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BackwardBackward ComptonCompton ScatteringScattering--
basicbasic idea idea ofof thethe photonphoton collidercollider

GinzburgGinzburg, , TelnovTelnov ’85’85

PLC PLC -- γγ γγ andand e e γγ optionsoptions



TheThe PhotonPhoton ColliderCollider –– mainmain characteristicscharacteristics

VariableVariable energyenergy andand degreedegree ofof polarizationpolarization ofof thethe photonphoton beamsbeams ––
bothboth circularcircular andand linearlinear –– howeverhowever ((almostalmost) ) monochromaticmonochromatic
spectrumspectrum possiblepossible (a (a highhigh energyenergy peakpeak))
CleanClean oror dirtydirty collidercollider? ? HadronicHadronic interactioninteraction ofof photonphoton …………

PLC PLC atat ILCILC
For ILC For ILC withwith energyenergy 500500--1000 1000 GeVGeV::
CharacteristicCharacteristic energyenergy upup to 0.8 to 0.8 E_eeE_ee (0.9 for       )(0.9 for       )
LuminosityLuminosity 0.2 0.2 L_eeL_ee
AnnualAnnual luminosityluminosity 100 fb_1 (30 fb100 fb_1 (30 fb--1 1 inin thethe peakpeak))
MeanMean energyenergy spreadspread inin a a peakpeak: 0.05: 0.05--0.07 0.07 
MeanMean helicityhelicity atat thethe peakpeak: 0.9: 0.9--0.95 0.95 

ImportantImportant parameterparameter x:                                               x:                                               energyenergy ofof e     e     

x=4.5 to x=4.5 to avoidavoid pairpair productionproduction



SpectraSpectra –– dependencedependence on on 
polarizationpolarization ofof e e PPee andand laser Plaser PLL

IdealIdeal spectrumspectrum = = thethe lowestlowest order QEDorder QED
NonNon--linearlinear QED QED processesprocesses --> > realisticrealistic spectrumspectrum for a for a 
single single photonphoton beambeam andand for a for a γγ γγ oror e e γγ system system 

2 λγ



RealisticRealistic γγ γγ spectraspectra --

For  For  JJzz = 0, 2= 0, 2

HereHere peakpeak for for 
M=120 M=120 GeVGeV

CompAZCompAZ
parametrizatonparametrizaton
((A.F.ŻarneckiA.F.Żarnecki))



CircularCircular andand linearlinear photonphoton polarizationpolarization atat PLCPLC

e e unpolarizedunpolarized, , 
PPLL=1=1

HiggsHiggs productionproduction

σσ((γγ γγ -->h) >h) ∼∼ 1+1+λλ11 λλ22 JJzz=0=0

MainMain backgroundbackground

σ(γ γ -> b b) ∼ 1-λ1 λ2 Jz=2

HiggsHiggs productionproduction

σσ((γγ γγ -->h) >h) ∼∼ 1 1 ±± ll11 ll22

CP CP eveneven andand CP CP oddodd



PLC:  PLC:  PhotonPhoton LinearLinear ColliderCollider
γγ γγ andand e e γγ

ResonanceResonance productionproduction ofof C=+ C=+ statesstates (eg. (eg. HiggsHiggs) ) GinzburgGinzburg et et alal

HigherHigher massmass reachreach SpiraSpira, , ZerwasZerwas

PolarisedPolarised beamsbeams –– CP CP filterfilter GunionGunion, , GrzadkowskiGrzadkowski, , GodboleGodbole, , ZarneckiZarnecki

H H γγ γγ couplingcoupling –– sensitivesensitive to to chargedcharged particlesparticles inin theorytheory
((nondecouplingnondecoupling)                                        )                                        GinzburgGinzburg et al.., et al.., GunionGunion....

DirectDirect productionproduction ofof chargedcharged scalarsscalars, , fermionsfermions andand vectorsvectors ––
higherhigher crosscross sectionsection Monig, , BelangerBelanger

PairPair productionproduction ofof neutralneutral particlesparticles (eg. (eg. lightlight--onon--lightlight) via ) via loopsloops
JikiaJikia, , GounarisGounaris

StudyStudy ofof hadronichadronic interactioninteraction ofof thethe photonphoton Godbole,PancheriGodbole,Pancheri; MK; MK
BrodskyBrodsky, , deRoeck,ZerwadeRoeck,Zerwa



,,γγ γγ, e , e γγ

e+ee+e--

γγ γγeeγγ

WW WW oror W W νν

BelangerBelanger et et alal



SUSY SUSY particleparticle productionproduction
-- inin e e γγ higherhigher massmass reachreach



HadronicHadronic crosscross sectionsection
Godbole,Pancheri,deRoeckGodbole,Pancheri,deRoeck

nbnb

••LargeLarge γγ γγ →→ hadronshadrons
crosscross sectionsection

••VariousVarious studystudy ofof QCD QCD 
possiblepossible

••MeasurementsMeasurements ofof thethe
hadronichadronic ((partonicpartonic) ) 
structurestructure ofof thethe photonphoton

••In e In e γγ optionoption DIS on a DIS on a 
realreal photonphoton for for thethe firstfirst
time time possiblepossible

••TheThe structurestructure ofof
polarizedpolarized photonphoton



PrecisePrecise Higgs PhysicsHiggs Physics atat
ILC/PLCILC/PLC

Precise measurements of Higgs Precise measurements of Higgs 
production cross section and branching production cross section and branching 
fractions.fractions.

Higgs self coupling measurementsHiggs self coupling measurements

Heavy Higgs searches in MSSM.Heavy Higgs searches in MSSM.

CP of the Higgs boson.CP of the Higgs boson.



Br Br andand relativerelative precisionprecision atat ILCILC
ee++ee--

Br  for 120 Br  for 120 GeVGeV, 500 fb, 500 fb--11



Proof of the mass generation mechanism of elementary particles
e+e-

GLC project



SelfSelf couplingscouplings inin γγ γγ →→ hhhh
BelusevicBelusevic, , JikiaJikia ‘‘20042004

boxbox, triangle  , triangle  withwith W,topW,top andand h*h*-->hh>hh

CrossCross sectionsection for for massmass 115115--150 150 GeVGeV for Jfor Jzz=0, 2  =0, 2  

For For massmass = 120 = 120 GeVGeV, , anomalousanomalous contrcontr. |. |δδ|=0,1,0.3 |=0,1,0.3 



σσ for for hhhhhh couplingcoupling vsvs SM SM 

γγ γγ

ee++ee--

δδ==--1 1 cancelscancels thethe SM SM hhhhhh contrcontr..



SM SM HiggsHiggs decayingdecaying inin bbbb



HiggsHiggs couplingcoupling to      to      

NiezurawskiNiezurawski et al., et al., 

MonigMonig, , RoscaRosca



A. A. RoscaRosca, K. , K. MoeningMoening: : hephep--phph/0705.1259 /0705.1259 
SM SM HiggsHiggs 120 120 GeVGeV atat PLCPLC

WithoutWithout andand withwith
overlyingoverlying eventsevents

2.1 %2.1 %

KnowingKnowing itit andand usingusing BrBr

fromfrom ee++ee--

--> > 

ΓΓ((hh-->>γγ γγ) ) ∼∼ 3 %3 %



SMSM--likelike h (h (oror H) H) inin 2HDM2HDM
allall couplingscouplings to to fermionsfermions andand
gaugegauge bososnsbososns as as inin SMSM

EffectEffect duedue to Hto H++ contributionscontributions (600(600--800 800 GeVGeV))

GinzburgGinzburg, , OslandOsland, MK , MK -- 20012001



LittlestLittlest HiggsHiggs model model 

f f –– scalescale ofof newnew heavyheavy particleparticle; ; 
Han,Logan,McElrath,WangHan,Logan,McElrath,Wang 2003 2003 



BeateBeate HeinemannHeinemann atat LCWS2007LCWS2007



MSSM Higgs searches/overall discovery MSSM Higgs searches/overall discovery 
potential (300 fbpotential (300 fb--11)) atat LHCLHC

at least 1 Higgs boson is 
observable

• in some parts >1 Higgs bosons 
observable in the whole 
parameter space

• but large area in which only 
one Higgs boson h (SM-like) 
observable 

LHC wedge

Result assuming no H SUSY Basic question: Could we distinguish 
SM and MSSM Higgs sector 

- e.g via rate measurements?





CoveringCovering thethe LHC LHC wedgewedge

SpiraSpira et et alal

NiezurawskiNiezurawski et et 
al.,al.,-- simulationsimulation





AsnerAsner, , GunionGunion,,

GronbergGronberg



S.Y.Choi,J.Kalinowski,J.S.LeeS.Y.Choi,J.Kalinowski,J.S.Lee, M.M. , M.M. MuhlleitnerMuhlleitner, , 
M.Spira,P.M.ZerwasM.Spira,P.M.Zerwas--04041190404119

DeterminingDetermining tan tan ββ inin ττ--ττ fusionfusion to Susy to Susy HiggsHiggs
BosonsBosons atat thethe PLCPLC

ZerwasZerwas et et alal



TauTau fusionfusion --> tan beta> tan beta

BackgroundBackground includedincluded



AccuracyAccuracy ……



Coupling of Gauge BosonsCoupling of Gauge Bosons
•Fermion pair production at 500 GeV and the Z pole (GigaZ)
•Coupling among gauge bosons
anomalous couplings
(V_mu nu and dual) W

W
γ



FromFrom P. P. OslandOsland



NeutralNeutral HiggsHiggs bosonsbosons decayingdecaying intointo
WW/ZZ WW/ZZ pairspairs withwith massmass aboveabove 200 200 GeVGeV























GodboleGodbole atat al. al. tttt//ττττ







ZZhZZh –– CPX (CPX (massmass ))
HenemeyerHenemeyer, , VelascoVelasco 20052005



CPCP--eveneven, , CPCP--oddodd statesstates
inin γγ γγ →→ t t t t 

AsakawaAsakawa, , HagiwaraHagiwara....

ScalarScalar ((dasheddashed))

PseudoscalarPseudoscalar ((thickthick
solidsolid))

MassMass –– 400 400 GeVGeV



ProbingProbing thethe CPCP--violatingviolating HiggsHiggs
contributioncontribution inin γγ γγ →→ ffff; ; GodboleGodbole, , KramlKraml, , 
RindaniRindani, , SinghSingh –– PhysPhys. . RevRev. D (2006). D (2006)

For f = top, For f = top, tautau
UsingUsing fermionfermion polarizationpolarization

to to constructconstruct variousvarious asymmetriesasymmetries

BothBoth for CP for CP conservingconserving andand CP CP violatingviolating casecase
Model independent Model independent analysisanalysis andand inin additionaddition

CPX CPX scenarioscenario (MSSM) (MSSM) –– for for lightlight HiggsHiggs numericalnumerical analysisanalysis

ffff democraticdemocratic CPCP--eveneven
andand CPCP--oddodd couplingcoupling

In In contrastcontrast to VV to VV casecase ––
typicallytypically A_V A_V dominatesdominates



HiggsHiggs physicsphysics atat PLCPLC

PrecisionPrecision measurementsmeasurements ofof lightlight H (H (-->>bbbb) ) Jikia,GunionJikia,Gunion

DistinguishingDistinguishing SMSM--likelike scenariosscenarios Ginzburg,GunionGinzburg,Gunion

EstablishingEstablishing CP CP propertyproperty ofof HiggsHiggs bosonsbosons
Grzadkowski,Godbole,Zerwas,KalinowskiGrzadkowski,Godbole,Zerwas,Kalinowski

HeinemeyerHeinemeyer, , Asakawa,Ellis,Pilaftsis,LeeAsakawa,Ellis,Pilaftsis,Lee

CoveringCovering LHC LHC wedgewedge Spira,MuhlleitnerSpira,Muhlleitner, , Kramer,Zerwas,GunionKramer,Zerwas,Gunion
Niezurawski,MKNiezurawski,MK

TestingTesting HiggsHiggs selfinteractionselfinteraction KanemuraKanemura, , Okada,BelusevicOkada,Belusevic

DeterminationDetermination ofof tan beta tan beta inin ττ++ττ-- fusionfusion
Zerwas,KalinowskiZerwas,Kalinowski

TestingTesting nonnon--standardstandard scenariosscenarios



SignalSignal andand backgroundbackground

FullFull bakgroundbakground simulationsimulation



UsingUsing lumlum processprocess to to detectdetect KK KK gravitongraviton
inin ADD ADD atat PLC ; PLC ; 
Zhou,Ma,Han,ZhangZhou,Ma,Han,Zhang hephep--phph/07081195/07081195

γγ γγ →→ ee++ee--GGnn

For J=2 For J=2 largelarge crosscross
sectionsection

PolarizationPolarization efficiencyefficiency

PPγγ=(N=(N++--NN--)/(.+.) )/(.+.) 

Fund. Fund. scalescale MMss=1.5 =1.5 TeVTeV





Compton light sources are Compton light sources are 
developing the laser technologydeveloping the laser technology

Resonant cavities are Resonant cavities are 
being developed for:being developed for:
–– Polarized positron Polarized positron 

sourcesource
–– Laser wireLaser wire
–– Beam diagnosticsBeam diagnostics
–– Medical and industrial Medical and industrial 

applicationsapplications
–– Photon Photon collidercolliderLaser development is being pushed by applications inside and outside of HEP

e- beam
tube 

beam
Interaction 

pointe- beam

LAL - Orsay

KEK -
Hiroshima



OtherOther PLC relatedPLC related conferences conferences 
and workshopsand workshops 2007/82007/8

Photon 2007 Paris in JulyPhoton 2007 Paris in July
–– Workshop on photon linear Workshop on photon linear colliderscolliders

and physics of photonand physics of photon--photon photon 
collisionscollisions

Hiroshima workshop on intense laser Hiroshima workshop on intense laser 
electron beam interactions,electron beam interactions, Dec 2007Dec 2007

http://http://home.hiroshimahome.hiroshima--u.ac.jpu.ac.jp/lei2007//lei2007/

PosipolPosipol 2008, Hiroshima in May2008, Hiroshima in May
–– Laser and resonant cavities for Laser and resonant cavities for 

photon beam productionphoton beam production



PhotonPhoton LinearLinear ColliderCollider
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