB afull list andshort description
is givenfor all commonblocksusedin Ariadne; 3.4. Parametersandswitches
hereonly the mainonesaredescribed.

The following parametersare used by An-
COMMON /ARDAT1/ PARA(40) ,MSTA(40) adne:
The parametersandswitchesusedby Ariadne.
Seebelowfor a full description. PARA(1) (Defaultvalue = 0.2 GeV) The AQCD

usedin the runningcouplinga~.
COMMON /ARDAT2/ PQMAS(10) , PARA(2) (D = 0.2) Value of constanta, for
Thequarkmassesusedby Ariadne.Theseareby MSTA (12) = 0

defaultsetby ARINIT to thevaluesofPARF( 101)
- PARF(108) in the /LUDAT2/ commonblock of PARAc3) (D = 1.0GeV) The cut-offin invariant
JETSET. (Seeswitch MSTA(24) belowfor more p~for emissionsfrom colour dipoles.
details.) PARA(4) (D = 1/137) Value of electro-weak

coupling constantciEM usedfor photonemis-COMMON /LUJETS/N,K(4000,5),P(4000,5), sions
V(4000,5)
This is the standardJETSETeventrecordused PARA(5) (D = 1.0GeV) Thecut-offin invariant
to communicatewith the Ariadne program. p~for emissionsfrom electro-magneticdipoles.
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PARA(6) (D = —1.0 GeV) If larger thanzero 3 The incoming partonsare treatedas if pro-
this gives the maximum allowed invariantp~, ducedby LEPTO.
otherwisethe maximumis givenby phasespace MSTA(2) (R) Flag set by ARINIT to indicatethatlimits, initialization hasbeendone.
PARA(7-9) Not used.

MSTA(3) (D=0) Setting of parametersin An-
PARA (10) (D = 1.0) Powerin soft suppression- adne,JETSET,PYTHIA andLEPTOto suitable
a (the dimensionalityof the extendedsource). values in ARINIT.

0 Off.
PARA(11) (D = 1.0 GeV) Soft suppressionpa- lOn.
rameter~ufor partonswith K(I,4)=1.

MSTA(4) (R) Numberof calls to AREXEC so far.
PARA(12) (D = 1.0 GeV) Soft suppressionpa-
rameter~i for partonswith K (1,4)=2. MSTA (5) (D = 0) Performsfragmentationat the

endof eachcall to AREXEC. Whenrunningwith
PARA(13) (D = 1.0 GeV) Soft suppressionpa- JETSET, LEPTO or PYTHIA, this switch is
rameter~i for partonswith K(I setby ARINIT to thevalue of the corresponding

PARA(14-19) Not used. switch in theseprograms.
0 Off.

PARA(20) (D = 1.0) When usedtogetherwith lOn.
LEPTO 6.1 — theminimumvalueof p~/Q2of a
q~pair in a boson—gluonfusionevent.If below, MSTA(6) (D= —1) If larger thanzero, setsthe
the eventis treatedas a sea—quarkinteraction, maximum number of emissionsallowed per

stringin a AREXEC call.
PARA(21-30) Not used.
PARA(31) (D = 1.0 GeV2) The maximumin- MSTA(7) (D=6) File numberfor output fromAriadne. (Is set by ARINIT to the value ofvariantp~for clusteringthreejets into two in MSTU(11) in the /LUDAT1/ common block of
ARCLUS. JETSET.)
PARA(32-38) Not used.

MSTA(8) (D=6) File numberfor errormessages
PARA(39) (D = 0.001)Tolerancefactorfor mo- andwarningsfrom Ariadne.
mentumconservation.If any componentof the

MSTA(9) (D= 1) Determineshow carefullyAn-total energyandmomentumfor apartonicstate adnechecksmomentumconservationetc.
haschangedmorethanthisfactortimesthetotal
invariantmassof the stateduringthe cascade,a 0 No checking of momentum conservation.Only seriouserrorsarereportedby Ariadne.warning is produced.

1 Momentumconservationischeckedaftereach
PARA(40) (D = 1032) Maximumfloating-point call to AREXEC.
numberallowedby the machinewhich Ariadne 2 Momentumconservationischeckedaftereach
is runon. emission.

3 As for2 but in additionthecurrentpartonstate
The following switchesareusedby Ariadne: is copiedinto the ILUJETS/eventrecordafter

eachemission.
MSTA(1) The mode set by ARINIT for correct
treatmentof incomingpartons. MSTA (10) (D =5) Maximum numberof warn-ings (of eachkind) issuedby Aniadne.0 No specialtreatment.
1 The incoming partonsare treatedas if pro- MSTA(11) (D=0) Phasespacerestrictions;The

ducedby JETSET. maximump~of an emissionis set to thepj of
2 The incoming partonsare treatedas if pro- the lastemissionfor:

ducedby PYTHIA. 0 all emissions,
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1 all emissionsfrom colourdipoles, 0 Off.
2 only for gluon andphotonemissions, 1 On.
3 only for gluon emissions, 2 On,but turnedoff atthefirst occurrenceofq~
4 no restriction, emissionin a string (c.f. section2.7).

MSTA(12) (D=l) Treatmentof a,, MSTA(21-23)Not used.
0 Constanta, givenby PAPA (2).
1 Runninga,= l2ir/(33 — 2nf)lnp±/)L2. MSTA(24) (D=2) Quarkmassesto beusedin q~

emissions:
MSTA(13) (R) If non-zero,awarningwas issued 0 as specifiedin PQMAS(1-8) in /ARDAT2/.
in thelastcallto AREXEC or ARCLUS. (Seedescrip- 1 “bare” quarkmassesas specifiedin PMAS(1-8)
tion of subroutineARERRM in appendixB.) in /LIJDAT2/.

2 “constituent” quark massesas specified in
MSTA(14) (D= 1) Setting of the maximumin-
variantp~to the minimump~of all incoming PARF (101-108)in /LUDAT2/.
gluonsin a string. MSTA(25-29) Not used.
0 Off.
1 On. MSTA(30) (D= 1) Optionswhen running withLEPTO.
MSTA (15) (D 5) Maximum number of flavors 0 Struck quark point-like, remnant extended
allowedin q~emissions. with ,i = PAPA(11).

MSTA (16) (D = 2) Recoil strategy: 1 Struck quark point-like, remnant extended
0 Useeq. (9) for all emissions. with 1t=PARA(11)/(1 — x).
1 As 0, but point-likequarkstakefull recoil. 2 as 1, but alsostruckquark extendedwith ~u=

Q.
2 As 1, but alsoextendedquarkstakesfull recoil

if a> 1. MSTA (31) (D = 1) Treatmentof massesof ex-

MSTA(17) (D=2) Treatmentof recoil gluons. tendedpartons.0 Makeextendedpartonsmassless(for compat-
0 No recoil gluonsareemitted.
1 Emit recoil gluon exceptif otherdipole endis ibility with previousversions).1 Extendedpartonsallowedto bemassive.

apoint-likequark for MSTA(16)=1.
2 Emit recoil gluon accordingto eq. (14). MSTA(31-40) Not used.

MSTA(18) (D= 1) p
1-orderingof recoil gluons. 3.5. Sampleprograms

0 Off.
lOn.

Theeasiestway to learnhowto useAriadneis
MSTA (19) (D = 1) Treatmentof emissionsfrom of courseby lookingat examples.In the follow-
heavyquarks. ing, threesampleprogramsaregivenillustrating
0 Simple treatment,changingthe denominator how to useAriadnetogetherwith the JETSET,

in eqs. 1, 2 and 15 to LEPTO andPYTHIA programs.For simplicity
theyareall assumingthat the userhassupplied

(1 — .~, + m~— m~ m~— m~\ routinesfor settingparametersandswitchesand______ — x3 +
Sdip ) ( Sdi~ ) for analyzingthe producedevents.

(17) The generalstrategyis to first setall param-
etersandswitchesin Ariadneandthe program
it is running with and then initialize Ariadne

1 A more elaboratetreatmenttaking into ac- with ARINIT before initializing the other pro-
countthe “dead-cone”effect in ref. [19]. gram.In this way Aniadnecansetup theother

MSTA (20) (D = 0) Electro-magneticdipole radi- programso thatafter it hasgeneratedan event,
ation. the dipole showercanbe appliedwith asimple
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call to AREXEC. Thisof courseis relying on that c.. .the parameters and switches in LEPTO

the user doesnot changeany parametersand CALL LEPSET

switchesin the other programwhich influence
C. . .Call a user supplied routine settingthe way its eventsareproduced,afterthecall to c.. . the parameters and switches in Ariadne

ARINIT. CALL ARISET

Notethatthesesampleprogramsareincluded
in thedistributionas describedin appendixA.3. C.. .Initialize Ariadne to run with LEPTO

CALL ARINIT ( ‘LEPTO’)

3.5.1. GeneratingLEPeventswithJETSET C. . .Initialize LEPTO for HERA
CALL LINIT(0,11,30.O,—820.O,4)

PROGRAMLEP
C.. .Loop over a number of events

C.. .Call a user supplied routine setting DO 100 IEVE=1,10000

C.. .the parameters and switches in JETSET
CALL SETJET

C.. .Call generate an event with LEPTO
CALL LEPTO

C. . .Call a user supplied routine setting

C.. .the parameters and switches in Ariadne C.. .Apply the Dipole Cascade

CALL ARISET CALL AREXEC

C. . . Initialize Ariadne to run with JETSET
C.. .Call a user supplied analysis routine

CALL ARINIT(’ JETSET’)
CALL HERANA

C. . . Loop over a number of events 100 CONTINUE
DO 100 IEVE=1,10000

END
C.. .Generate an LEP event with JETSET

CALL LUEEVT(0,91.0) Thecommentsmadefor theJETSETcasealso
applieshere.

C. . .Apply the Dipole Cascade

CALL AREXEC

3.5.3. GeneratingLHC events with PYTHIA
C. . .Call a user supplied analysis routine

CALL LEPANA PROGRAMLHC

100 CONTINUE C.. .Call a user supplied routine setting
C.. .the parameters and switches in PYTHIA

END CALL PYTSET

In the call to ARINIT the partonevolution is C. . .Call a user supplied routine setting

completelyswitchedoff in JETSET and so is C.. . the parameters and switches in Ariadne

the fragmentation.If fragmentationpreviously CALL ARISET
was switchedon in JETSETit will insteadbe

C. . . Initialize Ariadne to run with PYTHIA
switchedon in Ariadneso that AREXEC will end CALL ARINIT ( PYTHIA’)

with a call to LUEXEC.
Note that by commentingout the calls to C.. .Initialize PYTHIA for LHC

ARINIT and AREXEC, this programwill produce CALL PYINIT(’CMS’ ‘~+‘ ‘r~’ ,17000.0)

eventswith JETSETas setup in SETJET.
C. . .Loop over a number of events

00 100 IEVE=1,10000

3.5.2. Generating HERA events with LEPTO
C.. .Call generate an event with PYTHIA

PROGRAMHERA CALL PYEVNT

C. . .Call a user supplied routine setting C. . .Apply the Dipole Cascade
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CALL AREXEC PARAMETER(MAXOIp=500,MAXPAR=500,MAXSTR=100)

C. . .Call a user supplied analysis routine

CALL LHCANA These limits can of coursebe changedby the
user, but it shouldbe notedthat generationof

100 CONTINUE morethan500partonsin Ariadnemostprobably
is an indicationthatan error hasoccurred.

END Aniadnecontainsa block dataroutine ARDATA
Again the comments in the JETSET case for settingthe defaultvaluesof the parameters

also applies here. Note howeverthat Ariadne ands~vitchesused.Whencompiling Ariadne in
presently only can handle a small subset of separatemodules,thisblockdataroutineshould
the subprocessesavailablein PYTHIA, andat- becompiledin the samemoduleas ARINIT. 0th-
tempts to use Ariadne for other subprocesses erwise,sinceARDATA isneveractuallyreferenced,
will result in a warning from Ariadne. it will notbelinkedandAniadnewill notbeprop-

erly initialized.
Aniadnehasto beloadedtogetherwith version

Appendix A. Technical information 7.1 or laterof theJETSETprogram.In addition
when run in ‘LEPTO’ modeit shouldbe loaded

The Ariadneprogramis written accordingto togetherwith version6.1 or laterof the LEPTO
the FORTRAN 77 standardandshouldwork on programand when run in ‘PYTHIA’ mode to-
anyplatformwith a FORTRAN 77 compiler. getherwith version 5.3 or laterof the PYTHIA

To avoidnameclasheswhenruntogetherwith program.
other programs,all externalnamesin Ariadne
beginswith the two characterAR. All internal A.]. Availability
identifiersconformsto thestandardFORTRAN
77 implicit declarationsexceptfor doublepreci- The programis available on E-mail request
sion andlogical variableswhich aredeclaredin from the author (1onnb1ad~apo11o3.desy.de).
all subroutinesas Theprogramwill thenbesentas anE-mail mes-

IMPLICIT DOUBLEPRECISION CD) sagecontainingthelatestrevisionof thecodeto-
IMPLICIT LOGICAL (q) getherwith the latestrevisionof this manualin
Ariadneperformsalargeamountofboostto and LATEX format.

The programis alsoavailablevia anonymousfrom the centerof massframesof the radiating
dipoleswhich maygive rise to precisionprob- ftp to thep.lu.se(IP number130.235.92.57).

Herethe programresidesin the directorypub!lem when the program is usedfor simulations
LundPrograznsas the compressedtar-archivefile

at very high energies.To avoid theseAriadne
hasanadditionaldeclarationof doubleprecision ariadne- 4.01 . tar. Z (Forthcomingrevisions

will be numbered4.02, 4.03etc.)
variables
CD IMPLICIT DOUBLEPRECISION (B)

A. 2. Installation
which is by default commentedout. Removing
thesecomments(globallyreplacing“CD “with If the program has been obtainedthrough

) will avoid precisionproblemsbut may E-mail correspondenceit should simply be ex-
alsoseverelyreducethespeedof theprogramon tractedinto a file andbe compiled.
somemachines. To install the program obtainedvia anony-

The internal event record of Ariadne has mous ftp, the compressedtar-file should be
a maximum numberof partons,dipoles and “un-compressed”and “un-tarred” which will
strings which it can handle. These numbers create a directory called ariadne-4.01.This
aredefinedin the parameterstatementin each directorywill contain,besidesthe actual code,
routineandareby defaultset to: a file called README containing all instructions
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neededto install the program.In additionthere REAL FUNCTION ARANGL (11,12)
will be the files ariadne. tex, ariadne.man and Returnsthe anglebetweenpartonsIi and12 in
ariadne.pscontainingthelatestrevisionof this radians.
manualin LATEX, ASCII andPostscriptformat,
respectively. SUBROUTINE ARBOCM (ID)

Booststhepartonsin dipoleID to their centerof
massframe.

A.3. Testprograms
SUBROUTINE ARCASC

Ariadne containsa subroutinecalled ARTEST Containsthe mainloop over dipole emissions.
intendedto be usedfor confirming that the in-
stallationhas beensuccessful.To use it, write SUBROUTINE ARCHEM(IMOD)
a small programcalling the routine (this pro- Checksthatenergyandmomentumis conserved
gram is includedin the tar-distribution as the in Ariadne.
file atest.f):

SUBROUTINEARCHKI (ID)
PROGRAMTEST

Checksthattheemissiongeneratedfor dipole ID
CALL ARTEST(0) is kinematically allowed.

END SUBROUTINEARCLUS(NJET)

When run, ARTEST will generate10 000 events Jet-clusteringroutineimplementingthe“inverse
randomly distributedin centerof massenergy dipole radiation”algorithm.
andchecktheir consistencywith respectto mo-
mentumconservationandcolour flow. If An- SUBROUTINE ARCOPA(IJ IF, ITYP)
adnewassuccessfullyinstalled,amessage . .Copiesapartonfrom positionIJ in /LUJETS/to
No errors experienced by Ariadne. position IP in /ARPART/.

will be printed.If anythingelseis printed,such
as SUBROUTINE ARCOPJ
2 errors occurred in Ariadne. Copiesparticlesto beconsideredjet-initiatorsto

the endof /LUJETS!.
pleaseconsultthe author.

In the tar-distributionthe sampleprograms SUBROUTINE ARCRDI (ID, IPA1 , IPA3, IS, QED)
describedin section3.5 arealsoincludedas the Createsa dipole entry in ID /ARDIPS! from the
files jtest .f, itest .f and ptest.f including partonsatposition IPA1 andIPA3 in !ARPART/.
dummyroutinesforparametersettingsandanal-
ysis. SUBROUTINE ARDUMP

Copiesa partonic statefrom the internalevent
recordto /LUJETS/.

AppendixB. Descriptionof subroutinesand SUBROUTINEARDUPH
commonblocks Copies a photon radiated by Ariadne to

/LUJETS/.
This is a completelist of the subroutinesin

Ariadne. SUBROUTINE AREMIT
Administersthe actualemissionfrom dipoleID.

SUBROUTINEARRADG(ID)
Administerstheemissionof agluonfrom dipole SUBROUTINEARERRN

ID. Printsout anerrormessageandoptionally stops
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the execution.If theexecutionis allowedtocon- REAL FUNCTION ARIPT2(I1 ,12,I3)
tinue the value of MSTA(13) will beset to avalue Returnsthe invariantp~of parton 12 with re-
corresponding to the warning produced: spectto the partonsIi and 13.

3 /LUJETS/eventrecordwas not properly for-
matted. SUBROUTINEAR.JOIN(J1,J2,J3)

9 Total four-momentumwasnot conservedin Clustersthe threejet-entriesJ1, J2 andJ3 in
Ariadne. !LUJETS/ into two according to a “reversed”

10 A particle was found to haveinconsistent dipoleemissionscenario.
four-momentum.

13 A dipole was foundto haveinconsistentin- SUBROUTINEARMADE
variantmass. Determinedsome mass-dependentfactors for

20 Selectedsubprocessin PYTHIA is not sup- usein the veto-algorithm.
portedby Anadne.

21 ARCLUS was not ableto orderjets in energy REAL FUNCTION ARMASS(N, I)
dueto lackof space. Returnsthe squareof the invariantmassof the

N partonspointedto in the vector I (N).
SUBROUTINEAREXEC
This isthemain routinein Ariadne.Givenapar- SUBROUTINE ARMCDI (ARRNDX , ARRNDY , ARVETO)
tonic statein /LUJETS/ it administersthe dipole Implementsthe veto-algorithmfor generatinga
radiationaccordingto theoptionsandparame- p~for any dipole given the functionsARRNDX,
tersset in /ARDAT1/. ARRNDY andARVETO.

SUBROUTINEAREXMA(I1 ,I3) REAL FUNCTION ARMIPT(IF, IL)
MakespartonsIi and 13 masslessif extended. Returnsthe minimum invariantpj of the par-

tonsbetweenpositionsIF andIL in /ARPART/.
REAL FUNCTIONARGPT2(ID)

Returnsthegeneratedp~for apossibleemission REAL FUNCTION ARNOFL (W , MNOFW)
from dipole ID. If necessaryit calls the relevant Returnsthe numberof flavorsto beusedto cal-
procedure to generatethisp~. culatea, at ascaleW.

SUBROUTINEARGQCD(ID) SUBROUTINEARORDJ

Calculatesthep~ofapossibleemissionfrom the Ordersthejet entriesin /LUJETS/ accordingto
colourdipole ID. their energy.

SUBROUTINEARGQED(ID) SUBROUTINEARORIE(I1 ,I2,13,

Calculatesthep~ofapossibleemissionfrom the BS , B 1, B3 , QR1 , QR3 , PT21,PT23)
electro-magneticdipole ID. Orientsthe partonsIi, 12 and13 in theircenter

of massframe, giventheir energyfractionsand
SUBROUTINEARGTYP(I , ITYP) their total invariantmass.
Determinesthe colour state of a particle in
/LUJETS/. SUBROUTINEARPARS(NSTART,NEND)

Parsesthe !LUJETS/ commonblockbetweenp0-
SUBROUTINEARINIT (MODE) sitionsNSTART andNEND, copying partonsto be
InitializestheAniadneprogram.Theargumentis cascadedinto the internaleventrecord.
acharacterstringindicatingwhichprogramAri-
adneis usedwith; ‘JETSET’, ‘LEPTO’, ‘PYTHIA’ SUBROUTINEARPRDA
or by itself— ‘ARIADNE’. Prints out the values of the parametersand

switchesusedby Ariadne.
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SUBROUTINE ARRADG(ID, NREM, SNR) beset to ‘DELPHI’ or ‘OPAL’ to usethetuningof

Performstheemissionofagluonfrom dipole ID. refs. [16] and [4] respectively.
SUBROUTINEARRADP(ID) SUBROUTINEARUPDJ(I2, 11,13)
Performsthe emissionof aphotonfrom dipole Calculatesthe minimum invariantp~of a jet
ID. entryin /LUJETS! with respectto anyotherpair

ofjet-entries.
SUBROUTINE ARRADQ(ID)
Performsthe splitting of a gluon into aq~pair REAL FUNCTION ARVET1 0, ARVET2 () etc.
in dipole ID. Different routinesfor calculatingthevetofactor

to be usedby ARNCDI.
SUBROUTINEARRECA(ID,IDS,1S1 ,IS3)

Recallsafull dipoleentry to theinternalevent Thefollowing commonblocksareusedin Ari-
record,previouslystoredawayby ARETOR. adne:

COMMON/ARDAT1/ PARA(40) ,MSTA(40)

REAL FUNCTIONARNDX1O, ARNDX2() etc.
Different functions for generatingap~according The parameters andswitchesusedin Aniadneas

explainedin section3.4.
to aSudakov-suppressedsuppression,to beused
by ARMCDI. COMMON /ARDAT2/ PQMAS(10)

The quarkmassesusedin Ariadneas described
REAL FUNCTIONARNDY10, ARNDY2() etc. in section3.3.Different functionsfor generatingarapidity ac-
cording to a flat distribution, to be used by COMMON /ABDAT3/ IWRN (40)
ARMCDI. Thenumberof errorsandwarningsof eachkind

experiencedby Aniadne.
SUBROUTINEARROBO(THE ,PHI,

COMMON/ARPART/ BP(MAXPAR,5) ,IFL(MAXPAR),
DBEX , DBEY , DBEZ , N, I) $ IEX (MAXPAR) , QQ (MAXPAR) , IDI (MAXPAR),
RotatesandboosttheN partonspointedtoby the $ IDO (MAXPAR) , INO (MAXPAR) ,IPART

vectorI (N). Thepolarrotationisperformedfirst
(THE) followed by the azimuth rotation (PHI) The internal representationof partonsin An-
andthe boost. adne:

BP(1,1) x-componentof the momentumof par-
SUBROUTINEARSPLG(IG, IFLAV) ton I.
Splits thegluonentryIG intoaquarkandananti-
quarkentrywith flavorsdeterminedby IFLAV. BP (1,2) y-componentof themomentumof par-

ton I.
SUBROUTINEARSTOR(ID, IDS, IS1,IS3) BP(I ,3) z-component of the momentumof par-
Storesaway a full dipole entry in the internal ton I.
eventrecordfor lateruse.

BP(I,4) energyof parton I.

SUBROUTINEARTEST(IPRINT) BP(I,5) massofparton I.
A test programto checkthat Ariadnehasbeen
installedproperly,disguisedas a subroutine. IFL (I) flavor codeof parton I.

IEX(I) indicatesif partonI is to be considered
SUBROUTINEARTUNE(SET) extended.
Sets the parametersin Ariadne to the values
tunedby differentexperimentalcollaborations. QQ(I) is . TRUE, if parton I is in acolour-3or
The argumentis acharacterstring and should state.
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IDI(I) position of “incoming” dipole in adne
!ARDIPS!. IPF(IS) position of the first parton in
IDO(I) position of “outgoing” dipole in /ARPART!.
/ARDIPS/. IPL(IS) position of the last parton in
INO(I) The numberof the emission in which /ARPART/.
partonI wasproduced.

IFLOW(IS) the directionof colour flow in string
IPART The number of partons presently in IS. A positivevaluecorrespondsto IPF(ID) be-
/ARPART/. ing a colour-3parton.

COMMON /ARDIPS/ BX1(MAXDIP) ,BX3(MAXDIP), PT2LST p~of the lastemissionin Ariadne
$ PT2IN(MAXDIP) ,SDIP(MAXDIP) ,IP1(MAXDIP),
$ 1P3(MAXDIP) ,AEX1(MAXDIP) ,AEX3(MAXDIP), IMF Thepositionof thefirst partonin the parent
$ QDONE(MAXDIP),QEM(MAXDIP),IRAD(MAXDIP), stringin /LUJETS/.
$ ISTR(MAXDIP),IDIPS

IML Thepositionof thefirst partonin theparent
The internal representationof dipolesin An- string in /LUJETS/.
adne.

ID The numberof emissionsperformedfor the
BX1(ID) valueof x1 generatedfor dipole ID. parentstring.

BX3(ID) valueof x3 generatedfor dipole ID. QDUMP is .TRUE. if currenteventinformationhas

PT2IN(ID) invariantp~generatedfor dipole ID. beencopiedinto the /LUJETS/ commonblock.

SDIP(ID) invariantmasssquaredof dipole ID. ISTRSThe numberof stringscurrentlyin
/ARSTRS/.

IP1(ID) positionof parton 1 in !ARPART!.
COMMON/ARINT1/ BC1,BC3,BZM,BZP,BP1,BM1,BP3,BM3,

1P3(ID) positionofparton3 in /ARPART/. $ B1,B2,B3,XT2,XT,Y,QQ1,QQ3,NE1,NE3,

$ S,W,C,CN,ALPHAO,XLAM2,IFLG,

AEX1(ID) valueof a = (~u/p±)”for parton l. $ XT2MP,XT2ME,XT2M,XT2C,XTS,XT3,XT1,
$ YINT,YMAX,YMIN,

AEX3(ID) valueofa = (~i/p1)°forparton3. $ Y1,Y2,Y3,SY1,SY2,SY3,SSY,

QDONE(ID) is .TRUE. if a p1hasbeengenerated $ AE1,AE3,NxP1,NXP3,FQ1,FQ3

for dipole ID. The commonvariables neededfor the veto-

QEM(ID) is .TRUE. if ID correspondsto an EM- algorithmin subroutineARMCDI.
dipole. COMMON /ARINT2/ DBEX,DBEY,DBEZ,PHI,THE

IRAD (ID) the type of emission generatedfor Informationof theboostvectorandrotationan-
dipole ID. 0: gluon radiation (or photonradia- gles for transformationof the radiating dipole
tion for EM dipole). (—)n:q~radiation of fla- backto the original Lorenz-frame.
von n splitting gluon 1 (3). COMMON /ARINT3/ DPTOT(5)

ISTR(ID) The string entry in common block The total energyandmomentumof the parton

/ARSTRS/to which dipole ID belongs, statebeingconsideredby Ariadne.
IDIPS The number of dipoles currently in
I ARD IFS!

COMMON/ARSTRS/ IPF (MAXSTR) , IPL (MAXSTR), References
$ IFLOW(MAXSTR) ,PT2LST,IMF,IML,IO,QDIJMP,
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