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PHOTON2009: THE LEITMOTIF

Conference on the Structure and the Interactions of the Photon
including
Photon-Photon Collisions and High Energy Photon Linear Colliders

• Photon: a Tool
in photon colliders: search for new physics
supersymmetry, anomalous couplings, Higgs
prompt photons
to study QCD
• Photon: a Research Object

the photon structure: structure functions, generalized parton
distribution functions, generalized distribution amplitudes;
and its interaction: g − 2
• Photon: a Theory Laboratory

theory of exclusive processes, factorization
• Photon probes hadronic matter and interactions Ü QCD
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ELECTROWEAK AND NEW PHYSICS

Klaus Moenig: Physics at a photon collider
Michael Spira: Higgs physics at ee and photon collider
Rohini Godbole: SUSY/New physics at γγ collider
Maria Krawczyk: Study of CP violation in self interaction at PLC
Rui Ribeiro Santos: Double Higgs production at a photon collider
Nazila Mahmoudi: New constraints on supersymmetric models
from b → sγ
Ilya Ginzburg: Selected problems for Photon Colliders
Emilien Chapon: Anomalous gauge couplings in photon-photon
interactions at the LHC
Andreas von Manteuffel: Anomalous couplings in γγ →WW at
LHC and ILC
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KLaus Moenig

Physics at a photon collider

Cross sections typically
larger than in e+e−

Polarization
Higgs physics
SUSY
Measurement of tanβ
Anomalous couplings
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Michael Spira

looks like
SM Higgs

measurements of SM Higgs
branching ratios at e+e− ILC
determine Higgs Yukawa couplings
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Michael Spira

compare: determination of
the Higgs boson self coupling

from e+e−

from γγ
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Michael Spira

MH = 120 GeV

The ultimate test
of Higgs couplings
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Rohini Godbole
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Rohini Godbole

Scenarios with CP-violation
Ü need γγ collider and use
top (τ ) polarization observables
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Maria Krawczyk

H. Spiesberger (Universität Mainz) Theory Summary Hamburg, 15. Mai, 2009 13 / 68



Rui Santos γγ → hh(AA) in a 2-Higgs-Doublet Model at 1-loop

A Do-It-Yourself kit for the model builders
+ experimental bounds + theoretical constraints

Cross sections for hh and AA production in γγ collisions may be
much larger than in the SM
Non-decoupling effects (due to the hH+H−-coupling and 2-loop
effects) may be visible
Many other production mechanisms "stand a chance"
Study of possible final states to identify promising regions in
parameter space (some need new analysis)
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Rui Santos γγ → hh(AA) in a 2-Higgs-Doublet Model
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Farvah Nazila Mahmoudi
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Ilya Ginzburg

γγ →WW at 2-loop
γγ → 3V and γγ → 4V

strong interaction in γ + γ∗(Z ∗)→WW or γ∗(Z ∗)→WW
different charge asymmetry

extra dimensions, unparticles,
point-like monopoles
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Emilien Chapon

consider independent variation of parameters

A parametrization of anomalous couplings suitable to
parametrize deviations from the SM, but not a consistent theory
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Andreas von Manteuffel

respects SU(2) symmetry

H. Spiesberger (Universität Mainz) Theory Summary Hamburg, 15. Mai, 2009 22 / 68



Andreas von Manteuffel

respects SU(2) symmetry

H. Spiesberger (Universität Mainz) Theory Summary Hamburg, 15. Mai, 2009 22 / 68



Andreas von Manteuffel

γγ →W +W−

including decays

note: different couplings are correlated
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PHOTON COLLIDER

... the far future.

(no recommendation for a γγ precursor to the ILC)

Ongoing work on γγ colliders:
anticipate the physics landscape after
discoveries (?) at the LHC in 2025+
γγ (and γp) at the LHC

More on photons as a tool ...
Prompt Photons

Francois Arleo: Prompt photon production: theoretical overview
Valeriy Serbo: Strong field effects for lepton and photon
production in AA collisions at RHIC and LHC
Vladimir Saleev: Quasi-Multi-Regge-Kinematics approach,
quark-reggeization and applications ... QCD
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Francois Arleo
discrepancy at low pT :
need larger pT for
meaningful comparison
with fixed-order pQCD comparison

with LO fails
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PROMPT PHOTONS

Expect more progress ...

... both in theory and experiment

• NLO for inclusive prompt photon production in DIS
• prompt photon + c-/b-tagged jet (Ü D0)
• prompt photon + rapidity gap (Ü H1)
• Photon versus jet quenching in collisions of heavy nuclei
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Francois Arleo
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Valery Serbo

Strong-field effects for lepton and photon production

Collisions of relativistic heavy nuclei:
electric and magnetic field exceeds the
critical Schwinger field by several
orders of magnitude
Ü perturbative series in Zα ' 0.6
has to be resummed

Unitarity corrections to
µ+µ−-pair production
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Valery Serbo
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Vladimir Saleev

Quasi-multi-Regge kinematics
approach, quark-reggeization
and applications

Prompt photon + jet in γp . . . and diphotons in pp̄
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Vladimir Saleev
Heavy quark production in
photoproduction at HERA

quark-gluon reggeization:
effective field theory in
the high-energy limit +
corrections beyond
collinear radiation

needs only tree diagrams

what about NLO ?
needed to
estimate theoretical uncer-
tainties and range of appli-
cability
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PHOTON STRUCTURE ... ... EXCLUSIVE PROCESSES

Ken Sasaki: Virtual photon structure at NNLO QCD
Dieter Müller: Theory of generalised parton densities and deeply
virtual Compton scattering
Jean-Philippe Lansberg: Backward DVCS and electroproduction
of mesons
Lech Szymanowski: Photon GPDs and diphoton GDAs
Igor Anikin: Photon-photon collisions: Ambiguity and duality in
QCD factorization theorem
Florian Schwennsen: Looking for the Odderon in photon collisions
Samuel Wallon: Theory of exclusive processes
Wojtek Broniowski: Photon interactions and chiral dynamics
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Ken Sasaki

Λ2 � P2 � Q2
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Ken Sasaki

Factorization scheme Ü

fixed flavor number versus variable
flavor number: (S)ACOTχ ?
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Samuel Wallon

PDF GPD GPD × DA

GDA TDA
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Dieter Müller
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Dieter Müller

fits to H1/ZEUS DVCS data fits to H1/ZEUS DVCS data 

at  at  LOLO, , NLONLO, and , and NNLONNLO

dispersion relation fits to dispersion relation fits to 

HERMES and JLAB DVCS dataHERMES and JLAB DVCS data

transverse parton distribution
x-shape of GPD H(x,x,t) prediction for COMPASS

at small x

D. Mueller

K. Kumerički
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Dieter Müller

Ü exploit factorization scale dependence
to estimate theoretical uncertainties
and range of applicability
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Jean-Philippe Lansberg

Transition Distribution Amplitudes
Ü 3-quark operator matrix element
Ü relation to the proton wave function
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Lech Szymanowski
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Igor Anikin

QCD factorization in γ∗γ
collisions: duality
between GDA and TDA

in the Euclidean
φ3

E -analogue of QCD
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Igor Anikin
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Florian Schwennsen

used three models
for 2π GDA
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Florian Schwennsen

Asymmetry a promising candidate to find the perturbative Odderon
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Wojciech Broniowski

... and NLO ?
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... BACK TO INCLUSIVE CROSS SECTIONS

Giovanni Chirilli: Next-to-leading order evolution of color dipoles in
QCD and in N = 4 Super Yang-Mills theory
Francesco Hautmann: Angular correlations in jet production and
applications to jets in the forward region at the LHC
Edmond Iancu: Photon interactions from weak to strong coupling
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K⊥-DEPENDENT PARTON BRANCHING

• implement all-order summation of (αS ln s/p2
T ) ⊕ IR x→1 behavior

• branching eq. : A(x, kT , µ) = A0(x, kT , µ) +
∫

dz

z

∫
dq2

q2
Θ(µ− zq)

× ∆(µ, zq)︸ ︷︷ ︸
Sudakov

P(z, q, kT )︸ ︷︷ ︸
unintegr. splitting

A(
x

z
, kT + (1− z)q, q)

α 1

α
p

xp

P

P P
+ + ..,

(left) Coherent radiation in the space-like parton shower for x≪ 1;

(right) the unintegrated splitting function P, including small-x virtual corrections.

α/x > α1 > α (small− x coherence region)

Francesco Hautmann Angular correlations in jet production and
applications to jets in the forward region at the LHC

include effects of coherent
gluon radiation at small x
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ANGULAR JET CORRELATIONS FROM

K⊥-SHOWER (Cascade) AND COLLINEAR-SHOWER (Herwig)
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(left) di-jet cross section; (right) three-jet cross section

Jung & H, arXiv:0805.1049 [hep-ph]

• largest differences at small ∆φ
• good description of measurement by k⊥-shower
• collinear shower insufficient to describe shapes

Francesco Hautmann

∆φ distribution
ZEUS data
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Normalize to the back-to-back cross section:
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—— updf ⊕ ME

- - - updf ⊕ MEcollin. : M→Mcollin.(kT ) =M(0⊥) Θ(µ− kT )

· · · · · · no resolved branching : A→Ano−res.(x, kT , µ) = A0(x, kT , Q0) ∆(µ,Q0)

⊲ high-k⊥, coherent effect essential for correlation at small ∆φ

(cfr., e.g., MC by Höche, Krauss & Teubner, arXiv:0705.4577:

u-pdf but no ME correction)

Francesco Hautmann

collinear branchings only

i.e. intrinsic kT only
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Edmond Iancu
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Edmond Iancu

radiation suppressed
by g

quasi-democratic
parton branching

N = 4 SYM
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VACUUM POLARISATION AND LIGHT-BY-LIGHT

SCATTERING

Gerco Onderwater: Measurement of g-2 including future projects
Gabriel Lopez Castro: g − 2 predictions
Joaquim Prades: Light-by-light scattering
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Gerco Onderwater

Past and Future of g−2 Measurements
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Gerco Onderwater
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Gabriel López Castro

muon g − 2

many new data,
KLOE: 2π
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Gabriel Lopez Castro

• larger ahad,LO
µ would cause tension with Higgs mass limits
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Gabriel Lopez Castro

soon to come: more data from BaBar ISR
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LIGHT-BY-LIGHT SCATTERING

Joaquim Prades

a dominating uncertainty in
aµ = (g − 2)µ

∆ahad,LO
µ = ±53× 10−11,

aexp
µ − ath

µ = (290± 90)× 10−11

exp. goal: 15× 10−11

need 〈0|TV ρ(0)V ν(x)V α(y)V β(z)|0〉

no full first-principle calculation available Ü lattice ?
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LIGHT-BY-LIGHT SCATTERING

low-energy and OPE limits
quark loops
large-Nc

chiral perturbation theory:
pseudo-scalar exchange (dominant) +
pseudo-vector + scalar

Bijnens, Pallante, Prades
Melnikov, Vainshtein
other calculations by
Hayakawa, Kinoshita, Sanda
Knecht, Nyffeler; Perrottet, de Rafael
and more recent:
Prades, de Rafael, Vainshtein
Nyffeler
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LIGHT-BY-LIGHT SCATTERING

More work needed to have hadronic
light-by-light contribution with a pre-
cision corresponding to the experi-
mental goal

A new full calculation is desirable
and possible
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PHOTONS IN ASTROPARTICLE PHYSICS

Christopher van Eldik: Very high energy (TeV) gamma rays:
HESS, MAGIC, ...
Jan Conrad: High energy gamma rays and cosmic rays: PAMELA,
GLAST (FGST), AMS, ...
Alejandro Ibarra: Implications of observations for astrophysics and
particle physics

Apologies for not discussing this interesting topic
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Thanks to all speakers
for their contributed summaries
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