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We describeroutineswritten in REDUCEfor thecalculationof thefive-parton processese~e—~qq3g and e~e—~2q2~g
in lowestorderQCD perturbationtheory.
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Title 0/program:FIVE PARTON CROSSSECTION Natureofphysicalproblem
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LONG WRITE-UP

1. Introduction where q = p + + p -, p + and p - are the momenta
of the incoming positron and electron, respec-

Recentlytherehasbeenmuchinterestin multi- tively. 1’~’standsfor thelepton tensorwhichafter
jet productionin electron—positronannihilation, integrationoverthe orientationof the final parton
Experimentalresults for the productionof up to system with respect to the incoming positron
five jets havebeenpresentedby two DESY and momentumcan bereplacedby 1~= — q2g~/3.
one KEK collaboration[1]. In QCD the produc- It is the purposeof this paper to describethe
tion of hadronjetsoriginatesfrom the primordial routines for the calculation of H~for the final
productionof quarksandgluonsandtheir subse- states (1.1) and (1.2) which is needed for the
quent fragmentationinto hadrons.The annibila- differential crosssectionwith the angulardepen-
tion of e~and e into quarks and gluons is dence with respect to the beam direction in-
calculatedin QCD perturbationtheory. Thenthe tegratedout. Wewrite H,~,,in the following form:
numberof jets is equal to the numberof partons

N~
in the final state.The productionof four-parton I-I~~= (4~a~)3~ Q~ ~ A(m, ~ (1.4)
final statesoccurs the first time in second-order k=1 m�n=1
QCD. The Born cross section is proportionalto
a~.Five-partonproductionis calculatedin third A(m, n) stands for the product of diagram m
order (c9(a~)).Thenumberof diagramsfor e±e- with diagramn andof diagramn with diagramm
—~ q42g and e~e— 2q24 is still small and the (exceptfor m = n) takenfrom the list of diagrams
final formulae for the cross sections,also calcu- in fig. 1, summedoverspins,coloursandflavours
latedwith the help of REDUCE, havebeenpub- of the final states (1.1) and (1.2). Therefore the
lished [21. In the case of five-parton production, sums over m and n in (1.4) run over all 54
thenumberof Feynmandiagramsfore~e—* q43g diagramswith m � n for (1.1) and 48 diagrams
and e~e—~ 2q24g is much larger. We show the with m � n for (1.2).
generalstructureof thesediagramsin fig. 1. The Thecalculationof the tracesof theproductsof
completelist of all diagramsconsistsof the di- matrix elementsA(m, n)~for every m and n was
agramsin fig. 1 togetherwith the permutationsof done in the Feynmangauge. To sum over the
final gluon lines for e~e— q43g and together polarizationsof thegluonswehavetakenthe trace
with the permutationsof quark and antiquark with respect to the Lorentz indices of the gluon
lines for e+ e- —‘ 2q24g. Altogether we have 54 polarizationvectors.Thenit is necessaryto cancel
diagramsfor the contributionof the unphysicalgluon polariza-

tions by addingghostdiagrams.In total thereare
e~e—~ q(p

1)4(p2)g(p3)g(p4)g(p5), (1.1) 72 ghostdiagramswhoseproductsmustbe added

and48 diagramsfor in (1.4). The general structureof the ghost di-
agramsis shownin fig. 2.

e+ e — — q( Pi )4( p2)q( p~)4(p4)g(ps). (1.2) The calculationof the various traces for sum-
mation over quark and gluon polarizationshas

The p. stand for the momentaof the partonsin beenperformedwith REDUCE3.2 [31.Theresults
the final state.The differential cross section is for the contributionsA ( m, n)~comeout as func-
obtainedfrom tions of the invariants =

2p,p~ (i, f =

1, 2,. . . , 5) and the colour factors which are de-~ d3p, ~ termined in a separateroutine. The expressions
da= e4

2q6N~ ~1 2p
1~(2~)

3 obtainedfor A(m, n)~are very long. This is the

x ( 5 reasonwhy we want to publish the REDUCE
p++p_ — p ~ (1.3) programso that the matrix elementscan be re-

1 / calculatedandthenusedin a Monte Carloroutine
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q
1

to a particular Feynmangraph, possibly multi-
plied by three- and four-gluon vertices, and
~ P( p, A) is the polarization vector of a gluon

‘13 ~ Here is a stringof y-matricescorresponding:: carryingmomentump and a Lorentzindex p.The sumoverall polarizationsin the final state14 yields the hadrontensor

‘12 ~q2 x ,,~i
top. 17 top. 18

= ~ ~ A2)1 ~,~u(p1, A1)Fig. la(continued). .
I’]

xü(p1, A1)I1’~~,4~5v(p2,~‘2)

for the calculationof parton crosssectionsor in
fragmentationmodels.Theoutline of this paperis (ps, A~)~ ( P4’ A~)~ (ps’ As)
as follows. In section 2 we describethe general ~E~(ps, ~~)e~ ( p4, A~)e ‘~(~A5).
setting used for our calculations.Section 3 con- (2.4)
tainsthe calculationof the Lorentz structureand
section4 describesthe calculationof the colour Weareusingthe relations,
factors.In section5 wedescribehow theseroutines
must be combinedby FORTRAN subroutinesin ~ u (p, A)ü( p, A) = v(p, A) i5 (p, A) =

order to obtain the traceof the hadrontensor. X X

(2.5)

2. Generaldescriptionof the calculation in the case of masslessquarks, and the gluon

polarizationsum,

ThehadrontensorH,~~isgivenbyH~~=M~*M~, ~ A)�P(p,A)= —g~”’. (2.6)
whereM~is the amplitudeof the process x

y(polarizationvector~ —* final state. (2.1) Since we have droppedsome terms in the sum

The amplitude M~is given as a sum over all (2.6), we have to add ghost diagramsto ensure
possiblesubamplitudesM~ transversalityof the externalgluons, as explained

elsewhere[4].
M~— (2.2) Performingthe polarization sums (2.5, 2.6) in

—

(2.4) we get

eachcorrespondingto a unique Feynmangraph.
We will discussin detail the caseof the final H~9= — ~tr(1~TE3c4E~ ~‘ 12). (2.7)I PE~~(5

stateq43g,the calculationof the final states2q24g
and q4 2 ghostsg is then an obvious generali- Thereforethe traceof the hadrontensoris
zation.

First assumethat the polarizationsA. of the H/~= — ~tr(F1T~~3(4(51 F’ 12). (2.8)I (~4~5

final state are specified. The quark carries the i,j
index 1, the antiquark the index 2, and the 3 We havedone thesetrace calculationswith RE-
gluonscarry the indices3, 4, 5. We have DUCE.

M~= u(p1, A1)T~3,4~5v(p2,A2) For the q43g-case,the contributingdiagrams
may have 18 different topologies(fig. la), in the

~(ps, A3) ~ (pa, A4) �‘ ~‘ (Ps, A5). (2.3) 2q24g-case,thereare 12 different topologies (fig.
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ib), and finally, thereare 12 different topologies I 2 I 3

for the q4 2 ghostg-diagrams(fig. 2). 2 2 3 2 I 2

3 2
Now we turn back to the q43g-case. The 3 3 I

momenta q3, q4 and q5 of the externalgluons
haveto run throughall six different permutations _______

I I 2
of p3, p4 and p5 in the case of the Abelian ~ _______

diagrams(1)—(4); wehaveto usethecyclic permu- I1~’K1 ________ 3 .._-“ \~ 3

tations of p3, p4 and p5 in the case of the
diagrams(5)—(12); and no permutationsexcept Fig. 3. Possiblecontractions.

the identity are allowedfor the diagramswith the
once, the momentumpermutationis performedfour-gluonvertex(13)—(18).Thisis dueto the fact later in a FORTRAN program.

that the three- and four-gluon vertices are sym- Now we assumethat we havechosena topol-
metric with respect to all legs. We havesplit up
the four-gluon vertex into 3 parts each corre- ogy JL on the left hand side (i.e. in M *) and a
sponding to a unique colour structure. In total, topologyJRon the right handside(i.e. in M); JL,

JR= 1, 2, . . ., 18. We denotethe momentaon thethis yields 54 different diagramsas alreadymen-
tioned in the introduction,resulting in 542 contri- left side with QL1, themomentaon the right side
butions to the hadron tensor. Now the matrix with QR1. Obviously, QL1 = QR1=p~,QL2 =
elementsare real numbers,so M’ *MJ = M’ *MI QR2= P2’

If we assumemomentumpermutationsa~andtherefore,we only needthe (54 X 55)/2 diagrams
with i �j. This numbercan be reducedconsider- GR for M * and M, respectively,then for i = 3, 4,

5 we haveably if:
(a) the momentum permutation is performed QL~=POL(i)’ QR,=Po(,)’ (2.9)

numerically in the resulting FORTRAN pro-
gramand andthe samefor the Lorentz indices.

(b) obvious symmetriesamong the diagramsare There are six possibilitiesto contractthe gluon
used, indices as depictedin fig. 3. We will call such a

Table1 showsthe six different permutationsof correspondencea contraction.
the gluon momenta.The permutationa= 1 is the If

0L anda~run throughall permutationsthat
identity, thefirst threepermutationsare cyclic, the are allowed for the correspondingdiagrams,then
last threeare anticycic. this is equivalentto a sumoverall GR of the right

In principle, we haveto sumoverall physically diagramand all a= aj1 a~,such that only the
distinct permutationsof the externalgluonsin the permutionsGL = ~ 1 that are appropriatefor
left and right factors. Now it is possibleto re- the left diagramare reached.We will call GR the
arrangethe sum such that we collect the terms momentumpermutation.
M ‘tM which differ only in a permutationof the The REDUCE programsdescribedin the next
momenta.Eachof theseterms is calculatedonly sectioncalculatethe productsM, *MJ~Lfor all nec-

essarycontractions,but only for the momentum
permutationa~=‘.

Table1 This meansthat the momentumpermutations
Momentumpermutationsfor q43g have to be performednumericallyby the FOR-

TRAN programsdescribedlateron in section5.
a q

3 q4 q5
1 ,03 J.~4 P5
2 04 P5 P3
3 p~ ~03 p4 3. Calculationof the Lorentz structure
4 p3 P5 P4

We describe the REDUCE program for the
6 J)3 q43g casein detail, thec~therprograms(2q24gand
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q4 2 ghostg) are quite similar. The programcon- 8.

sistsof 17 partsthat will beexplainednow.

Since the result is a long list of FORTRAN 1.

3.1. Parameters
statements,we have to split up the result into Fig. 4. The three-gluonvertex.

smaller parts that can be handledby a FOR-
TRAN compiler. There are various parameters 3.8. Squaresofthe inner momenta
which determine the part of the result that is The propagatorsare 1/q2 or ~/q2, where q is
calculated: the momentumof the internal line. Thesquaresof

@TOPRUand@TOPROdeterminethe rangefor the four vectorsq aredefinedhere.
the right topologies;

@TOPLUand@TOPLOdo the samefor the left 3.9. The three-gluonvertex
topologies; DGLV(a, /3, y, p, q, r) is anoperatorthat de-

@TOPN determinesif the denominators are fines the Lorentz structureof three-gluonvertex.
calculated.If @TOPN= 0, then this calculationis a, /3, ‘y are the Lorentz indices, p, q, r are the
skipped,if @TOPN= 18, then his calculationis externalmomenta(seefig. 4).
performed.Similar, if @TOPRO= @TOPLO =0,

@TOPRU= @TOPLU= 1, then the calculation 3.10. Thefour-gluonvertex
of the numeratorsis not performed. The four-gluon vertexis a sumof threeterms

where eachof them has a different colour struc-
3.2. Openoutputfile ~. ture. We separatethe colour structuresand define

We write the REDUCE output to a sequential threedifferent vertices1, 2, 3. VGLV(n, a, /3, y,

file, this file is openedhere andall otheroutputis 5) is the vertex n with Lorentzindices a, /3, y, ô
suppressed. (seefig. 5).

3.3. FORTRANoutput 3.11. Feynmanrules
The output is specified to be in FORTRAN This section contains the strings ~ and

format (max. 19 continuationcards,etc.) of y-matricescorrespondingto eachof the

topologiesTOP= 1, 2, . . . ,18 for the momentum
3.4. Momentumsums permutations0R = = 1. F and FT are denoted

is a shorthandnotation for Q
0 + Q~ by VR(TOP) andVL(TOP), respectively.

+ ~‘‘ + Q,. QDEF defines thesesums, QREL
definesthesesymbols to be vectors.Furthermore, 3.12. IPR
the externalmomentaare seton themassshell. Since there are various symmetriesof the di-

agrams,we classify them accordingto their sym-
3.5. Declaresomevectors metrics.Type 1 are the Abelian diagrams,type 2

The externalmomenta~ p~are declared the diagramscontainingone or two three-gluon
as vectorsand set on the mass shell. The vector vertices,andtype6 thediagramswith a four-gluon
dimensionis fixed to ‘~ vertex.

3.6. Lorentzscalars q

The final result is expressedin terms of the
Lorentz invariants ‘~ = ~. . ~.
3.7. Indicesandfermion lines

Here some Lorentz indices are defined. The 8.

fermionline is denotedby L. Fig. 5. The four-gluonvertex.
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3.13. IM contractiona= 1. Therefore,in this specialcase,
Given apair (TOPL, TOPR) of topologies,we IM(i, 6) = 1.

need not sum over all contractionsa, but only
overasubsetdependingon the symmetrytype of 3.14. Formula for the crosssection
TOPL andTOPR. The contribution to the trace of the hadron

For example,considera product of a type-i tensoris calculatedby meansof the formula
diagram with a type-6 diagram. The Abelian
(type-i)diagramhasno internalsymmetry.There- WQ~TOPL,TOPR
fore, in principle we shouldsumoverall six con- = — 4 * tr(VL(TOPL) * 1~* VR(TOPR) ~ 12)

tractions.But sincethe type-6diagramcontainsa (3 i
four-gluonvertex,all theseexpressionsdiffer only
in a permutationof the externalmomenta.Since as already indicated in eq. (2.8). The factor 4
this permutationis done in a FORTRAN pro- compensatesthe factor1/4 that REDUCEinserts
gram, it suffices to calculate the term for the into tracecalculations,the minussign stemsfrom

Table2
Parametersfor theq43g-contributions

filename @TOPLU @TOPLO @TOPRU @TOPRO @TOl?N

AA0001 1 3 1 3 0
AA0002 1 2 4 4 0
AA0003 3 4 4 4 0
AA0004 1 4 5 5 0
AA0005 1 4 6 6 0
AA0006 1 4 7 7 0
AA0007 1 4 8 8 0
AA0008 1 4 9 9 0
AA0009 1 4 10 10 0
AAOO1O 1 2 11 11 0
AAOO11 3 4 11 11 0
AAOO12 1 2 12 12 0
AAOO13 3 4 12 12 0
AAOO14 1 4 13 18 0
AAOO15 5 6 5 6 0
AAOO16 5 6 7 8 0
AAOO17 7 8 7 8 0
AAOO18 5 6 9 10 0
AAOO19 7 8 9 10 0
AAOO2O 9 10 9 10 0
AAOO21 5 6 11 11 0
AA0022 7 8 11 11 0
AA0023 9 10 11 11 0
AA0024 11 11 11 11 0
AA0025 5 6 12 12 0
AA0026 7 8 12 12 0
AA0027 9 10 12 12 0
AA0028 11 11 12 12 0
AA0029 12 12 12 12 0
AAOO3O 5 10 13 18 0
AAOO31 11 12 13 18 0
AA0032 13 18 13 18 0
DA0002 1 0 1 0 18 denominators
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Table 3
Parametersfor theq4 2 ghostg-contributions

filename @TOPLU @TOPLO @TOPRU @T0PR0 @TOPN

AZ0001 1 6 1 12 0
AZ0002 7 12 1 12 0
DG0002 1 0 1 0 12 denominators

the (—g~)-contractionsof the polarizationsum are replaced,and the dot productsare expressed
for the externalgluons. in termsof the relativisticinvariantsy1~~

The result is printed, and finally it is assigned
3.15. Somecalculations to an array AS(TOPL, TOPR, V, JP). JP is a

In this section the head of the FORTRAN dummy index that is neededto store the results
subroutinesis printed,the nameROUTOO1hasto after the momentumpermutationslater on, JP
be replacedby an appropriatename,AAxxxx for runs from 1 to 6.
instance,wherexxxx runs from 0001 to 0032 (we
had to split up the whole output into 32 FOR- 3.16. Calculatethe denominators
TRAN subroutines). In this sectionthe denominatorsare calculated

There are threenestedioops over thedifferent andprinted.
topologieson the right and left side,and over the
contractions correspondingto the pair (TOPL, 3.17. Close outputfile
TOPR). The output file is closed,REDUCE is left.

In the next stepweperform the permutationof
the Lorentz indices to obtain a certain contrac- As mentionedabove,we need32 files contain-
tion, furthermore, the momentaon the left side ing the FORTRAN subroutines.To obtain ap-
are determinedfrom the contraction. proximately equal length programs (500—1000

We calculatethe traces without replacing the lines),we chosethe parametersindicatedin table
sum Q0p...,,becausethenwe haveless termsand 2.
the calculationis therefore faster.Application of The denominatorsare calculatedif @TOPLU
QDEF thendefinesthesesums,thesymbolsQ0~... = @TOPRU= 1, @TOPLO= @TOPRO=0 and

Table4
Parametersfor the2q2~g-contributions

filename @TOPLU @TOPLO @TOPRU @TOPRO @TOPN

AN0001 1 4 1 4 0
AN0002 1 4 5 5 0
AN0003 1 4 6 6 0
AN0004 1 4 7 8 0
AN0005 1 4 9 11 0
AN0006 1 4 12 12 0
AN0007 5 6 5 6 0
AN0008 5 6 7 8 0
AN0009 5 6 9 10 0
ANOO1O 5 6 11 11 0
ANOO11 5 6 12 12 0
ANOO12 7 10 7 10 0
ANOO13 7 10 11 12 0
ANOO14 11 12 11 12 0
DD0002 1 0 1 0 12 denominators
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@TOPN= 18. This subroutineshouldbe called accordingto their colour structure.There are 6
DA0002 (ROUTOO1 has to be replaced,and the different types. Furthermore, the colour factor
array AS(18, 18, 6, 6) has to be replacedby an dependson the contractiona.
arrayDS(18,6)).

The programin theq~2ghostg-caseis similar. 4,5. Transposedcontractions
Here, thereis only one external gluon, and we List of the inversecontractions,VT(V) . V = 1.
have to consider only one contraction. The
momentumpermutationis done numerically in 4.6. The lower triangle
the FORTRAN program that calls the sub- The GP(...)only define the uppertriangle of
routines, the wholematrix, thelower triangleis obtainedby

A slight complicationarisesin the 2q2~g-case. exchangingthe argumentsfor the topologiesand
Here,dependingon the contraction,we mayhave usingthe transposedcontractions.
to calculate one or two fermion traces.This is
accomplishedby introducing two new arguments 4.7. TI
in the functions VR and VL: Vx(TOP, a, L). TI(TOP) is the colour classof the graphtopol-
a= 1 denotesthe y-string that is connectedto the ogy TOP.
externalphoton, a= 2 denotesthe y-string that is
connectedto the (a = 1)-string via a gluon. L 4.& IPR
denotesthe name of the correspondingfermion Becauseof the symmetriesof the graphswe do
line. The parametersfor the ghost-contributions not needto calculateall contractions.IPR(TOP)
andthe four-quarktermsare givenin tables3 and specifiesthe symmetryof a graph.
4.

4.9. IM
Determinesthe contractionsa that are needed

4. Calculation of the colourand flavour factors (seethe explanationof this variable in section 3.

Again, we will describethe q~3g-casein detail. 13).
The REDUCE programthatwe will describepro-
ducesa FORTRAN programwith a lot of assign- 4.10. Somecalculations
ments. For eachcontribution(TOPL, TOPR, a) First, the headof the FORTRAN subroutineis
there is a correspondingterm in the resulting written to TFILE. Then there are loops overall
FORTRAN program. The REDUCE program topologiesandthe relevantcontractions.The col-

our factorCFACT is determinedandprinted.
consistsof the following 12 parts:

4.1. Open outputfile 4.11. Calculation offlavourfactors
TheREDUCEoutputis written to afile TFILE. We definethe chargesof five quarks, the num-

berof flavoursis fixed to 5. Si is the sumof the
4.2. FORTRANoutput squaresof the quark charges.The flavour factors

The outputshouldbe FORTRAN-ike. for the six contractionsare calculatedandprinted.

4.3. The invariantsof SU(N) Becauseof the normalizationwith a0, in thispar-
NC andCF are the numberof coloursandthe ticular casethe flavour factorsareall 1.

eigenvalueof the Casimir-operator,respectively.
We needNC = 3 (correspondingto SU(3)), there- 4.12. Closeoutputfile
fore CF= 4/3. Di, D2, . . . , D7 are someconstants Finally, the file is closed.
that appearfrequently.

The FORTRAN subroutinesfor thecolour and
4.4. Colour factors flavour factors are call~dFA0002, FD0002 and

This is a completelist of the colour factors FG0002for the final statesq43g, 2q2~gandqq2
calculatedby hand.We may classify the graphs ghostg, respectively.
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5. FORTRAN subroutines pose that you want to calculate the following
contribution: The left andright topologiesareJL

WedescribesomeFORTRANsubroutinesthat and JR, the contraction is JY and JPlabels the
permutemomenta,createarrayscontaininginfor- permutation.We associate(JLN, JRN, JYN, JPR,
mation concerningthe symmetry of. the graphs, JPL) to (JL, JR, JV, JP)in the following sense:
and subroutinesthat sum up the contributions The contribution to the trace of the hadron
including colour andflavour factors. tensorof the topologiesJL, JR, thecontractionJV

and the permutationJPis equal to the contribu-
5.1. The momentumpermutations tion of the topologiesJLN, JRN, the contraction

JVN and the momentumpermutationJPR, fur-
As describedin previous sections,our FOR- thermore,the momentaof the externalparticlesin

TRAN subroutinesonly containthe resultsfor the the complexconjugatematrix elementsis givenby
contributionsto the traceof the hadrontensorfor JPL.
the momentumpermutationG~= 1. The missing The formulaefor JLN, JRN, JVN, JPR,JPLin
contributionsare determinedby a permutationof termsof JL, JR, JV, JPare
the relativistic invariants y,~.For this purpose, —
thereare two subroutinesIPERM2 andIPERC2 JLN — JL,
the former for the q43g-case,the latter for the JRN= JR + IA(JL, JR, JV),
2q24g-case.The structureof thesesubroutinesis JVN = IV(JL, JR, JV), (5.1)
quite simple: JPR= IGT(JP, IP(JL, JR, JY)),

An integerparameterJP(runningfrom 1—6 or JPL = IGT(JPR, JvN).
1—4, respectively)determinesthe permutation.A
common block IPER2 contains the invariants Theseformulaeandthe tables IA, IV andIP may
YAIJ of the particular eventand the permuted be obtainedby choosingsymmetrytypes TL, TR
ones,YIJ. Onehasto specifythe permutationJp E { 1, 2,.. ., 5) andcomparingtheexpressionswith
and to call the subroutine. Then the YIJ will respectto the symmetriesof thevertices.This is a
containthe permutedinvariants. straightforward,but tedioustask.

5.2. Arrays containingcombinatorialinformation The 2q2qg-case:IKOMCI
Herethegraphscontainno usefulinternalsym-

Becauseof the varioussymmetriesof thegraphs metrieswith respectto the externallegs. The only
we could omit thecalculationof a lot of contribu- possible simplification is to do the momentum
tions.We haveto pay for this simplification with permutationby a FORTRAN program.The array
the definitionof arraysthat containthe informa- IGT contains the group multiplication table of
tion that hasbeenlost. S2 x S2 (exchangeof the two quarksandthe two

antiquarks).
The qq3g-case:IKOMB1

The variables IPR(TOP) and IM(TOP) have 5.3. Subroutinesfor summingup the contributions
already beenexplained in section 3. The array
IGT(T, a)is the group multiplication table of S3, It is assumedthat the invariantsare defined in
the symmetry groupof the six permutations.We the commonblock INVR.
have T’ a = IGT(T, a). This array is neededto
calculatethe momentaQL1, if QR, andthe con- Theq4 3g-case:ARUP5O
tractionare known. In the beginning,thecombinatorialarraysand

The arrays IA1, IV1 and IP1 are neededto the colour factors are determinedby meansof
calculatethe arrays IA, IV and IP, respectively. IKOMB1 and FA0002. Then the numeratorsand
Thesearraysare handedto the calling program. denominators (the Lorentz structure) are de-
We will describehow thesearraysare used.Sup- terminedin all possiblepermutationsof the outgo-
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ing momenta.Thelaststep is the summationof all 5.4. Somenumericalexamples

contributions.A factor of two has to be included
for all off-diagonalterms.The traceof the hadron Finally, in the programEX0001 we give three
tensor is returnedin doubleprecisionformat. setsof invariantsoriginally determinedby a Monte

If the three gluons are not consideredto be Carlo program.The threecontributionsfor each
distinguishable,thenonehasto multiply the trace of thesesetsaregiven to offer the possibility of a
of the hadrontensorby a factor of 1/6. simplecheck.We havecalculatedH without the

factor (41ia5)
2 in eq.(1.4) anddivided by a

0.

The 2q2qg-caseARUD5O
Here the combinatorial arrays are filled by 6. Conclusions

means of IKOMC1, the colour factors are de-
termined by FD0002. The contributions to the We have presentedREDUCE programs that
traceof the hadrontensorare determinedfor all are capableto calculate the trace of the hadron
possiblepermutationsof the outgoing momenta. tensorfor the processy — 5 partons.The CPU
Finally, the contributionsare summedup. time for the calculaticn of the cross section is

approximately2 hours’ on an IBM 3084 Q. If the
momentumpermutationsare performednumeri-

The q?j 2 ghostg-case:ARUG5O cally the length of the result can be reduced
The combinatorial arrays are determinedby considerably(by a factor of 4). Finally we de-

meansof IKOMB1, the colour factors are calcu- scribed how to use the result in Monte Carlo
lated in F00002.We have to sumoverall permu- simulations. The REDUCE program has been
tationsof the outgoingmomenta. written in such a way that momentumpermuta-

A genericcontributionto the hadrontensorhas tions are performed numerically in the FOR-
the form: TRAN routines.This hasthe consequencethat the

FORTRAN routines are much shorter and the
ANSO = FS(JV)* GS(JL,JR,JV) time for their productionis smallerapproximately

* AS(JL,JR,JV,JP)/ DS(JL,JPL) by a factor of 4. Explicit calculationsfor five-jet
crosssectionson the basisof theseprogramshave

/ DS(JR,JPR). (5.2) beendescribedin ref. [5].

FS(...) is the flavour factor,GS(...)is the colour References
factor.AS(...) denotesthenumeratorandDS(...)
is the denominator(Lorentzstructure). [1] W. Barteletal., Z. Phys.C 33 (1986)23.S. Bethke, Habilitationsschrift,University of Heidelberg

Now assume,for instance,that you want to (1987).

obtain the traceof the hadrontensorfor certain W. Braunschweigetal., Phys.Lett. B 214(1988) 286.
invariants y,~definedin thecommonblock INVR. I.H. Parketal., KEK report 88-46,AMY 88-08.
If you do not want to distinguishidentical par- [2] A. All, J.G.Körner, Z. Kunszt, E. Pietarinen,0. Kramer,

tides, thenyou shoulduse the following sequence 0. SchierholzandJ.Will~odt,Nucl. Phys.B167(1980)454.
J.G. Körner, G. Schierholzand J. Willrodt, NucI. Phys.

in your program: B185 (1981)365.

R.K. Ellis, D.A. RossandA.E. Terrano,Nucl. Phys.B178
CALL ARUD5O ( WQ4Q) (1981)421.

CALL ARUP5O(WQ3G) [3] A.C. Hearn,REDUCEtiser’s Manual, Version3.2., Rand
PublicationCP78(Rev.4/85).

CALL ARUG5O (WQGH) (5.3) [4] R. Cutler andD. Sivers,Phys.Rev. D 17 (1978)96.
WQSUM = WQ4Q/4 0 T. Gottschalkand D. Siyers, Phys.Rev. D 21(1980) 102.

N.K. Falck, D. Graude~zand G. Kramer, DESY report
+ (WQ3G — WQGH)/6.0. 89-027.

[5] N.K. Falck, D. Graudenzand 0. Kramer, DESY report

The ghost contributions are subtracted. 88-186 and 89-027.
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PROGRAMLISTINGS

1. ----> DECLARE SEND VECTORS
VECDIN(4) $—....=..=—===.=== VECTOR P1.P2,P3,P4,PSS

¼2 QUARK 3 GLOVE L010ETO STRUCTUIE MASS PO.Q.P2~Q,P3~OP4~5.PS.O5

~ NSEELL PS P2.P3,P4,P5$
C00005T ~ -——=S=—-=======~=~—.—-— —=-====— -=

R-~OTS,PIEAL STATE VITO 2 SOURS. 3 SL001S ----> L000ETZ—SCA3.ARS
CALCULATIOE OF TIE LOUETh STIUCT000 LOT P1.P2~T12/2,
FILl CREATED: 02\02\1989 P1.P3=T13/2,
LAST UPDATE: O6\03\1989 P1.P4~Tl4/2,

—— P2P3T23/2,

¼ ----> PALAVETOIS P2.P4T24/2,
¼ --‘ hOOTTOPOLDEIRS P2.P5~T2S/2,
TOPRU: ~cn~flu$ P3. P4T34/2,
TDPSD:.CKOP005 P3.P5T35/2,

--> LEFT TOPOLOGIES p4.p5.146/2
TQPLU:CTOPLU$ $
TOPLE:CTQPLO$

¼--‘ DEEONIEATERS ¼ --—-> IODICES ARD FERNIEI
TOPI:ETOPE$ 10001 LV 7. P010101 LIIE

¼ —=—..=====.===== INDEX SII,SIL,REOR,LEDL.NU.ER.3.EL3,014,EL4.ERS,OLS$ ¼IODICES
¼----’EPOIOUKPOTFILS
DiP ECEO$ 7. ----1 SQUARES IF TOE IEIBI 000EITA
OUT TFILE* OPERATORSQOAS

FOR ALL P LET SQOA(P)P.P$
7. ----> FO1TDLO OUTPUT LE7 SQI3 SQUA(QLD3),
01 FEETS 5515 SEUA(QLIS),
OFF PERIODS 5525 S500(5L25).
CAI.S)E!.:~I9$ 5534 551A(QL34),

55134 SQOA(QL134),
¼----> NENO0TUN SUNS 55234 SQUA(QL234),
EOFIEE SERF • 55245 •550A(QL24S).
00011 55345 =SQUA(QL345),
LOT SQ134SSQOA(QL0345),
5R53.QRI+QR3, SQ2345SQUA(QL2345)
QRIR.QRI+QLR $
QR2R.QR2+QER,
5R34.QR3*QR4, ¼----‘ TOE TORSO GLOOE VORTEX
QR134.QRI+QR3+Q14, OPERATORDGLV$
5R234.5R2*Q83*514. FOR ALL A,R,C,P,Q,R LOT
QL24S=QR2+QR4*QLS. DGLV(A,B,C.P,Q,R)-(A.E.(P-q).C

Q1340.5R3+QR4*QP.5, +0.C*(Q-S) A
QRI34R.QLI+QL3*QR4*QRS, •C.A*(R-P) .0)
QR2345=QL2~QR3~QR4+QR5, S
QLO3QLO55L3,
QLI5~QLI*QL5, /. ----1 TIE POORGLOVE VERTOX

QL2SQL2~QL5. OPERATOR VOLVO
QL34QL3*QL4, P05 ALL A,E,C,D LOT
VLO34QLl+QL3~QL4. VGLVU.A,R,C.D=A.E*C.D-A.C.D.D,
5L234.QL2*OL3+QL4, VOLV2,A,D,C.S)=A.C.D.R-A.D.C.E.
QL245QL2~QL4~QLS. VGLV(3.A,O.C.D)A.D.R.C-A.R.O.C
QL345QL3~QL4~QL5, $
QLI345QLI+QL3*QL4~QL5,
QL2345QL2*QL5+QL4*QLS ¼----5 FETISh GOLDS
O OPERATOR VR.OL*
REDS 1. ----5 TRPI
7. LOT
7. ----> CLEAR 0000ETUN SUNS VR(1)-O(L,013.QRI3,ER4.Q1134.ERS.5R134S,NU),
DEFIlE QLEL = VL)S)—O(L,50,QL134R,ELS,QL134,0L4.5L13.0L3)
REGIS $
CLEAR QR1~QR2,QR3,QR4.QRS. ¼----‘ TSPX

QRS3.QI1S.QR2R,QR34. LOT
50134.QR234.5R245.QR345, VR(2)=-G(L,013,Q113.!14,QR534,NU,-QR2S.EIS),
505345 .0R234A. VL(2)~G(L,ELS, QL25 .NO.QL134.EL4.QLS3.0L3)

QLS.QL2,QL3.5L4.QLS, 5
QLS3.GLIS.5L26,QL34. 7. ———-5 TRP3
5L134,QL234,5L245,QL345, LOT
5L1345,QL2345 VR(3)—G(L,OR3,0113.NU.—Q124S.ERO,—QR2S.ORR),

$ VL(3)=—G(L,ELS,—QL2S.0L4.—QL245,NU,5i13,!L3)
./. ----5 DEFIlE TEEN AS VECTORS $
$ ¼ —---5 TDP4
VECTORQR1,QR2,QR3,8R4,QR5, LET

0R13.QRSS.502S.NR34. fl(4>—G(L.MO.—51234S,ER3.—Q1245,114.—QL2S.flS),

QRS34.QR234.QR245.QR345, VL(4>—O(L,ELS,QL25.OO.4,~QL24S.EL3.-QL2345.Nu)
1*05345.512345, 5

QLS.QL2,5L3,QL4.QLS, /. —-—-S TOPS
QLO3.QLOE,QL2S,QL34, LET
QL534 .5L234,QL24& .QL345, VR(S).—OCL,SIL.QRI34,ERS .IIRI34S .NU).DGLT(EIR,ER3.fl4,QR34.Ql.3.014),
QLS34S.OL2345 VL(S)—G(L,N.QL5345,ELE.QLS34.SIL).DGLV(RIL.EO.3.0L4.QL34.5L3.QL4)

S $
7. ----1 EXTOIIAL MOMENTA ARE Dl TOO SASS SEELL ¼ ----S TOP6
SASSQR1=O,QR20,QO30,Q140,Qt5=O, LOT

QLS.O.QL20.QL3—O.5L4.O,QLSO$ V0(6)——G(L.ERS,QRI5,SIR.QR1345.NU).DGLV(SIR.E13,0R4.—QR34,Q13,QR4),
0580LL 501 ,QR2.Q13.Q14.QIS. YL(6)-G(L,NU,QL1345 SIL,QLIS .ELS).DGLV(SIL,OL3,OL4,-QLS4 ,QL3,QL4)

QLI,QL2,5L3,5L4.QLA$ 8
0008 .1. ----5 T0P7
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LET
fl(7).—E(L.DI1.QR134,110,—QE2S.ERG).ROLY(RIl,1R3,004.—0134.QR3.QL4). ¼ -—-—>‘IS’ COITAIEE TOO lUBBER OF COOTRACTIOIS TIAT AlE EEC0550RT
YL(7)—G(L.ILO$L2S,lE.QL134.EIL).ROLV(DIL,EL3.EL4,5L34.QL3.5L4) ¼ (TEE FORNAT IS IN(TTPEL.TVPII))

$ OPERATOR11$
7. ———-5 TEP.O IS(I,1):6$
LET IN(1,2):35
VR(O).—G(L.EL&.QRIR,00.—5R234,EIR).SGLY(EIR,ER3,004,-QR34.QR3,Q14), IN(1,6):.OO

(O)-O(L.SIL,QL234.SU.QLIS.ELS).RGLV(EIL,EL3.EL4.’-QL34,l$L3,QL4) IN(2,2):2$

O 1002,6):1$
¼----5 TAP9 IN(2,6):15
LET IN(6.$):15
YR(9)-O(L,50,-QL234S.OIR,—QR2S.EE5).SOLV(SIR.E13.EE4.—5D34.QR3.QR4).
VL(9)—G(L.KLS.—QL2S ,SIL.—QL234S.NU).DGLV(SIL.OL3.RL4, —QL34.QL3,QL4) ¼---5 P001400.1FOR TEE I-SECTION
* DPORATOR 555
¼————5 TIP.10 ¼
LET C050EET FARTOD —4: COJTLACTI$S OP TIE $LUOES: (-A SO IO)..3,
VE(10)=-Q’L,SD.-QR234R,015.—QR234.SIL).OGLT(SI0.0R3.E14.—Q134.5R3,Q14), REDECVS TRACE IS SILT 1/4...
VL(1O)—G(L,SIL.—5L234,OLS • —QL2345,IU).DGLV(SIL.EL3.EL4.-5L34,QL3.QL4) $

FOR ALL TOPL,TOPR LET
¼—-> TOPIS $Q(TEPL,TEPR)-4.VL(TDPL).G(L.l$R1).Vl(TEPR).G(L,$R2)
LET S
VR(11)=-G(L,SIR,Q11345.HU).IGLV(5Il.REED.ERS.-5D345.Q134.Qt5)

.DOLV(0100.0R3.ER4.5R34.5R3.QR4). ¼ --> SOME C A 0. C U L A T I 0 5 S
UL(11)-G(L,50.QL1345.OIL>.DGLV(SIL.RIEL,ILI.QL345 .5L34.QLS) ¼

.EOLV(000L,EL3,OL4,—QL34,QL3,QL4) OFF PERIODS
5 WRITE “C ——-“5
¼——-> T0P12 UNITE “ 000ROUTIIE 0101001(AS .3P)’$
LOT WRITE ‘C ~“O
VR(I2)—G(L,SE,—Q12345.SIl).DOLV(SID,11ER.ORG.-Q1345.5134,QLR) $1ITD ‘ DOUBLE PLICISISIS

•DGLO(110R.ER3,014.—QR34,5R3.QR4). WRITE “ 0T12.703,004.TIS.T23.T24.12S.T34.135.T4R.5
VL(12)—G(L,SIL,—5L234A.IU)SDGLT(SIL,RSEL.ELG.-QL340,5L34,QLS) WRITE “ AAE(1O.1O.O.6)’S

•EGLV(110L.EL3.OL4.—0L34,QL3.QL4) WRITE ‘ IIT0001 3P’S
5 WIITE’C---’O

----5 TOPD3 WRITE “ CESOSDE /IIYRI/”S
LET WRITE “ AT12,!13,fl4.T15.123.Y04,T25.T34.Y3S,Y45”O
VR(13)0(L.SII.Q11345.SO).V$LV(1.OII.ER3,fl4,ERS), WRITE “C ——-‘S
SL(13).G(L,00,5L134S,SIL).VGLV(1,SIL.EL3,OL4,OLS) WRITE “C 2 SOLES - 3 OLUOE2—SBCTIEIS’$
$ WRITE ‘COOS

¼---> TEP14 WRITE C --- TOPLU.”.TOPLU.”. TOPLO”.TOPLE*
LET WRITE ‘C ——— TOPRU.’.TEPRO.. TOPRO’.TEPIDO
UR(14)G(L.SIR.QRI34S.NU).VGLV(2,SIR.ER3,004,ER5), UNITE ‘C ——- TDPI •‘.TOPJS
VL(14)G(L,NU.QLI34S,SIL).OGLN(2.SIL,OL3,EL4,ELS) UNITE C “5
$ ¼
¼----5 TIPOS FOR TEPR:TOPRU:TRPIO DO 11011
LET ¼
V0000).O(L,01R.50134S,IU).VOLN(3,SIR.ER3.E04.OR5). ¼ > ENSUES TOLl TDPLSTOPO:
VL(IA).G(L,00.QL1345,SIL).V0LI(3,SIL.OL3.EL4.ELA) TEPLMAX:5IE(TOPLO.TEPI)*
$ FED TEPL: .TRPLO:TO~Nfl DO 11011

7.---->TOP—I6 ¼
LOT OO:.IN(IPD(TOPL).IPR(TOP1))S
Vl(SS)—S(L.NU,-Q12345.SIL).UGLV(1.SIE113,ERA.flA). FOR N :=1:VO DO 10011

YL(10)—G(L.SIL.—QL234R.NU).VOLV(1.SIL.EL3.0L4.EL5) ¼
* ¼ ----5 CALCULATE TOE TRACE 00110 TEE VAIIAILEO 5.,. $111001
¼ -—--> T0P17 ¼ RBPLACIIR TEEN IT TIE P’S
LET I
VR(17)O(L.SU,—5L2345.EID).NOLV(2.Dfl.EES.ER4,IIS), ¼----> 00505TUSPEINUTATIDI LOFT SIRE
TL(17).G(L.ODL.—QL2345.00).VOLV(2.SIL.EL3 ,EL4 00.5) QROLO

$ IF U.S Till LOT QL3~QR3.QL4.QR4.QLRVQRR.E.3.Il3.IL4U4.0LO”ElSELSE
¼--> TEP.1O IF 72 TEEN LET QL3.QR4.QL4QRS.QLORQE3.EL3114.EL4flR.EL5E13 ELSE
LET IF V.3 TEES LOT QL3”QIS,QL4.QR3.QLRGQR4,OL3ERR,EL4.103.EL0014ELSE
VR(1O)”O(L ,MU.-QR2345.SID).VOLY(3.DII.EE3,ER4,EOR) • IF T4 Till LET QL3QE3,QL4—QlS,QLR~$R4.EL3.fl3.EL4EkR.IL0fl4 ELSE

VL(10)E(L,50L.-QL2345.$SU).O$LV(3.SIL.IL3.EL4.ELR) Ii 5.5 TIES LIT QL3QR4.5L4.QO3,QLR*QSS.EL3ER4.EL4.fl3.ELSIISELSE
O IF V.0 TOEI LET 5L3.QD5QL4.5R4.QLS.QR3.EL3ERS.EL4.1R4.ILO.EE3
1===— —==—=.====...=..==.==.=.==.==.=——=====——..==——.=.====...=——_===... S
¼-—~> IPR’ COETAIIE TEE TTPE OP A TOPOLOOT QRI:P1S
OPERATOR IPRS QR2~P2O
IPR(1) .1* Q03:.P35
IPR(2) =10 QR4:P4$
IPD(3) :55 QRS:PSS
IPR(4) :XO ¼
IPR(S) :25 QLI:POS
IPI(G) .20 5L2:.P25
IPO(7) :2S ¼
‘IPR(O) :2$ WQI:WQ(TEPL,TEPI)5

.25 GOlFS
IPL(10):2$ EFF PERIOSO
IPR(i1):.20 WRITE “C TEPL”,TEPL.’~. TOPR.”,YOPR.”. V”.VS
IPI(12):.2$ ¼

¼-—--5 PRIET TEE
IPI(13):.85 ES PIRI008
IPR(14):’.G$ WRITR 051$
IPR(OA):6$ OFF PERIODS
IPR(16):UB$ WRITE “ AS(”,TOPL.”,”.TOPR.”.”,O.”.JP)—AES”$
IPI(O7) .65 WRITE “C 0
IPR(IO):.65 END$

EEDS
REDO
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==-=--=•.---••-==••====•••••~==-•--===•=---=••-== ARUP5O
7 S CALCULATETIE DEIONIOATOIS

IRS
LET C 07/11/SI 903170901 NOSIER lAIN AIUPSO ~OJET3G) PORTRLE
EE(1)~SQ13*SQI34.SQI345, C
OE(2)O513.SQ25~SQ134, C
SE(3)SQ13.5Q25’SQ245, C =5 LRUP5O <~

OE(4).5Q25.55245.5Q2345. C
SE)5)5Q34.SQ134.SQ1345, C --- 2 QUARK3 GLUES FuLL ETATO
OO(O)SQ1S*SQ34~o1345. C

OE(7)~SQ25.SQ34*EQI34. C --- SUEROUTIEOCALLS TOO CALCOLATIOI FOR 018 0VSET
IE(O).S515.SQ34.5Q234, C
EO(0)E525.5Q34.E52345. C PILE CROATED: 0O\02\1900

SO(10)—0Q34.SQ234.S52345, C LAST UPDATE: 06\03\1959
OO(11).5Q34.04345.5Q1345. C

IO(12)—S534.Sl$345.SQ2345. C

ER)O3)SQ345.O51345. C
EE(14)~SQ345.SQ5345, SUSROUT100ARUP5O(WI$UER)
50(1S)5Q34S.551345, C

EE(1$)S5345.553345. DOUBLE PRECISION
EE(17)—SQ345.S52345, OOQUER.A000,AISI,
lA(IO)SQ345.SQ2345 &7D12,TDI3,TDS4,YDIS,T023,TO24.TD2S,T034.Y03S,TD4S,
O OTEI2,1R13,TOS4,TE1R,T123,TE34,TE2R,fl34,TE3S,7E45.
QREL$ ATFI2 ,TFI3,YFI4,5P55.1723,YF24.7F2& .5P34,YP3S.TP4R.
SOUPS OAS)1N,10.0,O).DE(IO,8).PE(6).OE(1S.SE.6)
FOR TOP:1:TEPI DO SEGIE C

OFF PERIODS COII$OI /00501/
WRITE ‘C ——- TOP’.TOPS &IS(1O).OGT(6,0),

01 PERIODS RIA(1O,1O,6),IV)1O.SO,O).IP(IO,50.6)

¼ C
QL1:P10
QL2:.P25 DTDI2.TD13,1D14,TD1S.TD23,TD24,TD2S.5D34,TD3S.TD45,
5L3:P35
QL4:~P4$ C
QLR:P5$ dM101 /IEVD1/
WRITO II(TSP)$ OTP12,7F13,TFI4.YF1S,T123,TF24,TP2S,TF34.YF3S,TF4S
OFF PORIODS C
VOlTS ‘ DS(”.T0P.”.JP)~ASS”5 COSINE! /IEVL/

WRITE C $ $0G.E11,E22,B33,144,IES.E12.013,E14.BIS.523.B24,025,034.035.R45,
100$ A7B12.TEI3,T114,YEIR.fl23,7124,TI2R.fl34,!B3A.T145
¼— _...— _~..•. C

WRITE ‘ RETURE”$ C 0010IELTORIAL ARI.ATS
WRITI “ lED’S C

WRITE “C --- lID OF TEXT’S CALL 150001
BOUT TPILEO C
OTE$ C --- COLOUR ASS FLAVOUR FACTORS

—==.....“.,.==- ..=..~= C
CALL FA0002(FS.OS)

C --- STORE SIEGLO PRECISIES IOVALILITO II DOUBLE PRECISIOI VARIABLE

1D12.TB12

TD13~TE13
TD147014

S11S~TB1S
TO23.YB23
Th24TE24
TD2STO25

TU34TB34
TD35T135
1045T04S

C --- DOTERNIJE DEIESIEATOIE LEE IUJ5ERATELS II ALL PSSOIILE
C DISTIECT PEINUTATIEID SF TEE 05100110 SOIIITA

DO 100 JPI,6

C --- IE5EETU0 PEINUTATIOI

CALL IPERS2(JP)

TFD2 7E12
YP13T013
YF14~TE14

YFISTOIS
7P23T023
YP24”Y124

1F25TO25
TF34T134

TF3S.T135
7F45TE45

C --- DEJONIIATORS

CALL DA0002(OS,JP)
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C --- DONEUTORS TESTRUN PROGRAM
C CALL AA000S(AS.JP) EX0001

CALL A10002(AS.JP)
CALL A10003(AS..IP) C
CALL AA0004(AS.3P) DEVIL! PRECISIRI WQ4Q, 0530, WQG0, WQDUN

CALL AA0000(AS.JP) CESNOE/IETR/GG,11I.022.S33.D44.DRR.B12.E13,E14.E15,R23,D24.02S.
CALL A10006(AS.JP) 8134.130.045 ,T12,Y13,Y)4,TSS ,723,T24.T25.T34 .730.741
CALL AA0007(AS.JP) C

CALL AA000E(AS.IP) C
CALL AA0009(AS.3P) C ~* E10001 ~

CALL AAOOIO(AS.JP) .. C

CALL A000I1(L0,iP) C DONE OUNERICAL EIASPLES
CALL AA0012(AS.JP) C
CALL AA0013(AS,JP) C BOUNCECLOAT0D: 06\03\1009

CALL 5A0014(AS.3P) C LAST UPOATE: 06\03\DES9
CALL AAOOIS(AS,JP) C
CALL AAOOI6(AO,JP) C
CALL AAOOI7(AS,JP) C

CALL AA0018(AS.JP) WRITE(6.9999)
CALL LAOOI95AD.JP) 712 = 0.2194310+03
CALL AA0020(AS.JP) 713 = 0,620152E*02
CALL AAOO2I(AS,JP) 114 — 0.9098060+02
CALL AA0022(AS,JP) 115 = O.204150E*03

CALL AA0023(AS.IP) 123 • O.321739E+02
CALL AAOO24(AS+OP) T24 • 0,1037110+03
CALL AA002S(AS.JP) 725 = 0.0277001+02
CALL AAOOSS(AS,3P) T34 • 0,O19113E5’O2

CALL AAOO2T(AS.,OP) T35 0.7001240+02
CALL AAOO2S(AS.JP) 745 = O.IS117IE*03
CALL AAOO2I(AS .JP) 5y=T12*713sTl4+TIRST23*Y24+T2E*734+T355745
CALL AAOO3O(AS.JP) WRITO(6,100) ST
CALL LAOO3I(AS.JP) CALL ARUDSO(054Q)
CALL AA0032(AS.OP) CALL AROP5O(0530)

C CALL ARUOSO(VI$GE)
100 COJTIIUE WQSUN = WQ4Q/4.0 + (0530 - 05001/0.0

C WDITO(6,1500) W545
C ——-SUN UP ALL CEITRIIUTISIS WRITE(6.150I) 5530

c WRIT0(6,1R02) WQGI

01110(6,1503)
SO 200 Jl~1.iO C

.JIR.Il(JR) C
DO 201 JLI,3R C

JML.IN(JL) VRITO(6,9999)

DR 202 3P1.JNR T12 — 0.4020301+02
DO 203 3V1,JEL 713 — 0.3675690+02
JLIJL 714 •
3RD31*IA(3L.JR,JV) 705 = 0.9170180+02
3V1—IV(JL.JR+JV) 723 = 0.1197370*03
JPRI0T(3P.IP(JL+SD.iV)) T24 • 0.1301600+03

125 —

AES0~’FS(JVS).GS(JLI.Jll.iVE) 734 • 0.3502960+03
& •LB(JLI.JDJ.JV0.3PR)/DS(3L.JPL)/DS(.OR.JPR) 735 = 0.2395401+03

IF (JR.EE.JL) TOOl 745 — 0.3142200+02
£100.2.0.A150

EIDIF WIITR(6,IOO) BY
AII1—AIDI+AISO CALL A00050(WQ4Q)

203 COETI100 CALL ARUPSO(0Q30)

202 COETIIUE CALL A0005O(0500)
201 COOTIEOE 55500 = 054Q/4.0 * (0530 — 0510)/6.0

200 CSITI000 WRITE(6,1500) 0545

C VRITE(6,1501) 0Q30
05010.1151 WRITO(0,1502) 0500

C WLITO(6,1503) WQSUN
EITURE C
END C

VRITE(6,9999)
T12 • 0.1619190+03



198 N.K Faick eta!. / Five-partonproductionin e±e— annihilation

T13 + 0.4656700+02 TESTRUN OUTPUT
USA = 0.2084310+03

715 = 0.1080250*03
723 • 0.1699031+03 SUN OP ISVALIAETS: 0.12249954D*04
T24 = 0.101O32E+03 4011 CEETRIOUTIOI TI 0_NO_lU: -0.307403760*01

= 0.4074100*02 2Q30 COITRIEUTIEI TO 0_b_b: —0.44361243D*02

134 — 0.1071010*03 00 COITSIOUTIOS TO S_SO_SO: -0.244674970*00
735 • 0.601370E+02 SUN IOCL. CONE. FACTORS: -0.832127070*01

145 = 0.1301610*03
OTTS2YI3+T14*Y15*Y23*T24*T25*T34+T35+T45 SUN OF IE001IAOTS 0 122499540+04
YIITE(6.i00) ~ 4510 CDOTRIBUTIOE TO 0_SO_SO: 0.14602477D*02
CALL A000SO(0540) 2530 COJTLIOUTIOE TO 0_NV_SO: 0.261493S3O*02

CALL AROPRO(O$30) IN CEOTLIOUTIOI TO 0_MV_EU: 0.3OS2OS900+00

CALL ARUESO(WQOE) SUN IICL. COMB. FACTORS: -0.794463040+01
0Q000 = 0545/4.0 * (0531 — 0QOE)/6.0

WIITO(6.1S00) 50145 SUN OP IOVARIAOTS: 0.1224996OR504

WROTE(6,1501) W$30 4510 CONTRIBUTION TO 0_SO_WV- -0.20096614D*01

WRITE(0.1502) 9000 2530 COITRIOUTIEI TO 0_SO_SO -0 28250509D*02
01110(6.1503) WQSU0I 00 COOTRIBUTIOU TO 0_MU_EU: -0.267316490+00

WRITO(6.9999) SUN INCL. COVE. FACTORS: -0.516761410*01

100 PORNAT(21, ‘SOIl EF ISVARIASTS: ‘.016.0)

9999 PEINAT(2I,’ ‘1

1500 FERAAT(2X,’4Q16 COETRIBUTIOS TO 0_SO_EN: ‘.016,0)
1501 POONAT(21, ‘2530 COITRIDUTIEI TO l,,NU_IO: ‘.016.0)

1502 FODI5AT(21.’ ON COETEIBUTIOO TO I_ISO_lU: ‘.D16.O)
5503 FOLMAT(2I, ‘ SON IICL COMB. FACTORS: ‘.016.0)

STEP
ISO


