
Is Is therethere a chance to a chance to 
identifyidentify HHZ HHZ 10 jets ?10 jets ?

Pierre LutzPierre Lutz
DAPNIA (Saclay)DAPNIA (Saclay)



9/11/20069/11/2006 Valencia ILC meetingValencia ILC meeting 22

The The contextcontext

SinceSince long, long, wewe have been have been askedasked to to 
look for triple Higgs look for triple Higgs couplingscouplings in the in the 
case of H case of H WWWW
It It meansmeans thatthat a HHZ a HHZ eventevent isis a 10 a 10 
fermion fermion eventevent !!
MyMy first argument first argument againstagainst suchsuch a a 
studystudy waswas a a generatorgenerator concernconcern : : 
therethere isis no 10 fermion no 10 fermion generatorgenerator !!
This This isis not a not a validvalid argument argument 
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CombinatoricsCombinatorics

A second argument relies on combi.A second argument relies on combi.
WithWith 10 jets, 10 jets, therethere are 4725 are 4725 waysways to to 
formform 5 5 bijetsbijets !!!!!!
YesYes, but 10jets , but 10jets isis onlyonly 15% of Z4W15% of Z4W
So, one So, one shouldshould explore explore alsoalso the the 
cases cases withwith 1 lepton and 8 jets, and 1 lepton and 8 jets, and 
alsoalso 2 leptons + 6 or 8 jets 2 leptons + 6 or 8 jets 
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ZHH

LetLet’’ss trytry !!

ECMS = 500 GeV

MH     = 170 GeV
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BothBoth H H intointo WWWW
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All All hadronichadronic !!
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ParticlesParticles, and jets (Durham), and jets (Durham)
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Differences, but not Differences, but not soso bigbig !!
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Go to Go to simulsimul. & . & algoalgo..

HHqqHHqq (in (in orderorder to to getget the Z the Z widthwidth) ) 
WithWith WhizardWhizard, , atat EcmsEcms = 500= 500
MH = 170 MH = 170 GevGev ((BrBr(H(H WW) max)WW) max)
No ISR, no No ISR, no beamstrahlungbeamstrahlung
ThusThus, , thisthis isis mainlymainly a test of the jet a test of the jet 
algorithmalgorithm
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Usable topologies and Usable topologies and theirtheir Br.Br.

Sum 69 %             90 %
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AlgorithmAlgorithm (1)(1)
Count the Count the numbernumber of leptons, and of leptons, and 
makemake a partition a partition accordingaccording to to thatthat.  .  
((ShouldShould bebe improvedimproved)(taus )(taus difficultdifficult))
ClusterizeClusterize in 10, 8 or 6 jets accord.in 10, 8 or 6 jets accord.
Replace the lepton by a W Replace the lepton by a W 
MakeMake all all bijetsbijets (45 if (45 if njetnjet = 10)= 10)
KeepKeep onlyonly bijetsbijets withwith mass mass betweenbetween
70 and 100 GeV (to 70 and 100 GeV (to bebe tunedtuned))
Do the Do the combinatorialcombinatorial studystudy
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ResultsResults (1)(1)

Lepton Lepton numbernumber OK inOK in
95% for pure 95% for pure hadronichadronic eventsevents
68% 68% whenwhen 1 lepton1 lepton

(83% if taus are (83% if taus are ignoredignored))
62% for 62% for eventsevents withwith 2 leptons2 leptons

(85% if taus are (85% if taus are ignoredignored))
Taus have to Taus have to bebe studiedstudied carefullycarefully
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ResultsResults (2)(2)

One One findfind 1 (or more) possible 1 (or more) possible combcomb. . 
of 5 of 5 bijetsbijets makingmaking 5 bosons in 48% 5 bosons in 48% 
of the cases, of the cases, indind. of lepton . of lepton numbernumber..
OverallOverall, , wewe findfind the correct the correct assignassign. in. in

47% of 47% of hadronichadronic eventsevents
29% of 129% of 1--lepton lepton eventsevents
25% of 225% of 2--lepton lepton eventsevents

ThusThus, an , an overalloverall efficiencyefficiency of 29%.of 29%.
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TO DO TO DO listlist

AlgorithmAlgorithm optimisationoptimisation
Use Use otherother jet jet algorithmsalgorithms (Cambridge)(Cambridge)
Check Check thatthat atat samesame levellevel of of simulsimul, , 
the background the background isis harmlessharmless

((alreadyalready donedone for HZ for HZ eventsevents))
AddAdd ISR and ISR and beamstrahlungbeamstrahlung
Go to real simulationsGo to real simulations


