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DOUBLE I]ISTHIBUTIUN REPRESENTATIONOF 6PDS e ovsrcsor
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Alternative parametrization of the matrix element:
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double distributions

Useful property - polynomiality:
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RADON TRANSFORM

Support:
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We obtain a 2D function by
performing integrals over the lines

ERBL x — f — Ea = 0. The negative o
R a domain is equivalent to sampling
< ¥ the positive domain with the
— -1 0 1 i —
2 reflected lines x — f + Ea = 0.
cnl| The f < O is probed by the

antiquark distributions, which we do
not consider at this point.

Symmetries: H(-xa _ 59 t) — H(X, 59 t) =>f(ﬁ9 o a) =f(ﬁ9 a)a g(ﬁa o Ct’) — = g(ﬁa C()

Goal: extract GPDs in the DGLAP region, obtain the corresponding double distribution, extend it to the ERBL region,

invert the Radon transform and obtain the GPD over the whole domain. Analytically hard to perform, we rely on
numerics. [arXiv:2401.12013]
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FINITE ELEMENTO ME

Hun 1. Discretize the domain with Delaunay triangulation

N h 2. Interpolate the discrete double distribution

A. On each element of the triangulation define a simple
=00r ‘ function, such as linear polynomial

P(p,a)=c,+b,p+ a,x
B. Calculate the polynomials using barycentric coordinates
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0.50 {
. Choose sampling lines (x;, &), usually oversample

. Find the intersection points of each line in each mesh element
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0.25 : 5. Calculate the Radon integral for each node in the mesh
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. Add up all sampled elements
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RESULTS FOR GK MODEL

GPD Reconstruction: All Polynomial Degrees at Two & Values
Line thickness increases with mesh refinement
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Mean Relative Error

GPD Reconstruction Convergence: GK Model
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WHAT I3 THE SHADOW GPD
GONTRIBUTION?




[arXiv:2107.11312]
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Zero contribution to PDF: H?(X,0,0) =0
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We test polynomial shadow DDs:

LO shadow DD [arXiv:2104.03836v1]:

_ X

28 [ N2=3N+20 10 ,{ N> =7N+40 2(N*-3N+44
FiYp,a) = p¥=* |a® = —a® +p* | + —a* : ( ) 52 4+
9 (N + )N 3 (N + )N 3(N+ )N

4 N?—1IN+60 N-38 N? — 3N — 28 1 N?—15N+80 2(N-8
__ 2 _ 2 5+ O +_(1_ﬂ2)2 ( )ﬁ2+ﬁ4 ,N>9, odd
3 (N+ )N N (N + 1N 9 (N + 1N N

NLO shadow DD: order 27 polynomial



L0 POLYNOMIAL SHADOW DD

LO shadow DD, degree 1 polynomial interpolation
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LO shadow DD, degree 2 polynomial interpolation
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NLO POLYNOMIAL SHADOW 0D

Shadow DD defined so that GK+shadow GPD is 67% of the time inside 20% GK error.
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|H(x, £=0)|

NLO shadow DD, degree 1 polynomial interpolation

NLO Degl PDF Convergence
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NLO shadow DD, degree 2 polynomial interpolation
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The FEM allows us to see shadow contributions and understand how they behave with the precision of the FEM,
i.e. it quantifies the relationship between experimental precision in terms of x and & and the theoretical precision of

accessing the GPD without shadow contaminations! 14



00 WE HAVE DISGRETE SHADOW DDS?

H(x0)=Rh=0->h=0,Vx
H (¢, 8)=Rh=0->h=0,V¢

R has to be invertible
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GEOMETRY OF PDF SAMPLING

X X9 X3 b X X9 X3 g B
I} I7 lf 20 Sliver triangles, ill-
0 tand(l —x) ——(1 - x) b conditioned, erasure of &
detR = ¥ i ¥|=0 detR=|0 Iz 5| #0 information
1
0 tanf(l —x) —=(1-x) 0 0 L

Proof of no discrete DDs highly depends on the geometry and ordering of elements and sampling
lines, random geometries do not reach full rank!
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GONGLUSIONS

= Double distributions obtained from DGLAP GPDs contain the ERBL region

= FEM precision in terms of x and £ connected to theoretical precision in terms of shadow
contamination

= Degree-2 polynomial interpolation sufficient for reasonable precision for LO and NLO
studies

= Exclusion of discrete DDs depends on the geometry of the mesh
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SUPPLEMENTAL SLIDES




Linear polynomials on each element.

(,B3,CY3)
A: (5, a)
T2
(B1,00) (B2, a2)
(;83,0@_____’_?2 (B, a)
(B2, 2) %’i (B2, a2)
(61301)

. v3 (B, a)

(ﬁ?a Cl’2)

(B1,a1)
P1 Lagrange polynomials

P2 Lagrange polynomials
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DGALP PREGISIONATLOW &

NLO shadow GPD
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