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PLC PLC -- wherewhere we we areare ??

PhysicsPhysics ColliderCollider

QuestionQuestion -- atat ILC, CLIC ILC, CLIC oror simplysimply lowlow energyenergy plcplc oror??
In ILC  DCR In ILC  DCR -- physicsphysics includedincluded, PLC as , PLC as anan optionoption



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

GinzburgGinzburg, , TelnovTelnov ’85’85

PLCPLC -- 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
((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::
EnergyEnergy EEγγ γγ upup to 0.8 to 0.8 EEeeee (0.9 for  e(0.9 for  eγγ optionoption))
LuminosityLuminosity ~ 0.2 ~ 0.2 LLeeee
AnnualAnnual luminosityluminosity 100 fb100 fb--1 (30 fb1 (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:                                          Ex:                                          E00 energyenergy ofof e   e   

x=4.5 tox=4.5 to avoidavoid e+ee+e-- pairpair productionproduction



RealisticRealistic γγ γγ spectraspectra ((TelnovTelnov) ) 

For  For  JJzz = 0, 2= 0, 2

HereHere JJzz=0=0
peakpeak for for 
M=120 M=120 GeVGeV

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



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 thanthan atat ee++ee-- ((HiggsHiggs, SUSY) , SUSY) SpiraSpira, , Zerwas,AbdelZerwas,Abdel

PolarisedPolarised beamsbeams –– CP CP filterfilter GunionGunion, , Grzadkowski,HagiwaraGrzadkowski,Hagiwara, , GodboleGodbole, , 
ZarneckiZarnecki
H H γγ γγ couplingcoupling –– sensitivitysensitivity to to chargedcharged particlesparticles inin theorytheory
((nondecouplingnondecoupling)                                        )                                        GinzburgGinzburg et al.., et al.., GunionGunion....

DirectDirect productionproduction ofof chargedcharged scalarsscalars, , fermionsfermions andand vectorsvectors ––
higherhigher crosscross sectionsection KanemuraKanemura, , Moenig, Belanger

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

StudyStudy ofof hadronichadronic interactioninteraction ofof thethe photonphoton Godbole,PancheriGodbole,Pancheri; MK; MK
BrodskyBrodsky, , deRoeck,ZerwasdeRoeck,Zerwas



HadronicHadronic crosscross sectionsection
GodboleGodbole, , PancheriPancheri, , deRoeckdeRoeck

••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

New results at ecfa2008  by  Pancheri



PrecisePrecise Higgs PhysicsHiggs Physics atat ILC/PLCILC/PLC
Precise measurements of Precise measurements of thethe SM SM HiggsHiggs production production 
cross section and branching cross section and branching ratiosratios –– especiallyespecially ΓΓγγ

OhgakiOhgaki, , TakahashiTakahashi, , WatanabeWatanabe 19971997
JikiaJikia, , SoldnerSoldner--RemboldRembold 1999         1999         

~ ~ 2 % 2 % AsnerAsner, , GronbergGronberg, , GunionGunion 20012001
NiezurawskiNiezurawski, , ZarneckiZarnecki, MK        2002 , MK        2002 
MoenigMoenig, , RoscaRosca 20032003

Higgs selfHiggs self--coupling measurementscoupling measurements

Heavy Heavy MSSM MSSM Higgs searches Higgs searches 

CP CP propertyproperty of the Higgs bosonof the Higgs boson



HiggsHiggs couplingcoupling to      to      

NiezurawskiNiezurawski et al.,et al.,



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 %



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

• 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 atat PLCPLC

SpiraSpira et et alal

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



CPCP--eveneven, , CPCP--oddodd statesstates
inin γγ γγ →→ t t    t t    AsakawaAsakawa, , HagiwaraHagiwara.. 2000.. 2000--

ScalarScalar ((dasheddashed))

PseudoscalarPseudoscalar ((thickthick))

MassMass –– 400 400 GeVGeV



Zarnecki, Niezurawski, MK 





CPX CPX scenarioscenario (max CP (max CP violationviolation inin CMSSM) CMSSM) 
studiedstudied for LHC, ILC, PLC (CLIC ?)            for LHC, ILC, PLC (CLIC ?)            

by   by   HeinemeyerHeinemeyer, , VelascoVelasco 20042004
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CPCP--violatingviolating HiggsHiggs mixingmixing arisingarising via via radiativeradiative correctionscorrections withwith
effecteffect ofof complexcomplex HiggsHiggs massesmasses ChoiChoi atat al., al., J.S.LeeJ.S.Lee, , 



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 AAVVdominatesdominates



NEW RESULTS 2007NEW RESULTS 2007--88

SelfSelf--couplingcoupling
New New physicsphysics inin γγ γγ γγ γγ
DarkDark mattermatter candidatecandidate



γγ→HH at PLC.

Comparing with ILC, 

λHHH

λHHH

Measurement of Measurement of 
Higgs selfHiggs self--coupling coupling EriEri Asakawa(MeijiAsakawa(Meiji GakuinGakuin Univ., KEK) Univ., KEK) D. Harada 
(Sokendai),S. Kanemura (U. of Toyama),Y. Okada    (Sokendai, KEK), K. 
Tsumura    (ICTP) LEI 2007 Dec2007,HiroshimaLEI 2007 Dec2007,Hiroshima

And we try to answer a question:
Superior?
Comparable?
Complement?

seem-to-be advantage seem-to-be disadvantage
2 body final state
Polarization (JZ=0)

Large contribution from the box diagrams
Luminosity



Measurement at ILC
Djouadi(05)

Asakawa 2007ACFA Higgs Working group(02)



measure the λHHH via γγ→HH at PLC

Hee ms 3≈

eeH s
x
xm
1

8.02
+

≈

So, after H is found and mH is known,
we can examine the λHHH coupling 
by selecting the best        .ees

Numerical results: consistent with previous works of Belusevic-Jikia(04)
Sensitivity study: preliminary

Conclusions at this stage
Sensitivity to  δκ becomes well around 

⇒



UnparticleUnparticle physics at the physics at the photonphoton collidercollider
Phys.Rev.D77:094012,2008Phys.Rev.D77:094012,2008 0801.00180801.0018 [[hephep--ph]ph]

TatsuruTatsuru KikuchiKikuchi ((KEK, KEK, TsTsukubaukuba) , ) , NobuchikaNobuchika OkadaOkada ((KEK, TsukubaKEK, Tsukuba & & 
Tsukuba, Graduate U. Adv. StudiesTsukuba, Graduate U. Adv. Studies) , ) , MichihisaMichihisa TakeuchiTakeuchi ((KEK, TsukubaKEK, Tsukuba & & 
Tsukuba, Graduate U. Adv. StudiesTsukuba, Graduate U. Adv. Studies & & Kyoto U., Kyoto U., YukawaYukawa Inst., KyotoInst., Kyoto) ) 

A certain class of new physics models includes a scalar 
field which is singlet under the SM gauge group. 

Such a new particle can have a direct coupling with
photons suppressed by a new physics scale in low 
energy effective theory. 

Similar results ChunChun--Fu ChangFu Chang ((Taiwan, Natl. Taiwan, Natl. TsingTsing HuaHua U.U.) , ) , Kingman Kingman 
CheungCheung ((Taiwan, Natl. Taiwan, Natl. TsingTsing HuaHua U.U. & & NCTS, NCTS, HsinchuHsinchu) , ) , TzuTzu--Chiang YuanChiang Yuan
((NCTS, NCTS, HsinchuHsinchu) .  ) .  ee--Print: Print: arXiv:0801.2843arXiv:0801.2843



γγγγ γγ γγ

Since this process occurs at loop level in the
SM, the unparticle effects can be significant

even if the cutoff scale is very high.
Background small

Results:  even for  scale = 5 TeV, the unparticle
effect sizable deviations from the SM 
results with the incident e+e− collider energy 
at √s = 500 GeV. 
The signal over background ratio can be 
enhanced by choosing the initial beam
polarization

At LHC   effects in gg γ γ

Here at ecfa2008 discussed by Ginzburg
(also other new physics models)
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SM SM vsvs UnparticleUnparticle inin γγ γγ γγ γγ

SM
SM

σ, fb

Λ = 5 TeVEnergy, GeV



InertInert DoubletDoublet ModelModel
Ma’78, Barbieri..’05, Honorez..’07,..Ma’78, Barbieri..’05, Honorez..’07,..
SignificantSignificant Gamma Gamma LinesLines fromfrom

InertInert HiggsHiggs DarkDark MatterMatter --
GustafssonGustafsson astroastro--phph/0703512/0703512

AAddingdding anotheranother scalarscalar doublet doublet 
with no direct coupling to with no direct coupling to 
fermionsfermions
The unbroken discreteThe unbroken discrete ZZ22
symmetry symmetry makes the new makes the new 
scalars scalars inertinert –– thethe lightestlightest one one 
H H isis a a candidatecandidate for for DarkDark
MatterMatter. . For aFor a HH mass between mass between 
40 and 80 40 and 80 GeVGeV --> > the correct the correct 
cosmic abundancecosmic abundance((WMAPWMAP))..

TThe loophe loop--induced monoinduced mono--
chromatic chromatic γγγγ and the Zand the Zγγ
final states final states ((fromfrom HH HH --> > γγγγ and and 
the Zthe Zγγ) ) would be exceptionally would be exceptionally 
strongstrong

IIdeal to search for in the deal to search for in the 
upcoming GLASTupcoming GLAST expexp..



For For massmass ofof H = 50 H = 50 andand 70 70 GeVGeV
HH HH γγ γγ atat GLASTGLAST

γ γ HH at PLC,                       PLC = GLAST-1 ?



June 11, 2008June 11, 2008
NASA's GLAST Launch NASA's GLAST Launch 
SuccessfulSuccessful

NASA's GammaNASA's Gamma--ray Large Area Space Telescope, or GLAST, ray Large Area Space Telescope, or GLAST, 
successfully launched aboard a Delta II rocket from Cape successfully launched aboard a Delta II rocket from Cape 
Canaveral Air Force Station in Florida at 12:05 p.m. EDT today.Canaveral Air Force Station in Florida at 12:05 p.m. EDT today.

After a 75After a 75--minute flight, the GLAST spacecraft was deployed into minute flight, the GLAST spacecraft was deployed into 
low Earth orbit. It will begin to transmit initial instrument dalow Earth orbit. It will begin to transmit initial instrument data after ta after 
about three weeks. The telescope will explore the most extreme about three weeks. The telescope will explore the most extreme 
environments in the universe, searching for signs of new laws ofenvironments in the universe, searching for signs of new laws of
physics and investigating what composes mysterious dark matter. physics and investigating what composes mysterious dark matter. 

"After a 60"After a 60--day checkout and initial calibration period, we'll begin day checkout and initial calibration period, we'll begin 
science operations," said Steve Ritz, GLAST project scientist atscience operations," said Steve Ritz, GLAST project scientist at
Goddard. "GLAST soon will be telling scientists about many new Goddard. "GLAST soon will be telling scientists about many new 
objects to study, and this information will be available on the objects to study, and this information will be available on the 
internet for the world to see." internet for the world to see." 



A A needneed for PLC?for PLC?
HiggsHiggs physicsphysics atat PLCPLC
PrecisionPrecision measurementsmeasurements ofof thethe lightlight HiggsHiggs bosonboson productionproduction
((-->>bbbb) ) andand distinguishingdistinguishing SMSM--likelike scenariosscenarios

EstablishingEstablishing CP CP propertyproperty ofof HiggsHiggs bosonsbosons

HigherHigher massmass reachreach andand coveringcovering LHC LHC wedgewedge

TestingTesting HiggsHiggs selfinteractionselfinteraction

Search for SUSY particles
New physics in γ γ γ γ



ConferenceConference on photon linear on photon linear colliderscolliders
and physics of photonand physics of photon--photon collisionsphoton collisions

PHOTON2009
at DESY

A need of a very low energy plc? 
LEI2007LEI2007
International WorkshopInternational Workshop on Physics and Technologies ofon Physics and Technologies of LaserLaser--
Electron Interaction toward the ILCElectron Interaction toward the ILC DecDec 1212 –– 14 2007Hiroshima14 2007Hiroshima



PLC as PLC as anan addedadded valuevalue....



A. de Roeck



Better at PLC ….



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

slepton mass

Datta, Djouadi, 
Muhlleitner 2002
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