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Abstract

PHOKHARA is a Monte Carlo generatomwhich simulatesat the next-
to-leadingorderin QED the cross-sectioffior ete~ annihilationinto areal
taggedphotonandavirtual photoncorvertinginto hadronsyherethetagged
photonis radiatedoff theinitial electronor positron. This includesvirtual
andsoft photoncorrectiongto the leadingprocess®™e~ — ~ + v* andthe
emissionof two realhardphotons:ete™ — v + v + v*. Thepresenwver
sion simulatesthe productionof a pair of chagedpionsor muonsin e*e™
collisionsat centre-of-massnegiesbetweenl and10 GeV.

1 Intr oduction

PHOKHARA simulatesthe productionof two chaged pionsor muonsto-
getherwith oneor two hardphotonsin eTe~ collisions; it includesvirtual
andsoft photoncorrectiongo the emissionof onesinglereal photon.It su-
persedeshe previous versionsof the EVA [4] Monte Carlo generatar The
programexhibits a modularstructure which preseresthe factorizationof
theinitial stateQED corrections.Thesimulationof otherexclusive hadronic
channelscanthereforebe easily includedwith the simple replacemenbf
the current(s)of the existing modes,and the correspondingnultiparticle
hadronicphasespace. The simulationof the four-pion channel[5] will be
incorporatedsoon,aswell asothermultihadronfinal states.

Theprogramprovidespredictionseitheratleadingorder(LO) or atnext-
to-leadingorder (NLO). In the former caseonly single photoneventsare
generatedln the latter, both eventswith oneor two photonsaregenerated
atrandom.For simplicity, final stateradiation(FSR)is notconsideredn the
new generatgrwhich however canbe estimatedrom EVA [4].

2 Theprogram

PHOKHARA is written is FORTRAN 77. All therealvariablesandfunc-
tionsaredefineddoubl e preci si on. The presentistribution consist
of thefollowing files:

e phokhara.f : themainprogram.



e phokhara.inc : definessomevariablesand COMMON blockswhich are
usedby mostof the subroutinesn the mainprogram.

e input.dat : all the constantsand specificparametersieededor the
generatiorare given throughthis file. The valuesof theseinput pa-
rametersanbevariedby theuser

e seed.dat containgheseedusedto initialize RMA8, thedoublepreci-
sionrandommumbergeneratofrom the CERNProgramiibrary CERN-
LIB. After eachgeneratiormrun anew seeds storedin thisfile.

Theprogramhasto belinkedwith the CERNLIB library; e.qg.

f77 phokhara.f ‘cernlib mathlib’
Furtherinformationandupdatesf the programcanbefind in thefollowing
webaddresshtt p: // cern. ch/ grodri go/ phokhar a

3 Input file

The interactionof the userwith the programis madethroughthe file in-
put.dat. It definessomephysical constantsand the specific parameters
neededor the generation.The valuesof theseparameterganbe changed
by theuser

nges — numberof eventswhich shall be generated.The numberof
eventsacceptedandreturnedin the outputfile depend=on the kine-
maticalconstraintsthe enegy of the collision andthe generatedinal
state.Typically, theacceptanceatevariesbetweer80% andafew per
cent.

nm- numberof eventsusedto scanthe integrandandfind its maxi-

mum. A preliminaryscanis maidto find the maximum(s)of theinte-

grand(s)beforethetrue generatiorstarts. The value of the maximum
usedin thegeneratiorphasés slightly greaterthanthis approximated
maximum.

out f i I e — nameof the outputfile wherethe four-momentaof the
particlesof the acceptedventsarestored.

nl o —whethertheprogramshouldprovide predictionsatLO (nl 0=0)
or NLO (nl o=1).

vacua —includes(vacua=1) or not (vacua=0) vacuumpolariza-
tion correctionsto the virtual photonline. Only the real part of the
lowestorderleptonicloopsis considered.



w — enegy cutoff of soft photonemission,normalizedto the centre-
of-massenegy. The physicalresultis independenbf its value. Rec-
ommendedzaluew = 1074,

pi on —whichfinal statechannekhallbesimulatedtwo muong(pi on=0)
or two chagedpions(pi on=1).
The next setof parametersiefinesphysical constants:coupling con-

stantsmassesanddecaywidths. Thefollowing valuesareused:

1/a = 137.03599976- fine structureconstant

m. =0.5109990610~3 GeV — electronmass

m,, = 0.105658356&eV —muonmass

m, =1.77703GeV —taumass

m, =0.139569955eV — pion mass

m, = 0.7685GeV - p-mesonmass

I'.e =0.677-107° GeV— partialdecaywidth for p — ete™

I', = 0.1507GeV —total decaywidth of the p-meson

m, = 1.37GeV - p’-mesormass

I', = 0.51GeV - total decaywidth of the p’-meson

my, = 0.78194GeV —w-mesonmass

I', = 0.00843GeV — total decaywidth of thew-meson

For the parametrizatiorof the pion form factor[6], two moreconstantsare
needed:

a=0.00185
b=-0.145

Thesdwo constantaregivenby thefits from referencg6]. Otherparametriza-
tions canbe introducedin the programfrom subroutinePi onFor nfFac-
tor2.

The remainingsetof parameterslefinesthe specificexperimentalset-
tings:

E — centre-of-massnegy (GeV).

g2m n —minimal squarednvariantmassof the systenformedby the
hadronsandthetaggedphoton(Ge\V?).

gm n —minimal enegy of thetaggedphoton(GeV).



phot 1cut —lower cut ontheazimuthalangleof thetaggedphoton
(degrees).

phot 2cut — uppercut on the azimuthalangleof the taggedphoton
(degrees).

pi lcut — lower cut on the azimuthalangle of the muonsor pions
(degrees).

pi 2cut — uppercut on the azimuthalangleof the muonsor pions
(degrees).

All the kinematicalcutsare givenin the centre-of-massystemof the ini-
tial particles. The azimuthalanglesaredefinedwith respecto the positron
momentum.

The programoffersthe possibility of presentingrariousdifferentialdis-
tributions ashistograms.If this optionis used,the nameof the outputfile
wherethe histogramsare storedandthe attributesof eachhistogrammust
begiven.

f name —nameof the outputfile wherethe histogramsarestored.
title(i) —title of histogrami
x|l owm( i) —loweredgein x for histogrami
xup(i) —upperedgein x for histogram
bi ns(i) —numberof binsfor histogrami
wherei =1, ..., 10.

4 Output

PHOKHARA presentghe outputinformationin severalforms andsavesit
in differentfiles.

The four-momentaof the particlesof the acceptedeventsare storedin
thefile givenby out f i | e. Theformatof the outputis determinedby the
subroutineamr i t eevent ( pi on) andcanbechangedy theuser All the
momentaare given in the centre-of-massystemof the colliding electron
andpositron.

The subroutinei ni t hi st o booksthe histogramseingbasedon the
informationgiven by the input file. The subroutineendhi st o( f nane)
fills the histogramsat the end of the generatiorrun and save the resultin
theoutputfile givenby f nare. Thesawo subroutinesiseHBOOK to create
and manipulatethe histograms.A later manipulationof the histogramss
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possiblewith PAW For accuray reasons- HBOOK worksonly in singlepre-

cision—thehistograminformationis storedin theintermediatesteepof the
calculationin the matrix hi st o(i, j ), wherei identifiesthe histogram
numberandj thebin. Only attheendof thegeneratiorrunit is transferred
to the histogramsTheusercanthereforeuseits favourite histogramingool

simply modifying the subroutines ni t hi st o andendhi st o.

By default only the Q? distribution, whereQ? is the squarednvariant
massof the hadronic(muonic)systemijs calculated.The contrilution from
single photoneventsis storedin histograml. The contrikution from two
photoneventsis storedin histogram2. The final Q2 distribution is given
by the sum of both results. Otherdifferential distributions can be defined
thoughthesubroutineaddi er e(wgt , qq, i ) ,wherewgt istheweightof
theevent,qq is thevalueof Q2 andi is equalto 1 for singlephotonevents
and 2 for two photonevents. The four-momentaof the eventsare given
by thematrixnonent a(i, 0: 3) ,wherei =1, ..., 7, for thepositron,the
electronthetwo realphotongfor singlephotoneventsnonent a( 4, 0: 3)
is setto zero),the virtual photoncorverting into hadronsthe 7+ () and
m~(u~) respectiely. It canbeusedby the userto defineotherdifferential
distributions.

At the endof the run, PHOKHARA displaysalso the total numberof
accepteavents thevalueof thecrosssection thevalueof thescanneanax-
imum(s)andthe biggestvalue of the integrand(s)found during the Monte
CarlogenerationThelastshouldbe alwayssmallerthanthe scannedanaxi-
mum. If duringthe generatiora valueof theintegrandis foundto bebigger
thanthe scannednaximum,awarningis given. Then,the numberof events
usedfor theinitial scanshouldbeincreased.

5 Forthcoming features

e Inclusionof FSR.
e Simulationof otherexclusive hadronicchannels.
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