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Abstract
We presenta genericframework for event generationin the Next-to-
Minimal SupersymmetricStandardModel(NMSSM),includingthefull
chainof productionprocess,resonancedecays,partonshowering,hadro-
nization,andhadrondecays.Theframework at presentusesNMHDE-
CAY tocomputetheNMSSMspectrumandresonancewidths,CALCHEP
for the generationof hardscatteringprocesses,andPYTHIA for reso-
nancedecaysand fragmentation.The interfacebetweenthe codesis
organizedby meansof two Les HouchesAccords,onefor supersym-
metric massandcouplingspectra(SLHA,2003)and the other for the
eventgeneratorinterface(2000).

1. Introduction

With theTevatronin operationandwith theadventof anew generationof colliderson thehori-
son,theLHC andILC, theexplorationof theTeV scaleis closeat hand.Amongtheattractive
opportunitiesfor a discovery of physicsbeyond the StandardModel (SM), would be the ob-
servation of heavy particlespredictedby supersymmetricextensionsof the SM (for reviews,
seee.g.[1, 2]). TheMinimal SupersymmetricStandardModel (MSSM) hasbeenextensively
studied,boththeoreticallyandexperimentally. Non-minimalSUSYextensions,however, have
received lessattention.Thesimplestof them,theNext-to-Minimal SupersymmetricStandard
Model (NMSSM,seee.g.[3]), containsoneadditionalsupermultiplet,which is a singletunder
all theStandardModel gaugegroups.From the theoreticalpoint of view the NMSSM solves
thenaturalnessproblem,or � problem,which plaguestheMSSM [4]. Fromtheexperimental
point of view theNMSSM givesusoneadditionalheavy neutralinoandtwo additionalHiggs
particles. Moreover, in particularfor Higgs physics,the NMSSM can imply quite different
rangesof allowedmassvalues[5] aswell asdifferentexperimentalsignatures[6], ascompared
to theMSSM.

2. NMSSM in CalcHEP

CALCHEP version2.4canbedownloadfrom
http://theory.sinp.msu.ru/˜pukh ov/c alche p.ht ml

It containsanimplementationof theNMSSM [7] andalsotheNMHDECAY code[8,9]. Apart
from thenormalrangeof MSSM parameters(givenat theweakscale)themodelcontainsfive
additionalparameters� , � , ��� , ��� , and �
	���
�������� which describetheHiggssector, see[8].
For particlecodesetc we adoptthe conventionsof NMHDECAY [8]. Theseconventionsare
alsobeingadoptedfor the extensionof the SUSY Les HouchesAccord [10,11], reportedon
elsewherein theseproceedings[12].

CALCHEP [13] is an interactive menudriven program. It allows the user to specify
processes,generateandcompilethecorrespondingmatrixelements,andto launchtheobtained
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executable.In the given case,CALCHEP launchesthe nmhdecay_slha codewhich reads
the SLHA input parameterfile slhainp.dat , preliminarily preparedby CALCHEP, then
calculatesthe spectrumand writes the SLHA output to a file, spectr.dat . The original
SLHA inputandoutputconventions[10] have in thiscasebeensuitablyextendedto includethe
NMSSM,see[8,9,12].

Finally, the programallows to check the spectrumagainsta large variety of experi-
mentalconstraints,using NMHDECAY. Any constraintsthat are not satisfiedare listed in
BLOCK SPINFO in theoutputspectr.dat file mentionedabove. TheCALCHEP variable
NMHokalsodisplaysthenumberof brokenconstraints.

3. The Event Generation Framework

3.1 Hard Scattering

Partonic ��� � eventscan be generatedby CalcHEPusing its menusystem,and can be
storedin a file, by default calledevents_N.txt . This file containsinformationabouttotal
crosssection,Monte Carlo numbersof particlesinvolved, initial energiesof beams,partonic
distribution functions,andcolor flows for eachevent. The first stepis thus to generatesuch
a file, containinga numberof partoniceventsfor subsequentfurther processingby a parton
shower andhadronisationgenerator, in our casePYTHIA [14,15]. For the interface,we make
useof theLesHouchesgeneratoraccord[16] — seebelow for detailson theimplementation.

3.2 Resonance Decays

If the partonicfinal statepassedto PYTHIA containsheavy unstableparticles,a (seriesof)
resonancedecay(s)shouldthenfollow. However, sincePYTHIA doesnot internallycontainany
of thematrixelementsrelevantto decaysinvolving thenew NMSSMstates,thesepartialwidths
mustalsofirst be calculatedby someotherprogram,andthenbe passedto PYTHIA together
with the eventfile. For this purpose,we usethe SUSY Les HouchesAccord [10–12], which
includesapossibilityto specifydecaytables,wherebyinformationonthetotalwidth anddecay
channelsof any givenparticlecanbetransferredbetweencodes.

Both CALCHEP and NMHDECAY can be usedto generatesuch decaytables. For
NMHDECAY, this file decay.dat is generatedautomatically, but at presentit is limited to
thewidthsandbranchingsfor theHiggssectoronly. In thecaseof CALCHEP theusershould
starta new sessionto generatetheSLHA file. Herethetypesof particlesarenot restricted,but
sinceCALCHEP worksexclusively at treelevel, Higgsdecaysto ��� and ��� areabsent.

Using theexternallycalculatedpartialwidths (seebelow for detailson the implementa-
tion),wethenusethephasespacegeneratorinsidePYTHIA, for aparticlewith appropriatespin,
but usinganotherwiseflat phasespace.

3.3 Interface to PYTHIA

After generatingthe LHA partonicevent file andthe SLHA spectrumanddecayfile, the fi-
nal stepis thus readingthis into PYTHIA and start generatingevents. The utile\ direc-
tory of CALCHEP containsan examplemain programcallPYTH.f which shows how to
useCALCHEP’s event2pyth.c routinefor readingtheeventfiles into PYTHIA. Themost
importantstatementsto includeare:

C...Specify LHA event file and SLHA spectrum+decay file
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eventFile=’events_1.txt’
slhafile=’decay.dat’

C...Set up PYTHIA to use SLHA input.
IMSS(1)=11

C...Open SLHA file
OPEN(77,FILE=slhafile,STATUS=’OLD’, ERR=100)

C...Tell PYTHIA which unit it is on, both for spectrum and decays
IMSS(21)=77
IMSS(22)=77

C...Switch on NMSSM
IMSS(13)=1

C...Initialize
NEVMAX=initEvents(eventFile)
CALL PYINIT(’USER’,’ ’,’ ’,0D0)

To compileeverythingtogether, usea linking like thefollowing:

cc -c event2pyth.c
f77 -o calcpyth callPYTH.f event2pyth.o pythia6326.f

3.4 Parton Showering, Hadronisation, and Underlying Event

After resonancedecays,the event generationproceedsinsidePYTHIA completelyas for any
otherprocess,i.e. controlledby the normalrangeof switchesandparametersrelevant for ex-
ternalprocesses,seee.g.the recentbrief overview in [17]. Specifically, two differentshower
modelsareavailable for comparison,onea virtuality-orderedpartonshower and the othera
morerecentlydevelopedtransverse-momentum-ordereddipoleshower, with eachaccompanied
by its owndistinctunderlying-eventmodel,see[18,19] and[20,21], respectively, andreferences
therein.

At the end of the perturbative stage,at a typical resolutionscaleof about1� �"! , the
partonshower activity is cut off, anda transitionis madeto a non–perturbative descriptionof
hadronisation,the PYTHIA onebeingbasedon theLund stringmodel(see[22]). Finally, any
unstablehadronsproducedin thefragmentationaredecayed,atvaryinglevelsof sophistication,
but againwith thepossibilityof interfacingexternalpackagesfor specificpurposes,suchas #
and $ decays.

4. Practical Demonstration

For illustration, we considerHiggs strahlungat the ILC, i.e. the process�&%
�(')� *,+.-� . We
concentrateon thedifficult scenariodiscussedin [23], wherethe lightestHiggsdecaysmainly
to pseudoscalars,andwherethepseudoscalarsareso light that they cannotdecayto / quarks.
As a concreteexampleof sucha scenario,we take “point 1” in [6], with slight modifications
soasto give thesamephenomenologywith NMHDECAY version2.0,with theparametersand
massesgiven in Tab. 1. We useCALCHEP to computethe basic � % � ' � *,+ - � scattering,
NMHDECAY to calculatethe + - � and 0 - � decaywidths,andPYTHIA for generatingthe * - , + - � ,
and 0 - � decaysaswell asfor subsequent# decays,bremsstrahlung,andhadronisation.

Wegenerate30000eventsat the �&%1�2'�� *
-3+4- � level, at 5 67
98;:�:.� �"! correspondingto
about8;:;:=<>/ ' � of integratedluminosity. Outof these,weselecteventswith 4 tauonsin thefinal
state(with ?�@BAC8��D�E! ) andwherethe * doesnotdecayto neutrinos.Theplot in Fig. 1 shows
simultaneouslytheinvariantmassdistributionsof #F%
#1' (solid,green)#G%
#1'F#G%
#1' (dot-dashed,
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pars: HJI �1	>� � � K3L;M=N H - O � O � OQP �.RES ITS U �.� �.�
[GeV] V 175 -520 0.22 -0.1 5 1000 100 200 700 1500 -700 -2.8

spectrum: HXWGY Z H\[]Y Z H_^` Y Z H ^` Y a S ^`(b Z H_^` Yc HXWGYa H ^` Yd S ^`(ba H_^` Ye H ^f rest
[GeV] 9.87 89.0 101 200 459 477 530 540 789 g 1000

BR’s: +.- � � 0�- � 0.- � /ih/ #F%j#1' ��� 0�- � � #F%1#j' �;� k hk l h l
0.92 0.07 0.006 monqpr:s'st 0.76 0.21 0.02 0.01

Table1: Parameters,massspectrum,and uwv xzy|{ivx branchingratioslargerthan1%,for anNMSSMbenchmarkpoint

representativeof thephenomenologydiscussedin [23], usingNMHDECAY 2.0. }�~ in appropriatepowerof GeV.
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Figure1: Invariantmassesfor 2-� (solid, green), �]�� (dashed,blue), and4-� (dot-dashed,red) combinationsin���G�"��� uivx�� v eventsat � �����|�"�i� ��� , requiring4 tauonswith �����X�w� ��� in thefinal stateand � v � visible.
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red), and / h/ (dashed,blue) for theseevents. Of course,experimentsdo not observe tauons
and / quarksdirectly; this plot is merelymeantto illustratethat theexpectedresonancepeaks
appearwherethey should:firstly, a large #F%
#j' peakat the 0�- mass,andasmalleroneat the *
-
mass.Secondly, a / h/ peakalsoat the *
- massandfinally the4-# peakat the +4- � mass.

5. Conclusion

Wepresentaframework intendedfor detailedstudiesof thecolliderphenomenologyof NMSSM
models.We combinethreecodesdevelopedindependentlyto obtaina full-fledgedeventgen-
eratorfor the NMSSM, including hard scattering,resonancedecays,partonshowering, and
hadronisation.The interfaceitself is fairly straightforward, relying on standardsdevelopedat
previousLesHouchesworkshops.

Moreover, it seemsclear that this applicationshouldonly be perceived as a first step.
With slight further developments,a more genericframework seemsrealisable,which could
greatlyfacilitatethecreationof tools for a muchbroaderrangeof beyondtheStandardModel
physicsscenarios.In particularwewouldproposeto extendtheSLHA spectrumanddecayfile
structuresto includeall the informationthat definesa particle— specificallyits spin, colour
andelectricquantumnumbers,in additionto its massanddecaymodes.This would make it
possiblefor a showeringgeneratorto handlenot just theparticlesit alreadyknows about,but
alsomoregenericnew states.
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