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Introduction to discussion:
phenomenology of GPDs
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Big questions.

What are our priorities as a community?

Introduction
to discussion

Questions

Background
material
Harmonics
Measurements
GPD modeling
0ld stuff

m What is a "good” GPD measurement?

m What is the most discriminating channel?

Photon or mesons?
m What is the most discriminating observable?

(Weighted) Fourier harmonics, cross sections,

asymmetries?
m What is the most discriminating kinematics?

BH vs DVCS, etc.
m What tools are needed for the optimization of
experimental setups?

m Event generation?

Computing speed, generic tools, interfaces, etc.
m Radiative corrections?

What is needed: 4-momenta, cross sections?

m How can we achieve (fast) a global multi-channel analysis?
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cea Observables.

ot ¢-dependent observables or Fourier harmonics?

Introduction

Introduction — DVCS ¢ vs. harmonics Global fits Conclusion
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e ¢-space view can be misleading

Kresimir Kumerigki: GPD extraction
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Observables.

¢-dependent observables or Fourier harmonics?

Introduction Introduction — DVCS & vs. harmonics

© ; Conclusion
to discussion 000 00008000000

0000

How many harmonics are there?

Questions ) .
o Case #3: Target function is
Background
material f(¢) = 0.42 — 0.28 cos(¢) + 0.08 cos(2¢) + 0.02 cos(3¢)
Harmonics — 0.13sin(¢) — 0.03 sin(2¢) + 0.006sin(3¢)
Measurements
GPD modeling and is used to generate data with variable noise
0ld stuff

o Fitting Fourier series with increasing number of harmonics
until x2/d.o.f. w.r.t. target function starts to deteriorate

But we don't know
target function in

no. of visible harmonics

real life
0.0 02 04 0.6 08 1.0
noise amplitude
10 Kresimir Kumeritki: GPD extraction
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Observables.

¢-dependent observables or Fourier harmonics?

Introduction

000

DVCs ¢ vs. harmonics
00000000800

Conclusion
0000

Propagation of uncertainties to harmonics

Consider three types of uncertainty:
1. uncorrelated point-to-point uncertainty (absolute size €)
2. correlated normalization uncertainty (relative size €)
3. correlated modulated (¢-dependent) uncertainty (e.g., relative
size € cos(¢))
Uncorrelated uncertainty: Acx = /2/N e
Normalization uncertainty: Acy/ck =€
Correlated modulated uncertainty: more complicated, but for
hierarchical case ¢p > ¢; > - -+ one obtains
Bo_a, Aa_o
[« 2Co N C1 C1 )
i.e. we have enhancement of uncertainty for subleading
harmonics!

(co+c1cosp+- - - )x(1+ecos p) = <1 —+ 2c—15> +c1 (1 + 96) cos ¢
Co &}
Kregimir Kumeri¢ki: GPD extraction
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Observables.

¢-dependent observables or Fourier harmonics?

Introduction

to discussion If one measures cross-sections, one can also perform
normal Fourier analysis, or it may be favorable to work

Questions with specially weighted Fourier integral measure [27]

Background

matera db — dw = ——TPUOIP2(0) (136)

P I Ao Pi($)Pa()

GPD modeling

0ld stuff

thus cancelling strongly oscillating factors 1/(Py(¢)P2())
in Bethe-Heitler and interference terms, eqgs. (1191120).
Series of such weighted harmonic terms, e.g.

. 1 (™
gt w — ;/ dw sinng o(¢) , (137)

—Tm

converges then faster with increasing n than normal Fourier
series.

Kumeri¢ki et al., Eur. Phys. J. A52, 157 (2016)
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Optimized measurements?

Discriminating power and uncertainty propagation.

Introduction
to discussion s then a good DVCS measuremen

» | would define a good DVCS measurement as:
Questions - A measurement maximizing the gain about GPD information
- For the lesser experimental cost.

Background

material »  Problem: How to measure the gain in GPD-information from a measurement:

Harmonics =>1am very glad PARTONS is available!!! (Just need money for Post-doc/Student now)
Measurements => Until then, from my past experience, | learnt a set of rules (to be discussed):

GPD modeling - Aim at kinematics not covered yet, or poorly constrained. (go Jlab12, go COMPASS, go EIC!!!)
0ld stuff

- Not too much Bethe-Heitler contribution for unpolarized cross sections.
(Where too much Bethe-Heitler, can you tell much without the unpolarized cross sections?)

- Since we mostly work on CFF for the moment, try to cover a complete phi-acceptance.
(Sometimes you have to make a choice between statistics and acceptance.)

(What about when you work at GPD-level?)

(With multi-channel analysis?)

» These questions are of tremendous importance, at least for Jefferson Lab, for which we have
flexibility on the experimental configuration:
- For CLAS12, Torus polarity change the statistics and acceptance. (Phi vs photon electroproduction)
- Still for CLAS12, trade-off between luminosity and detector proximity of the beamline.

CEA-Saclay Maxime DEFURNE Warsaw 24/01/2019 7
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Optimized measurements?

Discriminating power and uncertainty propagation.

Introduction

to discussion = Kinematics of existing DVCS measurements.

Looking for the Bjorken regime.

Questions g
Background Directions i at is large Q2 ?
material analysis | t‘ / 02 .
Harmonics 1.0
Measurements . - JLab Hall A
GPD modeling Introduction
: 0.8 . . -+ JLab Hall B

Old stuff Data points

and model . . . - HERMES

parameters? 0 6

Data selection : ° : ° - HERA

Degrees of . . .

freedom . .

Dipron 0.4 o . . .

Model- . S o8 to.

independent 0.2 . S I -, .

fitting? * ‘s .

Fitting ,..-” A .. IR | ’

strategies - ®

ety e 0.1 0.2 0.3 0.4 05 xsB

. y
Experimental

3D imaging?

m World data cover complementary kinematic regions.
Extrapolations m Q2 is not so large for most of the data.

Conclusions m Higher twists, finite-t and target mass.corrections ?
H. Moutarde | DVCS: From Observables to GPDs | 4 / 22
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GPDs from LFWFs.

A DD leading .

Algebraic Inversion

H(x, ¢, t)

(1—-x) / dBdad(x — B — a&)hp(B, o, t)
-3
he(Bat) = 208) [L4 o (-5 o )}
x [1 —3(? =) —28+-— 4M2 (1—(a® = 3% —4p(1 - ﬂ))] )
From the algebraic DD we can deduce the GPD in ERBL region

15 (1 —x)(€2 — x?
Hix 6 0ljee = 3 g e+ 2x6+.€) |

Cédric Mezrag (INFN DAs and GPDs January 24th, 2019 32/30
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Cea

x-space or conformal space?

Practical implementation.
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) 7l}§(m) 1 .
a0, 87) = ) dj sm(’fr])pJ(I ) m(n, A%). (45)

Here we included a factor 1/sin(mj), which has the residue Res;_,1/sin( ﬂj)

(=1)"/m for
n=012

ntour, the
esidue theorem leads to the conformal partial wave expansion ([{I)). The main difficulty is to fif

an appropriate analvtlc continuation'® of both functions p;(x,n) and m;(n, A?) with respect t

5, 1f no other singularities are present inside the im

The analytic continuation of the polynomials m,(n, A?) is denoted as m;(n, A?). These func-
tions will be also analytic in 77, however, might have branch points at n =0, p = 1, and 1 = oo.
It would be desirable to have an integral representation that makes this property transparent and

might allow the continuation from n > 1 to 7 < 1 or even to negative values. Moreover, we

It turned out that with

Miiller and Schafer, Nucl. Phys. B739, 1 (2006)
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cea A long time ago in a galaxy far far away...

How can we make progress faster?

Introduction
to discussion

Conclusions and prospects.

Cea Rome wasn't built in a day.

Questions
Background Presvee ™ m Reminder: PDFs fits have been performed by more
material analysis .
P groups for a longer time.
Z"PD”‘ Introduction m Encouraging results have been obtained in the last five
modeling S
0ld stuff Data points years in fitting DVCS data.
and model . . o
parameters? m In progress: inclusion of DVMP data in fits.
Degrees of P . e . .
gsfdam m Today it is not clear that existing strategies will be able to
relations handle very precise data on a large kinematic domain.
Model-
dependent m All approaches should be explored, each with its own

Fitting advantages and drawbacks.

strategies
Model-dependence
vs accuracy

m Global fits seem unavoidable at some point (direct GPD

Experimental

3D imaging? fit? Two-step fit, CFF, then GPDs? Extrapolations?).
Kinematic

o tions m Experimental 3D imaging is far more complicated than
Conclusions PDF or charge radius fitting, but possible in principle.

H. Moutarde | DVCS: From Observables to GPDs | 21 /22
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