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Accessing GPDs

® exclusive processes such as DVCS and DVMP

at leading order four complex Compton form factors
H (57 ta Q2) ’ & (53 ta Q2)v H (57 t? QQ) ’ & (57 t7 Q2)

factorization theorem [Collins et al. '98]

7 (=Q%) ¥

® CFFs are a convolution [Miiller ‘92, et al. '94, Ji, Radyushkin '96]

aH(gtcf)—/dxCa mfg H (z,n=¢6t0Q3), a=¢,G
) Uy - 77Q(2) =G50, OJ,a_%
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Types of models

@ “Physical” GPD (and CFF) model

® Neural network parametrization of CFFs
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Modelling GPDs



Future plans
o

Introduction Modelling Results
oo 0@000000 00000000000000000
GPD evolution

® evolution in z space complicated, we introduce conformal

moments

1
/ dzey(z,n)F(z,n,t)

-1
oy —al Q)T+ n) 2 (o
o) =Bt (1)

Fn(n,t) =

° 02/2 Gegenbauer polynomials
® analytic continuation n — j € C
® evolution diagonal in j space at LO

d
Md_,quq (77, t, N2) _ _%7:6)%(0)}7]9 (77» 2, MQ)
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Valence quark GPDs

¢ valence quarks modelled in z space (¢ = u, d) at crossover
line z =1 (no Q? evolution)

IH(E, ) 2 | SHO (660 + 66,0 + 1 (6.6.0)

itz M2

2z \ W /1 2\" 1
H — oo [ =2 .
(z,2,t) =nr <1+$) (1+$) (1_ o )p

ay(t) = 0.43 + 0.85t/GeV?

¢ fixed parameters: n from PDFs, a(t) Regge trajectory, p
counting rules
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Sea quark and gluon GPDs

® sea quarks modelled in j space
® SO(3) partial waves expansion

j+1
Fin,t)y= > F/Wnt7d]s(n), T =j+1,j-1,5-3,...
J=J,

min
even

® leading contribution

B(l—a”+j78%+1)  pB(t)
B(2—a%,pe4+1) , t 7

Hj“(nzo, t)=N?

() = 2 = (1-45) =)

a/a

e full NLO QCD @? evolution
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® partial wave expansion implemented simply in Mellin-Barnes
integral

SH - 1 ¢Fico ce—j—1 |+ 7Tj
e dma [ e ()

H
x [C® B]; + [C® Elj12S + [C @ Elj14T) { b }

® 10-15 parameters
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Cross sections

* DVCS

da.’y* N—)’yN 7TO[2

2 2 2
A~ ey | R - aleP]

° DVMP
do.fy*N—) VN
dA2

2 2
AT em Ty

AQ
S8 e - el

— for |A%] < 1 GeV? CFF & suppressed by

~
~

(A% -2
e~ 5 x 10
— for 7 Regge intercept a(0) ~ 1/2, for # a(0) ~ 1, H also
suppressed for low x
1030
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Dispersion relations

® CFFs constrained by dispersion relations

1_1
E—z 42

Re M (e, 1) 22 A(t)+%P.V. /01 dz ( ) ImH(z, 1)

® subtraction constant model

C

2
t
C

© Ay(t) = —Ag(t), Ay(t) = Ag(t) =0
® only imaginary part of CFFs and one subtraction constant
A(t) are modelled

A(t) =
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Neural networks constrained by dispersion relations

¢ Only imaginary part of CFFs and one subtraction constant
A(t) are parametrized by neural nets
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Extraction of 6 CFFs

M. C., K. Kumericki, A. Schafer, '20], from JLab Hall A data
277
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Neutron DVCS

[Benali et al. "20], DVCS off a deuterium target

600 L
= d%, (exp.) = d%,(exp.)
-- BH, -- BH,
500 r — VGG — Cano-Pire
3
S a00f r
S 300|
£
g
200
100
0
t(GeV?) +(GeV?)
: . . val __ pyval :
Using isospin symmetry (e.g. Hy%roton = Hjjheutron) We combine

proton and neutron DVCS data to separate up and down quark
contributions to CFFs.
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® separate model for each flavor CFF: H,, Hy
e fKM20 "physical” flavored model, fNNDR neural nets and
dispersion relations
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x5 = 0.36
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Flavor CFFs

® up and down contributions to CFF H cleanly separated

4 1
H= §’H,u+ §Hd
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® £ cannot be separated

10
proton only — K20 __proton + neutron
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CLAS 12 GeV predictions

® proton and neutron beam spin asymmetry

dot — dot

Arpg = ————
Ly dot + do¥

® not a flavored model, assumes only isospin rotation

2¢2 + ¢2
val d U val val sea __ q/sea
" 2y —5 o H ’H , H =H
2ez d 3
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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
[Duplanci¢, Miiller, Passek-Kumericki '17]
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M. C. et al., '22] preliminary results for NLO
DIS+DVCS+DVMP small-z global fit

only considered sea quarks and gluons, full NLO Q2 evolution
pY and ¢ DVMP

fit to HERA collider data (excluding ¢-dependent DVMP
data): x%/ng.of = 205.41/203 ~ 1.01

we also studied LO fits, fits to DIS+DVCS and fits to
DIS+DVMP

what are the effects of NLO corrections?

can we get universal GPDs regardless of DVCS and DVMP
data?
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DIS F> data description

—— NLO DVCS+DVMP
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DVCS data description

H1

—— NLO DVCS*DVHP
LO DVCS+DVMP
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DVMP data description

H1 DVMP
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Skewness

® skewness: ratio of GPD to corresponding PDF

r— H(.’L‘, n= I)
q(z)
//@
N\
1
=Y _____ @*Q -3
Z -
N ST U
_7]_=_19_§3 > L N
DIS: n=0
0 1
x

¢ conformal (Shuvaev) values, PDFs completely specify GPDs:
ri~1.65 r%=~1



Introduction Modelling Results Future plans

[e]e] 00000000 000000000000 000e0 o

Skewness at LO and NLO

Gluons o v
- LO DVMP
20 © LO DVCS 4 DVMP
NLO DVCS
NLO DVMP
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skewness ratio H(x,x)/H(x,0)
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Universal GPD structure emerges at NLO!
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CDISFDVESHDVMP
Open-source software Gepard https://gepard.phy.hr

Publication

redits

# gepard

umentatior

# » Tool for studying the 3D quark and gluon distributions in the nucleon View page source

G Ord Tool for studying the 3D quark and gluon distributions in the
nucleon

Gepard is software for analysis of three-
so-called Generalized Parton Distributions (GPDs).

iimensional distribution of quarks and gluons in hadrons, encoded in terms of the

“This web site has manifold purpose:

+ Documentation of the software
+ Examples of the use of software

+ Interface to various representations of results: numerical and graphical
+ Interface to datasets used in analyses: numerical and graphical

Contents:

« Software documentation

o Installation
« Quickstart

o Tutorial

o Data points, sets and files
 GPDs and form factors

o Processes and observables
« Building the theory

o Fitting theory to data

o Detalled package info

« Developer info

o TODO items

« Datasets

 ZEUS
o H1
o Collider data for fits


https://gepard.phy.hr/
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Future plans

® improve model so that all parts are in j space
® implement pseudoscalar mesons
® study EIC kinematics
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