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Abstract

Deeply virtual Compton scattering (DVCS) attracts a lot of interest due to its sensitivity
to generalized parton distributions (GPDs) which provide a rich access to the partonic
structure of hadrons. However, the practical extraction of GPDs for this channel requires
a deconvolution procedure, whose feasibility has been disputed. We provide a practical
approach to this problem based on a next-to-leading order analysis and a careful study
of evolution effects, by exhibiting shadow GPDs with arbitrarily small imprints on DVCS
observables at current and future experimental facilities. This shows that DVCS alone
will not allow for a model independent extraction of GPDs and a multi-channel analysis
is required for this purpose.
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1 Introduction

Generalized parton distributions (GPDs), introduced in Refs. [ 1-5], are involved in the descrip-
tion of a wide class of exclusive reactions thanks to factorization theorems [5-7]. Among those
processes, deeply virtual Compton scattering (DVCS) is considered as a particularly promising
channel thanks to its clean theoretical interpretation and the wealth of data already avail-
able for fits [8-10]. DVCS observables are parametrized in terms of Compton form factors
(CFFs) which write in the framework of collinear factorization as the convolution of a coeffi-
cient function, which can be computed in perturbation theory, and a non-perturbative GPD.
Deconvoluting this relation is necessary to extract GPDs from experimental results in a model
independent way. It has been argued that evolution would play a crucial role in the decon-
volution procedure [11], but no full-fledged theoretical argument beyond the leading order
(LO) component of the coefficient function, or phenomenological feasibility proof has been
put forward.
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In this note, we first remind the expression of the convolution of interest and a key property
of GPDs useful for our study. Then we detail how the concept of shadow GPDs introduced in
Ref. [12] can be used to determine the feasibility of a deconvolution procedure and present
the numerical results of evolution of next-to-leading order (NLO) shadow GPDs. Finally we
discuss their consequences for GPDs extraction.

2 The DVCS convolution

For the sake of simplicity, the GPD H(x, &, t,u?) and its associated CFF H(&,t,Q?) are con-
sidered in the following, but the discussion can be easily extended to other GPDs E, H or E.
Since t acts as a mere parameter in this discussion, it is omitted. The CFF H can be written
as the sum of quark H? and gluon H# contributions. Assuming that 74 is known, we are left
with the following relation to deconvolute

Ly 9
HI(E,QY) = f T (f, <. as(uz)) HIO)(x, &, p?), (W)
428 \& w?

where HIM)(x, £, u?) = Hi(x, &, u?) — Hi(—x, &, u?) is the singlet component of the GPD and
T4 the coefficient function which can be computed in perturbation theory. The expression of
T? up to NLO can be found e.g. in Refs. [13,14]. Since the variable x is integrated out in
Eq. (1), one could intuitively expect that the information contained in H4(&, Qz) is insufficient
to fully recover H1)(x, &, u?). However, the u? dependence of the GPD is constrained by
evolution equations, and the x and & dependences are tied by the requirement that x Mellin
moments of the GPD are polynomials in £ [15,16], i.e.

1 n+1
J dx x"HIM(x, &, u2) = > HP"(u?) EF. 2
-1 k=0

even

A convenient representation equivalent [17, 18] to Eq. (2) is obtained by writing HI™*) as the
Radon transform of the sum of a double distribution (DD) F4*) and a function D? called the
D-term

HIM(x,&,u?) = f dQ[FI(B, a, u?) + £6(B) DY a, uH)], (3)

with dQ2 =df daé(x — B — a&), where |a| + || < 1.

3 Shadow generalized parton distributions

We first focus on a given scale ug. To address the question of deconvoluting Eq. (1) at that
scale while respecting the important property of Eq. (2), we exhibit explicit non-vanishing DDs
FIH(B, a, ,u(z)), coined shadow DDs, so that the convolution of Eq. (1) is exactly zero, doing so
for the first time for the NLO expansion of the coefficient function T¢. Furthermore, since the
forward limit £ — 0 of the GPD H gives back a usual parton distribution function (PDF) which
is experimentally well known, we require that our shadow DDs give rise via Eq. (3) to shadow
GPDs with also a vanishing forward limit. The existence of shadow DDs shows that the problem
of extracting GPDs from DVCS data and PDFs strictly admits an infinite number of solutions at
a given scale. Indeed, any shadow GPD can be freely added to a phenomenologically relevant
GPD without altering its NLO CFF and forward limit.
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The demonstration of the existence of such shadow DDs, detailed in Ref. [12], makes use
of the remarkable properties of CFFs computed from DDs which write as simple polynomials
of a given order N in 8 and a. For such DDs, successively the LO component of the CFE the
NLO collinear component and the one-loop component can be decomposed into a finite partial
fraction expansion at £ = +1 of ~ N terms and an essential singularity which is systematically
cancelled by the previous term. As an example, we provide the result for the imaginary part
of the one-loop component, which can be written as

2¢ N-1
1—& e Cp K (HIH)
q q(+) _ - 5 q q(+) q l
mT? . @HI = log( F )Im Thy ®H ) + L ; aTD @
where we have noted the one-loop component to the CFF as T ® H1™) to remind that

one—loop
it is the convolution of the GPD with the one-loop component of the coefficient function T4,

and done the same for the NLO collinear component of the CFF choll ® H1™M), The k; are a
set of linear functions of the coefficients characterizing the polynomial DD which gives rise to
H™) via Eq. (3). Therefore, the last term of Eq. (4) can be cancelled by finding the kernel of
the linear system formed by the N — 1 linear functions of the polynomial coefficients. Since a
polynomial DD of order N in 3 and a has ~ N2 such coefficients, it is clear this system admits
a kernel of arbitrary large dimension as N increases. As for the first term of Eq. (4), it has
itself been cancelled in the previous step of the demonstration by similar means. Iteratively,
we are able to cancel each term of the CFF thanks to their properties when using polynomial
DDs. The forward limit is also cancelled similarly.

Examples of shadow GPDs found by this procedure are given in Fig. 1, where they have
been added to the Goloskokov-Kroll model [19-21].
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Figure 1: H"™) as a function of x for & = 0.1 and 0.5, t = —0.1 GeV? and ug =1
GeV2. Solid blue: Goloskokov-Kroll (GK) model. Dashed orange and dotted brown:
GK model with the addition of two different NLO shadow GPDs. In all cases one
obtains exactly the same NLO CFF and forward limit at scale ,u%.

The effect of evolution on a realistic setting for future collider facilities, like the US electron-
ion collider (EIC) [22,23], Chinese electron-ion collider (EIcC) [24], and large hadron-electron
collider (LHeC) [25], is probed using APFEL++ [26-28] and PARTONS [29]. Choosing £ = 0.1
and a range in Q2 from 1 to 100 GeV?, we vary the strong coupling as(u? = 100 GeV?) from 0
to its typical MS value in Fig. 2. As expected, the CFF varies as O(aé) since we have specifically
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cancelled its LO and NL.O components. The numerical value of the obtained CFF is so small
(less than 10™°) that it will be hidden in typical statistical and systematical uncertainties of
current and future experiments, such that even this lever arm in evolution is not enough to
meaningfully change our conclusion on the feasibility of the DVCS deconvolution.
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Figure 2: Imaginary part of the NLO CFF H(£ = 0.1,Q%? = 100 GeV?) evaluated
with the NLO shadow GPD 1 shown in Fig. 1 and H!®) = s} = g = 0 at
,u(z) =1 GeV2. The blue dots correspond to computations made with different values
of ag(u? = 100 GeV?) and the solid blue line results from a quadratic fit to the first
seven points. The dashed orange, dash-dotted green and dotted brown lines indicate
u, d ors, and g contributions to the CFE respectively.

4 Conclusion

The existence of shadow GPDs with a null forward limit and negligible contributions to CFFs
over kinematic domains relevant to current and future experimental facilities is a challenge
in several aspects. Since data are extracted at non-zero skewness &, the extrapolation to-
wards zero skewness required for proton tomography may suffer from residual dependence
on shadow GPDs. The role of the D-term has been omitted so far, but the concept of shadow
GPD could be extended to GPDs with a vanishing subtraction constant in the dispersion relation
formalism, but still a non-vanishing D-term. This extension would be crucial for the extraction
of proton mechanical properties, which has been demonstrated to be highly sensitive to ex-
perimental uncertainties in existing data [30]. The reduction of experimental uncertainty on
CFFs themselves is of course a pre-requisite to a lesser model dependent extraction of GPDs,
which will greatly benefit from the exploration of new observables [31] and kinematic ranges.

The NLO time-like Compton scattering (TCS) observables and LO deeply virtual meson
production (DVMP) observables computed from NLO shadow GPDs are equally zero. We fore-
see that our reasoning can be extended to guarantee the existence of shadow gluon GPDs and
more generally of shadow GPDs at any finite order in the perturbative expansion of the DVCS
coefficient function. The first few moments of GPDs computed on the lattice will not change
this picture either. However, a multi-channel analysis including e.g. DVMP at higher order or
processes with a richer structure in terms of kinematic variables, like double deeply virtual
Compton scattering (DDVCS) for instance, could bring quantitative constraints on shadow
GPDs. Lattice computation in the x space [32] and the implementation of more theoretical
constraints, like positivity bounds [33-36], also call for subsequent studies.
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