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Constraining the energy-momentum tensor through the DVCS dispersion
relation beyond leading power
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In this paper, we analyze and interpret the kinematic power corrections to deeply virtual Compton
scattering dispersion relation. We show that the kinematic corrections at twist-four can be connected to
other form factors of the energy-momentum tensor beyond the pressure distribution involved at leading
power, namely the ones related to momentum and total angular momentum distributions. In the nucleon
case, these corrections are not negligible at presently accessible virtualities. The deeply virtual Compton
scattering (DVCS) subtraction constant becomes an experimental constraint on momentum distributions,
pressure forces distributions, and total angular momentum distributions. Finally, we use continuum and
lattice-QCD results to predict the expected size of the DVCS subtraction constant, and conclude that
momentum distributions are responsible of roughly one-third of the experimental signal at Q%> = 2 GeV?2.
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I. INTRODUCTION

In the last decade, the question of spatial mapping of
pressure and shear forces within the nucleon [1] has been
put at the forefront of hadron physics. Focusing on the
valence quark sector, a large activity both on the theoretical
(see, for instance, Refs. [2,3]) and experimental sides [4—0]
has been dedicated to the nucleon energy-momentum
tensor (EMT) and its form factors. The main argument
of these studies is that the EMT form factor C, containing
the information regarding the pressure and shear forces due
to quarks within the nucleon can be indirectly probed
through deeply virtual Compton scattering (DVCS) [7,8],
bypassing the full extraction of generalized parton distri-
butions (GPDs) thanks to dispersion relations (DRs)
[9-11]. At leading twist, the subtraction constant can be
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fully understood in terms of the Polyakov-Weiss D-term
[12], whose first moment yields the C form factor.

However, when taking into account kinematic-power
corrections [13,14], the D-term is not the sole component
contributing to the DVCS subtraction constant, and at first
sight, the extraction of both GPDs H and E is necessary.
What is more, these power corrections are not negligible at
current facilities. Even when considering the future
Electron-lon Collider, the kinematic range is such that
these corrections will be sizeable, threatening the interpret-
ability of the DVCS subtraction constant.

In this paper, we will show that this is in practice not the
case, and that, even if the power corrections cannot be
neglected, most of their contribution comes from the
momentum distribution and the angular momentum dis-
tribution. Thus, the DVCS subtraction constant can be seen
as an experimental constraint relating momentum, pressure,
and angular momentum distributions within the nucleon.
This will provide an experimental benchmark for both
continuum and lattice QCD computation of the nucleon
EMT form factors.

I1. DVCS DISPERSION RELATIONS

The amplitude of the DVCS process, illustrated in Fig. 1,
can be parametrized in terms of the so-called Compton
form factors (CFFs) [15,16]. When the photon virtuality Q?
is large enough, the CFFs can be factorized into a hard
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FIG. 1. Sketch of the DVCS process factorized into a hard
kernel and GPDs. The incoming electron emits a virtual photon of
virtuality Q> = —¢g” while a real photon is detected in the final
state. The total momentum transfer is r = A

kernel, that can be computed in perturbation theory, and
GPDs containing the nonperturbative information of the
process. The number of GPDs involved in the process
description depends on the spin of the target. Here, we will
focus only on the unpolarized, helicity conserving GPDs in
the quark sector. This corresponds to a single GPD H? for
(pseudo)scalar targets, and a second GPD E? for spin-1/2
targets.

Importantly, GPDs obey a general property called poly-
nomiality [17,18]:
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where [...] is the floor function and mod(2 m) is 0 for m
even and 1 for m odd. A, = A4, B{ ; = BY and C{ = C*

are actually the symmetric, current conserving EMT form
factors [8]:
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The polynomiality property is equivalent to the existence of
the so-called double distribution (DD) formalism intro-
duced independently in [19,20] (see also [21,22]),

Ho(w£.0) = [ AQFI(p. ) + DY@ 0O ()

B(x.6ur) = [ dQIKO(p.a.0) - D@ na(IRL.  (5)

where Q={(a.p)|la|+|B|<1} and & = 8(x — p — af).
F and K are Radyushkin’s DD whlle D is the
Polyakov-Weiss term [12]. They are the generating
functions of the moments Aj ,:(), By, ,;(t) and Ci(t)
respectively.

When the kinematic conditions allow it, the DVCS
amplitude obeys subtracted dispersion relations. The best
known one is given as [9-11]

xImH(x)

s=reri-f o ()5 E+n O

where  represents the Cauchy principal value prescription,
S is the subtraction constant, and H the CFF associated
with the GPD H.

This leading power picture can be enhanced including
kinematic power corrections that modify the hard kernel
without involving new nonperturbative distributions
[13,23-29]. These corrections are expected to be power
suppressed in 1/Q = 1/4/(Q* + 1), but explicitly depend
on the spin of the target. Their expressions can be found
in [13,14].

III. SCALAR TARGETS AND MOMENTUM
DISTRIBUTION

Following [14], when taking into account kinematic
power corrections, the DVCS subtraction constant is given
for a (pseudo)scalar target by

S9(1,Q%) = /_ jdaT}*(a, £/Q?)D¥(a, 1)
_4(&%[/4 / dQF (B0, 0pTH V@), (7)

where 73+ and T} ") are parts of the coefficient function.
Their expressions are given in the appendix and their origin
is discussed in the following article [14]. Focusing on the
second line, where the mass correction stands, we Taylor

expand T1++(l>(a) around a = 0:

S a’ anT++( )

++(1
T, g a'e, = E —n
oJa
n=0
even even

a=0

Note that TTHI) is singular for @ — 1. However, because of
the support properties of DDs this singularity is tamed in
Eq. (7) and the integrand goes to zero at the end point.
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Injecting Eq. (8) into the second line of Eq. (7) and using
Egs. (4) and (1), one gets

L dQF1(B,a)pTT TV (@) = coA? O+Z " AL (9)

even

where the factor 2" comes from the expansion in (2¢)/ in
Eq. (1). The mass term can thus be expressed as a series of
the subset A, , of the generalized form factors A; ;, whose
first term A is the EMT form factor containing the
information regarding the momentum distribution within
the nucleon.

We then truncate the series to the two first elements
(n <2). The expression of the subtraction constant
becomes

24 q 46 g
— 44— oA o (1) + =~ 3 A3,(D)]

(10)

S9(t,Q%) =D(t,Q?)

with ¢y = 0.864 and ¢, = 0.980 computed from their def-
inition in Eq. (8), and

DI(1, @) = /_i daTit <a, é) Di(ar). (1)

In order to test the validity of this approximation, we
introduce the ratio:
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and compute the A, , generalized form factor from the
so-called phenomenological model of Ref. [30], which is
based on the xFitter pion PDF [31], and the Radyushking
DD ansatz [32]. The results, reported in Table I, show that
the first term contributes to 90% of the total sum, making
the low-n truncation an excellent approximation and thus
justifying Eq. (10). For (pseudo)scalar targets, the DVCS
subtraction constant can thus be seen as a relation between
the EMT form factor A and the Polyakov-Weiss D-term.

TABLEL Valuesof R = 35, R? withn, = e3 /(3" e2,) using
the phenomenological pion model defined in Ref. [30].

IV. DVCS DISPERSION RELATION AND
ANGULAR MOMENTUM

For spin—% targets such as the nucleon, the situation is
more complicated as the subtraction constant depends on
both DDs F and K (see [13,14]):

2
S4(1,@?) = D4(1,Q?) —4% L dpTT W (@)

x [F‘I(,B, a.t) + —— KB, . z)} . (13)

t
aMm?
We proceed as previously, expanding Tf’(l) following
Eq. (8). Integrating over F' yields again a series of 4, ,

generalized form factors, see Eq. (9). Similarly, using
Egs. (5) and (2), the integral on K can be expressed as
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assessing the precision of truncation of the B series at
order n.

Using the Goloskokov-Kroll model [33-35], we can
assess, as done before, the validity of the low-n truncation.
Note that the lattice computations remain exploratory and
limited to the u-d combination [36]. The results, shown in
Table II, are similar to the scalar case, with the first term of
the A and B series contributing to 82% of the total
contribution.

Now recalling that the total angular momentum of the
nucleon J7 is given as:

Al o(1) + B (1)

Ji(t) = > ; (16)

one can express the nucleon DVCS subtraction constant as

TABLEII. Values of the charge-weighted ratios R and ) using
the Goloskokov-Kroll models of Refs. [33-35].

t [GeV?] Ro(t) R, (1) t [GeV?] Ro(1) R, (1) Vo(t) Y, (1)
—0.0001 0.907 0.975 —0.0001 0.844 0.947 0.815 0.930
-0.3 0.923 0.982 -0.3 0.8556 0.953 0.833 0.941
-0.7 0.937 0.987 -0.7 0.870 0.961 0.850 0.952
-1.2 0.949 0.991 -1.2 0.885 0.969 0.866 0.960
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Thus, in the nucleon case, the DVCS subtraction constant
provides a relation between the Polyakov-Weiss D-term,
the momentum distribution, and the total angular momen-
tum one. Assuming that the first coefficient of the D-term
expansion on Gegenbauer polynomials basis is also the
dominant one (this is a standard assumption regularizing
the deconvolution problem, although its validity remains
questionable [6,11]), one can obtain the approximated
relation:

t
S"(t,@2)z20C‘1(t)<l—F>
am CO aM z—l

- @2 |: 4M2 ACIIO(I)—’_ J (t):| ’ (18)
connecting the EMT form factors. This holds in Fourier
space: the maps of pressure and shear forces within the
nucleon depend on the maps of momentum and angular
momentum.

V. ASSESSING THE DVCS DISPERSION
RELATION

We are now in a position to assess the size of the
kinematics power corrections at achievable DVCS kin-
ematics. To do that, we will exploit the lattice computations
of the EMT form factors of Ref. [37] (using the dipole fit),
and the continuum Schwinger method (CSM) computation
of Ref. [38]. We then compute the total subtraction
constant:

S=> 28t (19)
q

The lattice results [39] are provided at a renormalization
scale of y2; =4 GeV?, and we evolve them to yu? =
2 GeV? using leading-order (LO) evolution equations.
The choice of this scale is driven by the experimental
knowledge of the subtraction constant, which is maximal
for 0*> ~2 GeV? and t ~ —0.4 GeV? (see Ref. [11]). Note
that this is a bit below the threshold of Q3 = 2M? above
which the dispersion formalism is proven to work [11,14],
but (i) no breakdown of dispersion relation is seen in
experimental data, and (ii) a fine-tuning of the values of ¢
and Q? would not change our discussion.

tJ"(t)] .

. = Pure LT CSM
\ == HT with C only CSM

3.0 X -=- Full HT CSM
25F \ — Pure LT Lattice
N, == HT with C only Lattice
% 2.0}, N .=+ Full HT Lattice

-
Se
0.9} ‘“s§~

% 0.8
=
%)
0.7 — Q2=2 GeV? Lattice
— Q%=2GeV?CSM
-= Q2%=4 GeV? Lattice
0.6} .=+ Q2%=10 GeV? Lattice

00 01 02 03 04 05 06 07
—t (GeV?)

FIG. 2. Top: evaluation of the DVCS subtraction constant for
0% = u*> =2 GeV? using three quark flavors. CSM (lattice)
calculations are shown by blue (red) curves. Continuous lines
represent results obtained within the leading twist formalism,
dashed lines include power corrections neglecting the second line
of Eq. (18), and dashed-dotted lines include the full twist-four
correction using Eq. (18). The impact of HT corrections is
highlighted by the corresponding band in both cases. Bottom:
ratio between the LT description of the subtraction constant and
Eq. (18).

The results of the computation of the DVCS sub-
traction constant are shown on Fig. 2. For both
approaches, the M?/Q? part of the corrections largely
dominates the ¢/Q? ones. The total power correction
accounts for 1/3 (lattice) and 1/4 (CSM) effect at Q? =
2 GeV? and t = —0.4 GeV?2. In addition, J¢ and C? have
opposite signs, triggering a compensation between
tC1/Q* and tJ9/Q7 and explaining also why the
t/Q? effect is small. The difference at small-z between
the two approaches comes from the fact that, despite
having compatible total C form factor, the decomposition
between quarks and gluons is significantly different with
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C . ~45C . while Clgy~ Clgy. At 0% =4 GeV?,
the impact of the power corrections is reduced to roughly
15%. This is due to the power-law suppression, but also
to the decrease of A9, as more momentum is sent to the
gluon sector.

VI. CONCLUSION

The kinematic power corrections contribute significantly
to the DVCS dispersion relation. They thus modify our
understanding of the subtraction constant of DVCS, which
now connects the EMT form factors A? and J9 with C9,
although the contribution of —#J9/Q? is assessed here to be
much smaller than the one of M?A?/Q?, with opposite sign
compared to —tC?/Q? and tA9/Q?. Since according to
lattice computations J4(0) < A4(0) < —C%(0), an exper-
imental extraction through a deviation of the #-slope will be
challenging.

At Q? =2 GeV?, ie., the highest O range of the
JLab 6 GeV kinematical area, the contribution of A is
sizeable, as it can account for 1/3 of the experimental
signal, and largely dominates the power correction
effects. A 30%—40% effect is in agreement with the
expectations that have been made previously on DVCS
amplitudes [28,40].

This outweighs the NLO corrections obtained previously
[10,11] (with the caveat of the large gluon component
computed on the lattice), but does not resolve the decon-
volution problem of the D-term [14].

However, it does confirm what some of us already
suspected, that interpreting correctly JLab 6 GeV data is
really challenging, as the low-Q? values do not guarantee
that power corrections are actually suppressed. In that
respect, higher Q% data at JLab 12 and JLab 20 are more
than welcome. Note that since a significant part of
Electron-Ion Collider (EIC) data will be taken at Q* of
the order of a few GeV?, kinematic power corrections
remain a relevant topic there too.

Finally let us point out that the uncertainty on the
subtraction constant remains large, mostly because the real
parts of the CFF are poorly known. A positron beam at
JLab or the EIC would allow one to better constrain the
latter, improving significantly the extraction of the DVCS
subtraction constant.
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APPENDIX: HARD COEFFICIENT FUNCTIONS
OF THE SUBSTRACTION CONSTANT
ASSOCIATED TO QUARK GPDs H AND E

In accordance with Ref. [14], both spin-0 and spin-1/2
targets make use of the same two functions 7" and 77"
for building up the CFF H ™ of GPD H and its associated
subtraction constant for the dispersion relation. For a spin-
1/2, this is also true for £t of GPD E. Note, however, that
the form of the subtraction is spin dependent as explained
in Ref. [14]. These hard coefficient functions are thus

t X ~ X
Ty (5= ) = CiF (‘) it <_>
0 (é: @2> LT é: +@2 (iii) 5

LY+’
Q2 2 '

x 5(+) (x
T++ <x> Y -Pw®
1 = .

(A1)

: 5 (A2)

Here, all the kernels in the right-hand side are antisym-

metric. In particular, Cf}) is the only one surviving the

leading-twist limit, as can be found at next-to-leading order

in a, in Ref. [10], and C(()H is its LO component. The other
two functions come from a twist calculation [29] and read

=2 (x[E=1+1i0
Pl (/) —x/§+lln< 570 )—(X/cf—>—x/§>,
(A3)
L (x/&) = x/;_ 1 [Liz (x2/ 5:;01) - Liz(l)]
= (x/& = =x/8). (A4)

In the part of the subtraction constant corresponding to the
D-term, the kernel (737, in notation of the main text) is a
combination of the above two:

t

T (@ /@) = T 0/ @) + 5

T (a).  (AS)

The novel term including the DD F for a spin-0 target, and
both F and K for the spin-1/2 case, is the first derivative of
T1*; this is
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YR ()

ag(=11) 1 4 3a In l—a 3
- (14+@?(1-a) 2

+ (a = —a),

where R stands for the real part of the function.
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