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PhotonPhoton 20072007
IntInt. . ConferenceConference on on thethe StructureStructure andand InteractionsInteractions
ofof thethe PhotonPhoton ((sincesince 1994; 1994; andand Proton Proton fromfrom 2003)2003)

17 17 thth IntInt. . WorkshopWorkshop on on PhotonPhoton--PhotonPhoton CollisionsCollisions
((IntInt. . CollColl on on PhotonPhoton--PhotonPhoton CollisionsCollisions inin ElectronElectron--
PositronPositron StorageStorage RingsRings, , ParisParis 1973)1973)

IntInt. . WorkshopWorkshop on on HighHigh EnergyEnergy PhotonPhoton LinearLinear
ColliderCollider ((includedincluded inin 2005; 2005; firstfirst inin LBL LBL inin 1994)1994)



PhotonPhoton 2009 ?2009 ?
IntInt. . ConferenceConference on on thethe StructureStructure andand
InteractionsInteractions ofof thethe PhotonPhoton andand Proton ?Proton ?

–– HERA, HERA, TevatronTevatron, LHC?, LHC?

18 18 thth IntInt. . WorkshopWorkshop on on PhotonPhoton--PhotonPhoton CollisionsCollisions
–– LEP? LHC? LEP? LHC? LowLow energyenergy precisionprecision datadata: g: g--2, B 2, B decaysdecays……

IntInt. . WorkshopWorkshop on on HighHigh EnergyEnergy PhotonPhoton LinearLinear
ColliderCollider –– ILC/LHC (ILC/LHC (plansplans for CLIC?)for CLIC?)

AstrophysicsAstrophysics



TheThe PastPast--TodayToday--TheThe FutureFuture

Photon2005Photon2005

OpenOpen questionsquestions

LinearLinear PhotonPhoton ColliderCollider



PhotonPhoton 20052005
TheThe Photon:itsPhoton:its FirstFirst HundredHundred YearsYears andand thethe
FutureFuture::

TheThe CentenaryCentenary ((WarsawWarsaw))
PHOTON2005  (PHOTON2005  (WarsawWarsaw))
PLC2005         (Kazimierz)PLC2005         (Kazimierz)

ProceedingsProceedings
ActaActa PhysicaPhysica Polonica 37 (2006) Polonica 37 (2006) volvol 3/4 3/4 -- 800 800 pagespages

ee--ProceedingsProceedings



TheThe CentenaryCentenary
StruewerStruewer ComptonCompton
OkunOkun Mass,chargMass,chargee
KraghKragh CosmologyCosmology
JarlskogJarlskog Nobel Nobel prizeprize
LawrenceLawrence AstrophysicsAstrophysics
PenrosePenrose StringsStrings
ZeilingerZeilinger Quantum Quantum informinform. . 

HarocheHaroche AtomsAtoms
SchneiderSchneider LasersLasers
SchlatterSchlatter CERNCERN
WagnerWagner DESYDESY
GrossGross UnificationUnification



PHOTON 2005 (PHOTON 2005 (RoyalRoyal CastleCastle))

ResonancesResonances andand totaltotal crosscross--
sectionsection

StringsStrings andand PLC PLC technologytechnology



PLC2005 PLC2005 inin KazimierzKazimierz
RolfRolf
DavidDavid
JohnJohn

DavidDavid MillerMiller FestFest



TopicsTopics atat PHOTON2005PHOTON2005

HistoryHistory ofof hadronichadronic interactioninteraction ofof photonsphotons
VMD, QCD …VMD, QCD …
collisionscollisions γγ**-- γγ andand γγ**-- γγ**

andand structurestructure functionsfunctions ofof thethe photonphoton
FF22

γγ

QCDQCD
PartonParton densitiesdensities inin thethe photonphoton –– newnew
parametrizationsparametrizations, , heavyheavy quarksquarks inin γγ
ResolvedResolved photonphoton processesprocesses



LagrangianLagrangian [e2=e’2/(1+e’2/f[e2=e’2/(1+e’2/fρρ2)]2)]
CorrectCorrect one by Kroll,Lee,Zuminoone by Kroll,Lee,Zumino’’6767
PhotonPhoton propagator? propagator? 

For q2For q2-->0:  1/q2>0:  1/q2



HHadronicadronic behaviourbehaviour ofof thethe photonphoton

MeasurementMeasurement ofof thethe
couplingcoupling constantconstant

((Novosibirsk,OrsayNovosibirsk,Orsay’’ 66/7)66/7)

StodolskiStodolski’’ 67  sum 67  sum rulerule --
20 % 20 % missingmissing

--> > GeneraliGeneralizzeded VectorVector
DominaDominanncece (GVD)(GVD)

Schildknecht,SakuraiSchildknecht,Sakurai’’7272



MoreMore……

Direct photons and fragmentation
Total cross sections and diffraction
DVCS

Exclusive processes i resonances

Curves and finite number of photons –
Stodolski:  Lorentz transf. can not change
number of photons, there is a class o 
situation without IR- catastrophe (if initial
and final velocity are the same velocity) 
example for n=38.8



Open questions in particle physics
Photons and hadrons
g-2 – vacuum polarisation, light-on-light (lbl)

(new e+e- → ρ ρ)

γ γ→ b  b                       (new data, new analysis)

direct photon (di-photon) production
(new data, new analysis)

Photons and Higgs sector

QED+U(1): photon and paraphoton, charge 
and paracharge,  minicharged particles

Light from the hidden sector: Ahlers et al. Hep ph/0706283 



g-2 for muon (Jegerlehner’07)
δ aµ = (287± 91) 10-11

3.2 σ

had
µ

γ

γ γ

100 200 300

CERN (79)
TheoryKNO (85)

E821 (00) µ+

E821 (01) µ+

E821 (02) µ+

E821 (04) µ−
Average 208.0± 6.3
E969 goal

EJ 95 (e+e−) 181.3± 16. [1.6 σ]

DEHZ03




(e+e−)
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180.9± 8.0 [2.7 σ]
195.6± 6.8 [1.3 σ]

GJ03 (e+e−) 179.4± 9.3 [2.5 σ]
SN03 (e+e− TH) 169.2± 6.4 [4.3 σ]
HMNT03 (e+e− incl.) 183.5± 6.7 [2.7 σ]

TY04


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(e+e−)

(+τ)
180.6± 5.9 [3.2 σ]
188.9± 5.9 [2.2 σ]

DEHZ06 (e+e−) 180.5± 5.6 [3.3 σ]
HMNT06 (e+e−) 180.4± 5.1 [3.4 σ]
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FJ06 (e+e−)
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g-2 for muon – sensitivity
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Photon and Higgs sector
• EWSB should leave photon massless
• Neutral Higgs boson can couple only via 

loop with photons – nondecoupling of heavy
fermions

• CP property or possible mixing of the neutral
Higgs bosons if more exist beyond the
Standard Model can be determined in higgs-
gamma-gamma

• Direct coupling possible with charged Higgs
bosons



Standard Model

• One doublet
• of scalar fields

introduced

-> W and Z bosons
massive;

one scalar neutral
Higgs particle h                      



Inert Doublet Model
Ma’78, Barbieri..’05, Honorez..’07,..

Significant Gamma Lines from
Inert Higgs Dark Matter -

Gustafsson astro-ph/0703512

• Adding another scalar
doublet with no direct 
coupling to fermions

• The unbroken discrete Z2
symmetry makes the new 
scalars inert – the lightest
one H is a candidate for Dark
Matter. For a H mass 
between 40 and 80 GeV -> 
the correct cosmic 
abundance(WMAP).

• The loop-induced mono-
chromatic γγ and the Zγ
final states (from HH -> γγ
and the Zγ) would be 
exceptionally strong

• Ideal to search for in the 
upcoming GLAST exp.



PHOTON LINEAR COLLIDER





LCWS’07  DESY, Hamburg



17 years ago …



Physics at PLC
• The PLC is an ideal observatory of the 

scalar sector of the SM and beyond, 
leading to important and in many cases 
complementary to the e+e- ILC case tests 
of the EW symmetry breaking mechanism.

• On the other hand PLC is also a natural 
place to study in detail hadronic interaction 
of photons.











For Higgs sector



Precision for mass 120 GeV: 2%



Closing the wedge



H/A MSSM Higgs – full simulation



Higgs decay to WW/ZZ in 2HDM



Conclusion



WHAT PLC CAN AND CANNOT DO (TESLA TDR'2001)
Gamma-Gamma Planners' (GGP) meeting in Kazimierz, Sept,7, 2005

(PLC2005), - based on the notes  by David J. Miller
Present: V.Telnov, A.Finch, M.Krawczyk, J.Dainton, S. Maxfield, 

F.Kapusta, I. Ginzburg, P.M.Zerwas, F.Zarnecki, P.Pniez, K.Moenig, 
J.Gronberg, D.J.Miller

The γ γ and eγ upgrade options are not part of the baseline ILC design.
If provision for the PLC option is to be included in the Reference Design 

Report at the end of 2006, the list of issues need to be tackled and 
convincing arguments given before the middle of 2006, on

• Optical Cavity
• Beam Dump
• Luminosity maintenance
• Crossing Angle
• Backgrounds
• Physics

The list of processes whose study will justify the PLC option needs to 
be reviewed.  Some vital analyses are still missing
(http://photon2005.fuw.edu.pl)



PhotonPhoton LinearLinear ColliderCollider



FruitfulFruitful meetingmeeting!!

PhotonPhoton 20072007
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