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Introdution ρ−eletroprodution Generi results for DAs The spei� ase of QCD at large s Collinear fatorization in the Light-Cone Collinear approah ConlusionIntrodutionExlusive proesses at high energy in QCDA tremendous e�ort is being performed to extrat exlusive data. They arenow oming with inreasing preision (DVCS, meson prodution, polarizedexperiments, ...) at moderate and high energySine a deade, there have been muh theoretial developpements in hardexlusive proesses.form fators, Distribution Amplitudes → Generalized DistributionAmplitudesDVCS → Generalized Parton Distributions, Transition DistributionAmplitudesThe key tool is the ollinear fatorization
2 /36



Introdution ρ−eletroprodution Generi results for DAs The spei� ase of QCD at large s Collinear fatorization in the Light-Cone Collinear approah ConlusionIntrodutionExtensions from DISDIS: inlusive proess → forward amplitude (t = 0)Struture Funtion= Coe�ient Funtion ⊗ Parton Distribution Funtion(hard) (soft)DVCS: exlusive proess → non forward amplitude (−t≪ s = W 2)Amplitude= Coe�ient Funtion ⊗ Generalized Parton Distribution(hard) (soft)Müller et al. '91 - '94; Radyushkin '96; Ji '97 3 /36



Introdution ρ−eletroprodution Generi results for DAs The spei� ase of QCD at large s Collinear fatorization in the Light-Cone Collinear approah ConlusionIntrodutionExtensions from GPDMeson prodution: γ replaed by ρ, π, · · ·Amplitude= GPD ⊗ CF ⊗ Distribution Amplitude(soft) (hard) (soft)Collins, Frankfurt, Strikman '97; Radyushkin '97Crossed proess: s≪ −tAmplitude= Coe�ient Funtion ⊗ Generalized Distribution Amplitude(hard) (soft)PSfrag replaements
γ

γ∗

s

t

Q2 hadronhadronGDACFDiehl, Gousset, Pire, Teryaev '98 4 /36



Introdution ρ−eletroprodution Generi results for DAs The spei� ase of QCD at large s Collinear fatorization in the Light-Cone Collinear approah ConlusionIntrodutionExtensions from GPDstarting from usual DVCS, one allows initial hadron 6= �nal hadronexample:
Pire, Szymanowski '05whih an be further extended by replaing the outoing γ by any hadroni stateAmplitude = Transition Distribution Amplitude ⊗ CF ⊗ DA(soft) (hard) (soft)Lansberg, Pire, Szymanowski '06(see talk of J-P.Lansberg) 5 /36
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ρ−eletroprodutionDVCS and GPD Two steps for fatorizationmomentum fatorization: use Sudakov deomposition

k = αp1 + β p2 + k⊥ (p2
1 = p2

2 = 0, 2p1 · p2 = s)
+ − ⊥PSfrag replaements H

S

γ∗(q) γ

p = p2 −∆ p′ = p2 + ∆

R
d4k k k + ∆
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PSfrag replaements
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+− +

R
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R
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R
dk+d2k⊥ S(k, k + ∆) H(q, k−, k− + ∆−)supplement with Fierz identity in spinor + olor spae

⇒ M = GPD⊗ Hard partMüller et al. '91 - '94; Radyushkin '96; Ji '97 6 /36
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ρ−eletroprodution
ρ−meson prodution: from the wave funtion to the DAWhat is a ρ−meson in QCD?It is desribed by its wave funtion Ψ whih redues in hard proesses to itsDistribution AmplitudePSfrag replaements
γ∗(q)
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−→

PSfrag replaements
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FR
d2ℓ⊥Ψ(ℓ, ℓ− pρ)Hard part DA Φ(u, µ2

F )(see Chernyak, Zhitnitsky '77; Brodsky, Lepage '79; Efremov, Radyushkin '80; ... inthe ase of form-fators studies) 7 /36
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ρ−eletroprodution
ρ−meson prodution: fatorization with a GPD and a DAPSfrag replaements
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ρ−eletroprodutionChiral-even DA Two-partiles DAs

R
dℓ−

R
dℓ⊥ ⇒ one deal with non-loal orrelators between �elds separated bya light-like distane z (along p2, onjugated to + diretion by Fourier transf.)
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»
pµ
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ρ−eletroprodutionChiral-even DA: the hard part

GPD

γ *(q)
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DA DA
ρ ρ

with quark GPDs
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DA
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DA
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ρ−eletroprodutionSeletion rules and fatorization statushirality = heliity for a partiule, hirality = -heliity for an antipartiulefor massless quarks: QED and QCD verties = hiral even (no hirality �ipduring the interation)

⇒ the total heliity of a qq̄ produed by a γ∗ should be 0
⇒ heliity of the γ∗ = Lqq̄

z (z projetion of the qq̄ angular momentum)in the pure ollinear limit (i.e. twist 2), Lqq̄
z =0 ⇒ γ∗Lat t = 0, no soure of orbital momentum from the proton oupling ⇒heliity of the meson = heliity of the photonin the ollinear fatorization approah, t 6= 0 hange nothing from the hardside ⇒ the above seletion rule remains truethus: 2 transitions possible (s−hannel heliity onservation (SCHC)):

γ∗L → ρL prodution: QCD fatorization holds at t=2 at any order (i.e.LL, NLL, et...)Collins, Frankfurt, Strikman '97
γ∗T → ρT prodution: QCD fatorization has problems at t=3Mankiewiz-Piller '00 1

R

0

du
u

or 1
R

0

du
1−u

diverge (end-point singularity) 11/36
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ρ−eletroprodutionSome solutions to fatorization breaking? Add ontribution of 3-partile DAs for ρTaddition of 3-partile DAs for ρ Anikin, Teryaev '03 (not enough for ρT )Chiral-even three-partile DAs of ρ

Gµν = ∂µAν − ∂ν Aµ − g[Aµ, Aν ]
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ρ−eletroprodutionSome solutions to fatorization breaking? Transverse momenta ℓ⊥ as a regulatorImproved ollinear approximationkeep a transverse ℓ⊥ dependeny in the q, q̄ momenta, used to regulateend-point singularitiessoft and ollinear gluon exhange between the valene quark areresponsible for large double-logarithmi e�ets whih exponentiatethis is made easier when using the impat parameter spae b⊥ onjugatedto ℓ⊥ ⇒ Sudakov fator

exp[−S(u, b,Q)]

S diverges when b⊥ ∼ O(1/ΛQCD) (large transverse separation, i.e. smalltransverse momenta) or u ∼ O(ΛQCD/Q) Botts, Sterman '89
⇒ regularization of end-point singularities for π → πγ∗ and γγ∗π0 formfators, based on the fatorization approah Li, Sterman '92ombining this perturbative resummation tail e�et with an ad-honon-perturbative gaussian ansatz for the DAs

exp[−a2 |k2
⊥|/(uū)]whih gives bak the usual asymptoti DA 6uū when integrating over k⊥

⇒ pratial tools for phenomenology of meson eletroprodutionGoloskokov, Kroll '05 13/36
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ρ−eletroprodutionChiral-odd setor: Chiral-even versus hiral-odd DAsChiralityDe�ne

q±(z) ≡
1

2
(1± γ5)q(z) q(z) = q+(z) + q−(z)Chiral-even: onserve hirality

q̄±(z)γµq±(−z) or q̄±(z)γµγ5q±(−z)Chiral-odd: hange hirality
q̄±(z) · 1 · q∓(−z), q̄±(z) · γ5 · q∓(−z) or q̄±(z)[γµ, γν ]q∓(−z)QCD onserves hirality =⇒ A ∼ (Ch.-odd)1 ⊗ (Ch.-odd)2hiral-odd objets appear in pairs 14/36
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ρ−eletroprodutionChiral-odd DAs Chiral-odd two-partiles DAs σµν ≡ i

2
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ρ−eletroprodutionChiral-odd DAsChiral-odd three-partiles DAs

〈0|ū(z)σαβ g Gµν(vz)d(−z)|ρ−(P, λ)〉

= fT
ρ m

2
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+4 DAs involving ρTtwists:
T of ρL is twist 3the 4 DA of ρT are twist 4
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〈0|ū(z)ig eGµν(vz)γ5d(−z)|ρ
−(P, λ)〉 = ifT

ρ m
2
ρ[e

(λ)
⊥µpν − e

(λ)
⊥νpµ] eS(v, pz)twists: S and eS of ρT are twist 4 16/36
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ρ−eletroprodutionAessing GPD of transversity with ρT −eletroprodutionEletroprodution of ρT on linearly polarized N

GPD

γ *(q)

GPD

γ *(q)

DA DA
ρ ρ

with the hiral-odd 〈ρT |q̄ σ
µν q|0〉 DAAND with the hiral-odd 〈p′ ↑ |q̄ σµν q|p ↑〉 GPDResult: A = 0 at the leading twist 2!!! sine γα [γµ, γν ] γα = 0Can we avoid the vanishing ofM at the leading twist 2? 17/36
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ρ−eletroprodutionAessing GPD of transversity with ρT −eletroprodutionEletroprodution of π+ AND ρ0

T on a linearly polarized NPSfrag replaements π+

ρ0
T

γ

p p′hiral-odd twist 2 GPD hiral-odd twist 2 DAhiral-even twist 2 DA
+ ∼ 60 diagrams hard sale = p⊥ of π+ and ρ0

TOur proposition for JLab and CompassM. El Beiyad, B. Pire, M.Segond, L.Szymanowski, S. W., in preparation 18/36



Introdution ρ−eletroprodution Generi results for DAs The spei� ase of QCD at large s Collinear fatorization in the Light-Cone Collinear approah ConlusionGeneri results for DAsGauge invariane: appliation to exoti hybrids mesonsThe above non-loal orrelators full�ll gauge invariane:
〈0|Ψ̄(z)γµΨ(−z)|ρ〉should be understood as

〈0|Ψ̄(z)γµ[z, −z ]Ψ(−z)|ρ〉where [, ] is a Wilson line along p2Thus, even at twist 2, gluons are there, although hidden!Taylor expansion with respet to z involves the ovariant derivative ↔Dµ

⇒ this an be used for studying hard eletroprodution of exoti (non qq̄quantum numbers) hybrids mesons |qq̄g〉 with JPC = 1−+Thus, γ∗p→ H0p is not suppressed: it is twist 2. Expeted order ofmagnitude of the ross-setion omparable with ρ-eletroprodution.Anikin, Pire, Szymanowski, Teryaev, S.W. '04, '05Tests at JLab, Compass ? n.b.: H0 ould be the π1(1400) andidatesame onlusion for the proess γγ∗ → H0 with the advantage of avoidingthe mixing with GPD ibid. '06Tests at BaBar, BELLE, Bep-II ? n.b.: H0 → πη 19/36



Introdution ρ−eletroprodution Generi results for DAs The spei� ase of QCD at large s Collinear fatorization in the Light-Cone Collinear approah ConlusionGeneri results for DAsEquations of motion Equations of motionDira equation leads to
〈i(
→/D (0)ψ(0))α ψ̄β(z)〉 = 0 (i

→

Dµ= i
→

∂ µ +Aµ)Apply the Fierz deomposition to the above 2 and 3-body orrelators
− 〈ψ(x) ψ̄(z)〉 =

1

4
〈ψ̄(z)γµψ(x)〉γµ +

1

4
〈ψ̄(z)γ5γµψ(x)〉γµγ5.

⇒ Equation of motion whih relates the various 2 and 3-body DAs.
20/36



Introdution ρ−eletroprodution Generi results for DAs The spei� ase of QCD at large s Collinear fatorization in the Light-Cone Collinear approah ConlusionGeneri results for DAsRenormalization group equations
Bak to the fatorization of the proess in term of a DA:

M(Q2) = Φ∗(x,µ2
F ) ⊗ TH(x,Q2, µ2

F ) .The DA Φ(u, µ2
F ) satis�es the Efremov-Radyushkin,Brodsky-Lepage equation:
µ2

F
∂

∂µ2
F

Φ(x, µ2
F ) = V (x, u, µ2

F ) ⊗ Φ(u, µ2
F ) ,

21/36



Introdution ρ−eletroprodution Generi results for DAs The spei� ase of QCD at large s Collinear fatorization in the Light-Cone Collinear approah ConlusionGeneri results for DAsCollinear onformal invariane: Generalitiesthe full onformal group SO(4, 2) is de�ned as transformations whih onlyhange the sale of the metri
Q2 →∞: hadron states are replaed by a bunh of partons that areollinear to p1, whih thus lives along p2 ⇒ z variable onlytransformations whih map the light-ray in p2 diretion into itself =ollinear subgroup of the full onformal group SO(4, 2)= SL(2,R):translations z → z + cdilatation z → λzspeial onformal transformation

z → z′ =
z

1 + 2 a zalgebra of SL(2,R) = O(2, 1)one remaining additional generator ommutes with the 3 previous one: theollinear-twist operator 22/36



Introdution ρ−eletroprodution Generi results for DAs The spei� ase of QCD at large s Collinear fatorization in the Light-Cone Collinear approah ConlusionGeneri results for DAsCollinear onformal invariane: Appliationsthe light-one operators whih enters the de�nition of DAs an beexpressed in terms of a basis of onformal operatorsonformal transformations ommute with exat Equations Of Motion(EOM are not renormalized) ⇒ EOM an be solved exatly (with anexpansion in terms of the onformal spin n+ 2). Ex.: twist 2 DA for ρL :

φ‖(u, µ0) = 6uū
∞X

n=0

a‖n(µ)C3/2
n (u−ū) C3/2

n = Gegenbauer polynomialOhrndorf '82; Braun, Filyanov '90 but a
‖
n(µ) are unpreditedthe Leading Order renormalization of the onformal operators is diagonalin the onformal spin (ounterterms are tree level at this auray ⇒ theyrespet the onformal symetry of the lassial theory)

φ‖(u, µ) = 6uū
∞X

n=0

a‖n(µ0)

„
αs(µ)

αs(µ0)

«γ
(0)
n /β0

C3/2
n (u− ū)

µ→∞
−→ 6uū asymp. DAwith the anomalous dimensions γ(0)

n = CF

„
1− 2

(n+1)(n+2)
+ 4

n+1P
m=2

1
m

«at Next to Leading Order onformal symetry is broken; studying onformalanomalies provides the NLO anomalous dimensions and orrespondingERBL kernels Belitsky, Freund, Müller '99 '00 23/36



Introdution ρ−eletroprodution Generi results for DAs The spei� ase of QCD at large s Collinear fatorization in the Light-Cone Collinear approah ConlusionThe spei� ase of QCD at large sQCD in perturbative Regge limitIn this limit, the dynamis is dominated by gluons (dominane of spin 1exhange in t hannel)BFKL (and extensions: NLL, saturations e�ets, ...) is expeted todominate with respet to Born order at large relative rapidity.Born order: BFKL ladder:PSfrag replaements gluon reggeone�etive vertex
24/36
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kT fatorization

γ∗ γ∗ → ρ ρ as an exampleUse Sudakov deomposition k = αp1 + β p2 + k⊥ (p2
1 = p2

2 = 0, 2p1 · p2 = s)write d4k = s
2
dα dβ d2k⊥

t−hannel gluons with non-sense polarizations (ǫup
NS

= 2
s

p2, ǫdown
NS = 2

s
p1)dominate at large s (illustration for 2-body ase)PSfrag replaements

γ∗(q1)

γ∗(q2)

ρ(k1)

ρ(k2)

l1

−l̃1

l2

−l̃2

βր

αց
k r − k

R
d2k⊥

α≪ αquarks ⇒ set α = 0 and R
dβ

β ≪ βquarks
⇒ set β = 0 and R

dα25/36
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kT fatorization Impat representation for exlusive proesses k = Eul. ↔ k⊥ = Mink.

M = is

Z
d2 k

(2π)2k2 (r − k)2
Φγ∗(q1)→ρ(p
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ρ
1): γ∗L,T (q)g(k1)→ ρL,T g(k2) impat fatorPSfrag replaements
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k r − k

ρQCD gauge invariane:probes are olorless
⇒ impat fator should vanish when k→ 0 or r − k → 0At twist 3 level (for γ∗T → ρT transition), gauge invariane is a non trivialstatement whih requires 2 and 3 body orrelators 26/36



Introdution ρ−eletroprodution Generi results for DAs The spei� ase of QCD at large s Collinear fatorization in the Light-Cone Collinear approah ConlusionThe spei� ase of QCD at large sPhenomenologial appliations: Data for meson prodution at HERAReently, a whole bunh of very nie results, with high preision, have beenobtained, in partiular for vetor mesons with detailled polarization studies.(see the talk of S. Kananov)example: γ∗L,T (q) + P → ρL,T (p1) + P
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(from X. Janssen (H1),DIS 2008)

one an experimentally measure allspin density matrix elementsat t = tmin one an experimentally distinguish

γ∗L → ρL : dominates (twist 2 dominane)
γ∗T → ρT : sizable (twist 3)S-hannel heliity onservation:


γ∗L → ρL (≡ T00)
γ∗T → ρT ,Dominate with respet to all other transitions.Experimentally, γ∗T → ρT is dominatedby γ∗T (−) → ρT (−) and γ∗T (+) → ρT (+) (≡ T11) 28/36



Introdution ρ−eletroprodution Generi results for DAs The spei� ase of QCD at large s Collinear fatorization in the Light-Cone Collinear approah ConlusionThe spei� ase of QCD at large sPhenomenologial appliations: meson prodution at HERAProdution of mesons in di�ration-type experiment at HERAthe safe ase: J/Ψ prodution fatorizes (u ∼ 1/2 : non-relativisti limitfor a bound state) ombined with kT -fatorizationRyskin '93; Frankfurt, Koepf, Strikman '98; Ivanov, Kirshner, Shäfer,Szymanowski '00; Motyka, Enberg, Poludniowski '02exlusive vetor meson photoprodution at large t (=hard sale):
γ(q) + P → ρL,T (p1) + Prelying on kT -fatorization:Forshaw, Ryskin '95; Bartels, Forshaw, Lotter, Wüstho� '96; Forshaw, Motyka,Enberg, Poludniowski '03H1, ZEUS data seem to favor BFKLbut one needs to regularize end-point singularities for ρT : use of a quarkmass m = mρ/2rather poor understanding of the whole spin density matrixexlusive vetor meson eletroprodution
γ∗L,T (q) + P → ρL,T (p1) + PGoloskokov, Kroll '05based on the modi�ed ollinear fatorization for DA oupling and ollinearfatorization with GPD 29/36



Introdution ρ−eletroprodution Generi results for DAs The spei� ase of QCD at large s Collinear fatorization in the Light-Cone Collinear approah ConlusionThe spei� ase of QCD at large sPhenomenologial appliations: ρ−meson prodution at HERA and twist 3A full twist 3 treatment of ρ-eletroprodution in kT -fatorisationwe have omputed the γ∗T → ρT impat fator at twist 3Anikin, Ivanov, Pire, Szymanowski, S.W. to appearwe show that:Inluding in a onsistent way all twist 3 ontributions, i.e. 2-body and3-body orrelators, gives a gauge invariant impat fatorOur treatment is free of end-point singularities due to the presene of kTand thus does not violates the QCD fatorizationThese points remain valid in the Wandzura-Wilzek approximation (i.e.3-body orrelators = 0, in whih ase twist 3 e�ets only arise due tokinematial e�ets and not from gluoni dynamial degrees of freedom)phenomenology remains to be done... 30/36



Introdution ρ−eletroprodution Generi results for DAs The spei� ase of QCD at large s Collinear fatorization in the Light-Cone Collinear approah ConlusionThe spei� ase of QCD at large sPhenomenologial appliations: exlusive proesses at Tevatron, RHIC, LHC, ILCExlusive γ(∗)γ(∗) proesses = gold plae for testing QCD at large sProposals in order to test perturbative QCD in the large s limit(t-struture of the hard Pomeron, saturation, Odderon...)
γ(∗)(q) + γ(∗)(q′)→ J/Ψ J/ΨKwieinski, Motyka '98
γ∗L,T (q) + γ∗L,T (q′)→ ρL(p1) + ρL(p2) proess in
e+ e− → e+ e−ρL(p1) + ρL(p2) with double tagged lepton at ILCPire, Szymanowski, S. W. '04; Pire, Szymanowski, Enberg, S. W. '06; Ivanov,Papa '06; Segond, Szymanowski, S. W. '07onlusion: feasible at ILC (high energy and high luminosity); BFKL NLLenhanement with respet to Born and DGLAPWhat about the Odderon? C-parity of Odderon = -1onsider γ + γ → π+π−π+π−: π+π− pair has no �xed C-parity
⇒ Odderon and Pomeron an interfere ⇒ Odderon appear linearly in theharge asymetryPire, Shwennsen, Szymanowski, S. W. '07see the talk of F. Shwennsenother exlusive ultraperipheral proesses: see the talk of J. Nystrand 31/36



Introdution ρ−eletroprodution Generi results for DAs The spei� ase of QCD at large s Collinear fatorization in the Light-Cone Collinear approah ConlusionCollinear fatorizationLight-Cone Collinear approah versus Covariant approahThe Light-Cone Collinear approah, whih is self-onsistent, whilenon-ovariant, is very e�ient for pratial omputationsAnikin, Ivanov, Pire, Szymanowski, S.W. '09inspired by the inlusive aseEllis, Furmanski, Petronzio '83; Efremov, Teryaev '84axial gaugeparametrization of matrix element along a light-like prefered diretion
z = λ n (n = 2 p2/s).Non-loal orrelators are de�ned around this prefered diretion, withontributions arising from Taylor expansion up to needed term for a giventwist order omputationtheir number is then redued to a minimal set ombining EOM and
n−independeny onditionanother approah (Braun, Ball), fully ovariant but less onvenient whenpratially omputing oe�ient funtions, an equivalently be usedwe have established the ditionnary between the two approahesthis as been expliitly heked for the γ∗T → ρT impat fator at twist 3Anikin, Ivanov, Pire, Szymanowski, S.W. to appear 32/36



Introdution ρ−eletroprodution Generi results for DAs The spei� ase of QCD at large s Collinear fatorization in the Light-Cone Collinear approah ConlusionCollinear fatorizationLight-Cone Collinear approah: fatorization using Taylor expansionUse Sudakov deomposition in the form (p = p1, n = 2 p2/s⇒ p · n = 1)
lµ = u pµ + l⊥µ + (l · p)nµ, u = l · nsaling: 1 1/Q 1/Q2deompose H(k) around the p diretion:

H(ℓ) = H(up) +
∂H(ℓ)

∂ℓα

˛̨
˛̨
ℓ=up

(ℓ− u p)α + . . . with (ℓ− u p)α ≈ ℓ
⊥
αtwist 3 term l⊥α

F ourier
−→ derivative of the soft term:

R
d4z e−iℓ·z〈ρ(p)|ψ(0) i

←→

∂α⊥ ψ̄(z)|0〉after Fierz, this givesPSfrag replaements
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Γ Γthis leads to introdue 7 DAs at twist 3 (2 and 3 body DAs) 33/36
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n−independene A minimal set of DAsThe non-perturbative orrelators annot be obtained from perturbativeQCD (!)one should redue them to a minimal set before using any modelthis an be ahieved by using an additional ondition:independeny of the full amplitude with respet to the light-one vetor n

⇒ we prove that 3 independent Distribution Amplitudes are needed:7 - 2 (=nb of EOM) - 2 (=nb of eq. from n-ind. ond.)
φ1(y) ← 2 body twist 2 orrelator
B(y1, y2) ← 3 body genuine twist 3 vetor orrelator
D(y1, y2) ← 3 body genuine twist 3 axial orrelator 34/36
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n−independene

n−independene in pratie
ρT polarization: e∗Tµ = e∗µ− pµ e

∗ ·n keeping n · p = 1

PSfrag replaements
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n′ pnfor the full fatorized amplitude:
A = H ⊗ S

dA

dnµ
= 0 , where d

dnµ
=

∂

∂nµ
+ e∗µ

∂

∂(e∗ · n)rewrite hard terms in one single form, of 2-body type: use Ward identitiesExample: hard 3-body −→ hard 2-body
tr

ˆ

H3ρ(y1, y2) pρ /p˜
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1 − y2thus, symbolially, example of the γ∗T → ρT impat fator
dS
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= 0 35/36



Introdution ρ−eletroprodution Generi results for DAs The spei� ase of QCD at large s Collinear fatorization in the Light-Cone Collinear approah ConlusionConlusionsine a deade, there have been muh progress in the understanding ofhard exlusive proessesat moderate energies, ombined with GPD, there is now a frameworkstarting from �rst priniple to desribe a huge number of proessesat high energy, the impat representation is a powerful tool for desribingexlusive proesses in di�rative experiments; they are and will be essentialfor studying QCD in the hard Regge limit (Pomeron, Odderon, saturation...)still, some problems remains:proofs of fatorization have been optained only for a very few proesses(ex.: γ∗ p → γ p , γ∗L p → ρL p , γ∗p → J/Ψ p)for some other proesses fatorization is highly plausible, but not fullydemonstrated at any order (ex.: proesses involving TDAs)some proesses expliitly shows sign of breaking of fatorization(ex.: γ∗T p → ρT p whih has end-point singularities at Leading Order)models and results from the lattie for the non-perturbative orrelatorsentering GPDs, DAs, GDAs, TDAs are needed, even at a qualitative level!the e�et of QCD evolution and renormalization/fatorization sale mightbe relevant with the inreasing preision of datalinks between theoretial and experimental ommunities are very fruitfulmessage to experimentalists: high luminosity e+e− mahine like BaBar,BELLE, BEPC-II are gold plaes for exlusive proesses studies in γ∗γ(∗)

⇒ it is time to realize this and to use the potential of these experiments!We need your help! 36/36
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