THEORY SUMMARY J

Photon 2009

H. Spiesberger

H. Spiesberger (Universitat Mainz) Theory Summary Hamburg, 15. Mai, 2009 1/68



THEORETICAL SUMMARY
OF THEORY SUMMARIES

Photon 2009

H. Spiesberger

H. Spiesberger (Universitat Mainz) Theory Summary Hamburg, 15. Mai, 2009

2/68



e Electroweak and new physics e Prompt photons

Nazila Mahmoudi e Francois Arleo
Andreas von Manteuffel e Photon Structure
Emilien Chapon o Ken Sasaki
“K/:?:L;zgf%e?:g e Lech Szymanowski
Rui Ribeirg Santos e Jets and heavy flavours
Rohini Godbole e Francesco Hautmann
Maria Krawczyk e Vladimir A. Saleev
llya Ginzburg

e Vacuum polarisation and light-by-light scattering

Gabriel Lopez Castro

e Joaquim Prades 24 Talks
e Small x, diffraction and total cross sections

Dieter Muller e Giovanni Chirilli

Florian Schwennsen
e Edmond lancu

e Exclusive channels and resonances
e Samuel Wallon o Wojtek Broniowski
e Jean-Philippe Lansberg e Valeriy Serbo
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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

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

e Photon: a Research Object
the photon structure: structure functions, generalized parton
distribution functions, generalized distribution amplitudes;
and its interaction: g — 2

e Photon: a Theory Laboratory
theory of exclusive processes, factorization

e Photon probes hadronic matter and interactions <» 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 v 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 — sv

llya Ginzburg: Selected problems for Photon Colliders

e Emilien Chapon: Anomalous gauge couplings in photon-photon
interactions at the LHC

e Andreas von Manteuffel: Anomalous couplings in vy — WW at
LHC and ILC
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KLaus Moenig

Physics at a photon collider

Cross sections typically
larger than in et e~

o Polarization
e Higgs physics
e SUSY

o Measurement of tan 3
e Anomalous couplings

H. Spiesberger (Universitat Mainz)
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Michael Spira |

HIGGS PHYSICS AT ete™
AND PHOTON COLLIDERS

e SUSY Higgs

bosons:

LHC: blind wedge

tan
&3

2 8
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N !
50 100 150 200 250 300

H. Spiesberger (Universitat Mainz)
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HIGGS PHYSICS AT ete™
AND PHOTON COLLIDERS

e SUSY Higgs bosons:
LHC: blind wedge
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Michael Spira |

e SUSY Higgs bosons:

HIGGS PHYSICS AT ete™
AND PHOTON COLLIDERS

LHC: blind wedge

ATLAS-300fb "

looks like
SM Higgs B only

S '
100 150 200 250 300 350 400 450 500

measurements of SM Higgs
branching ratios at e"e~ ILC
determine Higgs Yukawa couplings

SM Higgs Branching Ratio

10°

m, (GeV) My (GeV)
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I HIGGS PHYSICS @ PLC

Michael Spira
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Michael Spira

compare: determination of
the Higgs boson self coupling

from et e~
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Michael Spira

= model-independent measurements of Higgs couplings
— test g o mass: g; = \/2vV2Gp m;

Coupling-Mass Relation

2 4] gt The ultimate test
z sz of Higgs couplings
° 0.1
g b
% ooil ¢ t
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1 10 100
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| Rohini Godbole |

SUSY and New Physics at the Photon Collider. |

{ What special role can a photon collider play in the context?
a Searching for sparticles at vy colliders directly

b Study of the Heavy Higgs H/A sector and CP-mixing if
¢gP in SUSY. WW/ZZ final states, t/r polarisation.

c SUSY parameter determination: PLC can help probe
the regions of the SUSY parameter space which are
difficult and/or inaccessible for the LHC and/or in the
ete™ mode.

d New physics via anomalous couplings, extra dimensions?
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| Rohini Godbole |

Scenarios with CP-violation
=» need v collider and use

© Theoretically . .
! CPX Tnsocessible top (7) polarization observables
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dtuay of CP violation
In the Higgs selfinteraction
at the Photon Linear Collider

J-invariants

Mass matrix: J, ~ Im (As*A\s’)

Interactions: J2~ Im (As*A\7?), J3 ~ Im (A7*N\e)

® CP conservation: all J =0
m [f J1 not zero — CP mixing in states, no
definite CP-parity for h1,h2,h3

m IfJ =0 and J,, not zero — no CP mixing

CP violation in interaction at the tree level
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~7y — hh(AA) in a 2-Higgs-Doublet Model at 1-loop

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

e Cross sections for hh and AA production in ~~ collisions may be
much larger than in the SM

e Non-decoupling effects (due to the hH™ H~-coupling and 2-loop
effects) may be visible

e Many other production mechanisms "stand a chance"

e Study of possible final states to identify promising regions in
parameter space (some need new analysis)
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vy — hh(AA) in a 2-Higgs-Doublet Model

YY_>hOhO
4= = 200 GeV
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Decoupling Limit
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Note again that the low mass region can only be probed at a yy collider
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Introduction s7Y Superlso Conclusion
[e]e] lelele}

B Physics

| Farvah Nazila Mahmoudi |

A good strategy to find the information on SUSY particles would
be

e to look at where the SM contributions are vanishingly small,

e to study processes for which QCD corrections are known with
high accuracy

e and branching ratios can be measured precisely.

(:> Rare B decays are IDEAL CHOICES for that! )
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Introduction y Results Conclusion

Superlso

y Farvah

m Calculation of flavor physics observables in supersymmetry

Superlso is 2 program for
Standard Mo ). Superiso, In addition to e Isaspin asymmetry of B -> K* gamma, which was the main
» Manual purpose of the first version incorparates ather fiavar observables such as the branthing ratia of B -> ¥ gamma at
NNLO. the branching ratio of 55 -> mu+ mu- the branching ratio of B -> tau nu, th ranching rato of 5 -» D tau nu

m and the branching ratio of kK -> mu nu. It also computes tne muon anomalous magnetic mament |

For the isospin asymmetry. the program calculates the NLO supersymmetric contnbutions us
Hamiltonian appro and within the QCD factoriz:
to constrain supersymmetric parameter spaces

o g Jlation of flaver physics observables In the mininal supersymmetric extension of the
+ Daseripton

g the effecive
ble:

« Dascripion

in2p3.fr

n method. 1sospin asymmetry 1s a particularly useful obs

= Manual

ISO

Superiso uses a St

Les Houches Accord file (SLHAI or SLHAZ) as Input, which tan be either generatec

automateally by the program via a call to SOFTSUSY or ISAJET, or provided by the user

> Superiso

Superlso is able to perform the calculations automatcally in different supersymmetry
MSUGRA, NUHM, AMSB and GMSE.

m‘rho latest version of the manual can be found here (05/03:2009).

» Superiso Ralle breaking scenarios, such as

> Superiso Ralic shareg

/ [super

For more information:

http

X6v:0710.3791 [hep-ph, J )7), 026
and ©_Mahmoudi. hep-phyol vs Rev. D 07), 01

and F. Mahmoudi, arxiv:0803.0741 [hep-ph, Phys. Lett. B 663 [2008) 46

o MR Ahma

.« A A

iksson, F. Mahmoudi and ©. Stdl, arv 0808 3551 [hep-ph], JHEP 11
and F_Mahmoudl, 264 0902 2393 hep-ph, JHEFO4 (2009)
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Introduction y Results Conclusion

| Farvah Nazila Mahmoudi |

e Indirect constraints and in particular flavor physics
are essential to restrict new physics parameters

e That will become even more interesting when
combined with LHC data

e b — s7 transitions and in particular isospin
asymmetry provide valuable information

Perspectives

New observables:
e forward-backward asymmetry in B — K*(*T(~

o B(°S7d) — B(()S’d) mixings: AMg,,

New Models:

e Non Minimal Flavor violation

e CP violation
H. Spiesberger (Universitat Mainz) Theory Summary Hamburg, 15. Mai, 2009 18/68



Selected problems for Photon |llya Ginzburg
Colliders

e Multiple production of SM gauge bosons

vy — WW at 2-loop
vy — 3V and vy — 4V

e Strong interaction in Higgs sector

strong interaction in v + v*(Z*) — WW or v*(Z*) — WW
different charge asymmetry

e High energy large angle photons to hunt for exotics
}{ [ o FPE e Fy extra dimensions, unparticles,
AL point-like monopoles

1 s \4 do 2 2dp?
Ttot =— ( ) 5 -5 = OtotP <ﬂ> Pl
dpq

- > e 0 R
327s \4A s [s(s — 4pi)
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Selected problems for Photon |llya Ginzburg
Colliders

e Multiple production of SM gauge bosons

vy — WW at 2-loop
vy — 3V and vy — 4V

e Strong interaction in Higgs sector

strong interaction in v + v*(Z*) — WW or v*(Z*) — WW
different charge asymmetry

e High energy large angle photons to hunt for exotics

}ﬂi [ o FECEpeFy extra dimensions, unparticles,
AL point-like monopoles
All these models seem
1 s \4 do pi dei hardly probable to ME
=g (an2)  ar = (T) s
s(s —4p71)
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Anomalous gauge coupling in photon-photon interactions

Sensitivity in generic experiments at the LHC

Emilien Chapon

Lagrangian for anomalous quartic gauge couplings:

0 = Z2%0 p pwypyragy - ¢ % p pwzaz

J = s A2 M " 16cos2 @y N2 MY *

C —e’ a}./'v unB +oya— —aya+ e ag up s
g = FuaFPP (W W5 + W W) — FuaFPPZ2Z5

16 A2 16 cos? Oy A2

where Fuy is the electromagnetic field tensor Fuy = Ay — Oy Apu

Lagrangian for anomalous triple gauge couplings:

Lrae/igwwy = (W,I,, WHAY — Wy WT“A") + (14 A7) Wi W, ARV
)\‘:
+M—\2/v W], whare

consider independent variation of parameters
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Anomalous gauge coupling in photon-photon interactions

Sensitivity in generic experiments at the LHC

Emilien Chapon

Lagrangian for anomalous quartic gauge couplings:

0 —e? ag” 2 e s
£ = =% p prvwrew- ¢ 0p pwzaz
& s A2 M " 16cos2 @y N2 MY *
w V4
£ = T8 p s wrews Wty - — S PCp, prezez,
16 A2 M B 577 16cos2 @ A2 H

where Fuy is the electromagnetic field tensor Fuy = Ay — Oy Apu

Lagrangian for anomalous triple gauge couplings:

Lrae/igwwy = (W,I,, WHAY — Wy WT“A") + (14 A7) Wi W, ARV
)\‘:
+M—\2/v W], whare

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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Anomalous gauge coupling in photon-photon interactions

Sensitivity using low integrated luminosity at the LHC

Results

T 1E01 L 1E01
2 ) S S ——————— 2 iy SESEI S S
I QU -
2 1603 t 30w 2 1603 | o
81600 ' T ObaLacw | | & 1604 g
3 TR A alw 2TeV = A a0z 2TeV
g 1E-05 A acw 2TeV E 1E-05 \ A acz2TeV
E 45 100 1000 10000 é 1808, 100 1000 10000
Integrated luminosity (pb™*) Integrated luminosity (pb™)
. OPAL limits Limits @ 10 TeV [ GeV~2] | Limit @ 2 TeV [GeV~2]
Couplings ) _ 1 - 1 _ 1
[ Gev—2] L =10pb* | £=100pb £ =100 pb
alV /N2 [-0.020, 0.020] | 1.72 x 10—° 5.4 x 10—6 7 %1074
a¥ JA\? [-0.052, 0.037] | 6.50 x 107° | 2.05 x 10> 2.6 x1073
a%/A2 [-0.007, 0.023] | 1.29 x 10—* | 4.10 x 10—° 4.25 x 1073
ag/N\? [-0.029, 0.029] | 4.85 x 10~* | 1.55 x 10—* 1.5 %1072

Note: we present the expected 95% confidence level upper limits on the parameters.

Improvement of a factor up to 1000 with respect to the OPAL limits

| Emilien Chapon |
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H. Spiesberger (Universitat Mainz)

| Andreas von Manteuffel |

Anomalous couplings in vy — W+W~ at LHC and ILC

Effective Lagrangian before EWSB
Gauge and gauge-Higgs anomalous couplings

@ pure gauge and gauge-Higgs part: % = ;‘2 S hiO;

Ow = eij Wi¥ WA WEH Oy = eije Wi¥ WA WEH,
4,0W — % ) WiHV’ OY _ ( ) WI W’!“’
¢B = % (‘PT?’) B, B, Os— = ( ) B;u/BwI

Ows = (<pr ) Wi, B, Oip (ng«p) Wi, B,

o) = (') (Dug)! (D ¢), 0P = (¢'Dup)" (¢'D4¢).
@ 10 dimensionless anomalous couplings h;, where 4 ops. CP odd
hi~O (v2 //\%,P) ,
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| Andreas von Manteuffel |

Anomalous couplings in vy — W*W~ at LHC and ILC

| respects SU(2) symmetry |

Effective Lagrangian before EWSB
Gauge and gauge-Higgs anomalous couplings

@ pure gauge and gauge-Higgs part: % = ;‘2 S hiO;

Ow = eij Wi¥ WA WEH Oy = eije Wi¥ WA WEH,
4,0W — % ) WiHV’ OY _ ( ) WI W’!“’
,aB = % (‘PT<P> B, B, Os— = ( ) B;u/BwI

Ows = (cpTT ) Wi, B, Oip (¢T¢) Wi, B,

o = (¢10) (Dug)! (D), 0P = (¢1Dug)' (#1De
@ 10 dimensionless anomalous couplings h;, where 4 ops. CP odd
hi~O (v2 //\%,P) ,
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| Andreas von Manteuffel |

vy — WHW—
including decays

Results: Sensitivities at the ILC preliminary
semi-leptonic channels

@ semi-leptonic, no jet id
= ambiguities (v, jet)
0 [Lee=500fb"";

@ Myjggs = 120 GeV
@ cuts on observed fermions:

> energy > 10 GeV
> angle wrt. beam > 10°
» angle betw. ferm. > 25°

Ow Owp Opwp Oy Oyp Ouwp
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H. Spiesberger (Universitat Mainz)

vy — WHW—
including decays

Results: Sensitivities at the ILC

semi-leptonic channels

@ semi-leptonic, no jet id
= ambiguities (v, jet)
0 [Lee=500fb"";

@ Myjggs = 120 GeV
@ cuts on observed fermions:

> energy > 10 GeV
> angle wrt. beam > 10°
» angle betw. ferm. > 25°

Andreas von Manteuffel

preliminary

Ow Owp Opwp Oy Oyp Ouwp

note: different couplings are correlated

Theory Summary
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PHOTON COLLIDER

... the far future.

(no recommendation for a v~ precursor to the ILC)
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PHOTON COLLIDER

... the far future.

(no recommendation for a v~ precursor to the ILC)

Ongoing work on ~~ colliders:

e anticipate the physics landscape after
discoveries (?) at the LHC in 2025+

e vy (and vp) at the LHC
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PHOTON COLLIDER

... the far future.

(no recommendation for a v~ precursor to the ILC)

Ongoing work on ~~ colliders:

e anticipate the physics landscape after
discoveries (?) at the LHC in 2025+

e vy (and vp) at the LHC
More on photons as a tool ...
Prompt Photons
e Francois Arleo: Prompt photon production: theoretical overview

e Valeriy Serbo: Strong field effects for lepton and photon
production in AA collisions at RHIC and LHC

e Vladimir Saleev: Quasi-Multi-Regge-Kinematics approach,
quark-reggeization and applications ... QCD
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Prompt photon phenomenology

from HERA to LHC

do/E," (pb /GeV)

do/dn’ (pb)

| Francois Arleo

= momsa woscy, <2
[—— NLO+had. (FGH) pe=t — B
==Y &, mctanan. 02 05<p, <2
|— pvmines |
Fr YAwcep L L1
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T
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® ]
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n

H. Spiesberger (Universitat Mainz)

¥

discrepancy at low pr:
need larger pr for
meaningful comparison
with fixed-order pQCD

comparison

with LO fails

401 H1

dofchn’ [pb]

isa

$ HiData
— LO(e®) LL+QQ+LQ

— LO(d) LL
-—-LO(® QQ

201
10— 1 —4—
o ——— L
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n
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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 (= DO)

prompt photon + rapidity gap (= H1)

Photon versus jet quenching in collisions of heavy nuclei
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Au+Au \[sm =200GeV, 0-10%

| Francois Arleo |

T T T T
Au+Au 0-10 %

— prompt +QGP

== = prompt + QGP (no jet-plasma)
— .- prompt (Q=pT)+QGP

- — - prompt (no-isospin) +QGP

® PHENIX PRELIM.

==

1

1
P

18
= -
1.6 N ey
- PH ENIX PHENIX preliminary
14 o7
3 1]
121 -=-dir. photon
s
0.8 -
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04l
02—
- ¥
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R
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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

=» perturbative series in Za ~ 0.6

has to be resummed

v

>
<

S

:
THE

\

Unitarity corrections to
™t ™ -pair production

Coulomb and unitarity corrections to the ete™ pair production

i 9Coul Tunit 9Coul
Collider 9Born 9Born UBorn[ ]
RHIC, Au-Au | —10% | —5.0% -17%
LHC, Pb-Pb | —9.4% | —4.0% -11%

In the last column is shown the result of
obtained by numerical calculations using its formula which allows
to calculate the Coulomb correction in the leading logarithmic

approximation only.

H. Spiesberger (Universitat Mainz)
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Valery Serbo

Only a few EM processes are related to Fundamental Physics, but
some of EM processes are of great importance mainly for two reasons:
they are dangerous or they are useful.

It means that various EM processes have to be estimated (their

cross sections and distributions) not to miss something interesting
or dangerous.
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0.1

H. Spiesberger (Universitat Mainz)

| Viadimir Saleev |

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

Prompt photon + jetinvyp ...

H1, ep-> y + Jet

aR->qy ™~ =
= - <
C = - Q>vq S~o
r -2 ~
— ~ ~ . \‘\
r ~ = S~
~ ~ N
E QQ->yg -~ <
& 7S <
L -
S~
\ \ \ [ B
5 6 7 8 9 ~.10
E’,, GeV

o

d o/ dM, pb/GeV

Theory Summary

and diphotons in pp

v $=1.96 TeV, | '?|<0.9

T TN,

50 60
M, GeV
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Heavy quark production in

photoproduction at HERA Viadimir Saleev|

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

needs only tree diagrams
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Heavy quark production in
photoproduction at HERA

Vladimir Saleev |

quark-gluon reggeization:
effective field theory in w0l

the hlgh—energy limit + E
corrections beyond 3 10"
. . . c

collinear radiation £
S
needs only tree diagrams 3 10°

what about NLO ?

needed to

estimate theoretical uncer-
tainties and range of appli-
cability

10°
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PHOTON STRUCTURE ... ... EXCLUSIVE PROCESSES

e Ken Sasaki: Virtual photon structure at NNLO QCD

e Dieter Miller: Theory of generalised parton densities and deeply
virtual Compton scattering

e Jean-Philippe Lansberg: Backward DVCS and electroproduction
of mesons

e Lech Szymanowski: Photon GPDs and diphoton GDAs

e Igor Anikin: Photon-photon collisions: Ambiguity and duality in
QCD factorization theorem

e Florian Schwennsen: Looking for the Odderon in photon collisions
e Samuel Wallon: Theory of exclusive processes
e Wojtek Broniowski: Photon interactions and chiral dynamics
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Heavy quark and target mass effects

on the virtual photon in QCD

Heavy quark mass effects on the virtual photon structure functions

Heavy quark mass effects appear in the photon matrix elements of

| Ken Sasaki |

NLO QCD predictions for FJ;(z,Q* P?) are compared with the

AN < P2 < Q@

n=5, @*=120GeV?, P?=3,7GeV?, A=0,2GeV, X;,,,=0.97

OPE(u,d,s.c. massive-b,

E(uds.cb]
QPM(u,d,s, massive-c,b;
QPM(u,dsc, massive-b)

PM(u.d,s,c.b]
BOX(LO + NLO) ===
L3data =

. Qetassvec)

QP ive-b

i

IO PO i
02 03 04 05 06 07 08 09 1

o
were investigated in the framework of OPE and the mass-
independent renormalization method up to NLO (¢ )
1+
the twist-2 quark & gluon operators and coefficient functions
o
exp. data of PLUTO & L3
n=4, Q°=5GeV?, P?=0.35GeV?, A=0.2GeV, X;,,=0.93
4 OPE(u,d,s, massive-c) s !
E(u,d,s,c) 1mmmme
12 QPM(u.d.3, massive-c) - 2
QPM(u,d,s,c)
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| Ken Sasaki |

@ We also analyzed the target mass effects on the virtual photon structure

functions up to NNLO (ca)

=4, Q?=30GeV?, PP=1GeV?, x;4,=0 968

FU(x,Q% PP

=4, GP=30GeV?, PP=1GeY?,
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| Ken Sasaki |

@ We also analyzed the target mass effects on the virtual photon structure
functions up to NNLO (ca)

0.35 - - T T
1 21 el
5 P n=4; Q?=30GeV?, P*=1GeY?, xp»=0068. !
=4, Q?=30GeV?, PP=1GeV?, x;4,=0 968 i i i ’\
: : 0.2 o TG 3
£ s B N
‘b
k]
%
R 7,
1 S | |
o
PR T S S S S :
x

N
x

Factorization scheme =»
fixed flavor number versus variable
flavor number: (S)ACOTy ?
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Hard exclusive processes: some basics about theory

* hadron

.hadmn’/ \
PDF

t

*
~ /»\ .
Q2 P adron
° e‘
.
o hadron

GDA

H. Spiesberger (Universitat Mainz)

hadron
usual parton distribution adron

GPD

Theory Summary

Non-pert, object

| Samuel Wallon |

v . P
v %! >
@ w?
™ hadron hadron ~ Non-pert. object * hadron
GPD x DA
Y ¥+ hadron
@ Pert. .-
t—u
/
Shadon hadon 7 ——— "\ photon
TDA
Hamburg, 15. Mai, 2009 35/68



@ since a decade, there have been much progress in the understanding of
hard exclusive processes

o

at moderate energies, combined with GPD, there is now a framework
starting from first principle to describe a huge number of processes

at high energy, the impact representation is a powerful tool for describing
exclusive processes in diffractive experiments; they are and will be essential
for studying QCD in the hard Regge limit (Pomeron, Odderon, saturation...)

some problems remains:

proofs of factorization have been optained only for a very few processes
(ex:Y*p—vp, vip—pLp,¥'P— J/¥D)

for some other processes factorization is highly plausible, but not fully
demonstrated at any order (ex.: processes involving TDAs)

some processes explicitly shows sign of breaking of factorization

(ex.: vp — prp which has end-point singularities at Leading Order)
models and results from the lattice for the non-perturbative correlators
entering GPDs, DAs, GDAs, TDAs are needed, even at a qualitative level!
the effect of QCD evolution and renormalization /factorization scale might
be relevant with the increasing precision of data

@ links between theoretical and experimental communities are very fruitful

@ message to experimentalists: high luminosity eTe™ machine like BaBar,
BELLE, BEPC-II are gold places for exclusive processes studies in 4*y™*)
= it is time to realize this and to use the potential of these experiments!
We need your help!

| Samuel Waliom |
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Theory of | Dieter Miiller |

generalized parton distributions
and
deeply virtual Compton scattering

g Q? > 1GeV?
%{;@ 7:;#
z+§

r—¢
DvCS .
14 P =
t=A2 — fix
>
F(E, Q%) = [1dx C(a. & as(), Q/u) F(x.&,t, 1) + O(Zx)
CFF hard scattering part GPD higher twist
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| Dieter Miiller |

ard exclusive
processes @

S EEE
processes

Iattice
simulations

Regge-phenom.
_amplitudes;’
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Strategies to analyze DVCS data | Dieter Miiller |

D. Mueller
fits to H1/ZEUS DVCS data K- Kumericki  gispersion relation fits to

at LO, NLO, and NNLO HERMES and JLAB DVCS data
%m S ; o f A“’:%a)i
: | e fod
Mt e Hlo

} d*% [nb/GeV*']

010 1‘. &0 [nb/GeV'] *

] ©

CEEC e R R RN RN
By Ideg] Byy Ideg]
x-shape of GPD H(x,x,t) prediction for COMPASS

Apesa(p)

\compAss}

= 0.001
L

0 0.5

Soon 505 010 705 0100 2 o B o0 T

x 3
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Dieter Miiller

g Q2 > 1GeV?
LLL{(fD 7};*
z+¢&

z—§
pves —— ’
P 2 PD
t=A? — fix
E—
F(&, Q%) = [1da Cla,€ au(), Q/m)Flx,€.t. 1) + O( )
CFF hard scattering part GPD  nigher twist

=» exploit factorization scale dependence
to estimate theoretical uncertainties
and range of applicability
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Backward Hard Exclusive Processes |

| Jean-Philippe Lansberg |

~_powon but backward !

proton ” /\’[-/\ > proton proton ~ /\3—/ "
GPD oA .
Transition Distribution Amplitudes

=» 3-quark operator matrix element
=» relation to the proton wave function

pé*ﬁ =pé* E

Interpretation at the amplitude level (for x; > 0)
Amplitude of probability to find a meson within the proton !

* meson
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TDA Phenomenology Jean-Philippe Lansberg

= Backward Electroproduction of 7: Data from JLab exist: analysis on-going

7*(q) 100

LLL[ §1o JPL, B. Pire, L. Szymanowski,PRD 75:074004,2007
€
&
-Et 1
=}
3

~ 01

; 0 2 4 6 8 10
P(p) m(pz) PR

= pp — 7@’ — (T~ 70 at GSI/FAIR (Analysis planned by PANDA)

£

< 100
t 10}
¢ g, 1 ipZie156 MoV
T
= 01
T 001 w0
E 3 3 JPL, B. Pire, L. Szymanowski PRD76 :111502(R),2007
e e 6 12 .18 24 30 Physics Perf. Rep. for PANDA, 0903.3905 [hep-ex]
p(pp) T(px) W Gev?) (@)
= Dedicated test of Intrinsic Charm: v*p — pJ/W (at COMPASS 7)
79 "’1"1’2) v ud S.J. Brodsky, JPL, work in progress
Proton Jfv
. rd .
P(p1) Jlpg)  (Jfele®eu®(zy)ub(z2)d(z3)| Praton)
J.P. Lansberg (SLAC — Stanford U.) Backward Hard Exclusive Processes 14 May 2009 2/2
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Revealing of the ANOMALOUS structure of 7 in EXCLUSIVE processes
DIS study by Witten 77’ extended for the exclusive case
Derivation of the diphoton anomalous generalized distribution —i
amplitudes (GDAs)

Y@

wz @+q)%-0
~f- Ozlarge
eg. @f 1(2,¢,0) = Nee qlt[ 2 @ b,
2 2 2 ) -
B 4)+Z( o0+ B0+ wo(c—z)i
Derivation of the anomalous generalized parton distributions
(GPDs) in a photon ., @
t=(p,- n,) 4
qz Qzlarge
¥(py)
eg Hize0) = C%
o z2+(1—1')2— _ Lr(1=¢) Y 22 4+ (1 +2)2 —¢2
[9(1 QT +6(¢ 1)0(5+1)5(1+6) O(—x OT}

Refs.: Phys.Lett.B645,153,2007 and Phys. Rev. D78, 034009 (ZOOSP Lech Szymanowski
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Conclusions for ¢3-model (I.V. Anikin et al

arXiv:0806.4551[hep-ph])

Regime (a)[small “s"] and (b)[small “t"]:

QCD factorization in y*~
collisions: duality
Regime (c)[small “s” and “t"] between GDA and TDA

NO Ambiguity in Factorization.

Option 1: NO Factorization = in the Euclidean

5 e A
A~ (1 — wing) & (32, — wing) = “ADDITIVITY” n,, LoGPAfe ::}:] .

Option 2: Factorization =

~ TE
. - . s — uih
A~ either A%, or A%, = “DUALITY” Lo ton
Y
T,

H. Spiesberger (Universitat Mainz) Theory Summary Hamburg, 15. Mai, 2009 44/ 68




Duality in QCD (I.V. Anikin et al arXiv:0806.4551[hep-ph])

Thus, duality in QCD we observed means that

= (+)

AT
A(TDA) = T[Mras(Qz)] <tw—2 DA) (tw—2 TDA>,
and

() AT
AGDA = TA (t\\'3 GDA).

are equivalent each other.
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The Process

@ exclusive production of two w7~
- pair pairs — colorless exchange between
them
e C-parity of 777~ pair not fixed
o w7~ pair C odd = Pomeron
o wtx™ pair C even = Qdderon

mtm T —pair

o 27 GDA depends on polar angle 6
in rest frame of 27w

J cos by cosba do(s. t, magr 1. Max1.601,62) N |IMoMp|
de'(S. t, mgml.mgﬂ’l.el.@z) ‘MIP|2+ |M@|2

| Florian Schwennsen |

Florian Schwennsen with B. Pire, L. Szymanowski, S. Wallon Looking for the Odderon in photon collisions
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o w7~ pair C odd = Pomeron
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mtm T —pair
o 27 GDA depends on polar angle 6
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for 2w GDA
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Single Differential at t = —2GeV?

Integrate asymmetry for one 77~ pair from .3GeV to
m,=776MeV .
| Florian Schwennsen |
ansatz |, ansatz Il, ansatz Il for isoscalar GDA
0077 T T T T
0.25
0.20
0.15
<

0.10

0.05 |y

0.00

-0.05 "

Florian Schwennsen with B. Pire, L. Szymanowski, S. Wallon Looking for the Odderon in photon collisions
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Single Differential at t = —2GeV?

Integrate asymmetry for one 77~ pair from .3GeV to
m,=776MeV

| Florian Schwennsen |

ansatz |, ansatz |, ansatz lll for isoscalar GDA
0.0 ——7—+—F—7————— 77—

0.25

0.20

0.15

0.10

0.05

0.00

S Y S S S SR B
04 0.6 08 1.0 12 1.4

Mo, [GeV]
Asymmetry a promising candidate to find the perturbative Odderon

Florian Schwennsen with B. Pire, L. Szymanowski, S. Wallon Looking for the Odderon in photon collisions
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Broniowski - chiral quark models

@ Chiral quark models provide a link between high- and low-energy
analyses

© Numerous predictions for soft matrix element involving the
Goldstone bosons and photons

© They yield in a fully dynamical way the initial conditions for the
QCD evolution, which is essential to bring the predictions to
experimental/lattice scales

© Scale in chiral quark models is very low, 300-500 MeV, QCD
evolution “fast”

© Simple analytic formulas — useful to understand general properties,
(e.g., no factorization of the t-dependence

Q@ For the pion, with the LO QCD evolution the overall agreement
with the available data and lattice simulations is very reasonable
(PDF, DA, generalized form factors, GPD, TDA, ...)

@ Predictions can be further tested with future lattice simulations also
for the photon/p
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LO ERBL for the tensor DA

2 2
q’=m]
5
4
3
2
— ~
* ~ N
~ N
* 0.2 0.4 0.6 0.8 T X
q2:—2m§
3
1.4 i
1 2.5
1 2f ¢
0.8 1.5
0.6 .4
: 1
o.af 4/ \
0.2 0.5
0.2 0.4 0.6 0.8 T * 0.2 0.4 0.6 0.8 T *

Initial conditions (dots) from the Spectral Quark Model. Solid lines: LO QCD
evolution to scales 1, 2.4, 10, and 1000 GeV, asymptotic form 6x(1 — z):
dashed line Wojciech Broniowski
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LO ERBL for the tensor DA

...and NLO ?

2 2
q’=mg
5
4
3
2
— ~
* ~ N
~Z
* 0.2 0.4 0.6 *
2 2
o g?=-2m;
3
1.4 i
1 2.5
1 2f ¢
0.8 1.5
0.6 .4
: 1
o.af 4/
0.2 0.5
0.2 0.4 0.6 0.8 T * 0.2 0.4 0.6 0.8 T *

Initial conditions (dots) from the Spectral Quark Model. Solid lines: LO QCD
evolution to scales 1, 2.4, 10, and 1000 GeV, asymptotic form 6x(1 — z):

dashed line

H. Spiesberger (Universitat Mainz)

Theory Summary

Woijciech Broniowski
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... BACK TO INCLUSIVE CROSS SECTIONS

e Giovanni Chirilli: Next-to-leading order evolution of color dipoles in
QCD and in N = 4 Super Yang-Mills theory

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

e Edmond lancu: Photon interactions from weak to strong coupling
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Expansion of F,(x) in color dipoles in the next-to-leading order

1
F>(xp) ~ /d221d2Z2 Io(Z1,Z2)<tr{UZUI,"}> n =In .
: XB

«
+ —S/d221d222d223 L (Z].ZQ,Z})(U{UZ U;gn}tr{Uz}Ug?D

™

Evolution of the color dipole tr{UZ U}"}: I. Balitsky and G.A.C., 2006-09

d 4. 4. 4
d_I/{ Ug1 U:‘:”} = Kpk{ UZ”l U:,':U} + KNLO BKY Uéll U:‘:’/}

NLO “Impact factor” I; - work in progress | Giovanni Chirilli |

G. A. Chinilli JLAB & ODU) Small-x structure functions in the NLO Photon09 11-15 May 2009 2/3
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NLO evolution of color dipoles in QCD

ditr{U:lUl jeonf — d*z3 ([tr{Uzl Ul We{U., UL} — Note{ U, UL }]
n - = -

272
2 2 2
i SN, -3 67 2
X 72122 [1+Q‘; C(l)lnzp,u +DMI Zﬁ+?f%)]
113103 Zisz% Zn S
+ /d'14 { 3 T 444 4 124 1111 :lefl}
T155:**11 13 224213

e {UL,U }lrf(;rf;:} — tt{U,,U} U, U}

.

24

o . . _” _‘V _‘7 o) _ﬁ

212434 L':L} 212434 21343
- _3—4,[3111 2y (1 + )ln 3 _fJ

2732247 1442 2132247 — 2147233 214333

£14423
x [tr{ U, UL Ye{ U, Ul }e{U, UL} — 0{U, UL U, UL UL UL} — (24 — 23)] })

tr{U-, U;}C'Jnf = conformal composite dipole operator

2
2 azy

d*z3 [r{U., Ul yo{U.,UL } — Netr{U-, UL }] >

:tr{U. } ) 32
4 1%173 113153

Kxpo Bk = Running coupling part + Conformal "non-analytic” (in j) part
+ Conformal analytic (V' = 4 SYM) part

Linearized Knro x agrees with the forward NLO BFKL kernel. Giovanni Chirilli

Photon09 11-15 May 2009 3/3
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| Francesco Hautmann | Angular correlations in jet production and

applications to jets in the forward region at the LHC

K, -DEPENDENT PARTON BRANCHING

e implement all-order summation of (asIns/p2) & IR z—1 behavior

e branching eq. : A(x, kr, j)

include effects of coherent
gluon radiation at small x

4E/Ta

P
\‘%0‘1
Xp

X

"dz [ dg?
Aotaskrg) + [ F [ 0= z0)

T
Apyzq)  Plz.gkr) Al ke + (1= 2)g,q)
N e N’ z

Sudakov unintegr. splitting

(left) Coherent radiation in the space-like parton shower for z < 1;

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

ajz>o >

H. Spiesberger (Universitat Mainz)

(small — x coherence region)
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Francesco Hautmann|

ANGULAR JET CORRELATIONS FROM
K -SHOWER (Cascabpe) AND COLLINEAR-SHOWER (HERWIG)

1

— CASCADE e ZEUS
b Herwic

— CASCADE e ZEUS
N =

d? afdxd|Ag| (pb)
d? ofdxd|ag| (pb)

102f  1710%<x<310*f  310%<x<510* [  510%<x<110° 102f 1710%<x<310*f  310%<x<510% fb10t<x<110?

'E '
3, s F—t I3 <, = e s s B
H —— =t 3
2 . . . . 2 . .
12 3 12 3 12 3 12 s 12 3 12 3
Lo o9 o9 ] Lo Lo

Ag distribution (left) di-jet cross section; (right) three-jet cross section
ZEUS data

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

e largest differences at small A¢
e good description of measurement by k -shower
e collinear shower insufficient to describe shapes
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Francesco Hautmann

Normalize to the back-to-back cross section:

g 1 L fultupat+me)
2T Ee NO—high —kt—tail
h=} NO—res.branch
ND 1.710% <x <310" 310" <x<510" 510%<x<110?
k<) -1
10 F 3 3
L
-
-2
10 " 3 3
10 3 1 L 1 1 L T it 1 L 1
1 2 3 1 2 3 1 2 3
A A AQ

‘ collinear branchings only ‘ updf & ME
- - - updf & MEcoiin. : M—Meottin.(kr) = M(0L) (1 — kr)
------ no resolved branching : A—Ano—res. (2, kr, 1) = Ao(z, kr, Qo) A(u, Qo)
i.e. intrinsic k1 only

> high-k |, coherent effect essential for correlation at small A¢

(cfr., e.g., MC by Hoéche, Krauss & Teubner, arXiv:0705.4577:
u-pdf but no ME correction)
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Gluon saturation at weak coupling

Edmond lancu |

Saturation
InQ%(¥)=2Y

Y =In1/x
os L == HI1PDF2000

Q’=10 GeV*
03 E=—=] ZEUS-SPDF

xg(x0.05)

e Dilute system
ﬂ.ﬁsr JIMWLK
@ DGLAP
In A2, In Q2

High—energy evolution = increasing gluon density

@ Evolution equation in pQCD: JIMWLK (BFKL + saturation)
o Hard saturation scale: Q2(x) o< 1/x* with A ~ 0.25

Edmond lancu

Photon interactions from weak to strong coupling
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No jets at strong coupling !
Edmond lancu

weak coupling strong coupling

Gauge—string duality = rapid evolution via parton branching

o No jets in ete~ annihilation at strong coupling
@ No large—x partons in the hadron wavefunction

o Saturation momentum increases much faster: Q2(x) o 1/x

Edmond lancu Photon interactions from weak to strong coupling
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No jets at strong coupling !
Edmond lancu

guasi-democratic

radiation suppressed »
— -parton branching

by g ’

weak coupling strong coupling

Gauge—string duality = rapid evolution via parton branching
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No jets at strong coupling !
Edmond lancu

/ TN |
radiation suppressed | A /Qﬁg‘a’si-'democratic
by g 1 “--..7 | .parton branching
weak coupling strong coupling

Gauge—string duality = rapid evolution via parton branching

o No jets in ete~ annihilation at strong coupling
@ No large—x partons in the hadron wavefunction

o Saturation momentum increases much faster: Q2(x) o 1/x

Edmond lancu Photon interactions from weak to strong coupling
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VACUUM POLARISATION AND LIGHT-BY-LIGHT
SCATTERING

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

Measurement of

Muon Blools Meorngniis

| Past and Future of g—2 Measurements |

" H. Spiesberger (Universitit Mainz) Theory Summary Hamburg, 15. Mai, 2009 59/ 68



Storage ring results

| Gerco Onderwater |

Year a, oa, Ref.

1961  0.001145 0.000022 Charpak

1965  0.001162 0.000005 Charpak

1966  0.001165 0.000003 Farley 2

1969  0.001060 0.000067 Henry 14

1972  0.00116616 0.00000031 Bailey ul
QCD 1975  0.001165895  0.000000027  Bailey o

1979  0.001165910  0.000000012  Bailey

1979  0.001165936  0.000000012  Bailey

1999  0.001165925  0.000000015  Carey

2000 0.0011659191  0.0000000059 Brown -
QFD 2001 0.0011659202  0.0000000015 Brown Z

2002 0.0011659204 0.0000000009 Bennett m

2004 0.0011659214  0.0000000009 Bennett
hew? ‘ ay,(expt.) - a,(th) = (30£8) x 10-1° (3.60)
Experiment: o,/a=0.54 ppm

Theory: o,/a=0.44 ppm
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PHOTONO9 Gabriel Lopez Castro May 13, 2009
muon g — 2 Contrib. 10"xa,
OED | 116584718.09+0.14+0.04
EW 154+2+1
summary o s [
g)(:nerrlin:]elnotns il had, [x1 105+26
p S —a 7564+ 26+ 63
BNL - E821 116592080 = 63
Recent evaluations Calcul. | @ hadto asv a, -aq M
of had. (LO & Ixl). DEHZ—03 | 696372 | 116591842+ 77 | 238+99 [3.45]
HMNT —03 | 6961+62 | 116591840+ 67 | 240+92[2.60]
e Discrepancy > 3c
confirmed, DEHZ —06 | 6909 +44 | 116591788+51 | 292+81[3.60]
LSRRl N 06 [ 6894246 | 116591773253 | 30728237
dominated by LO - - + +82[370]
hadronic contribs. J—08 | 6923+60 | 116591802465 | 278+90[3.15]
DH..YZ09 | 6884+45 | 116591763+53 | 317+82[3.90]

Lattice 6670200 (T.Blum, TAU0S):

. Spiesberger (Universitat Mainz)
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OED | 116584718.09+0.14+0.04
EW 154+2+1
summary o s [
g)(:nerrlin:]elnotns il had, [x1 105+26
p S —a 7564+ 26+ 63
many new data, BNL - E821 116592080 = 63
KLOE: 2x
Recent evaluations Calcul. | @ hadto asv a, -aq M
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. Spiesberger (Universitat Mainz)
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PHOTONO9

Gabriel Lopez Castro

May 13, 2009

Comparison of SM predictions based on e*e- and t lepton data

Previous to 2008

DHLMMTWYZ (09)
With Belle, KLOE & new IB corrections

T T T T 7§ T T T T LI LI T T

DEHZ (e*e™-based) ! DEHZ 03 (1)

275456 — } -80+63 e e

H HMNT 07 (e'e)
DEHZ (s-based) ; F
80203 —— 276+51
H J07 (e'e)

HMNT (e*e™-based) ; 285465 —

276451 —— This work (t)

J (e*e -based) -151+48 —a—

287268 —— This work (e'e” with KLOE)

o -314153
TY (e*e-based) +
274459 —— This work (e'e” w/io KLOE)
-301+58
BNL-E821 (average) ! EC\ISL;ESN (average) —_—
0= A L L | | L L I 1
1 L 1 1 1 1 T S A | -700 -600 -500 -400 -300 -200 -100 0 100
<700 -600 -500 -400 -300 -200 -100 0 100 - 107"
exp x107" a, - ar
a, - ay

o Discrepancy e+e- & tau reduced, but persists...

o For first time t-based prediction does not overlap with E821
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May 13, 2009

Comparison of SM predictions based on e*e- and t lepton data

Previous to 2008

DHLMMTWYZ (09)
With Belle, KLOE & new IB corrections

¢ Discrepancy e+

T T T T 7§ T T T T LI LI T T

DEHZ (e*e™-based) ! DEHZ 03 (1)

275456 — } -80+63 e e

H HMNT 07 (e'e)
DEHZ (s-based) ; F
80203 —— 276+51
H J07 (e'e)

HMNT (e*e™-based) ; 285465 —

276451 —— This work (t)

J (e*e -based) -151+48 —a—

287268 —— This work (e'e” with KLOE)

o -314153
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-301+58
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0= A L L | | L L I 1
1 L 1 1 1 1 T S A | -700 -600 -500 -400 -300 -200 -100 0 100
<700 -600 -500 -400 -300 -200 -100 0 100 - 107"
exp x107" a, - ar
a, - ay

e- & tau reduced, but persists...

o For first time t-based prediction does not overlap with E821

e larger g39:Lt0

would cause tension with Higgs mass limits

H. Spiesberger (Universitat Mainz)
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PHOTONO9

Gabriel Lopez Castro

May 13, 2009

Comparison of SM predictions based on e*e- and t lepton data

Previous to 2008

With Belle, KLOE & new IB corrections

DHLMMTWYZ (09)

T T T LI T
DEHZ 03 (1)

DEHZ (¢'e™-based) : :
—275+56 —— 1 -80+63  ameme A eees |
i HMNT 07 (e'e") !
DEHZ (x-based) ; ’ :
80263 —_— 276+51 i
H J07 (e'e) t
HMNT (e*e™-based) i 285465 —— d
276451 —— This work (t) :
J (e*e -based) -151+48 —a— |
—287 =68 ——— This work (e'e” with KLOE) :
TY (e*e™-based) —S1anss )
274459 — This work (e'e” w/io KLOE) i
- -301+58 ]
BNL-E821 i
BNL-E821 (average) d BN (average) =
el A ! L I ! L) L I !
L 1 1 1 I 1 T i s -700 -600 -500 -400 -300 -200 -100 O 100
<700 -600 -500 -400 -300 -200 -100 0 100 - 107"
exp x107" a, - ar
a, - a!‘

e Discrepancy e+e- & tau reduced, but persists...

o For first time t-based prediction does not overlap with E821

soon to come: more data from BaBar ISR |

H. Spiesberger (Universitat Mainz)
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LIGHT-BY-LIGHT SCATTERING

’Joaquim Prades \

a dominating uncertainty in
a, = (g - 2)u
AgEet0 = £53 x 1071,

a%® — af = (290 +90) x 10"

; d*p dpy 1
M=le ‘4’/-_4/=_42222 N2 2
(2m) (2m)* q* p1 p5(p; — m?) (pz — m?)

X172 (p1, p2, p3) WP )Va Py + m) % (B5 + m)7pu(p)

exp. goal: 15 x 10~ "
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LIGHT-BY-LIGHT SCATTERING

’Joaquim Prades \

a dominating uncertainty in
a, = (g - 2)u
AgEet0 = £53 x 1071,

h _ —11
as® — af! = (290 £ 90) x 10
exp. goal: 15 x 10~

- d*p d*p: 1
,\/I:M’A,/ “4/ e
(2m) (2m)* @2 p1 p3(py — m?) (pg — m?)

x 10775 (p1, pa. ps) W(p')va( By + 1) (5 + m)you(p)

need (0] TV2(0)V*(x)Ve(y)V5(z)[0)

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

e low-energy and OPE limits
e quark loops

o large-N;

e chiral perturbation theory:

pseudo-scalar exchange (dominant) +
pseudo-vector + scalar
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LIGHT-BY-LIGHT SCATTERING

e low-energy and OPE limits
e quark loops
o large-N;
e chiral perturbation theory:
pseudo-scalar exchange (dominant) +
pseudo-vector + scalar
BPP vs MV: Bijnens, Pallante, Prades
Full | 10 x ay Melnikov, Vainshtein
BPP | 83+3.2 .
MV | 186+ 25 other calculations by
o Hayakawa, Kinoshita, Sanda
Several order 1.5 - 10~ 10 differences,

Knecht, Nyffeler; Perrottet, de Rafael
and more recent:

in addition to new OPE effects

—1.5- 1071 (Different pseudo-vector mass mixing)

—0.7-1071° (No scalar exchange) Prades, de Rafael, Vainshtein
—1.9-1071° (No pion+kaon loop) Nyffeler

=—41-10""0e

Final [BPP-MV] difference: —5.3-10" o
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LIGHT-BY-LIGHT SCATTERING

Adding effects beyond leading order in 1/, in a conservative
analysis, J.P, E. de Rafael and A. Vainshtein

7', and 1/ exchanges : (11.4 +1.3) x 1010
Scalar exchange : —(0.7 +0.7) x 107°
Axial-vector exchange : (1.5 + 1.0) x 1071
Pion and kaon loops: —(1.9 & 1.9) x 107°

Charm quark loop: 0.23 x 10~-1°

* a = (10.5+2.6) x 107
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LIGHT-BY-LIGHT SCATTERING

Adding effects beyond leading order in 1/, in a conservative
analysis, J.P, E. de Rafael and A. Vainshtein

70, and 17/ exchanges : (11.4 4 1.3) x 10710 More work needed to have hadronic
Scalar exchange : —(0.7+0.7) x 10°*° light-by-light contribution with a pre-
Axial-vector exchange : (1.5 + 1.0) x 1010 cision corresponding to the experi-
Pion and kaon loops: —(1.9 & 1.9) x 107° mental goal

Charm quark loop: 0.23 < 10°7 A new full calculation is desirable

* ! = (10.5+ 2.6) x 1071 and pOSSible
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PHOTONS IN ASTROPARTICLE PHYSICS

e Christopher van Eldik: Very high energy (TeV) gamma rays:
HESS, MAGIC, ...

e Jan Conrad: High energy gamma rays and cosmic rays: PAMELA,
GLAST (FGST), AMS, ...

e 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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