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Dispersion relations of deeply virtual Compton scattering: Investigating
twist-four kinematic power corrections
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In this paper we include kinematic power corrections up to twist-four to the deeply virtual Compton
scattering dispersion relation. We demonstrate that, both for (pseudo)scalar and spin-1/2 targets, the formal
expression of the n-subtracted leading-twist dispersion relations is preserved. However, the expression of
the subtracted constants is modified by the kinematic powers. Importantly, the minimal-subtracted
dispersion relation for the helicity-conserving amplitude, previously thought to depend only on the
Polyakov-Weiss D-term, now also depends on the double distributions F' and K. These results are
consistent with the ones obtained previously in the literature. Such a mixing may be critical for the
Jefferson Lab kinematic range, as it is not suppressed for typical values of # and Q7 in the valence region.
We therefore expect a strong impact on the attempts to extract pressure forces from deeply virtual Compton

scattering data.

DOI: 10.1103/6kny-88yg

I. INTRODUCTION

The energy-momentum tensors (EMTs) of hadrons are
today at the core of an intense research activity. Many
theoretical and phenomenological studies have been per-
formed (for instance [1-7]). Lattice and continuum QCD
computations have also been performed in the past few
years [8—13]. The goal of this activity is to understand how
the macroscopic properties of the nucleon, such as its mass
and its spin, emerge from the dynamics of QCD.

However, connecting the EMT with experimental data is
challenging. Today only an indirect connection, already
noticed three decades ago [14], is available through
generalized parton distributions (GPDs). Introduced inde-
pendently in [14-18], GPDs allow one to describe the
amplitude of exclusive processes through factorization with
a coefficient function computed in perturbation theory
[19,20]. The better studied experimental process connected
to GPD is certainly deeply virtual Compton scattering
(DVCS) [16]. But other exclusive processes are connected
to GPDs, such as timelike Compton scattering (TCS) [21]
or deeply virtual meson production (DVMP) [22].
However, all these processes face a severe deconvolution
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problem [23.,24]. Therefore, double DVCS [25-28]
(DDVCS) and multiparticle exclusive processes have been
advocated to bypass this issue [29-34]. Nevertheless,
DVCS remains today the main source of experimental
knowledge on GPDs with measurements spanning the last
two decades [35-42].

This large experimental campaign has triggered many
theoretical developments improving the description of
DVCS. One can for instance mention the description of
the perturbative coefficient function at next-to-next-to-
leading order (NNLO) [43]. More critical for current
facilities running in the valence region, a significant effort
has been performed to derive kinematic higher power
corrections [44-50]. These corrections have been recently
extended to DDVCS for a (pseudo)scalar target [51]. They
are expected to contribute up to 40% of the DVCS
amplitude for some of the kinematic area [38]. As a
consequence, they may have a significant impact on the
extraction of the pressure and shear forces from exper-
imental data, usually performed through DVCS dispersion
relations bounding the real and imaginary part of DVCS
amplitude. DVCS dispersion relations were derived two
decades ago, and the size of NLO corrections [7,52] have
been shown to be of the order of 10% of the leading
contribution [7]. Consequently, there is room for kinematic
power corrections to be significantly larger than NLO
corrections in the strong coupling constant.

In this paper, we revisit the topic of kinematic power
correction up to twist-four to DVCS dispersion relations for
(pseudo)scalar and spin-1/2 targets. In Sec. I, we intro-
duce our notations and conventions. In Secs. III and IV we
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provide a derivation of dispersion relations with higher
kinematic-power corrections, for (pseudo)scalar and spin-
1/2 targets respectively, adapting the proof of Ref. [7]. In
the nucleon case, an expression of the DVCS subtraction
constant including kinematic twist-four corrections was
derived and expressed as a double integral over GPDs in
Ref. [47]. Our new expression relying on a single integral
over double distributions [15,18] agrees with this pioneer-
ing result. Beyond the DVCS subtraction constant, we also
derived the twist-four corrections to higher-subtracted
dispersion relations connecting the Mellin moments of
the imaginary part of the CFFs with double distributions. In
Sec. V, we compute the impact of the kinematic corrections
to the Gegenbauer modes of the Polyakov-Weiss D-term
[53] and highlight that these corrections may help one to
extract these modes from experimental data. Then, in
Sec. VI we provide numerical estimates, demonstrating
the relevance of power corrections. Finally, we conclude in
Sec. VIL

II. ACCESSING THE ENERGY-MOMENTUM
TENSOR VIA GENERALIZED PARTON
DISTRIBUTIONS

The energy-momentum tensor of a hadron is obtained by
projecting the local and gauge-invariant operator T*
between two hadron states off-diagonal in momentum.
The momentum transfer is labeled A = p’ — p, introducing
also t = A? and the average momentum p = (p + p’)/2.
For a spin-0 target, the nonconserved, symmetric tensor
decomposition involves three form factors [54,55]:

(p'Ta"(0)|p) = 2P"PAu(t) + 2(AFAY = A?)C, (1)
+ 1 MPC,(1) (1)
where the index a labels quark flavors or gluon contribu-

tions. For a spin-1/2 hadron, five form factors are required
to parametrize the nonconserved, asymmetric EMT:

(p'.s'|Ta’(0)|p. s) = (2)

- oo ﬁﬂﬁb "
a(p's ') =5 Aalt) + M Cy(1)

AHAY — ;1’”’A2
M

plkjgrie
+p47MA”[Aa(t) +Ba(t)]}u(p,s). (3)

phict

cun+ 222D,

One can build a physical interpretation for several of these
form factors in terms of “mechanical properties” of
hadrons, like internal pressure or shear forces distributions
[1,2,56], and their decomposition in terms of quarks and
gluons.

The form factors of the EMT cannot be probed directly
experimentally. However, some of them are connected with
the generalized parton distributions [14—18] through their
Mellin moments over x, the average longitudinal light-front
momentum fraction of the active parton (we use the
conventions of Ref. [57]):

/_ L deeHI(x, 6 1) = A (1) +48C, (1), (@)

1

/_ LA E(x & 1) = B,(1) —42C, (1. (5)

1

where Eq. (5) is relevant for spin-1/2 hadrons. The last
kinematic variable, the skewness &, is defined in terms of
the “plus” light components of the initial- and final-state
momenta of the hadron as

At pt—p't

ST e

(6)

In light-cone coordinates we can parametrize any four-
vector v as

v =vTn* ot + v’i, (7)

with the conditions n2=n?=0, nn'#0 and
nv, =n'vy =0, such that o" =wn/(nn') and
v~ =wvn'/(nn'). Taking into account that in DVCS
g"* = 0, we can select

=g, (8)

Wt = —gh + (1 —é) g* with Q>=0Q%+1t (9)

This choice, introduced in Ref. [49], is of physical
importance as it keeps the leading kinematic contribution
(leading twist, LT) U(1)-electromagnetic gauge invariant.
In fact, the Compton tensor, encoding the partonic dis-
tributions by Compton form factors (CFFs), is dominated at
LT by the transverse metric and the CFF labeled H ',

T = —“H* 4 (10)

Therefore, if the in or out photon carry a transverse
component, the LT approximation is U(1) violating. For
this reason, we span the longitudinal plane by the momenta
g, q'. Through GPDs, some of the form factors of the EMT
can thus indirectly be probed experimentally.

We also recall that GPDs can be written in terms of
double distributions F and K [15,18] (see for instance
Refs. [58-61] for the interpretation of DDs in terms of
Radon transforms) plus the so-called Polyakov-Weiss
D-term [53]:
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Hi(x, &, 1) = L dpdalFi(, a, 1)
+¢&D(a. 1)5(p)] x 8(x = p—ad).  (11)

Ei(x, & 1) = Adﬂda[l("(ﬂ, a,t)
—¢&D(a, 1)5(P)] x 6(x = f—ag),  (12)

where Q = {(a,f)||a| + || < 1}. For convenience, we
already introduce the so-called magnetic double distribu-
tion given as [62—-64]

Fi(B,a,t) + KI(f,a,t)

Ni(p,a, 1) = 5

(13)

Note that the first Mellin moment of the D-term yields the
form factor C,(¢) in Eq. (4):

C,(1) = %/_] daaD(a, t). (14)

1

It has been argued in the past that C, () could have been
extracted using a deeply virtual Compton scattering
dispersion relation, bypassing the deconvolution of
GPDs which reveals itself at best delicate [23,24].
Indeed, the Compton form factors (H, £...) parametrizing
the DVCS amplitude are related to GPDs through the
convolution

2
ldeq<x 0

Hq(é»t,Qz)Z/ A

t
_1? as*@>Hq(x’§v ta:uz),

(15)

where T represents here the DVCS coefficient function,
computed in perturbation theory, and Q> = Q? + . Indeed,
from kinematic higher-twist studies of the DVCS amplitude
such as [50,51,65], the natural scale for expansion on twist
is Q2 rather than Q7. The difference between both of them
is a higher-twist term so one can choose either one. In this
work, we select Q? as it simplifies expansions and provides
a direct comparison with previous literature.

However, as already pointed out in [5,7], a dispersive
approach [7,52,66,67] does not preclude facing an ill-posed
deconvolution problem. In that regard, kinematic higher-
twist corrections provide a new lever arm, adding an
explicit # dependence in the coefficient function that comes
with a more involved x behavior (typically involving Li,
functions). However, such corrections will also impact the
derivation of the dispersion relations. Consequently, in the
following we rederive the dispersion relations, taking into
account the first power corrections.

III. POWER CORRECTIONS TO DISPERSION
RELATIONS: THE SCALAR CASE

In this section we adapt the proof of Ref. [7] to take into
account the ¢ and target-mass corrections.

A. DVCS dispersion relation with power corrections
for HY amplitude

We start by considering DVCS on a scalar target (such as
a pion in a Sullivan process [68-71], or the “He nucleus):

N(p)+7"(q) = N(p') +1(q). (16)
For a process of this kind:
p2 — p/2 — M2, q2 — _Q27 ql2 — 0’ (17)

where M is the mass of the hadron and, from now on, Q2 is
positive and ¢ is negative. Then, the Mandelstam variables
take the form

s=M>-Q*+2p-q, (18)

t=—2p-A, (19)
u=M?>*-2p-q-—t, (20)
s+1t4u=2M>- Q. (21)

For fixed negative values of 7, the process can be described
with just one variable: s, u or an appropriate combination of
both of them. Following Ref. [7], one can choose (note the
relative minus sign in the definition of v in Eq. (22) here
with respect to Ref. [7])

s—u
s+u’

UV =

(22)
This choice is particularly convenient as it is the inverse of
the DVCS skewness ¢ at leading twist accuracy. However,
higher power corrections modify this simple relation as we

will see below. Reshuffling the expression connecting the
Mandelstam variables, one gets

2
S+”_2M2_Q2+|f|——Q2[l_|t|+%]
oY) _ 2M2]
= +[){1 Q>+t
2
- [1 - %] (23)

where s + u < 0 can be kept as long as

M?/(Q*+1) <1/2 and |1 < Q> (24)
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In such a case, there exists a region of the kinematics
domain for which both s and u are negative, hence closed
for particle production. As we will demonstrate in the
following, this region corresponds to —1 <v <1 [see
Eq. (33)]. The amplitude is thus real and analytic on a
segment of the real axis allowing us to define analytic
continuation in the entire complex plane through the
Schwartz principle (see Ref. [7] for details).
Note also that

s—u=-0*+1t+4pg=4pqg=4pq, (25)

with p = (p + p’)/2, and

1 Q%+t
-Aq'=—qq' =5 |(q-4')-¢*— ¢* | = - (26)
2 —~— ~~ 2

t 0

Taking into account the choice of longitudinal plane given
in Egs. (8) and (9), the skewness reads

- An Aq'_t+Q2_ Q?

= 27
2pn 2pqg s—u (27)

S—u

Using this expression for & together with the hard scale
Q% = —2qq’ = Q> + t and Eq. (23), v is given by

l/f Bjorken 1
= —. 28
YT1- 2M?/Q? timit & (28)

Since for M?/Q? > 1/2 there is at least one channel open
for particle production, we will consider M?/Q? < 1/2 in
this work. Note, however, that this is a sufficient but not
necessary condition.

Because v > 1 implies s > 0, the amplitude will be
analytically continued to the upper half of the complex
plane of s: s — s+ in while u — u—in with n€R™.
Then, v — v+ in. For the case of v < —1, we have
u>0, then s—>s—in whie u-—->u+in and
v — v —in. This implies that the amplitude is recovered
for v > 0 by approaching the real axis from above, while
for v < 0 it is approached from below. For v, € R™:

Flv) = lim Fvo + in). (29)
n—0"

Flw0) = lim F -y in), (30)
n—0*

and by Schwartz’s reflection principle:
Flvo —in) = F*(vo + in). (31)

F(-vy +in) = F*(~vo = in). (32)

FIG. 1. Complex plane for variable v where the region where
analyticity is not granted, i.e., the physical domain
vE (—o0,—1] U [l,0), has been highlighted in red for the
positive-s region and in orange for the positive-u segment. Note
that they are exchanged with respect to Ref. [7]. The contour y

runs over and its interior is within the analytic domain of v so that
$, dv % =0 for v in the physical region, accordingly to

Cauchy’s integral theorem.

Because v is inversely proportional to &, cf. Eq. (28), F (v £
in) is equivalent to F (& F in) as n — O*.
Finally, F(v) is granted to be analytic for

ve{C—(-o0,—-1]U[l,+)}. (33)
as illustrated in Fig. 1, while F(¢) for

2
Fe{C—[-1—A1+A], A:%, (34)

as shown in Fig. 2. The factor A comes from

1 2M? M*
W <l1=|f]>—5——5=1+"F5+0(= ] > 1
1—2M%/Q? Q? Q*

(35)

This expansion is possible thanks to the condition
M?/Q? < 1/2. Note the difference with respect to a

FIG. 2. Complex plane for variable £ where the region where
analyticity is not granted, i.e., £€[—1—A, 1+ A], has been
highlighted in red. Note that this interval is larger than the
physical domain which corresponds to |£] < 1.
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standard mass correction which comes in powers of EM/Q,
cf. [50,51]. There, the skewness dependence guarantees
that the mass corrections are tamed for large nuclei. Indeed,
up to t/Q% terms and binding energy corrections
(M ~ AMP™°" with A the mass number), the skewness
takes the form

proton

- _*B ~ B
&w 2—xp 2A- pmm“ ’ (36)
thus the mass correction reads
5 M x%roton Jgproton x%roton Jproton
7 37
Q 2 _ x%roton/A Q Ajo)o 20 ( )

This implies that the mass corrections, even for large
nuclei, ought to be of the same order as for the proton.
However, the condition for granted analyticity
(M?/Q? < 1/2) is not regulated by the skewness, making
it dependent of the target mass.

From the considerations above, F(v) can be written
around v = 0 as a entire series of radius of convergence
lv] <1 in the complex plane as

@)y = Zf,v’ (38)

where the f; are guaranteed to be real because of the
Schwartz principle. Consequently, within the domain (34),
F (&) can be expanded such that

- R 1
f(é)l‘gwA:Zf@, fiER. (39)
j=0

Going back to standard CFF notations, and regardless of
the incoming (A) or outgoing (B) photon polarization, the
CFF HAB can thus be expanded as

2 1
HAP @) goron = D 1" 5 hPER (40)
j=0

At this point, the demonstration follows the one of Ref. [7].
Briefly we introduce the n-subtracted integral Z42 (&) over
the contour I'y of Fig. 2:

) HAB(é/) 5/ n
IZ‘B(é)hf\ebranch cut — ék d¢ g <E>
= Zﬂiih;‘l}é (41)
=0

which truncates the series of Eq. (40) for £ in the physical
region. This result, obtained with the residue theorem, has

to match that of the same integration with respect to the
closed curve I because both I'y and I" are inside the
domain (34) and, therefore, are homotopic.

Integrating over I"" while keeping & on the branch cut,
one is left with

1A HAB(E —0) (5’ - io> n
TAB(§) = dé —(c.c.
20 (&) /—(1+A) ¢ E : (c.c.)

/HAB(&/ i0 )<§’—10>”
=PV d
/_<1+A> S N

4 irHAB(E— 0) (1 —g)" —(cc)

AP (8 = i0) = HAP (&' +i0) (5) "
=PV d <
/—(1+A) : &=¢ ¢

+ in[HAB(E—i0) +HAB(E+i0)], (42)

where (c.c.) stands for “complex conjugate” and PV
represents Cauchy’s principal value. From the first to the
second line we used the Sokhotski-Plemelj formula.
Considering &€ (0, 1), the singular behavior around zero
skewness is avoided and we can safely take iOHAB(& +
i0) - 0 when going from the second to the third line.
Remember that HAB(&) ~ £~ as & — 0, then the formula
above is only valid for n > a — 1.
One finally gets for physical values of &:

h %_Re(HAB( ))
Loy [ g 000D (2
“py d ). @
T2 /_<1+A>§ g \¢g) - W

This expression coincides with the one obtained in Ref. [7]
up to the term A in the integration limits. However,
according to the factorization theorem, the Compton form
factor of an exclusive process such as DVCS is given by
the convolution of a coefficient function 7" with a gener-
alized parton distribution [see Eq. (15)]. The imaginary
part of the CFF 'H is generated solely from the so-called
DGLAP kinematic region of the GPDs, i.e.,
|| > 1, the convolution of Eq. (15) does not probe the
DGLAP region and thus, the imaginary part of the CFF
vanishes.

In the Efremov-Radyushkin-Brodsky-Lepage (ERBL)
region (x| <|&[), no imaginary part is generated
because of the different signs of the momentum
fractions x + & and x — £. In that situation, no on-shell
intermediate state can be generated in the u or s
channels. Indeed, the imaginary part of the amplitude,
according to Cutkosky’s rules, is generated by on-shell
intermediate states (poles or cuts), in the s and u
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channels, respectively (we recall that ¢ is chosen
spacelike from the start).

Following this argument, one recovers the same result as
Ref. [7] for physical values of &:

4 1
Sl

=0

= Re(HY(2))

S =

B. Subtraction constant with higher
power corrections

The formal expression of the dispersion relation given in
terms of the real and imaginary parts of the CFF is left
unchanged compared to the leading twist case. However,
the way the h‘]f‘B are connected with the GPDs is signifi-
cantly impacted, as the expression of the coefficient
function is strongly modified. We explore here the impact
of these corrections and their dependence for the H*t*
Compton form factor, of great importance for being the
only one participating of the LT amplitude. The connection
between H*" and the GPDs can be written in a more
compact way, separating terms by their number of deriv-
atives 0d;:

e (7))
=g e (G)H
+ O(tw—6, a, - tw—4), (45)

where

X U\ (X I =) (X
Ty " (g@) =Ciy (E) +@P(iﬁ) E)
)

£ @) - pl)(x
TiH_ <%> _ (5) (111)(5) . (47)

The reader is invited to refer to Appendix A for complete
definitions of all previous functions. Here we just highlight

that C(Lfr) is the leading-twist coefficient function (at
arbitrary precision in a;), while £*) and [ﬁ’g:l; arise from

kinematic higher-twist corrections. Considering implicitly
the ¢ dependence, one can inject the DDs representation

(11) term by term in the previous equation. Doing so
allows us to analytically continue the GPDs for |£] > 1 as
in this region the Radon transform (11) admits non-
vanishing values for x < || instead of |x| < 1. This is a
consequence of the support of the double distributions
|B| + |a| < 1. We treat the terms one by one following the
decomposition:

HYY =HT+HTT+HT (48)

startmg by analytically continuing Hg*t for |& >1
with'

= | fdxéTr(x/s, (/@) H

ot 4
/dﬂda T, (f QZ)

X 6(x—f - aé)[F(ﬂ a) +&D(a)5(p)]

_ o é
—LdﬂdaéTO <§+a,@

&)
+/_idaT§+< @2>D(a)
—Zn./dﬂd 5,,11 Ty (@ 1/Q)F(p. )

+/ daT{" (a,t/Q%)D(a), (49)

' (x) |
ox"  lx=y°

second to the third equality, we integrate with respect to

€ (=¢&, &) with the §(x — f — a&). From the third to the
fourth equality, we expand the coefficient function in
powers of 1/& which is only possible in the unphysical
domain of &. This is precisely what we want to do in
order to identify the different coefficients 4" from
series (40), only valid when the amplitude is factorized
for |£] > 1, and be able to read out the subtraction
constant (kg "). This is the strategy followed in Ref. [7]
and here.

From the

where we use the notation f")(y) =

'Following our argument before Eq. (44), the natural bound
for |&| is |£] > 1 + A. However, once we factorize the ampli-
tude into a GPD and a coefficient function, the analytic
properties of the coefficient function dictate the ones of the
amplitudes. Thus, the natural bound obtained at the level of
the amplitude can be relaxed once we assume the factorization
regime holds. As we mentioned before, s and u negative is a
sufficient condition to guarantee that the amplitude is analytic,
not a necessary one.
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The term on 0, is given by (again for |£| > 1)
++ ! fd T++ H
Hi™ = ? . X0 [T (x/&)H]

- éag [ / dpdaTi™ (? + a) F(p.a)+¢& /_ 1 daTT*(a)D(a)]

= |25 ape 5”1 ST @R [ dar@p)

n n+1) 1
@ [Z n! / dpda é'z+2 TIH( P@F.a+ /_ daTT+(a)D("’)] (50)
while the term with 07 in the region [&[ > 1 is
_2§3ﬁ2 5
Myt == / xR (T} (x/€)H)

25]& %[va/dﬁd —T++ (a)F ﬂa-i—é/ daT{* (a)D(a )]

2852 Son(n+ 1) AT (a)
_2531—72 n+2 ﬁn+1 ++ "+1)(a)
= @2 = Z / dﬁd §n+3 (ﬁ’ 0!)
_2— n+2 n+1 +-+(n+1)
=iy /dﬁd ﬂ—gn @) £ (5.a). (51)
Taking into account that p2 depends on &
=2 2 _ ! 1
as well as the above series H; ", we get for |¢] > 1:
o 1 I 4AM? —
Zhﬁg = / | da {T{{*(a, 1/Q?) +éT{r+(a)]D(a) —% /Q dpdapF(p.a)TT ™V (a)
=0 -
1 / dpdaF (. a) [Tg+(a, 1/Q%) - wﬁz ++(2>(a)}
¢Ja Q?
1 o JT0 /@) 2
+z§"[zdﬁdaF(ﬂ’a){ { (n—1)! Q22~(n—2)!T1 (a)
t/2n+2 n
ﬁn+] T/ py 1++( +1)(O():| ) (53)

The double distribution F(f3, @) is even in a. Taking into account that |, dfda is done for a symmetric interval in both  and

a, the terms multiplying this DD and that are odd in « vanish upon integration.2 As a consequence, the above expression
simplifies to

*Since T (a), i €{0,1} are superpositions of functions that are odd in , then an even (odd) number of derivatives with respect to a
renders an odd (even) function with respect to that variable. Note also that D(«) is odd in «, as opposed to F(f, a).
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i:h;r+l' = /_l da {T(J)r+(a, 1/Q?) +éTf+(a)} D(a) - %Ldﬁdaﬂp(ﬂ’ a)TTHl)(a)

j=0, 51

Jj even

1

n=2,
n even

2M? — t/2n + 2T++(,,+])

_ pn+l
/3 @2 n! 1

from where the first line, after restoring ¢ dependence,
provides the subtraction constant of the dispersion relation:

I
hgt (1) = /_ daT; ™" (a,é)D(a, 1)

1
M?*—1t/4

-4 o

[ aparpanpri V. (ss)
Q

where

t

ST (@, (56)

1
T+ <a, @2> T (a1 Q) +

and the coefficients for even n > 2

- T++(n—l)(a’ l/@z)
= LdﬂdaF(ﬁa)[ 1{ e

L nF2 e
_@22-(n—2)!T1 (a)}

M? —2t/4 2(n+2) T;r+(n+1)(a>} .
Q n!

_ ﬁn+1

(57)

For odd n, A" = 0. That only even n contributes to the
CFFs is a consequence of the time-reversal symmetry of the
theory which leads to H** (&) = HTH(=¢£).

Owning to the Schwartz’s reflection principle, hf* S
must be real numbers. This implies that only the real part of
the coefficient functions should contribute to the above
integrals. In fact, the integration with respect to a is
restricted to the interval @€ (—1, 1). Taking into account
that @ = x/&, we conclude that x falls in the ERBL region
(|x| < [£]) while the imaginary parts of 7¢ " and T|" are
found in the DGLAP domain (|x| > |£|). As a consequence,
the imaginary parts of these coefficients do not contribute
to the h,“ factors. Note also that the argument of
logarithms and dilogarithms in 77" is y=(1+
a)/2€(0,1) for ae(—1,1), so In|y| =Iny and branch
cuts are not crossed for either Iny or Liy(y).

Equation (55) deserves comments. The kernel relating
hy* and D is, as expected, modified by the kinematic
power corrections, adding an explicit dependence in t/Q?
and a convolution with a Li, function. However, the

0 1 T++(’1_1) , 2
+Z§nAdﬂdaF(ﬂ’a)|: n—l{ 0 (a t/@ ) t

2 e
n+ 7 U(a)}

(n—1)! @?2-(n-2)1"!

@) (54)

unexpected output relies in the new mixing with the DD
F. This mixing is not suppressed at small values of ¢, as it
comes with an explicit mass dependence. And in fact, the
prefactor 4M?/Q? is not small, especially for JLab kin-
ematics, thus this term cannot be considered negli%ible and
needs to be taken into account. It breaks the simple” relation
between the subtraction constant—/; *—and a convolution
with D. Worse, this term is “unprotected,” in the sense that
it is hadron dependent, compared to standard kinematic
twist expansion of the type £&2M?/Q?. It triggers that, for
“He, this mass term is expected to be by far the dominant
contribution, most probably precluding the extraction of
the D-term as it was envisioned in the literature [72].
This is, provided that the dispersion relation holds for
“He despite the breaking of Eq. (24), which is only a
sufficient but not strictly necessary condition. On the
other hand, the case of the pion is expected to be much
better, which may allow a study of the D-term through
the Sullivan process [68-71].

IV. POWER CORRECTIONS TO DISPERSION
RELATIONS: THE SPIN-1/2 CASE

In this section, we generalize the previous discussion
from (pseudo)scalar to spin-1/2 targets. As the derivation
in Sec. III A is independent of the spin of the target,
Eq. (44) still holds for the nucleon amplitudes. We will thus
focus on the expression of /] " in terms of DDs.

A. Coefficient function for spin-1/2 targets

Kinematic higher-twist corrections are associated to the
twist decomposition of the parton operators describing the
hadronic structure and, therefore, being affected by features
such as spin: different spin renders different GPD para-
metrization, cf. Appendix A 3. In Ref. [65], authors present
a calculation of the Compton tensor, 7**, in DVCS for a
spin-1/2 target up to kinematic twist-six. We are interested
in the transverse-helicity conserving amplitude A" from
the vector part of the Compton tensor (which is a

’As strongly emphasized in [7], if the A" is at leading twist
provided by the convolution with a D-term, the deconvolution
problem remains very challenging, with the possibility to
reconstruct only a single Gegenbauer mode for now.
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combination of the corresponding vector H™", £+ Compton form factors),

" = —¢ AT+ + (terms ~ A*~, A%%) + (axial part), (58)

which in Ref. [65] is given in terms of two invariant amplitudes Vé” and Vé2>. We would like to match that expression to the

usual CFFs H*" and £ [57] which is

. / . D
At = —Z : Z, v+ —1;\45 VP = W 4 eE (59)
The amplitudes V((]l) and V(()z) read
W = =(14 5 ) 60 ©m) -5 s (6 @ 1) -3 DAL (60 © T + 06 (60
4(qq') 2(94") 27" (qq')
(+) (+) 5|2 (+)
©2) t E t E 1 |pJ_| E
vV = (14— (=—0T)|-——(—0Ty|--D:2L D.(—o0T
‘ ( +4(qq/)>< 2 © 0) 2(qq’)< 2 0T T3Py 2 O
M2
——D:(G™ ® T;) + O(tw - 6), (61)
q9
|
where D} = (—25205)” and the hard kernels read as Meanwhile, vectors and spinor bilinears in Eq. (59) are
given by
1
To(z) = —— = 2Co(2(z — i0) — 1), b (e g
— _ _, p+p (n )
} ) v =a(p)rtulp),  Pr=T5= 2? +7L
T =-In(1 - z) = P (2(z — i0) — 1),
IO(Z) z n( Z) (111)( (Z l ) ) on ﬁ(p’)ia“ﬁnaA/;u(p)
i 1 h=o% == mmr (66)
Ty (2) :1—_Z(Liz(z) — Liy(1)) _2_zln<1 -2) P P
P (2(z — i0) — 1) = £(2(z = i0) — 1) with 6% = i[y®, y#] /2. Using the definition of the skewness
= > . (62)  £=—A-n/(2p-n)and n = ¢, we find
/
X . . X 113 L] * * 1
Here, z = zi; + 1(2, thus2(z —i0) - 1 = % The “magnetic v - q/ — _1)2—_’% — _Eh' (67)
GPD was defined” as in Ref. [65] (see also Refs. [62-64]): 94 p
1 With the Dirac equation
G = 5 (H(+) + E(H), (63)
v-p=u(p)pu(p) = Mu(p')u(p). (68)

with F(!)(x) = F(x) — F(=x), and the symbols ®, © stand
for convolutions between hard coefficient kernels and
GPDs with different normalizations [65]:

and Gordon’s identity,

—a ; (lﬂA
a - a = p lo 4
| . o = o yrutp) = () | o+ G o). (69)
GHT= / dxG™H) (x, &, t)T<2—§ + iO), (64)
-1
we find
1 [ x+& .
ENoT= —/ dxE™) (x, & t)T<—+ 10>. (65) Q?* vp vn Q% vp
2’ - Y 2 = - 2,_+ = h — I
EJ & vn 4§MM+ pe:>2l_7+ 8&51‘7+M2+e
1/2
“In Ref. [65] the odd in x “magnetic” GPD was represented as _ /
M so that the mapping to the notation in this manuscript is =S h—e= vp (70)
M= G, 2M*
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Finally, follows that V0 / & can be expressed as a series in even

powers of the inverse of the skewness within the domain

ATt = h(ZVf)2> _lv(()l)> + e(—2V(()2)), (71)  (34). Therefore, only Véz) contributes to the subtraction
4 constant of both H™" and £7". Thus,
where we identify Rt + et =0. (73)
HH+ — 2‘/(()2) 1 Vél), g+ — _2‘/82)' (72)  Now, we want to write down the CFFs in a similar way as
we did for the spin-0 target. In order to do so we need to
translate the terms with total derivatives D} = (=2&%0;)" to

Vél) is given as a convolution of some kernel with GPDs.  terms with £;.

As these kernels are analytic in the domain (34), V(()1> can be For that purpose, and denoting by T the hard coefficient

expanded in powers of 1/£. As the CFFs are even in &, it functions of Eqgs. (62), we employ the following relations:

= 2 2E252 _ 2 -
D% <|2Jq-/| G+ ® T> — 4@ G+ ® T+%8565(G(+) ® T) 88 pi 5202( ® T), (74)
= 12 E(+) 28292 — ¢ E(+) 8212 E(+)
Df[“;;,' D5<TOT>] = 582 8§6¢< 5 @T) + %é)lEz@%(TOT). (75)

Note also that in Ref. [65], the notation H, E, H, E refers in fact to half of the C-even part of the GPDs as introduced in [57];
this is H, E,H,E +— H) /2, E®) /2 A /2 EH) /2.
Collecting the above results,

t

oy B [
nt ( 20?

>[E( )OTO—éG ® Ty

1
Q2 E™ )GTIO_EG ®T10]

222 _ 222
_1 {%piét 8§<6§[E(+) O T, - laé[G(H ® Tz]) + 8¢ lz’L & (ag‘[EH) O T, - lag[G(Jr) ® T2]>
2| @ ¢ Q ¢
12t 8M?
+ E@G(H ® T, — @2 520§(G(+) ® TZ)' (76)

Making use of the previously introduced expressions for T, T, and T,, we find the following relations to the convolutions
encountered in the spin-0 case. Starting with the term free of derivatives:

E( ) @TO—EG ®T0 /ldx%Co(x/Zf)H(’L)(x,Zj, [), (77)
1
and
EF) oy _EG ® Tip = /1 dxzigp(iii)(x/é)H(ﬂ(x?g’ 1). (78)

The first derivative term yields:
HEN © 1) - 10:(G @) =3 (LEV @ 1. + a4l 91T
dx -
=3 [ (3P 9 - /1B 1)
L E\E
0B (1/8) — L(/ENHD (x. £ r)}), (79)
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while the second derivative term gives

1
B(EW © 1) ~ (G @)

1 2
= 5—3 (E(+> ®T, — 505[E(+) ®T,] - Ea?“q(-&-) ® Tz])
1 Idx
:?LfomWQ L(x/&ED (x.&.1)
— E0{ [Py (x/&) — L(x/E)ED (x, &, 1)}

- S R (/0) - L/ () ). (50)

As a consequence, the CFF H ™ for the spin-1/2 case can
be written in the compact form

H = Fo[HM] 4+ AHT + O(tw — 6), (81)

where [Fy[H*)] is the convolution of the spin-0 case (45)
and

dx -
AR = / V€ (2@2>{(P(”‘) - DEY

— E0¢[(P iy — L)EW)]

(ii
+ 5306[([& (iii) — ’C)(H(+) + E(+)>]} (82)
Following the same procedure and after some algebra,

£t — [[:O[E(+)] + AETT + O(tw — 6), (83)

where [Fo[E(*)] corresponds to the convolution introduced in
Eq. (45) but changing the GPD H*) by E(*), and AE* is

— E0¢ [Py — LYET]
+ 25305[( (iii) — [,)G(Jr)]
—280:[(Piy — £)GN}

1dx 48 pt -
- 9.I(P,
+/_1 é @2 -f[( (iii)

—L£)G™M]. (84)

Note that beyond LT there is no 1-to-1 relation between
GPDs H, E, and CFFs H™", £t*. However, considering the
combination given by the magnetic GPD (63) a 1-to-1
relation still holds:

Gt :%(H++ +EH)

LdxM? —t/4 L—P
=F,[G™) —4/ i 39 ( G(+>).
0[ ] . {: @2 5 13 )

(85)

B. Subtraction constant at twist-four for
spin-1/2 targets

Taking into account that the CFF H*™" of a spin-1/2
hadron can be decomposed into the convolution of a
spin-0 particle, Fy[H(*)] (45), and an addendum AH*+
(82), we can profit from the previous calculation and
focus on the latter term. In the notation of the preceding
section,

2
AHTT =) AN, (86)
i=0

where

t
Q2/ dngT““E

@ {Zm/dﬁd el T " (@)K (B 1)

- /_ | daTTJr(a)D(a)} , (87)

AHST =

1
AH#:—LZ / dx0:(T{*E)
Q /o
t -1 /R
=— — [ dpda T a)K(p,a,t
QZ {;"'L ﬂ §n+2 1 ( ) (ﬁ )

4 /_ : daTTJr(a)D(a)} , (88)

and

1
AHGT = /_ | dxg29; (2T G)

-1
:@;aﬁ

Na)N(B.a.t).

(89)

The zeroth order in the expansion of AHTT(& 1)
in the analytical unphysical domain of the skewness
is then

AHH o = —é L dpdapT ™V (a)
x [F(p.a.t) + K(B,a,1)). (90)

Adding this result to the corresponding term
Fo[H ]|,/ which takes the form of Eq. (55), we

find the subtraction constant for the dispersion relation
associated to the spin-1/2 hadron in DVCS:
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2
Bt () = /_ 1 da[T++(a +/Q?) + 2TT+(a)}D(a, t)—4% A dﬁda[F(ﬂ, a. t)—i—ﬁl((/}, an|pr V). (o)

Q

Taking K +— —F recovers the subtraction constant of the spin-0 case.
We could follow the same steps for the CFF £ and obtain

e = —hi", 92)
which holds up to twist-six at least, as discussed in Eq. (73). This has been cross-checked by computing the corresponding

g = (hg" +e§7)/2 =0 from Eq. (85).
The remnant coefficients for the series in powers of 1/& of the CFF H*™ are, for even n > 2,

T 2 n+2 (e
hfr_[zdﬂdaF(ﬁ,a,t)[ n—l{ 0 (n_(l)f'/@) éz(;—z)z H 1>(a)}

M?—t/4 1 M?2
_ pgn+l el +-+(n+1)
ﬁ { QZ (l’l _ 1)' + Qz I’l!}ZTI (a):|

+ [ paak(pa) & T @) e <”*“<a>], (93)
Q .
and for odd n, AT = 0.

These coefficients together with those for the magnetic CFF can be used to compute those of Et*. For G** and even
n>2,

T++(n : (a t/@z) ! n-+ 2 ++(n—])}

gf{+=/gd/3d0‘N(ﬂan) [/3" 1{ -1 @2 (n-2) !

—t/42
/),,,H / n T++(n+1)(a)} ’ (94)
Q?
|

and for odd n, g " = 0 as usual. where

The dispersion relation connecting D(a) to hg ™" suffers
the same issue as in the scalar case, with an additional
complication: it also mixes GPDs H and E through DDs F In(4%) 1
and K. Indeed, on top of GPD H as in the scalar case, GPD B(x) = 1—x 2(1+x)° ©6)

E also contributes to the dispersion relation. This triggers a
new challenge, as E is poorly known today, adding
uncertainties on the extraction of D. and

C. Comparison with BMMP results

In this section, we compare the results of Eq. (91) with op(u) =D(2u—1). (97)
the pioneering one obtained by Braun et al. [47]. First, let
us recall the expression for the subtraction constant

obtained in [47]: The first line of Eq. (95) can be related to our result by
making the change of variable u — '*T“ and antisymme-
P 1 du | t o trizing the coefficient function. The second line is more
O ")y 1—u Q2( nu) |pp(u) challenging. Since the structure in terms of powers of
M?/Q?* and 1/ Q? is the same as in our case’ we will only
—4/ dff/ —h(x focus on H*). Since
4M2 5 . . . 2
X | —5- (f /x,E1) +— E (f /x, &), (95) 'We remind the reader that the difference between choosing O
0 0’ or Q7 is a twist-six effect.
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H(x, & 1) = /Q dpdas(x — p — af)
x (F(p,a,t) = F(=p,a,1))
= A dpdad(x — p— a) FH (B, a,1),  (98)

we can inject this DD representation into the H*) integral
of (95):

12_4/ dgz;/ S

/ dpdaF ) (B, a, 1)

/ dee / & ( —p- aé’) (99)

We then perform the change of variable y = &/x and
integrate the Dirac delta over y:

_ : ¢
124/dﬂd“F (ﬂ“>/ e <ﬂ+a§>

XOE<p+éa<l)

(g/x.801)

(100)

where © is nonzero only for ¢ < 4 £a < 1. Because of the
DD support Q, the upper bound does not provide additional
constraint. Since & > 0, the lower bound can be understood
as0 < &< /(1 —a) and B > 0. Reinjecting this condition
in Eq. (100), we obtain

i d
]2:4/dﬁdaF /(. 0)0(p) ) ﬁ—fif (ﬂ—fac_f).
(101)

Now performing the change of variable £ = fz, we are left
with

= dzz z
=4 / dpdak ) (5.2)0(P) A S (—1 W)

= / dBdapF(p.a)4 “’dz r( < > (102)
Q 0 l+a

l+az

where in the second line we have exploited the definition of
F*) to remove the ® function and come back to F.
Introducing now G(a),

1
=7 Z Z
G(a) = d t ,
(@) /0 Zl+azz<1+az>

and symmetrizing it,

(@) = G(a) + G(-a),

(103)

(104)

6 e 2GY
T

0.0 0.2 0.4 0.6 0.8 1.0
a

FIG. 3. Comparison between the present result TTHU and the
first result 2G() obtained in Ref. [47].

we are left with

I, = A dpdapF (B, a)2G) (a), (105)

an analytic structure in agreement with our result in
Eq. (91). The remaining task is to prove that
26 (a) = TV (). (106)
We provide here a numerical comparison on Fig. 3. This
equality is verified with a maximal relative error of 1073
reached when a — 1, i.e,, when approaching the diver-
gence. We thus conclude that our new derivation is in
agreement with the one obtained previously in Ref. [47].
Finally, let us mention that our sufficient kinematic
condition, Q% > 2M? — ¢, is not mentioned in the proof
of Ref. [47]. Note that in our case, this condition is only
sufficient, not necessary, to guarantee that on a segment of
the real axis, the amplitude is real. Relaxing it would
require one to analyze the possible production threshold in
the Mandelstam plane.

V. IMPACT ON THE DECONVOLUTION
PROBLEM

In this section, we assume that A" is known exper-
imentally and that /' and K have already been extracted.
The question we ask is whether the modifications of the
coefficient function are sufficient to allow one to deconvo-
lute two (or more) Gegenbauer modes of the D-term.

For both the spin-0 and 1/2 cases, the integral containing
the D-term is

1) = /_ idarﬁ(a, £/Q?)D(a,1)
:/1da[To++(a,t/@2)
-1

LT+ (@) | D(aur). (107)

Q
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With Egs. (A1), (A9), (A10), and (46), we can express the
above term in the square brackets as

T4 (a,1/@%) = C; (@) 45 5 [P () = €5 (@) (108)

2@2

Lo L\ ) (+)
_<1 —TQZ>CO (a HzT;VP(m)( a).  (109)
To solve the integral (107) with the LO kernel (109), we

choose the traditional Gegenbauer parametrization of the
D-term that for quarks reads

(3/2)
D(a,1) = (1-a?) Zdan zn/+1 ().

n=0

(110)

Here, %Sﬁ% () is a Gegenbauer polynomial of degree
2n+1in a.

A. First integral

The first part of the convolution involves

t
1=(1-502)

°° 1
WD / 4Gy @)1= @, (1)

which is the same integral as in the pure LO-LT case. Thus
the result is already well known and given as

t [s+]
J = 4(1 _2T3L2> ;dQnJrl(t)

(112)

B. Second integral
The second part of Eq. (107) is given by

' daP () (@)Dla.1)
/ida[ o <];a>+lialn<1;a>]D(a,t)
/jdal_a <—;a)D(a,t)

= l+a
=43 o0 [ a1+ (157 )6 ).

n=

\

-1

(113)

The integral with respect to a on the right-hand side,

I
Iy :/ da(1 —i—a)ln(HTa)%g/z)(a),
-1

can be solved for any degree N of the Gegenbauer
polynomial by making use of property (B6):

(114)

1

= ! l+a
NT :/ da(1 1
ZT N . a( + a) Il< 2 ) (1 — 2t + T2)3/2

N=0
1 1 2 — 1
:—2{— 1 =2ta+7%+ frrr Taln( —|—a>
T V1 =2ta+17* 2
vV1-2 2 vV1-2 2 a—>+1
+(1+T) In 1_|_—Ta+7: —1n 1_—Ta+7:
1+T 1+T a——1

1
== {27—}— (1 —|—r){ln2—ln0+ +1n<
T

where In0" = lim,_, o+ Ine and

L = lim ln(] -

a——1"

Introducing @ = —1 + €,& > 0, then

L =1limIn

e—0"

1+7—V1+2r+17%—2t¢
1+7

2 2t
1+T>—1n2—ln<1+T>+LH, (115)
V1 =2ra+ 72 (116)
1+ '

= —In(1 +7) + lim 1n<1 +7—4/(1 +17)? —21'8)

e—0"

. 2te
——ln(l+T)+gli)r(§1+ln<l+r—(l+r) 1—m>. (117)
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The function 27/(1 +7)?> is monotonic increasing for
7€[0,1] taking values in [0,1/2] with the maximum
located at 7 = 1. Then, we can safely consider 2ze/(1 +
7)? < 1 and expand the above square root in Taylor series:

+ lim 1n< e >
=0t 1 +T

=-2In(1+7)+Inz+1In0".

L=-In(l1+1)
(118)

Going back to Eq. (115),

"“ﬂ

o n+12
T — 119
nZ: (n —l— 2) (n +1) (119)
As the equality holds for all |z] < 1, we conclude
1 1
Iy :/ da(1 —|—a)ln( ;(")%ﬁ/”(a)
-1
-1 N+12
(=1) (120)

T (NF2(N+ 1)

from where it follows that

/ daIPE
-1

4
Zd211+1 m
(121)

C. Full integral with the D-term
With the results from Eqgs. (112) and (121), we can

finally write
(I1+n)(3+2n)

(=4 Z dyy i1 (1) = Z 41 (1)
)]

LO ! 1
24301 3 (1~ e
(122)

(2 +n)(1+2n)

Contrary to the pure LT case, there is an n dependence
introduced in the description of the subtraction constant in
terms of Gegenbauer modes of order n. However, these
coefficient converge quadratically to 1, and thus we cannot
expect to distinguish the behavior beyond the very first
modes. The t/Q? dependence becomes degenerate.

D. Shadow contributions to the D-term

At LO in a; we have found for DVCS that the integral
containing the D-term can be analytically computed by a
Gegenbauer parametrization and it takes the form of
Eq. (122). Taking into account that d,(¢) is shorthand
for d,, . (t; %) with u? the energy scale, then a term that
produces a vanishing Z(t; 4*) at a certain energy scale y?
and a certain ratio t/Q? is referred to as a shadow D-
term [7].

Assuming dominance by the first two Gegenbauer
modes [d, (1) = 0, V n > 3], and omitting the dependence
on 4%, a shadow D-term is given by

Fh(1) =0 = dh(r) [4-%&] +ah(r) [4-2&] (123)

At LO and LT, a shadow D-term is manifest through the
condition di"(r) = —d$(¢). For a nonzero but fixed ratio
|t]/@% < 1, we find

1-—
1—

8l
o

dif (1) = —d' (1) L (124)

Q

W=

In order to determine the impact of the kinematic higher-
twist corrections on the deconvolution problem, we con-
sider the difference:

-0 9 ¢ 1t i

1— %Q%_l_ (1_20@2> (1+3Q2+0(|l| /@ ))—1
_ R 4
- 60@2+0(|t| /Q )

~0.12| — @ +0(|t7?/a). (125)

This difference represents the modification on the LO + LT
shadow D-term [di"(r) = —d$(¢)] due to the kinematic
power corrections. We find that said modification is of
order ~10% of a twist-four, rendering the effect of the ¢/Q?
corrections on the deconvolution problem probably not
better than the one obtained through evolution [7]. An
improvement on the extraction of the D-term by including
these effects should not be expected, at least if the
extraction is performed from the dispersion relation asso-
ciated to H™ as in Ref. [7]. This motivates the study of the
dispersion relation of the other CFFs (H*~, H°F) as for
those there is no LT component that could obscure the
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kinematic corrections. From Eq. (124), we deduce that their
effect on purely higher-twist components should be of the
order of

9/20

3 =27/20 = 1.35 = d(¢) ~ 1.35d5(1).

(126)

This is an estimated 35% difference between the first two
Gegenbauer modes allowing us to study the deconvolution
problem and the relation between the different modes. The
computation of the dispersion relations associated to the
CFFs ‘H*~ and ‘H°* and the subsequent extraction of the
D-term will be taken care of in a future publication.

VI. NUMERICAL EVALUATION

In this section, we will assess the impact of kinematic
higher-twist corrections on the description of the subtrac-
tion constant of DVCS. To do so, we will combine the
experimental extraction of d; [see Eq. (110)] obtained in
Ref. [7], with the Goloskokov-Kroll (GK) GPD model [73—
76]. Note that this choice is not fully consistent, in the sense
that the GK model has been extracted assuming explicitly
that the D-term vanishes. Moreover, since the extractions
performed both for d; and the GK model were performed
assuming only leading-twist contributions, one should
expect that some higher-twist effects might taint the values
extracted from data. Nevertheless, this procedure will
provide an order of magnitude of the impact of kin-
ematic-power corrections. For this analysis, we used the
numerical implementation of the GK model found in
PARTONS [77] and use the Apfel++ library [78-81] to
perform the leading order evolution from 4 GeV?
to 2 GeV?2.

A. Model of the D-term

The D-term extracted in Ref. [7] was based on a
Gegenbauer decomposition, following Eq. (110), and thus
only the d,,(t) coefficients have to be extracted. Note
that the ¢ dependence is modeled by

dyi1 (1) = (127)

where the power-law behavior is fixed and not extracted. In
practice, because of the deconvolution problem of the D-
term already mentioned, only d, (7) is extracted with a large
uncertainty. We assume all higher Gegenbauer modes to be
zero. Reference [7] reports d(0) = —0.7 £ 1.3. In the
following we will stick to the central value of —0.7 in
order to obtain an order of magnitude of the next-to-leading
power corrections impact. For completeness, we highlight
that A; = 0.8 GeV.

1.0

—o— (2 expansion
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FIG.4. Ratio S;;/S asafunction of ¢ for 0> = 2 GeV?. Inred,
S is expanded as a power of 1/Q?, while in blue it is in terms of a
power of 1/Q?. The difference is expected to be twist-six but it is
already visible for 7| as small as 0.3 GeV2. The dots and squares
are the actual computed points; the line is only an interpolation
used as a guide.

B. Ratio computation
The DVCS subtraction constant S is obtained by sum-
ming the different flavor contributions, weighted by their
electric charge:

S(t,0?) (128)

2 ++q
Ze hy

Using Eq. (122), one can readily get the pure leading-twist
contribution:

Sir(t,0?) 4Ze2d" (1,0%) (129)

~4d)(1,07)) el
q

where we have used the fact that a flavor-degenerate value
of d, was extracted in Ref. [7]. Note however that, for
computing the part corresponding to the DD F and K, we
have kept the flavor dependence modeled by Goloskokov
and Kroll.

The ratio of the pure leading-twist subtraction constant to
the total one is shown on Fig. 4. This figure highlights the
important impact of the higher-twist corrections, going
from 15% to 50% on the kinematic range selected. We also
illustrate the impact of choosing Q? or Q? as the typical
power-expansion scale. Above || > 0.3 GeV? the differ-
ence becomes noticeable highlighting the potential need for
a twist-six correction.

VII. CONCLUSION

In this work, we have generalized the dispersion relations
of DVCS to include higher-twist kinematic power correc-
tions, both for spin-0 and spin-1/2 targets. The results are
twofold. First, we prove that the expression for the n-
subtracted dispersion relations is the same as at leading
twist [see Eq. (44)]. This follows from the fact that the
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imaginary part of the CFF is generated solely by the
DGLAP region of the GPD—a result that was, at least
to us, unexpected. The second important point is the
modification of the coefficient function; the latter being
itself connected to GPDs and DDs. These modifications are
such that an additional term is introduced and comes with a
dependence in the full double distributions F and K, and
cannot be considered suppressed, especially for JLab
kinematics. It calls into question the common thought that
DVCS dispersion relations allow one to bypass the extrac-
tion of GPDs to get access to the pressure and shear forces
of quarks within the nucleon. This issue is discussed in a
preceding article [82]. Note that our results for the one-time
subtraction constant for the spin-1/2 target (91) expressed
in terms of double distribution is in agreement with a
previous proof obtained in Ref. [47] in terms of GPDs
and recalled here in Eq. (95). We also derived the kinematic
twist-four corrections to higher subtracted relations in
Egs. (57) and (93) for spin-0 and spin-1/2, respectively.
Finally, Eq. (122) provides the first calculation of the higher-
twist convolution with the Polyakov-Weiss D-term.

That being written, assuming that the additional term is
taken into account by some procedure, we also investigated
the impact of the kinematic corrections to the deconvolu-
tion problem of the D-term. To do so, we stay to leading
order in ag, two Gegenbauer modes, and studied how the
shadow D-term is impacted by the #/Q? corrections. If the
coefficient becomes indeed dependent of the mode n
considered, this dependence is suppressed quadratically in
n, which precludes any help for deconvoluting modes beyond
the first few ones. And if one is restricted to the helicity
conserving amplitudes, then this mode dependence is a small
perturbation of the mode independent, leading-twist part. So
that, if the situation may improve with respect to the pure LT,
we do not expect a significant effect compared to the one
provided by evolution (which is itself already small).

This leads to the considerations of future work. On the
one hand, with a large contribution from the twist-four
nucleon mass correction at JLab kinematics, we wonder
what happens at kinematic twist-six. On the other hand, we
believe that studying the photon helicity flip amplitude,
H*~, would be of great interest. Indeed, at leading order,
there is no pure leading-twist contribution, which may
allow one to disentangle between the two first Gegenbauer
modes. However, one would also need to assess the impact
of gluon “transversity” GPDs, that contribute to H*~
at NLO.

With all these points in mind, we believe that more
theoretical and phenomenological work is necessary before
we can extract reliable distributions of pressure and shear
forces within the nucleon from experimental data.
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APPENDIX A: COEFFICIENT FUNCTIONS

1. Leading-twist coefficient function

We start by providing the leading-twist coefficient
function for the helicity conserving amplitude taken from
Ref. [83] up to NLO in ay:

-1
Co(x/¢) = is1ii0 (A1)
_a,Cp 1 x+& [(x+& .
Ci(x/8) == TEE =T {9—3)(_5111( 2 —10>
—In? (x;':‘: - io)] : (A2)
_ aSCF 1 X+ 5 .
Ccoll(x/é:) - . x/§+ 1-0 |:—3 — 2111(2—&— ZO>:| .
(A3)
Defining the antisymmetric coefficients
o' (x/8) = Co(x/&) = (x/& = =x/¢).  (A4)
C(x/8) = Ci(x/€) = (x/& = —x/&).  (AS)
Clil(x/8) = Can(x/8) = (x/& > =x/&).  (A6)

they combine to give the full LT coefficient function

() -[0 () ()

+1n (%) ct) @] +O(@). (A7)

F
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2. Twist-four scalar coefficient function for H**

To kinematic twist-four accuracy, the CFF H+* reads®
[50,51,65]

H = /l dxé { <1 - 2T;2> ci(x/e)H
-1

it [uﬁ{?ﬁ% (x/) - £ ‘9] H

5 SOel (PG (x/8) = L9 (x/€) H]
&pl .
+ 2 2 2031 P1)x/6) - £ (/e |

+ O(a,, tw — 6,a, - tw — 4) (A8)

where we truncated C; 1 to order (ag)® following Eq. (A7).
Here, we introduced the notation

Pl (x/8) = Pl (x/8) = (x/& > —x/8),  (A9)
LU)(x/€) = L(x/€) = (x/& = —x/),  (A10)
upon
N 2 x/E—14i0
P(iii)(x/f)—x/§+1ln< 240 > (All)
L(x/é) = x/g%l [Liz (%) - L12(1)} . (A12)

3. Twist-4 spin-1/2 coefficient function for 7 **
and for £**

The hard coefficient functions of a spin-1/2 particle at
LO and up to kinematic twist-four accuracy were detailed
in Eq. (62); see main text. All in all, these kernels provide
an alternative but equivalent formulation to the spin-0 basis
of functions for computing the kinematic corrections.
However, one must notice that the final convolutions giving
rise to the H*" of spin-0 and spin-1/2 targets are not fully
equivalent, viz. Eq. (81). This can be understood by the works
of Belitsky and Miiller [44] and Braun and Manashov [84]
where it is manifest that the kinematic twist corrections stem
from higher-order diagrams involving gluon exchanges

(’A[ng*] = H** at zeroth-order in a;.

between the active quark in the scattering process and the
spectator structure of the hadron. In fact, it is only at leading
twist that all those exchanges can be fully resummed into the
well-known Wilson links that guarantee the gauge-invariant
properties of GPDs.

Conversely, NLO corrections in perturbation theory
consist of loop diagrams involving self-energy and
quark-photon vertex corrections that carry information
on the spin and nature of said active quark and not on
the characteristics of the hadron from where this parton has
been originated. Consequently, at NLO-LT accuracy, there
is no difference in the hard kernel C; 1 between targets of
different spins.

APPENDIX B: GEGENBAUER
POLYNOMIALS

The Gegenbauer polynomials %Efl) (x) are a specific case
of Jacobi polynomials of degree n, such that they are

orthogonal for a certain weight of the type (1 — x2)*~2. For
instance, considering 4 = % one gets the first terms as

3 (a) = 3a, (B1)

%?/2) (a) = %a(7a2 -3), (B2)

and an orthogonality condition provided by

1
/ da(1 = )Y ()€Y (a)

s ;zl"(n+3)

= On.m n!4<n + 3/2)[r(3/2)]2

2(n+3)(n+2)(n+1)
2n+3 .

(B3)

These polynomials satisfy two properties that will be of use
later on:

N (—a) = ()Y (@), (B4)
2n + )61 (@) = [ (@) = 1, (@)
=2 (@) -5 (). (BS)
o) N 1
NEZ:O%N (a)rV = [ 2ar 7 2 lz| <1. (B6)
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