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Abstract

PHOKHARA is a Monte Carlo generatorwhich simulatesat the next-
to-leadingorderin QED thecross-sectionfor ������� annihilationinto a real
taggedphotonandavirtual photonconvertingintohadrons,wherethetagged
photonis radiatedoff the initial electronor positron. This includesvirtual
andsoft photoncorrectionsto theleadingprocess���������
	��
	�� andthe
emissionof two realhardphotons: � � � � ��	���	���	 � . Thepresentver-
sionsimulatestheproductionof a pair of chargedpionsor muonsin �������
collisionsatcentre-of-massenergiesbetween� and ��� GeV.

1 Intr oduction

PHOKHARA simulatestheproductionof two chargedpionsor muonsto-
getherwith oneor two hardphotonsin ������� collisions; it includesvirtual
andsoft photoncorrectionsto theemissionof onesinglerealphoton.It su-
persedesthepreviousversionsof theEVA [4] MonteCarlogenerator. The
programexhibits a modularstructure,which preserves the factorizationof
theinitial stateQEDcorrections.Thesimulationof otherexclusivehadronic
channelscan thereforebe easily includedwith the simple replacementof
the current(s)of the existing modes,and the correspondingmultiparticle
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 singlephotoneventsare
generated.In the latter, botheventswith oneor two photonsaregenerated
at random.For simplicity, final stateradiation(FSR)is notconsideredin the
new generator, whichhowevercanbeestimatedfrom EVA [4].

2 The program

PHOKHARA is written is FORTRAN 77. All the real variablesandfunc-
tions aredefineddouble precision. The presentdistribution consist
of thefollowing files:
� phokhara.f : themainprogram.
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� phokhara.inc : definessomevariablesandCOMMON blockswhichare
usedby mostof thesubroutinesin themainprogram.

� input.dat : all the constantsandspecificparametersneededfor the
generationaregiven throughthis file. The valuesof theseinput pa-
rameterscanbevariedby theuser.

� seed.dat: containstheseedusedto initialize RM48, thedoublepreci-
sionrandomnumbergeneratorfromtheCERNProgramlibraryCERN-
LIB. After eachgenerationrunanew seedis storedin thisfile.

Theprogramhasto belinkedwith theCERNLIB library; e.g.
f77 phokhara.f ‘cernlib mathlib‘

Furtherinformationandupdatesof theprogramcanbefind in thefollowing
webaddress:http://cern.ch/grodrigo/phokhara

3 Input file

The interactionof the userwith the programis madethroughthe file in-
put.dat. It definessomephysical constantsand the specific parameters
neededfor thegeneration.The valuesof theseparameterscanbe changed
by theuser.

nges – numberof eventswhich shall be generated.The numberof
eventsacceptedandreturnedin the outputfile dependson the kine-
maticalconstraints,theenergy of thecollisionandthegeneratedfinal
state.Typically, theacceptanceratevariesbetween����� andafew per
cent.

nm – numberof eventsusedto scanthe integrandandfind its maxi-
mum. A preliminaryscanis maidto find themaximum(s)of theinte-
grand(s)beforethetruegenerationstarts.Thevalueof themaximum
usedin thegenerationphaseis slightly greaterthanthisapproximated
maximum.

outfile – nameof the outputfile wherethe four-momentaof the
particlesof theacceptedeventsarestored.

nlo –whethertheprogramshouldprovidepredictionsatLO (nlo=0)
or NLO (nlo=1).

vacua – includes(vacua=1) or not (vacua=0) vacuumpolariza-
tion correctionsto the virtual photonline. Only the real part of the
lowestorderleptonicloopsis considered.
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w – energy cutoff of soft photonemission,normalizedto the centre-
of-massenergy. Thephysicalresultis independentof its value. Rec-
ommendedvalue������� ��� .
pion –whichfinal statechannelshallbesimulated:twomuons(pion=0)
or two chargedpions(pion=1).

The next set of parametersdefinesphysicalconstants:coupling con-
stants,masses,anddecaywidths.Thefollowing valuesareused:

����� = 137.03599976– finestructureconstant
�! = 0.51099906"#��� ��$ GeV – electronmass
�!% = 0.1056583568GeV– muonmass
�!& = 1.77703GeV– taumass
�!' = 0.13956995GeV – pionmass
�!( = 0.7685GeV– ) -mesonmass*  + = 0.677 "#��� ��, GeV– partialdecaywidth for ) �-� � � �
* ( = 0.1507GeV– total decaywidth of the ) -meson
� (/. = 1.37GeV – )�0 -mesonmass
* ( = 0.51GeV– total decaywidth of the )�0 -meson
�!1 . = 0.78194GeV– 2 -mesonmass* 1 = 0.00843GeV – totaldecaywidth of the 2 -meson

For theparametrizationof thepion form factor[6], two moreconstantsare
needed:

a= 0.00185

b = -0.145

Thesetwoconstantsaregivenby thefits fromreference[6]. Otherparametriza-
tions canbe introducedin the programfrom subroutinePionFormFac-
tor2.

The remainingsetof parametersdefinesthe specificexperimentalset-
tings:

E – centre-of-massenergy (GeV).

q2min – minimalsquaredinvariantmassof thesystemformedby the
hadronsandthetaggedphoton(GeV3 ).
gmin – minimal energy of thetaggedphoton(GeV).
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phot1cut – lower cut on theazimuthalangleof the taggedphoton
(degrees).

phot2cut – uppercut on theazimuthalangleof the taggedphoton
(degrees).

pi1cut – lower cut on the azimuthalangleof the muonsor pions
(degrees).

pi2cut – uppercut on the azimuthalangleof the muonsor pions
(degrees).

All the kinematicalcutsaregiven in the centre-of-masssystemof the ini-
tial particles.Theazimuthalanglesaredefinedwith respectto thepositron
momentum.

Theprogramoffersthepossibilityof presentingvariousdifferentialdis-
tributionsashistograms.If this option is used,the nameof the outputfile
wherethe histogramsarestoredandthe attributesof eachhistogrammust
begiven.

fname – nameof theoutputfile wherethehistogramsarestored.

title(i) – title of histogrami

xlow(i) – loweredgein x for histogrami

xup(i) – upperedgein x for histogrami

bins(i) – numberof binsfor histogrami

wherei=1, 45454 ,10.

4 Output

PHOKHARA presentstheoutputinformationin several formsandsavesit
in differentfiles.

The four-momentaof the particlesof the acceptedeventsarestoredin
thefile givenby outfile. The formatof theoutputis determinedby the
subroutinewriteevent(pion) andcanbechangedby theuser. All the
momentaaregiven in the centre-of-masssystemof the colliding electron
andpositron.

The subroutineinithisto booksthehistogramsbeingbasedon the
informationgiven by the input file. The subroutineendhisto(fname)
fills the histogramsat the endof the generationrun andsave the result in
theoutputfile givenbyfname. Thesetwo subroutinesuseHBOOK to create
andmanipulatethe histograms.A later manipulationof the histogramsis
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possiblewith PAW. For accuracy reasons–HBOOK worksonly in singlepre-
cision– thehistograminformationis storedin theintermediatesteepsof the
calculationin the matrix histo(i,j), wherei identifiesthe histogram
numberandj thebin. Only at theendof thegenerationrun it is transferred
to thehistograms.Theusercanthereforeuseits favouritehistogramingtool
simplymodifying thesubroutinesinithisto andendhisto.

By default only the 673 distribution, where 683 is the squaredinvariant
massof thehadronic(muonic)system,is calculated.Thecontribution from
singlephotoneventsis storedin histogram1. The contribution from two
photoneventsis storedin histogram2. The final 673 distribution is given
by the sumof both results. Otherdifferentialdistributions canbe defined
thoughthesubroutineaddiere(wgt,qq,i),wherewgt is theweightof
theevent,qq is thevalueof 673 andi is equalto 1 for singlephotonevents
and 2 for two photonevents. The four-momentaof the eventsare given
by thematrixmomenta(i,0:3), wherei=1, 45454 ,7, for thepositron,the
electron,thetwo realphotons(for singlephotoneventsmomenta(4,0:3)
is setto zero),thevirtual photonconverting into hadrons,the 9 ��:<;=��> and
9 � :<; � > respectively. It canbeusedby theuserto defineotherdifferential
distributions.

At the endof the run, PHOKHARA displaysalso the total numberof
acceptedevents,thevalueof thecrosssection,thevalueof thescannedmax-
imum(s)andthe biggestvalueof the integrand(s)found during the Monte
Carlogeneration.Thelastshouldbealwayssmallerthanthescannedmaxi-
mum.If duringthegenerationavalueof theintegrandis foundto bebigger
thanthescannedmaximum,awarningis given.Then,thenumberof events
usedfor theinitial scanshouldbeincreased.

5 Forthcoming features
� Inclusionof FSR.
� Simulationof otherexclusive hadronicchannels.

References
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