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New event generators

New codesemepging: ThePEG/Herwig++/Pythia7
(“Top-Down” approach)

1. ThePEG= eventgeneratiorframevork

organisationgventrecord,necessaryools
(vectorsetc.).

2. Constructiorof physicsmodulesn ThePEG

3. HERWIG+HS.Giesek etal., hep-ph/0311208):
e'e eventsie'e ! g+ radiation
new partonshowver
clusterfragmentation
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New event generators

New codesemepging: ThePEG/Herwig++/Pythia7
(“Top-Down” approach)

1. ThePEG= eventgeneratiorframevork

organisationgventrecord,necessaryools
(vectorsetc.).

2. Constructiorof physicsmodulesn ThePEG

3. PYTHIA7 (L.Lonnblad,CPC.134365)

e"e andppevents:2! 2+ radiation
string fragmentation
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New event generators
New codesemepging: SHERRA

(T. Gleisbeg, S.H6che,F. Krauss A. Schélicle, S. S.andJ. Winter, JHEP0402:056,2004)
(“Bottom-Up” approach)

Tested& interfacedmodules:
1. Tree-lavel matrix elementfAMEGIC++) +

2. Partonshaver (APACIC++) ...
3. ... andmeming thereof
4. Interfacedo stringfragmentationetc..

Allowsto simulatee"e , , ppcollisions.
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SHERPA status

Initialization of theincomingbeams

) provide accesgo variousPDF sets:
LHAPDF, mrst99(C++), cteq6

TEVA4LHC, Fermilab,Septembe2004—p.4/9



SHERPA status

Initialization of theincomingbeams X

Hardeventanddecayqvia matrix elements)

) Interfaceto ourown ME generatoAMEGIC++
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SHERPA status

Initialization of theincomingbeams X
Hardeventanddecayqvia matrix elements) X

Initial and nal statepartonshawver

) Interfaceto ourown PSAPACIC++
(R. Kuhn,F. Krauss,R. Kuhn,B. Ivaryi, G. Soff, CPC134:223-266,2001)
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SHERPA status

Initialization of theincomingbeams X
Hardeventanddecayqvia matrix elements) X

Initial and nal statepartonshawver X
Multiple partoninteractionJUE)

) Juststartecto work onthis: ::
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SHERPA status

Initialization of theincomingbeams X
Hardeventanddecayqvia matrix elements) X

Initial and nal statepartonshawver X
Multiple partoninteractionJUE)
Hadronization

) Interfaceto Pythiastringfragmentation
) A modi ed clustermodelin preparation
(J. Winter etal, hep-ph/0311085§0 beincluded
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SHERPA status

Initialization of theincomingbeams X
Hardeventanddecayqvia matrix elements) X

Initial and nal statepartonshawver X

Multiple partoninteractionJUE)
Hadronization X

Hadrondecays

) Interfaceto thecorrespondindPythiaroutines
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SHERPA status

Initialization of theincomingbeams X
Hardeventanddecayqvia matrix elements) X

Initial and nal statepartonshawver X

Multiple partoninteractionJUE)

Hadronization X
Hadrondecays X

=) Shermaisthe framework responsiblefor initialization of the

differ ent phasesand for steeringthe event generation
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Matrix elementsin SHERPA
ME's aredeliveredby AMEGIC++

R. Kuhn,F Krauss,G. Soff, JHEP0202:044,2002

Calculatesarbitraryprocessest SM andMSSM
attreelevel usingHelicity amplitudes

MSSM spectradrom interfaceto Isasusy’.67
SLHA (Skandstal, hep-ph/0311123s beingimplemented

IncludesanADD model(featuringKK-graviton resonances)
Masseffectsfully takeninto account
Multi-channelMC integrationwith adaptve optimization

Completelyautomaticapproach{a generatoigenerator)

AMEGIC++ is/will beimplementedn Herwig++
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Matrix elementsin SHERPA

greenAMEGIC++ successfullyestedfor a huge
numberof processes

e"e | 4=6massve or masslesgts/fermions
| 4f
numberlessparticleproductionandsparticledecaychannels

Validationfor LHC purposegluring (andafter)
the MC4LHC workshopat CERN summer2003

e o €

e, € €, o o +UPtO4jets
e bb,e e hbb +upto2jets

, ,tupto3jets
tt, b, + upto 2jets

2-, 3-, 4-jet production
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Matrix elementsin SHERPA

X-sects(pb) Numberof jets
e e+tn QCDjets 0 1 2 3 4 5 6
Alpgen 3904(6) 1013(2) 364(2) 136(1) | 53.6(6) | 21.6(2) | 8.7(1)
CompHEP 3947.4(3) | 1022.4(5) | 364.4(4)
MadEent 3902(5) 1012(2) 361(1) | 135.5(3) | 53.6(2)
Amegic++/Sherpa | 3908(3) 1011(2) 362(1) | 137.5(5) | 54(1)
X-sects(pb) Numberof jets
e e+hb 0 1 2 3 4
Alpgen 90.34(4) | 9.85(6) | 6.82(6) | 4.18(7) | 2.39(5)
CompHEP 9.415(5) | 9.91(2)
MadEwent 9.32(3) | 9.74(1) | 6.80(2)
Amegic++/Sherpa| 9.37(1) | 9.86(2) | 6.87(5)
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Matrix elementsin SHERPA

AMEGIC++ provedto work for up to six particle nal states,
alsoin hadroniccollisions

=) Accelerationof the ME andphasespacesvaluationis ongoing
(atediousandtime-consumingob)

=) Oneortwo morejet(s)perprocessistedaboveis reasonable
=) for evenhigherjet multiplicities it might be betterto rely on PS

SHERMA includesa state-of-the-ar€C++ ME generatar

oneof thekey ingredientof a moderneventgenerator
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Combining ME and PS

S. Catani,FKraussR. Kuhn,B. Webber JHEP0111:063,2001
F. Krauss JHEP0208:015,2002

Aim:
Gooddescriptionof softandhardregion

Universalityof fragmentation{enegy independent)

Solution:

Divide multi-jet phasespacanto two regimes
Jetproductionby ME (if available)
Jetevolution down to fragmentatiorscaleby the PS

RewveightME's for exclusive samplesataresolutionscale

Vetoon PScon gurationsincludedin higherorderME
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Combining ME and PS

The method hasbeenimplementedin Shema in full generality

Proofedto besuccessfuin e e collisions

(comparablen eventshape®tc.,but betterdescriptionfor
four-jet correlationsetc.)

Studyof systematic®f methodis still ongoing( rst resultsin a
minute)

Vary choiceof scaleqfunctionalform)

Differentjet measures

Differenttreatmenbf highestmultiplicity ME
Extensiondo studysystemati@rrorsin eventgeneration

(e.g.globalscalefactors.etc.)
afterall, it'sonly LO !
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W=/ +]ets at the Tevatron

F.Krauss A.Schaelicle, S.SchumanrG.Sof, hep-ph/0409106

W=/ +jetsat Tevatron,Runl|

Jetsaccordingto Runll k- -clusteringalgorithm:
> 15GeV; | ®j< 2, D=07
Furthercuts:

p!?epton > 20GeV: J Ieptonj < 1

m!' > 15GeV, for W, alsop]"ss > 20 GeV.
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=/ +]ets at the Tevatron

Effect of varyingjet separationp, of W, e

GeV]
=
S

W+ X W+ X W+ X

W + Ojet W + Ojet W + Ojet
W + ljet L W + ljet W + ljet
W + 2jets EN W + 2jets ; W + 2jets
W + 3jets W + 3jets W + 3jets

ds/dplw[ pb/

I 0 [Cho =
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W + 2jets W + 2jets g 5 W + 2jets
W + 3jets B W + 3jets d E W + 3jets
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=/ +]ets at the Tevatron

Effect of varyingjet separation: of W, e

W+ X

W + Qjet
W + ljet
W + 2jets
W + 3jets

W+ X

W + Ojet
W + ljet
W + 2jets
W + 3jets

W+ X

W + Qjet
W + ljet
W + 2jets
W + 3jets

W+ X

W + Ojet
W + ljet
W + 2jets
W + 3jets

— W+X
— W+ Qjet
W + ljet
— W+ 2jets
— W + 3jets

— W+X
— W +Qjet
W + 1jet
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W=/ +]ets at the Tevatron

Effect of varyingjet separation jetrates
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W=/ +]ets at the Tevatron

Effect of varyingmaximalnumberof jets: p,, of W, e

V]
i
S

— W+X L W+ X LE W+ X
— W+ Ojet b W + Ojet ] W + Ojet
— W+ ljet W + ljet W + 1jet
reference W + 2jet W + 2jet
reference W + 3jet
reference

ds/dplw[ pb/Ge

I o
20 40 60 80 100 120 140 160 180 20 40 60 80 100 120 140 160 180 20 40 60 80 100 120 140 160 18
/ GeV p J_W/ GeV

Piw P/ Gev

— W+X W+ X W+ X
— W+ Ojet W + Ojet 13 W + Ojet
— W+ 1jet W + ljet W + ljet
reference W + 2jet 5 W + 2jet
reference - : W + 3jet
reference
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W=/ +]ets at the Tevatron

(Reweighted)ME vs. PSvs. Hadronlevel

——  Sherpa (ME level)
- Sherpa (shower level)
Sherpa (hadron level)
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o
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100 120 140 160 180
p+ (first jet) [ GeV ]
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W=/ +]ets at the Tevatron

Effectof varyingrenormalizatior& factorizationscale

Sherpa (default scale choice)
Sherpa (all scales “ 0.5)
Sherpa (all scales “ 2)

Sherpa (default scale choice)
W + 0 jet

W +1jet

W + 2 jet

Sherpa (all scales “ 5)

W + 0 jet

W +1 jet

W + 2 jet
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1/s ds/dp;[ 1/GeV ]

120 140 160 180 : 120 140 160 180
p; (first jet) [ GeV ] p; (first jet) [ GeV ]
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=/ +]ets at the Tevatron

Comparisorwith NLO calculation(MCFM, excluswve)

1/s ds/dp; [1/GeV]

1/s ds/dp, [1/GeV]

Zj @ Tevatron

PDF: cteq6l

Cuts: s> 20 GeV, h'I<1
P> 15 GeV, <2
m,> 15 GeV
DRJi> 0.7

80 100 120
P (et) [GeV]

Zj @ Tevatron

PDF: cteq6l

Cuts: s> 20 GeV, h'I<1
P> 15 GeV, <2
m,> 15 GeV
DRJi> 0.7

— MCFM NLO (n+160.838 GeV)
— Sherpa
-- LO (m=160.838 GeV)

60 80 100 120
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Wijj @ Tevatron
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Wijj @ Tevatron

/s ds/dp, [1/GeV]
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Cuts: > 20 GeV, <1
pe> 15 GeV, <2
pymis> 20 GeV
DR;> 0.7
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W=/ +]ets at the Tevatron

Comparisorwith NLO calculation(MCFM, incluswve)

>
Q
Q
=
d
S
8
R
=

Wj + X @ Tevatron

PDF: cteq6l

Cuts: s> 20 GeV, h'*"l<1
p,e> 15 GeV, <2
pymiss> 20 GeV

DRjj> 0.7

80 100 120 140 160
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Wijj + X @ Tevatron

— MCFM NLO
— Sherpa

1/s ds/dp; [1/GeV]
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DRJ'i> 0.7
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=/ +]ets at the Tevatron

Comparisorwith Pythia& MC@NLO
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W=/ +]ets at the Tevatron

Comparisorwith data
(Runl, W from DO, Z from CDF)

b/GeV |
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U
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W=/ +]ets at the Tevatron

ReproducedlLO shapedor exclusive andinclusve W=Z + X
production

Reproducesicely the datafor theshapes
However, theratesarenotNLO !

But: Maybeprocessiependent hasto bestudiedfor mary

Processes.
PP ! Z=W + bb+ X
PP! h+ X
PP ! tt+ X

alsomissingsofar: Checkof correlationf R, ,...)
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W +jets at the Tevatron, again

Comparisorwith MLM meiging,
Work with M.Mangano,A.Schaelicle, S.SchumannG.Sof.

W +jetsat Tevatron,Runll.

MLM prescriptionthroughAlpgen+Herwig.
Jetsaccordingo “simplistic cone”:

varyingﬁft; j®j<2, R=07
No othercuts.
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W +jets at the Tevatron, again

Jetp, of rst four jets

p; spectrum of 4 hardest jet in W+jets

Tevatron, Run II, simple cones, R=O.zfmpr)' =10 GeV

p; (et) [GeV]
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W +jets at the Tevatron, again

Jetshapesf rst 2 jetsatvaryingE-

Jetprofile (energy per R bin)
Tevatron Run Il, R=0.7,,p10 GeV

— Alpgen+Herwig (1st jet)
— Sherpa
— Alpgen+Herwig (2nd jet)

Jetprofile (energy per R bin)
Tevatron Run Il, R=0.7,,p20 GeV

— Alpgen+Herwig (1st jet)
— Sherpa
— Alpgen+Herwig (2nd jet)

Sherpa e Sherpa
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Conclusion/Outlook

Conclusion

Sherpavell underway.

ME's andPSwork,
constructiorof furthermodulesstarted

Implementatiorof memging prescription
anunique& powerful tool

Amazingagreemenwith Alpgen+Herwig,
spectraharderthanotherMCs.

Experimenterstaertingto look into it
(RachidMazini, CDF + more???)
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Conclusion/Outlook

@]U]i[e]0]

New  version(s)soon

(LEP-) Tunedversionin 2004

(the rst non  version)

CompleteMC in 2005
Including clustermodel, an underlyingevent
model,...
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