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Symmetry→basicideaofmodernparticlephysics

STANDARDMODEL

SM=SU(2)IweakxU(1)YweakxSU(3)color

Originofmassesofelementaryparticles:
→spontaneoussymmetrybreaking

HiggsmechanisminSMandbeyond(MSSM,2HDM,...):HiggsParticle
(s)predicted

Higgssector-acluetofurtherunderstandingofmatter
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PhysicsataGamma-Gamma/Electron-GammaCollider

APhotonColliderbasedonlaserbeamsback-scatteredfromhighenergyelectrons
allows

detailedstudiesofvarioushighenergygamma-gammaandelectron-gammaprocesses
fordefinitepolarizations

=⇒ItoffersauniqueopprtunitytostudyresonantproductionoftheHiggsbosonsinthe

processγγ→H

Thisprocessissensitivetoallchargedfundamentalparticlesofthetheory!
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Uniquenessofthephoton-photoncollider:

•Variableenergyanddegreeofpolarizations(bothcircularandtransverse)
•Cleanordirtycollider?Hadronicinteractionof(componentof)photonimportant-
“hadronictypeofcollider”

Uniquenessofphoton-photonprocesses:
•Formationofneutralresonancewithotherquantumnumbersthanine+e−,(spin1is
forbiddenforsystemoftworealphotons!),amongotherneutralHiggsparticles(scalars
andpseudoscalars,ormixture)(loop)

•Theγγhiggsloop-sensitivetoallchargedfundamentalparticlesofthetheory-
NON-DECOUPLING

•Pairproductionofchargedscalars,fermions,vectors(direct)

•Pairproductionofneutralscalars,fermions,vectors(loop),amongotherγγ→γγ

•MeasurementofpartondensitiesofreallyREALphotons(ineγF2forrealphotons!)
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•PrecisemeasurementofthepropertiesofHiggsresonance

•DistinquishingSM-likescenarios(CPconsv.):γγh(H)(non-decouplingofH+)
•EstablishingCPpropertiesofHiggsbosons,
amongother“SM-like”h(∼h1)andHAmixing(h2,h3)
•HeavyHiggsproduction
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DetailedstudiesofγγandeγmodesattheTESLAcolliderwereperformedbasedon
realisticphotonspectra.

SeveralNLOanalysesofthelightSMHiggsproductiondecayingintobb̄finalstatewere
madewithasimulationofthedetector

=⇒thetwo-photonwidthcanbemeasuredwithhighaccuracy:
�����������

ProductionofaheavySMHiggsbosonwithmassesabove150GeVfortheWWfinal
state

theimportantinterferenceeffectsbetweensignalandbackground
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TheheavyMSSMHiggsbosonsAandHinthemassrangeabove200GeVandwith
tanβbetween6and15→tooheavytobeproducedinthee+e−mode
=>wouldescapediscoveryattheLHC.
=>couldbediscoveredwiththephotoncollideroption

Anstudyoftheb̄bfinalstatehasbeenperformedforthisscenario(NZK)
Kraemer,Mulleitner,Spira,Zerwas
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ReactionRemarks

→H,h→b̄bSM/MSSMHiggs,MH,h<160GeV

→H→WW(∗)SMHiggs,140<MH<190GeV

→H→ZZ(∗)SMHiggs,180<MH<350GeV

→H→γγSMHiggs,120<MH<160GeV

→H→ttSMHiggs,MH>350GeV

→H,A→b̄bMSSMheavyHiggs,interm.tanβ

→f̃¯̃f,χ̃+
iχ̃−

ilargecrosssections

→g̃g̃measurablecrosssections

→H
+
H−largecrosssections

→S[t̃¯̃t]t̃¯̃tstoponium

→ẽ−χ̃0
1Mẽ−<0.9×2E0−Mχ̃

0
1

γγ→γγnon-commutativetheories

eγ→eGextradimensions

γγ→φRadions

eγ→ẽG̃superlightgravitions

→W+W−anom.Winter.,extradimensions

→W−νeanom.Wcouplings

→4W/(Z)WWscatt.,quarticanom.W,Z

→tt̄anomaloustopquarkinteractions

→t̄bνeanomalousWtbcoupling

→hadronstotalcrosssection

→e−X,νeXNCandCCstructurefunctions

γg→qq̄,cc̄gluoninthephoton

→J/ψJ/ψQCDPomeron



IfLHCande+e−LinearColliders

Standard-Model-likescenario(GKO):
•OneHiggsbosonwillbediscoveredwithmassMh>115GeV.EithertheSMHiggs
bosonORoneHiggsbosonfromtwo:handH(Mh<MH)ofthe2HDM
•Themeasureddecaywidths(orcouplingconstantssquared)toquarks,charged
leptons,EWgaugebosonsandgluonsinagreementwiththeirSMvaluesΓSM

iwithin
theexperimentalprecision
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•NootherHiggsbosonwillbediscovered.
EithertheyareweaklycoupledwiththeZboson,gluonsandquarks,ortheyare
sufficientlyheavy(aboveO(800GeV)toescapeobservation.
•AllothernewparticlesareheavierthanthediscoverylimitsofLHCandthee+e−

LinearCollider.
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χjdifferbyεfrom±1,with|εi|≤δi.Additionalconstraintsontheseεifollowfromthe
patternrelation.

Theloop-inducedtransitionrateh→γγandh→ZγwilldifferfromtheSMprediction
duetothechargedHiggsbosoncontribution,proportionaltothetrilinearHiggscoupling
hH+H−:

χ
h
H±≡−

vghH+H−

2M2
H±

=





1−
M2
h

2M2
H±





χ
h
V+

M2
h−µ2

2M2
H±

(χ
h
u+χ

h
d)

TwodifferenttypesofrealizationsofaSM-likelimitofthe2HDMII:
•solutionsAallbasic(relative)couplingsarecloseto1orallarecloseto−1

•solutionsB,onebasiccoupling,χuorχd,hasoppositesigntotheothertwo

solutionbasiccouplings|χgg|2|χγγ|2|χZγ|2

Ah±χV≈χd≈χu≈±11.000.900.96

Bh±dχV≈−χd≈χu≈±11.280.870.96

Bh±uχV≈χd≈−χu≈±11.282.281.21
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DeterminationofCPviolatingH-Amixing

fromh2→WW,ZZdecaysin2HDM:

PLCandcomparisonwithLHCandLC.

A.F.Żarnecki,WarsawUniversity

withP.NieżurawskiandM.Krawczyk

NŻK

ECFAStudy
SUSY/Higgsworkinggroupmeeting

CERN,March18-19,2004
LCWS2004,Paris

Outline

•Higgsbosonproductionanddecays
toWWandZZatPLCJHEP0211
(2002)034[hep-ph/0207294]

•WeakCPviolationinSM-like
2HDM(II)atPLChep-ph/0307175;
hep-ph/0403138

•ComparisonwithLHCandLC
inLHC/LCWG,hep-ph/0404024
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γγ→H→WW,ZZ

HiggsbosonproductionatthePhotonCollider
Productioncrosssectionis
proportionaltothetwo-photon
width

γ

γ

h

X

Γ(h→γγ)=
GFα2M3

h

128
√

2π3·|A|
2

where:
A=AW(MW)+

∑

f

NcQ2
fAf(Mf)+...

two-photonamplitude

InSM,dominantcontributionstotwo-photon
amplitudeAareduetoW±andtoploops.

Mh = 250. GeVIm(A)

Re(A) Sum
W
t

φγγ

PhasesofW±andtopcontributionsdiffer!

Thephaseoftheamplitudeφγγ
dependsonHiggs-bosoncouplings!
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γγ→H→WW,ZZ

WeconsiderHiggsbosonproductionanddecaystoWW/ZZ,formasses200–350
GeV.

Forresonantγγ→h→W+W−signal
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Largeinterferenceeffectsareexpected
intheconsideredmassrange
(Morris,Ginzburg,..)
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Interferenceissensitivetothephaseofthetwo-gammaamplitude
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PartialSummary

SM-likescenariocanberealizedattheLHCande+e−LinearColliders.Ananticipated
uncertaintiesinfuturemeasurementsofthebasiccouplingsoftheHiggsboson(inSM
case)areknown.

Goal:toestablishhowonecandiscriminatemodels,theSMandthe2HDM(II),fora
Higgsbosonwithmass110–250GeV(whichcanbeeitheroneoftwoscalarsofthe
2HDM,horH).

Method:asbasicquatitiesweuseratiosofmeasurablecouplingsoftheHiggsboson
withquarksandelectroweakgaugebosonstotheirSMvalues.Weobtainauseful
patternrelationamongthem.ToestablishdeviationfromSMwestudytheγγandZγ
(alsogluon−gluon)partialwidths.
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TypesofSM-likescenariosin2HDM:thepatternrelationallowsfortwotypesofSM-like
solutions:

A-allbasiccouplingsareclosetotheirSMvalues.
B-someofbasiccouplingsareclosetotheirSM
valueswhileothersdifferinsignfromtheSMvalues.

Conclusion:withanticipatedhighaccuracyofmeasuringγγwidthataPhotonCollider,
thismeasurementcouldingeneralresolvethe2HDM(II)andtheSM.

OnNZKresults→nextsemester!
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