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Deeply virtual Compton scattering has been recognized as a tool to obtain information about
hadronic wave functions from experimental data. Light-front dynamics provides boost-invariant
and process-independent wave functions, which makes it the preferred theoretical tool to analyze
those data. The purpose of the present work is to apply it to a model of the pion and check its
usefulnessin a situation where all ingredients of the calculations are fully under control.
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1. Motivation

Compton scattering is a powerful tool to study hadronic structure, because it probes hadrons
through a coupling to two electromagnetic currents, providing additional information compared to
e.g. form-factor data. Deeply virtual Compton scattering (DVCS) [1, 2] in particular furnishes
information on the structure of bound states, as the amplitudes at large momentum transfers can
be written as a convolution of a hard-scattering amplitude calculable in perturbative QCD, and a

process-independent ‘ soft’ distribution function [3]:
Z,
A= dXTGQRIH () (11)
1

where T isthe hard scattering amplitude and H is the soft part. Those functions corresponding to
H are called generalized parton distributions (GPDs) in the case of DVCS. For areview see for
instance [4].

Light-front dynamics (LFD) is particularly suited to deal with such asituation, asit allowsfor a
factorization of the wave function of asystem into afactor for its overall motion and awave function
that describesitsinternal structure. Moreover, LFD makes use of the Fock-space expansion, so the
role of higher-Fock sectors in a particular process can be studied.

However, a word of caution is appropriate, because in LFD some subtleties may prevent its
straightforward application. An example of such treacherous points [5] occurs in the GPD of the
pion too, namely an arc contribution [6].

For values of the momentum transfer going to in nity, the ‘ha ndbag’ diagram is proven to be
dominant. In this work, we discuss this dominance for non-asymptatic values of the momentum
transfer in an analytically solvable scalar model for the pion GPD and remark on the reason why an
arc contribution does occur in asimilar model where the quarks are treated as spin-1/2 constituents.

2. Modd calculations

In order to avoid any unnecessary complications we study the GPD of the ‘pion’, decribed as
ascalar particle with scalar constituents [7] in 1+1 dimensions. (The limitation to 1+1 dimensions
can be lifted without complicating the calculations if a kinematics is chosen in which the externa
particles have vanishing perpendicular momenta.)

2.1 Kinematics

Using the convention p = (p° p3):p2 wewrite the momenta of the absorbed virtual photon
(q), emitted real photon(d’), incoming pion (p) and outgoing pion(p’) as follows:
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where M is the mass of the pion and { is the skewness parameter. For the Mandelstam variables
wethen nd

s=(1 Z)M2+qu; t= —~_M?% uzM—2 %2:

Z L7 - (2.2)
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Figure1: Handbag, crossed handbag, and cats ears diagrams

In this kinematics, we calculate the three diagrams shown in Fig. 1 that contribute to the
DV CS amplitude, below the breakup threshold s = 4n? which limits Q? to 0 < Q? < Q32,,, with
Qux =4(mP=1 ) (@ Q)M?. Inprinciple, the ‘seagull’ diagram is needed for the scalar
constituents interacting with the gauge bosons to ful 1l th e gauge invariance of the Compton ampli-
tude. However, the ‘ seagull’ diagram does not contribute to the GPD as shown in Ref. [9], therefore
we left it out.

2.2 Covariant calculation

In the covariant calculation, we followed the usual path of Feynman parametrization and Wick
rotation to analytically perform the integrals over the four momentum. If wewritefor the amplitude

Z g% N

(2m)2 D’

D=2 mP+ig)(ks mP+ig)(k3 mP+ig)(k3 mP+ig); (2.3

then we end up with an integral over the Feyman parameters with the denominator (MZ,,)3. For
the three diagrams we considered, we have

Mst = n12 al(C{2+C¥4)M2+C{20{3Q2 a103S  0204t;

M2 =m?  ai(oo+az))M?+a2a3Q% 103U azaut;

M2, =P (102 + 030) M2+ 0203Q%  a103S 204 ; (2.4)

where misthe constituent mass. In the moddl with scalar constituents, N = 1.

2.3 LF time-ordered diagrams

The LF time-ordered diagrams are obtained by integrating over k  rst and picking up the
residues of the polesin the denominator D = [;(k* n?+ie) =[] 2k (k  H)).

Figure 2: Valence (DGLAP) and nonvalence (ERBL) contributions to the handbag diagram.
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Figure 3: Covariant amplitudes (left) and LF contributions to the Box st (right), for { = 0:5 above and
{ = 0:9 below.

For our kinematics p’* < p*, we nd two domains that correspond to the well-known DGLAP
and ERBL regions: DGLAP, {p* k" <p"; ERBL,0 k" < p*. For the covariant handbag
diagram, we show the corresponding LF diagramsin Fig. 2.

For the values ¢ = 0:5 and 0:9, we show the amplitudes in Fig. 3. We took M = 0:14 for
the pion mass and m = 0:25 for the constituent mass. The results of the LF calculations for the
three diagrams considered coincide with the covariant results. We show that explicitly in the r.h.
panels of Fig. 3. The |.h. panels show that the handbag diagram denoted by ‘Box st’ is in this
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