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1. Introduction

Understanding the structure of the nucleon remains a challenging problem which is being ac-
tively studied by both experimental and theoretical research groups. It has been established that for
certain processes in Bjorken kinematics [1, 2] this structure effectively reduces to the so-called gen-
eralized parton distributions (GPDs), which encode information about the parton-level scattering
amplitudes. The early studies of GPDs focused on deeply virtual Compton scattering (DVCS) [3]
and deeply virtual meson production (DVMP) [4, 5, 6]. However, nowadays it is understood that
in the kinematics of modern high luminosity experiments used for study of exclusive processes,
the Bjorken limit results might suffer from large higher twist and next-to-leading order correc-
tions [6, 7, 8]. These corrections are expected of decrease as a function of the virtuality Q2 passed
to hadron. However, a significant increase of Q2 is not an experimentally viable option, since the
cross-sections of exclusive processes decrease rapidly as ∼ 1/Q2n with n & 2−3. For this reason,
the analysis of GPDs should be based on global self-consistent analysis of various channels [9],
and the list of processes currently used for the analysis should be significantly extended.

We suggest that the program of GPD studies could be complemented by analysis of Charged
Current DVMP (CCDVMP), which could be measured either in neutrino-induced or in electron-
induced processes. Such channels on unpolarized target get the dominant contribution from the
GPDs Hu, Hd and have a small uncertainty due to twist-3 effects [10]. Due to V −A structure of the
charged current, in the leading twist the CCDVMP cross-sections of parity conjugate mesons are
sensitive to exactly the same set of GPDs, which permits various consistency checks: as we will
demonstrate below, this gives a sensitive probe to study the difference of distribution amplitudes of
meson pairs.

The paper is structured as follows: In the following Section 2 we discuss the framework
used for evaluation of meson production, taking into account NLO and some of the higher twist-
corrections. In Section 3 we present numerical results and draw conclusions. Due to space limita-
tions, in this proceeding we omitted some technical details which might be found in our recent [9].

2. CCDVMP cross-section in the Bjorken limit

The CCDVMP might be studied both in neutrino-induced and electron-induced processes. For
the sake of definiteness, in what follows we will consider the case of electroproduction, ep→
νeM p. The cross-section of the process in this case is given by

dσ

dt dxBdQ2 =
G2

F x2
B

(
1−y− γ2y2

4

)
64π3Q2(1+Q2/M2

W)
2
(1+γ2)

3/2 ∑νν ′A
∗

ν ′,νLAν ′,νL, (2.1)

where t = (p2− p1)
2 is the momentum transfer to the proton, Q2 = −q2 is the virtuality of the

charged boson, xB = Q2/(2p ·q) is the Bjorken variable, Ee is the energy of the projectile electron
in the target rest frame, MW is the mass of the heavy bosons W±, GF is the Fermi constant; the
subscript indices ν and ν ′ in the amplitude A refer to helicity states of the baryon before and after
interaction, and the letter L reflects the fact that in the Bjorken limit the dominant contribution
comes from the longitudinally polarized massive bosons W± [1, 2], and we also used shorthand
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notations

γ =
2mNxB

Q
, y =

Q2

sep xB
=

Q2

2mNEe xB
. (2.2)

In Bjorken kinematics, the amplitude Aν ′,νL factorizes into convolution of hard and soft parts,

Aν ′,ν =
∫ +1

−1
dx ∑

q=u,d,s,g
∑
λλ ′

H q
ν ′λ ′,νλ

C q
λλ ′ , (2.3)

where x is the average light-cone fraction of the parton, superscript q is its flavor, λ and λ ′ are the
helicities of the initial and final partons. The soft matrix element H q

ν ′λ ′,νλ
in (2.3) is diagonal in

quark helicities (λ , λ ′), and for the twist-2 GPDs has a form

H q
ν ′λ ′,νλ

=
2δ

λλ ′√
1−ξ 2

(
−gq

A

((
1−ξ 2

)
Hq−ξ 2Eq (∆1+i∆2)Eq

2m

− (∆1−i∆2)Eq

2m

(
1−ξ 2

)
Hq−ξ 2Eq

)
ν ′ν

+ (2.4)

+ sgn(λ )gq
V

(
−
(
1−ξ 2

)
H̃q +ξ 2Ẽq (∆1+i∆2)ξ Ẽq

2m
(∆1−i∆2)ξ Ẽq

2m

(
1−ξ 2

)
H̃q−ξ 2Ẽq

)
ν ′ν

)
,

where the constants gq
V , gq

A are the vector and axial current couplings to quarks; we use standard
notation for the leading twist GPDs Hq, Eq, H̃q and Ẽq [5, 6, 9]. The evaluation of the structure
function C q

λλ ′ is quite straightforward and might be found in [9] for different channels. For the
processes in which baryon does not change its internal state, there are additional contributions
from gluon GPDs which might be important at high energies.

The quark distribution amplitudes of pseudoscalar and longitudinally polarized vector mesons
have a structure which differs only by γ5 matrix in quark-antiquark operators (modulo some triv-
ial numerical prefactor) [11, 12, 13]. In case of the photoproduction, due to the aforementioned
difference, the leading twist amplitudes are sensitive to complementary sets of GPDs. In case of
charged-current meson production, due to V −A structure of the weak interaction the amplitudes
are sensitive to the same set of GPDs, and the amplitudes of both processes are related by a mere
substitution

fπφ2;π(α)↔ fρLφ
(||)
2,ρ (α), (2.5)

where φ2;M and fM are the distribution amplitudes and decay constants of the corresponding
meson (M = ρ

±
L , π±). In the leading order over αs, the distribution amplitude contributes to the

coefficient function multiplicatively as a minus-first moment
〈

φ
−1
2,M

〉
. For this reason we may

expect that the ratio of the cross-sections of the longitudinally polarized ρ± and π±mesons

Rρ/π

(
xB, Q2)= dσW±p→ρ

±
L p

dσW±p→π±p
≈ const, (2.6)

should not depend on GPDs of the target, being the same for proton, neutron and nuclear targets.
In the Bjorken kinematics the twist-two distributions φ2;π , φ

(||)
2,ρ might be decomposed as

φ2
(
z, µ

2)= 6z (1− z)

(
1+ ∑

n>0
a2n
(
µ

2)C3/2
2n (2z−1)

)
, (2.7)
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where the coefficients a2n
(
µ2
)

have mild multiplicative dependence on the factorization scale µ

and are frequently used to characterize the shape of the distribution amplitude. At present it is
expected that the coefficients a2n should be small, with current estimates [14, 15]∣∣a2

(
µ

2 ≈ 2GeV2)∣∣∼ ∣∣a4
(
µ

2 ≈ 2GeV2)∣∣ . 0.1, a2n ≈ 0 for n≥ 3. (2.8)

In terms of the expansion coefficients a2n defined in (2.7), the moments may be evaluated exactly
and are given by

〈
φ
−1
2

〉
= 1+∑n a2n, so the ratio (2.6) is given by

R(LO,tw−2)
ρ/π

≈
(

fρ/ fπ

)2

1+∑a(||)2n,ρ

1+∑a2n,π

2

≈
f 2
ρ

f 2
π

[
1+2 ∑

n>0
r2n

(
a(||)2n,ρ −a2n,π

)
+O

((
a(||)2,ρ −a2,π

)2
)]

.

(2.9)
In this order over αs all the expansion coefficients r2n defined in (2.9) equal to unity, r2n

(
xB, Q2

)
=

1, and do not depend on
(
xB, Q2

)
. The next-to-leading order corrections δ r2n ∼O (αs) introduce a

mild dependence on
(
xB, Q2

)
(see [9] for more details). In contrast, the contributions of the twist-

3 corrections introduce a strong ∼ 1/Q2 dependence which could be clearly distinguished from
experimental data.

3. Results and discussion

For the sake of definiteness, for numerical estimates we use the Kroll-Goloskokov parametriza-
tion of GPDs [16, 7]. We will start discussion assuming the dominance of the twist two contribu-
tion, and assuming the asymptotic form for meson distribution amplitudes. In this case the differ-
ence between pion and ρ-meson cross-sections exists only due to “kinematic” higher twist effects
∼ O

(
M2

π,ρ/Q2
)

and is negligible.

In the Figure 1 we show the differential cross-section dσ/dxB dQ2 for charged meson (ρ−, π−)
production in JLab kinematics (left panel) and Electron Ion Collider (right panel, √sep ≈ 100
GeV assumed). At fixed electron energy Ee and virtuality Q2, the cross-section as a function of
xB has a typical bump-like shape, which is explained by an interplay of two factors. For small
xB ∼ Q2/2mNEe the elasticity y defined in (2.2) approaches one, which causes a suppression due
to a kinematic prefactor in (2.1). In the opposite limit, the suppression ∼ (1− x)n is due to the
x→ 1 behavior of the parton distributions . In evaluation of the coefficient function we take into
account NLO corrections, which give a sizeable contribution for Q2 . 10GeV2. The band around
the curves reflects the theoretical uncertainty due to higher order corrections, which was obtained
varying the factorization scale µF in the range µF ∈ (Q/2, 2Q) (see [6, 16, 7, 17, 18] for more
details). For JLab kinematics (right plot) the dominant contribution comes from the GPDs Hu, Hd ,
whereas in case of EIC there is a sizeable contribution from gluon GPDs.

In order to quantize the sensitivity of the cross-section to deviation of meson DA from asymp-
totic form, in the Figure 2 we have shown the dependence of the first two coefficients r2

(
xB, Q2

)
and r4

(
xB, Q2

)
defined in (2.6) as a function of xB and Q2. These coefficients do not depend on

energy of the electron beam E because at fixed
(
xB, Q2

)
the dependence on E contributes only via

a common y-dependent prefactor in (2.1), and does not contribute to r2n. The dependence of r2n

on Q2 is very mild and is due to logarithmic dependence of running coupling in the NLO contri-
bution and evolution of parton distributions. The dependence of r2n on xB exists due to different
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Figure 1: (color online) Left plot: Charged current meson production cross-section on proton target in JLab
kinematics (fixed electron energy E = 11GeV). Evaluations are performed using NLO coefficient functions,
as discussed in Section 2. The width of the band represents the uncertainty due to the factorization scale
choice µF ∈ (Q/2, 2Q), as explained in the text. Right plot: xB-dependence of the cross-section in EIC
kinematics with

√
sep ≈ 100GeV.

xB-dependence of the leading order and next-to-lading order coefficient functions. The latter fact
implies that the ratio of the cross-sections (2.6) has a mild dependence on (xB, Q2), and its value is
almost entirely determined by the values of parameters

a2 = a(||)2,ρ −a2,π , a4 = a(||)4,ρ −a4,π . (3.1)

As could be seen from the Figure 2, for the currently expected phenomenological values of pa-
rameters a2, a4 in the range (2.8) the ratio (2.6) might change up to 20%. Given that the functions
r2
(
x, Q2

)
, r4
(
x, Q2

)
are known, experimental measurement of Rρ/π in sufficiently large kinematic

range could allow us to extract separately the values of a2 and a4.

r4(x,Q
2)

r2(x,Q
2)

Q2=4 GeV2

Q2=9 GeV2

0.001 0.005 0.010 0.050 0.100 0.500 1

0.0

0.2

0.4

0.6

0.8

1.0

xB

r 2
n
(x

,
Q

2
)

Figure 2: (color online) Left: Values of the coefficients r2n
(
xB, Q2

)
. The two bottom curves correspond

to r2
(
xB, Q2

)
; the two upper curves correspond to r4

(
xB, Q2

)
. For both cases dashed lines correspond

to Q2 = 4GeV2, solid lines correspond to Q2 = 9GeV2. All evaluations performed with account of NLO
correction. See the text for more explanations of the behaviour of the curves. Right: expected value of the
variable Rρ/π

(
fπ/ fρ

)2 as a function of possible values of a2 and a4 for xB = 0.1 and Q2 = 4GeV2. For the

case of asymptotic form distributions of both mesons (a2 = a4 = 0) the variable Rρ/π

(
fπ/ fρ

)2
= 1.

As was discussed in detail in [9], the uncertainty due to twist three harmonics is small and
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does not exceed ten per cent in the kinematics of interest. For this reason we expect that these
corrections will not affect significantly the ratio R(a2, a4) shown in the right panel of the Figure 2.

To summarize, we suggested to use the CCDVMP processes for a very clean extraction of
GPDs of the nucleons and estimated the cross-sections in different kinematics. We found that the
parity conjugate mesons (e.g. ρ

±
L and π±) are sensitive to the same set of GPDs, for this reason

the ratio of their cross-sections (2.6) gives possibility to probe the difference of the distribution
amplitudes. We expect that this ratio should be constant in the leading order, yet acquires a mild
dependence on (xB, Q2) due to NLO corrections. We expect that the CCDVMP processes might be
studied either in the future neutrino-induced experiments or in electron-induced experiments.
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