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Abstract

We presenta genericframavork for event generationn the Next-to-
Minimal Supersymmetri§tandardodel (NMSSM),includingthefull
chainof productionprocesstesonanceecayspartonshovering,hadro-
nization,andhadrondecays.Theframework at presenusesNMHDE-
CAY to computeheNMSSMspectrumandresonanceidths, CALCHEP
for the generatiorof hard scatteringprocessesand PYTHIA for reso-
nancedecaysand fragmentation. The interface betweenthe codesis
organizedby meansof two Les HouchesAccords,onefor supersym-
metric massand coupling spectra(SLHA,2003) and the otherfor the
eventgeneratointerface(2000).

1. Introduction

With the Tevatronin operationandwith theadwentof a new generatiorof collidersonthehori-

son,the LHC andILC, the explorationof the TeV scaleis closeat hand. Amongthe attractve

opportunitiesfor a discovery of physicsbeyond the StandardModel (SM), would be the ob-

senation of heavy particlespredictedby supersymmetriextensionsof the SM (for reviews,

seee.g.[1,2]). The Minimal SupersymmetriStandardModel (MSSM) hasbeenextensively

studied,boththeoreticallyandexperimentally Non-minimalSUSY extensionshowever, have

receved lessattention. The simplestof them, the Next-to-Minimal SupersymmetriStandard
Model (NMSSM, seee.g.[3]), containsoneadditionalsupermultipletwhichis asingletunder
all the StandardModel gaugegroups. From the theoreticalpoint of view the NMSSM solves
the naturalnesproblem,or x problem,which plagueshe MSSM [4]. From the experimental
point of view the NMSSM givesus oneadditionalheary neutralinoandtwo additionalHiggs

particles. Moreover, in particularfor Higgs physics,the NMSSM canimply quite different
rangef allowedmassvalues][5] aswell asdifferentexperimentakignature$6], ascompared
to theMSSM.

2. NMSSM in CalcHEP

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

It containsanimplementatiorof the NMSSM [7] andalsothe NMHDECAY code[8,9]. Apart
from the normalrangeof MSSM parameterggivenat the weakscale)the modelcontainsfive
additionalparameters\, x, A, A, andu.s = A (S) which describethe Higgs sector see[8].
For particle codesetc we adoptthe corventionsof NMHDECAY [8]. Thesecorventionsare
alsobeingadoptedfor the extensionof the SUSY Les HouchesAccord [10, 11], reportedon
elsavherein theseproceeding$12].

CALCHEP [13] is an interactve menudriven program. It allows the userto specify
processegeneratandcompilethe correspondingnatrix elementsandto launchthe obtained



executable.In the given case,CALCHEP launchegshe nmhdecay _slha codewhich reads
the SLHA input parametefiile slhainp.dat , preliminarily preparedby CALCHEP, then
calculatesthe spectrumand writes the SLHA outputto a file, spectr.dat . The original
SLHA inputandoutputconventions[10] have in this casebeensuitablyextendedo includethe
NMSSM, se€[8,9,12].

Finally, the programallows to checkthe spectrumagainsta large variety of experi-
mental constraints,using NMHDECAY. Any constraintsthat are not satisfiedare listed in
BLOCK SPINFOQO in the outputspectr.dat file mentionedabove. The CALCHEP variable
NMHokalsodisplaysthe numberof broken constraints.

3. TheEvent Generation Framework
3.1 Hard Scattering

Partonic2 — N eventscanbe generatedoy CalcHEPusing its menusystem,and can be
storedin afile, by default calledevents_N.txt . Thisfile containsinformationabouttotal
crosssection,Monte Carlo numbersof particlesinvolved, initial enegiesof beams partonic
distribution functions,and color flows for eachevent. The first stepis thusto generatesuch
a file, containinga numberof partoniceventsfor subsequenturther processingoy a parton
showver andhadronisatiorgeneratarin our casePYTHIA [14,15]. For the interface,we make
useof theLesHouchegyeneratoaccord[16] — seebelow for detailson theimplementation.

3.2 Resonance Decays

If the partonicfinal statepassedo PYTHIA containsheary unstableparticles,a (seriesof)

resonancelecay(skhouldthenfollow. However, sincePY THIA doesnotinternallycontainary

of thematrix elementselevantto decaysnvolving thenev NMSSM statesthesepartialwidths
mustalsofirst be calculatedby someotherprogram,andthenbe passedo PYTHIA together
with the eventfile. For this purposewe usethe SUSY Les HouchesAccord [10-12], which

includesapossibilityto specifydecaytables wherebyinformationon thetotal width anddecay
channelf any givenparticlecanbetransferrebetweercodes.

Both CALCHEP and NMHDECAY can be usedto generatesuch decaytables. For
NMHDECAY, this file decay.dat is generatechutomatically but at presentt is limited to
thewidthsandbranchingdor the Higgs sectoronly. In the caseof CALCHEP theusershould
starta new sessiorto generatehe SLHA file. Herethetypesof particlesarenot restricted put
sinceCALCHEP worksexclusively attreelevel, Higgsdecaydo gg and~~y areabsent.

Using the externally calculatedpartial widths (seebelow for detailson the implementa-
tion), we thenusethe phasespacegeneratoinsidePyY THIA, for a particlewith appropriatespin,
but usingan otherwiseflat phasespace.

3.3 Interfaceto PYTHIA

After generatinghe LHA partoniceventfile andthe SLHA spectrumand decayfile, the fi-
nal stepis thus readingthis into PYTHIA and start generatingevents. The utile\ direc-
tory of CALCHEP containsan examplemain programcallPYTH.f  which shavs how to
useCALCHEP's event2pyth.c routinefor readingthe eventfiles into PYTHIA. The most
importantstatementso includeare:

C...Specify LHA event file and SLHA spectrum+decay file



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 PYINITCUSER'/ '’ ’,0D0)

To compileeverythingtogetheyuseallinking lik e thefollowing:

cc -c event2pyth.c
f77 -0 calcpyth  callPYTH.f event2pyth.o pythia6326.f

3.4 Parton Showering, Hadronisation, and Underlying Event

After resonancealecaysthe event generationproceedsnside PYTHIA completelyasfor ary
otherprocessj.e. controlledby the normalrangeof switchesand parameterselevantfor ex-
ternalprocessesseee.g.the recentbrief overview in [17]. Specifically two differentshover
modelsare available for comparison,one a virtuality-orderedpartonshover andthe othera
morerecentlydevelopedtrans\erse-momentum-ordereipole shaver, with eachaccompanied
by its own distinctunderlying-eentmodel,se€g18,19] and[20,21], respectiely, andreferences
therein.

At the end of the perturbatve stage,at a typical resolutionscaleof about1GeV, the
partonshaver actwity is cut off, anda transitionis madeto a non—perturbatie descriptionof
hadronisationthe Py THIA onebeingbasedon the Lund stringmodel(see[22]). Finally, any
unstablenadrongroducedn thefragmentatioraredecayedat varyinglevelsof sophistication,
but againwith the possibility of interfacingexternalpackagegor specificpurposessuchasr
andB decays.

4. Practical Demonstration

For illustration, we considerHiggs strahlungat the ILC, i.e. the process™e~ — ZH?. We

concentrat®n the difficult scenariadiscussedn [23], wherethe lightestHiggs decaysmainly
to pseudoscalargndwherethe pseudoscalararesolight thatthey cannotdecayto b quarks.
As a concreteexampleof sucha scenariowe take “point 1” in [6], with slight modifications
soasto give thesamephenomenologwith NMHDECAY version2.0,with the parameterand
massegivenin Tah 1. We use CALCHEP to computethe basice™e~ — ZH? scattering,
NMHDECAY to calculatethe H) andA{ decaywidths,andPyTHIA for generatinghe Z°, HY,

andA? decaysaswell asfor subsequent decayspremsstrahlungandhadronisation.

We generate80000eventsattheete~ — Z°HY level, at /s = 500 GeV correspondingo
about500 fb~' of integrateduminosity. Out of thesewe selecteventswith 4 tauonsn thefinal
state(with p, > 5 GeV) andwheretheZ doesnot decayto neutrinos.Theplotin Fig. 1 shavs
simultaneouslyheinvariantmassdistributionsof 77~ (solid, green)r*7—7+7~ (dot-dashed,



pars: my, Mefr A K tan3  myg M, M, M; Ab,t,'r A,y A,
[GeVv]* 175 -520 0.22 -0.1 5 1000 100 200 700 1500 -700 -2.8

spectrum: MAQ  Mpy Mg Mg ot Mgo MaQ  Mgo ot Mgo My rest

[GeV] 9.87 89.0 101 200 459 477 530 540 789 ~ 1000

BR's: H)— AYAY bb 7tr vy AY— 7F77 gg € sS
0.92 0.07 0.006 8 x 10°° 0.76 0.21 0.02 0.01

Tablel: ParametersnassspectrumandH? /A branchingatioslargerthan1%,for anNMSSM benchmarlpoint
representatie of the phenomenologgiscussedn [23], usingNMHDECAY 2.0.* : in appropriatgpower of GeV.
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Figure 1: Invariantmassegor 2-r (solid, green),bb (dashedplue), and4-r (dot-dashedred) combinationsin
ete™ — HYZC eventsat /s = 500 GeV, requiring4 tauonswith p; > 5 GeV in thefinal stateandZ® — visible.



red), andbb (dashedplue) for theseevents. Of course,experimentsdo not obsere tauons
andb quarksdirectly; this plot is merelymeantto illustratethatthe expectedresonancgeaks
appeamwherethey should:firstly, alarger+ 7~ peakatthe A° massandasmalleroneatthe Z°
mass.Secondlyabb peakalsoatthe Z° massandfinally the4-r peakatthe H? mass.

5. Conclusion

We presentframevorkintendedor detailedstudiesof thecollider phenomenologgf NMSSM
models. We combinethreecodesdevelopedindependentlyto obtaina full-fledgedeventgen-
eratorfor the NMSSM, including hard scattering,resonancelecays,parton shovering, and
hadronisation.The interfaceitself is fairly straightforward, relying on standardslevelopedat
previousLesHouchesvorkshops.

Moreover, it seemsclearthat this applicationshouldonly be perceved as a first step.
With slight further developments,a more genericframevork seemsrealisable,which could
greatlyfacilitatethe creationof tools for a muchbroademrangeof beyondthe StandardModel
physicsscenariosin particularwe would proposeo extendthe SLHA spectrumanddecayfile
structurego includeall the informationthat definesa particle— specificallyits spin, colour
andelectricquantumnumbers,n additionto its massanddecaymodes. This would malke it
possiblefor a shavering generatoto handlenot just the particlesit alreadyknows about,but
alsomoregenericnew states.
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