








Interpretation of fit exampleInterpretation of fit example
is three x

 

bigger
 

as                   in valence region (sounds wrong)

ansatz is to improve (or to reinterpret)

to reduce model dependence, include DVCS off longitudinal polarized proton
real part of is crucial to reveal H(x,x,t)

• real part of has a zero: Can it be found by COMPASS?
large negative value of e @x=1 arises from substraction constant
(so-called

 
D-term, [Goeke, Polyakov, Vanderhaeghen

 

(01); lattice (≥
 

07) ]
 

)

eH(x, x, t) H(x, x, t)



A `new GPD phenomenology’A `new GPD phenomenology’
•

 
GPD ansatz:
(relates h

 
=x and h=0

 
)

•
 

sum rule constraint
(for skewness

 
function)

building a generic GPD generic GPD ansatzansatz for zero skewness

we prefer Mellin
 

space and take building blocks

mj(α(t),β, P ) =
Γ(1 + j − α(t))Γ(1 + j + P − α)Γ(2− α+ β)

Γ(1− α)Γ(1 + j + P − α(t))Γ(2 + j − α+ β)

and like `magic’ numbers
 

as input parameters (giving estimate for QAM)

skewness function S is practically only constrained by data

regularization
[ Diehl et al.    (05)

Guidal
 

et al. (05)]

H−(x, x, t) =
£
1 + S−(x, t|H)

¤
H−(x, η = 0, t)Z 1

(0)

dx
1

x
S−(x, t|H)H−(x, η = 0, t) = 1

2
C(t)

Regge
 

trajectory
 

q(x
 

z1) ~ (1-x)3

 

F1

 

(-t z¶ ) ~1/t2
α(t) = 1/2 + t/GeV2, β = 3, P = 2



[LHPC
 

(07)]

mπ = 353MeV

Ω = 283 × 32



Can the Can the skewnessskewness
 

function be constrained from lattice data?function be constrained from lattice data?

Z 1

0

dξ ξj=mF(ξ, t,Q2) LO= πfj(t,Q2)
£
1 + δj(t,Q2)

¤
• relation among measurable and GPD Mellin

 
moments at h=0:

• deviation factors:

are given by a series of operator expectation values with increasing spin j+n+1

δj(t,μ
2) =

∞X
n=2
even

f
(n)
j+n(t,μ

2)

fj(t,μ2)
, f

(n)
j (t,μ2) =

1

n!

dn

dηn
fj(η, t,μ

2)
¯̄̄
η=0

• lattice can evaluate j=0,1,2,(3), i.e., n=2: thanks to 
Ph. Hägler

• ? wrong expectation from evolution:

the analog small x
 

prediction is ruled out
[Shuvaev

 

et al. (99)]

δj(t,μ
2) =

R 1
0
dxxjS(x, t,μ2)F (x, η = 0, t,μ2)R 1

0
dxxjF (x, η = 0, t,μ2)

δj ∼
2j+1Γ(5/2 + j)

Γ(3/2)Γ(3 + j)
− 1

δ0(t,μ
2 = 4GeV2) ≈ 0.2+?

δ0 ∼ 0.5 δ1 ∼ 1.5



HALL A/JLAB

CIunp = F1(t)H(ξ, t,Q2) + ξ [F1(t) + F2(t)] eH(ξ, t,Q2) − t

4M 2
F2(t)E(ξ, t,Q2)

xBj = 0.36

Q2 = 1.9GeV2

only statistical errors



a constraint for Ea constraint for E

¯̄
Euval + 4Edval + 2Esea

¯̄
(ξ, ξ, t)

¯̄̄
ξ=0.22

t≈−0.4GeV2
. 9

π

4M2

−t
|∆exp|
F2(t)

¯̄̄
t≈−0.4GeV2

≈ 20

• it seems to be save at present to neglect the contamination of other CFFs

• we take a `local’ constraint rather all data points

• needs GPD understanding
 

to convert this constraint into 
a constraint for the anomalous gravitomagnetic

 
moment

• our guess is that varying our ansatz
 

models the GPD model uncertainties

−3 .
£
Euval + 4Edval

¤
(ξ, ξ, t)

¯̄̄
ξ=0.22

t≈−0.4GeV2
. −6

a very weak constraint on E
 

from present JLAB/HALL A data

it is the way to goit is the way to go

=mEn(ξ, t) ≈ 4M
2

−t
=mCI,nunp(ξ, t)

F2(t)
+ · · ·



DVCS fits for H1 and ZEUS dataDVCS fits for H1 and ZEUS data
DVCS cross section measured at small

suppressed contributions  <<0.05>>

 

relative O(ξ)

predicted by

• LO data are described with  -
 

huge (wrong)
 

t-slope [Belitsky, DM, Kirchner (01)]

-
 

inconsistent GPDs
 

[Freund, McDermott, Strikman
 

(03)]

-
 

missing factor of ¼  [Guzey, Teckentrup
 

(06,08)]

• NLO works with ad hoc GPD models
 

[Freund, McDermott (02)]

results strongly depend on employed PDF parameterization

do a simultaneous fit to DIS and DVCS do a simultaneous fit to DIS and DVCS [KMP-K (07)]

use flexible GPD models in a twouse flexible GPD models in a two--step fitstep fit
 

[KMP-K (08)]

40GeV .W . 150GeV, 2GeV2 . Q2 . 80GeV2, |t| . 0.8GeV2

dσ

dt
(W, t,Q2) ≈ 4πα

2

Q4
W 2ξ2

W 2 +Q2
∙
|H|2 − ∆2

4M2
p

|E|2 +
¯̄̄ eH¯̄̄2¸ ¡ξ, t,Q2¢ ¯̄̄

ξ= Q2

2W2+Q2

xBj ≈ 2ξ = 2Q2

2W2+Q2



good DVCS fits at good DVCS fits at LOLO, , NLONLO, and , and NNLONNLO
 

with flexible with flexible GPDsGPDs
 

and and E=0E=0



quark quark skewnessskewness
 

ratio from DVCS fits @ LOratio from DVCS fits @ LO

• @LO the conformal ratio is ruled out for sea quark GPD

• generically, one finds a zero-skewness
 

effect over a large Q2

 

lever arm 

• this zero-skewness
 

effect is non-trivial to realize in conformal space 
(SO(3) sibling poles are required)

W = 82GeV ξ ∼ 10−5 · · · 10−2

R = =mADVCS
=mADIS

LO
= H(ξ,ξ)

H(2ξ,0)
≈ 2αr r = H(ξ,ξ)

H(ξ,0)

conformal ratioconformal ratio

conformal ratioconformal ratio



• (normalized) profile functions 

ρ ∝
R
d2~∆⊥ ei

~b·~∆⊥H(x, 0, t = −~∆2
⊥)

• t-dependence:  exponential       shrinkage is disfavored     (α’
 

≈ 0)

dipole                shrinkage is visible  (α’ ≈
 

0.15  at Q2=4 GeV2)

sea quarkssea quarks gluonsgluons

essentially differ 
for b > 1

 
fm

• CFF H
 

posses ``pomeron
 

behavior’’  ξ-α(Q) -
 

α’(Q)t

α increases with growing Q2

α’ decreases growing Q2



Hunting for the anomalous gravitomagnetic
 

moment
beam charge asymmetrybeam charge asymmetry

• , parameter                              anomalous gravitomagnetic
 

momentEsea ∝ Hsea

the unknown in Ji’s
nucleon spin sum rule

present data do not constrain Bsea

BCA =
dσe+ − dσe−
dσe+ + dσe−

=
TInterference

|TBH|2 + |TDVCS|2

∝ F1(t)<eH+
|t|
4M2

F2(t)<eE
Bsea =

R 1
0
dx xEsea



ConclusionsConclusions
utilizing ``dispersion relations’’ opens a new GPD road:

• extracting the imaginary part of CFFs
 

over a wide range in ξ

• GPD sum rules provide constraints on GPDs
(GPDs

 
parameterized by deviation factors, behavior at small and large ξ, etc.)

• one can `measure’:

in my opinion:
• GPD ansätze

 
which are not able to describe all experimental DVCS data to LO

should be rejected (i.e., all which were used in phenomenology) 

• any judgment on the perturbative
 

approach that uses such ansätze
 

is pointless

problem: to many invisible degrees of freedom left which are not pinned down

conjecture:
A holographical

 
principle might exist (hidden assumption of ansatz

 
builder),

related to the duality phenomena in hadron
 

physics and to AdS/CFT. 

If it would be known, the deconvolution
 

problem in DVCS is solved.

B(Q2) LO= 1

π

R 1
0
dξ ξ=mE(ξ, t = 0,Q2)
1 + δ1(t = 0,Q2)



duality conjecturesduality conjectures
high energy (~ 60th) low energy (~ 50th)

mesonmeson--
 baryonbaryon

==
dualityduality

dual dual hadronhadron
 

resonance modelsresonance models
SO(2,1) symmetrySO(2,1) symmetry

QCD  ( ~ 1970)QCD  ( ~ 1970)

string theorystring theory

? M? M--theorytheory
ADS/CFTADS/CFT

conjectureconjecture

ADS/QCDADS/QCD
`phenomenology’`phenomenology’

integrabilityintegrability
in CFT N=4in CFT N=4development of development of pQCDpQCD

(scaling violations)(scaling violations)

VenezanioVenezanio
 

modelmodel
 

(1968)(1968)
LO: CFT LO: CFT SO(2,1)SO(2,1)
LO: LO: integrabilityintegrability
counting rulescounting rules

GPD GPD 
phenomenologyphenomenology
(~ 2000)(~ 2000)

S
baryonic

resonances

FF
Regge

trajectories

S
F


