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Our contribution to CLIC physics Our contribution to CLIC physics 
report (CERNreport (CERN--20042004--005, p.170005, p.170--182) 182) 

•• Production of Production of fourth family quarks (qfourth family quarks (q44) ) 
and leptons (land leptons (l44)) in ein e++ee-- and and γγγγ collisions, collisions, 
production and decays of production and decays of fourth family fourth family 
quarkonia (quarkonia (ΨΨ44,,ηη44)) [[A. K. Ciftci et alA. K. Ciftci et al.] ..] .

•• Single production of Single production of scalar leptoquarks scalar leptoquarks 
and resonance production ofand resonance production of excited excited 
electronselectrons in ein eγγ collisions [collisions [O.Cakir et alO.Cakir et al.]. .]. 



Fourth Family (A. K. Ciftci et al.,)Fourth Family (A. K. Ciftci et al.,)
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Excited electrons (O. Cakir et al.)Excited electrons (O. Cakir et al.)
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• Combined result: excited electrons can be observed down to the couplings f=f’=0.05 
at √s=1 TeV and f=f’=0.1 at √s=3 TeV.



CompactCompact LinearLinear ColliderCollider (CLIC)(CLIC)
((BasicBasic parametersparameters))

•• CenterCenter of of massmass energyenergy, ,  √ √s=s=0.50.5, 1, , 1, 33 andand 5 5 TeVTeV
•• LuminosityLuminosity (in 1% of (in 1% of energyenergy), L=(), L=(1.51.5, 1.5, , 1.5, 3.23.2 andand 2.4) x 2.4) x 

10103434 cmcm--22ss--11

•• CollisionCollision freqfreq. . fcollfcoll==ffreprep..kkbb=(=(200200,150,,150,100100,50)x154Hz,50)x154Hz
•• NumberNumber of of particlesparticles//bunchbunch, N, N =(4,4,4,4)x10=(4,4,4,4)x1099

•• Hor. Hor. beambeam size, size,  σ σxx=(=(202202,115,,115,6060,31),31)nmnm
•• VertVert. . beambeam size, size,  σ σyy=(=(1.21.2,1.75,,1.75,0.70.7,0.78),0.78)nmnm
•• BunchBunch lengthlength, ,  σ σzz=(=(3535,30,,30,3535,25),25) µ µmm
•• TransTrans. . emittemitt. x. x--compcomp., .,  γε γεxx=(=(200200,130,,130,6868,78)x10,78)x10--88rad.mrad.m
•• TransTrans. . emittemitt. y. y--compcomp., .,  γε γεyy=(=(11,2,,2,11,2)x10,2)x10--8 8 radrad.m.m
•• EnergyEnergy spreadspread, ,  ∆ ∆E/E=(E/E=(0.250.25,0.7,,0.7,0.350.35,0.7)%,0.7)%



LimitationsLimitations on on thethe parametersparameters

fromfrom thethe beambeam dynamicsdynamics

•• LuminosityLuminosity, L=H, L=HD D NN22ffrep rep nnbb /(4/(4πσπσxxσσyy) ) wherewhere σσx,yx,y~~√β√βx,yx,yεεx,y x,y //γγ
andand NfNfreprepnnbb ~~ η ηP. P. 
typicallytypically transversetransverse emittanceemittance ε εxx>>ε>>εy y ,,
andand ββ--functionfunction ββxx>>>> ββy y , , σσx x >>σ>>σy y , , σσxx=60nm=60nm , , σσy y =0.7nm =0.7nm forfor 3 3 TeVTeV designdesign..

BeamBeam--beambeam effectseffects: : 
BeamstrahlungBeamstrahlung, ,   parameterparameter ϒϒ=2=2ħħωωcc/3E/3E00 , , forfor CLIC CLIC  <ϒ> <ϒ>~8, ~8, thethe interestinterest
LL11=L(=L(EEcmcm ≥ ≥0.99*0.99*EEcmcm,0,0), ), 

takingtaking nnγγ/e/e=1.7 =1.7 andand  δ δE/EE/E≈≈20%, L20%, L1 1 ≈≈ 0.4*L0.4*L
CoherentCoherent (e(e++ee--) ) pairspairs fromfrom photonsphotons, in CLIC ~10, in CLIC ~1088 pairspairs//bunchbunch--crossingcrossing----
increaseincrease backgroundsbackgrounds

BeamBeam deliverydelivery systemsystem::
duedue toto synchrotronsynchrotron radiationradiation in in thethe bendsbends, , quadrupolesquadrupoles andand multipolesmultipoles ----
decreasedecrease in in thethe luminosityluminosity ~1.7 ~1.7 factorfactor



•• SpreadSpread in in thethe c.m. c.m. energyenergy, , 
intrinsicintrinsic beambeam energyenergy spreadspread ((GaussianGaussian), ), 
~0.7%~0.7%----1%1%

ISR ISR andand beamstrahlungbeamstrahlung ((longlong tailtail downdown toto largelarge
energyenergy losseslosses). ). 

•• AnotherAnother issueissue is is duedue toto errorerror in in thethe calibrationcalibration of of thethe
beambeam energyenergy



LuminosityLuminosity spectrumspectrum obtainedobtained fromfrom GUINEAGUINEA--PIG PIG forfor
twotwo valuesvalues of of beambeam energyenergy spreadspread  ∆ ∆E/EE/E
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PossiblePossible optionsoptions forfor physicsphysics studiesstudies: : 
samplesample resonancesresonances

•• ee++ee-- →→ ZZ’’ ((newnew neutralneutral vectorvector bosonboson))
•• ee--ee-- →→ LL-- -- ((scalarscalar andand vectorvector bileptonsbileptons))
•• ee--γγ →→ ee* * ((excitedexcited electronelectron))
•• γγγγ →→ Z (Z (anomalousanomalous TGC)TGC)



As an As an exampleexample ZZ’ ’ ProductionProduction

•• IfIf thethe Z’ Z’ bosonboson decaysdecays onlyonly intointo thethe SM SM 
particlesparticles, ,  Γ Γ’’//mmZZ’’ ~ ~ 
ΓΓ//mmZZ=2.49/91.18=2.7% =2.49/91.18=2.7% takingtaking thethe
currentcurrent lowerlower limit limit forfor mmZZ’’ >>690 690 GeVGeV wewe
obtainobtain  Γ Γ’’ >>18 18 GeVGeV..

•• ZZ’’→→t t ⎯⎯t  t  accessibilityaccessibility
•• LessLess beamstrahlungbeamstrahlung effecteffect, but , but largelarge beambeam

energyenergy spreadspread effecteffect..



LL-- -- productionproduction

•• ScalarScalar andand vectorvector bileptonbilepton productionproduction viavia processprocess ee--ee-- LL-- -- ll-- ll--

•• IfIf thethe ratioratio ΓΓ/m<1% /m<1% beambeam energyenergy spreadspread can can effecteffect itsits
observationobservation directlydirectly..

•• ImplementationImplementation of of thethe verticesvertices intointo an an eventevent generatorgenerator suchsuch as as 
COMPHEP, PYTHIA, COMPHEP, PYTHIA, etcetc..

•• LuminosityLuminosity spectrumspectrum forfor eeee byby usingusing GUINEAGUINEA--PIG PIG 

•• FastFast simulationsimulation of of signalsignal andand backgroundbackground usingusing SIMDET SIMDET 

•• SearchSearch forfor thethe effectseffects of of parameterparameter limitationslimitations fromfrom thethe beambeam
dynamicsdynamics



ConclusionConclusion

•• WeWe needneed toto simulatesimulate thethe beambeam--beambeam interactioninteraction usingusing
GUINEAGUINEA--PIG PIG toto getget luminosityluminosity spectrumspectrum dependingdepending on on thethe
energyenergy..

•• InterfaceInterface withwith thethe eventevent generatorsgenerators (PYTHIA) (PYTHIA) andand detectordetector
simulationsimulation (SIMDET (SIMDET oror GEANT4) GEANT4) usingusing CALYPSO CALYPSO andand
HADES.HADES.

•• ResonancesResonances areare beingbeing studiedstudied toto seesee thethe effectseffects of of thethe
parameterparameter limitationslimitations fromfrom thethe beambeam dynamicsdynamics..
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