CFF and GPD extraction from
multi-channel fits

Marija Cuié
with prof. KreSimir Kumeriki

University of Zagreb, Croatia

International Workshop on Hadron Structure and Spectroscopy 2023
Jun 25-28, 2023, CTU, Prague



Outline

@0 Introduction

@ Modelling

© Results
CFF extraction
Flavor separation
DIS+DVCS+DVMP



Accessing GPDs

© exclusive processes such as V5 DV, timelike DVCS,
double DVCS, diphoton production ...
© at leading order and twist-2 four complex Compton form

factors H (£,1,Q?%), € (&,£,Q%), H (£,1,Q%), € (£,1,Q?)
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Introduction Modelling Results
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factorization theorem

(a) DVCS

CFFs are a convolution

1 _ g —1
pvcs: F7 (¢, A?, QQ) £ /_1 gz [;(_fx _“36 B £2f$ —Zei)ﬁ]

pvmp: Fi, (€A%, Q%) Lo fg]gp gz

dv o) TO (2, €, 0)
D
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Types of models

» “Physical” GPD (and CFF) model

@ Neural network parametrization of CFFs (no GPD extraction)



Modelling GPDs
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evolution in x space complicated, we use conformal moments

1
Flnt) = [ dacu(e.m)Pla.n.t)
JLE)ra +n)Cg <x>

nT (% +n) ;

ch(xz,m) =n

02/2 Gegenbauer polynomials
analytic continuation n — j € C

evolution diagonal in j space at LO

as(p)

d
papFr (ot i) = —5 E (.87 40%)
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valence quarks modelled in = space (¢ = u, d) at crossover
line = ¢ (no Q2 evolution)

4 1 2
ij<£7 t) L:O ™ §Huval (ga 57 t) + §Hdval (55 57 t) + §Hsea (57 ga t)

sea quarks and gluons modelled in j space
SO(3) partial waves expansion
leading contribution

Bl—a"+j,8"+1) B(?)
B@2—oapo+1) (L 7

()

Hi(n=0,t) = N* a = {sea, g}

dipole t—dependence
full NLO QCD @Q? evolution
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CFFs constrained by dispersion relations

1_1
E—x &4z

ReH(E, ) L A(t)—s—%P.V. /01 dz ( ) JmH(z,t)

only imaginary part of CFFs and one subtraction constant
A(t) are modelled

for physical models for neural nets

JmH  IméE A

A(t) =

; 2
(1 _-A402)
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Results
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physical models: , neural nets models: , dispersion
relation constrained neural nets models:

separate model for each flavor CFF: H,, Hq, Eu , Ed
4 1
using isospin symmetry and a simple model H = §Hu + §7—ld

— flavoured models . ,
Observable Tpts KM20 NN20 NNDR20 £KM20 £NNDR20
# CFFs + As 3+1 6 4+1 5+2 8+2
Total (harmonics) 277 1.3 1.6 1.7 1.7 1.8

CLAS [19] A,v 162 09 10 11 12 13 CLAS 12 upgrade pDVCS and

CLAS [19] Av. 160 15 1.7 1.8 1.8 2.0

CLAS [19] A 166 13 39 08 11 186 nDVCS BSA, 390 harmonics

CLAS [20] do 1014 11 1.0 1.2 1.2 11

CLAS [20] Ac 1012 09 09 10 09 11 XQ/NptS (fNN23) =1.25

Hall A [21] do 240 12 19 1.7 0.9 1.3

Hall A[21] Ac 358 07 08 08 07 07 X2/Npts<fNNDR23) > 3

Hall A [22]do 450 15 16 17 19 20
Hall A [22] Ac 360 16 22 22 19 17
Hall A [8] do., 96 12 09
Total (p-space) 4018 11 13 13 12 13

x?/Npts in 2020
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Extraction of 6 CFFs 2020

V0 Mumerck A Schafer 200, JLab Hall A and CLAS data
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Extraction of 6 CFFs 2023

“reliminary CLAS proton and neutron DVCS BSA, S. Niccolai, A.
Hobart, £ = 10.4 GeV
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Hall A 2020 measurements
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Flavor separation of H

proton only — 20 proton-+neutron . giun0 (u)

12 ESST mioR20 1 [\ —== K120 (@
§ NNDR20 (w) | 12

AN
4% B
v

16
(4u+d)/9 — s
=3 2z

JmH

P

§ 8 -
-8 ap = 0.36 ? !
01 02 03 04 05 0L 02 03 04 05 a ol 02 » 'iéesz X 01 02 . n[c.a,v?] (X

—t [GeV? —t [GeV?

Fioure: 2020 fits Flgure: 2023 fits




Flavor separation of £
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NLO DIS+DVCS+DVMP small-z global fit

© First global fits to DIS+DVCS+DVMP HERA collider data
[Lautenschlager, Miiller, Schafer, ‘13, unpublished!]

¢ hard scattering amplitude corrected in the meantime
[Duplanti¢, Miiller, Passek-Kumeri¢ki '17]

© [\ et ol 27 preliminary results for NLO
DIS+DVCS+DVMP small-x global fit
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DIS+DVCS+DVMP

only considered sea quarks and gluons, full NLO @Q? evolution

* 0 ny/
do L N=VLN ~ Al em T}

dA2 ~ o4

4]

H1 and ZEUS measurements of p' DVMP

fit to HERA collider data (excluding ¢-dependent DVMP
data): x%/ng.os = 172.45/146 ~ 1.2

what are the effects of NLO corrections?

can we get universal GPDs regardless of DVCS and DVMP
data?

= we study LO fits, fits to DIS+DVCS and fits to
DIS+DVMP
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Data description

DIS
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DIS+DVCS+DVMP

skewness: ratio of GPD to corresponding PDF
H(z,n =)
q(x)
conformal (Shuvaev) values, PDFs completely specify GPDs:

rix~1.65 r“=~1

T =

Quarks

Gluons

-

rrrrrrrrr LO DVCS

77777 LO DVMP

LO DVCS+DVMP
/ ---- NLO DVCS

X=0.001 / —-— NLO DVMP
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Conclusion

© extraction of 6 out of 8 CFFs
CLAS 12 upgrade data disfavors DR models
partial flavor separation of CFFs H and &£

universal GPD structure emerges at NLO



	Introduction
	Modelling
	Results
	CFF extraction
	Flavor separation
	DIS+DVCS+DVMP


