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1. Introduction

Computing nuclear structure functions poses several challenges to lattice QCD practitioners,
most notably the operator mixing and renormalisation issues [1, 2] that complicate the lattice
operator product expansion (OPE) approach.

Recently, the focus has largely been directed to light-cone PDFs that can be computed from
quasi- and pseudo-PDF approaches which evade these issues and obtain the 𝑥-dependence of the
parton distributions. A detailed account of quasi- and pseudo-PDF, and other approaches, including
their limitations, and in general what has been accomplished so far, is given in recent reviews [3, 4]
and plenaries at the lattice conferences [5, 6] highlighting the immense efforts and the progress of
the lattice community.

A complementary approach that is pursued by the QCDSF/UKQCD Collaboration is to extract
the forward Compton amplitude and access the structure functions that way. This approach is akin
to an experimental one where we are able to obtain the full Compton amplitude, which includes
all twist contributions and power corrections. Our determination of the Compton amplitude takes
advantage of the Feynman-Hellmann approach to hadron structure [7, 8]. The procedure is detailed
in [9, 10] which presents a derivation for the determination of the forward Compton amplitude via
the Feynman-Hellmann theorem, together with an application to the nucleon structure function 𝐹1.
In this contribution, we summarise the method and report on our recent progress on accessing the
𝐹1, 𝐹2 and 𝐹𝐿 structure functions of the nucleon.

2. Compton tensor and the structure functions

The starting point is the forward Compton amplitude described by the time ordered product of
electromagnetic currents sandwiched between nucleon states,

𝑇𝜇𝜈 (𝑝, 𝑞) =
∫

𝑑4𝑧 𝑒𝑖𝑞 ·𝑧𝜌𝑠𝑠′
〈
𝑝, 𝑠′

��T {
J𝜇 (𝑧)J𝜈 (0)

}�� 𝑝, 𝑠〉, (1)

where 𝑝 (𝑠) is the momentum (spin) of the nucleon, 𝑞 is the momentum of the virtual photon, and 𝜌

is the polarisation density matrix. We are interested in the unpolarised part of the Compton tensor,
which is parametrised in terms of two Lorentz-invariant scalar functions, F1 and F2 as follows

𝑇𝜇𝜈 (𝑝, 𝑞) =
(
−𝑔𝜇𝜈 +

𝑞𝜇𝑞𝜈

𝑞2

)
F1(𝜔,𝑄2) +

(
𝑝𝜇 − 𝑝 · 𝑞

𝑞2 𝑞𝜇

) (
𝑝𝜈 −

𝑝 · 𝑞
𝑞2 𝑞𝜈

)
F2(𝜔,𝑄2)

𝑝 · 𝑞 , (2)

where𝑄2 = −𝑞2. These invariant Compton structure functions F1,2 are related to the corresponding
ordinary structure functions via the optical theorem, which states ImF1,2(𝜔,𝑄2) = 2𝜋𝐹1,2(𝑥, 𝑄2).
Making use of analyticity, crossing symmetry and the optical theorem, we can write a dispersion
relation for F and connect them to the inelastic structure functions,

F 1(𝜔,𝑄2) = 2𝜔2
∫ 1

0
𝑑𝑥

2𝑥 𝐹1(𝑥, 𝑄2)
1 − 𝑥2𝜔2 − 𝑖𝜖

, F2(𝜔,𝑄2) = 4𝜔
∫ 1

0
𝑑𝑥

𝐹2(𝑥, 𝑄2)
1 − 𝑥2𝜔2 − 𝑖𝜖

, (3)

where we will use F 𝑖 (𝜔,𝑄2) = F𝑖 (𝜔,𝑄2) − F𝑖 (0, 𝑄2) throughout to denote a once subtracted
function. Additionally, a once-subtracted dispersion relation for the longitudinal structure function
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𝐹𝐿 (𝑥) is written as,

F 𝐿 (𝜔,𝑄2) = 2𝜔2
∫ 1

0
𝑑𝑥

𝐹𝐿 (𝑥, 𝑄2)
1 − 𝑥2𝜔2 − 𝑖𝜖

, where (4)

𝐹𝐿 (𝑥, 𝑄2) =
(
1 + 4𝑀2

𝑄2 𝑥2
)
𝐹2(𝑥, 𝑄2) − 2𝑥𝐹1(𝑥, 𝑄2), (5)

with 𝑀 the mass of the nucleon. Note that a subtraction is necessary, given the high-energy
behaviour of 𝐹1. Although we are only concerned with subtracting it away, understanding the
subtraction function is an interesting subject in itself. Related discussions on the subtraction
function can be found in [11–14], and further details and investigations will be presented in future
publications [15, 16].

The expression in Eq. (5) recovers the well-known Callan-Gross relation, 𝐹𝐿 (𝑥) = 𝐹2(𝑥) −
2𝑥𝐹1(𝑥), in the 𝑄2 → ∞ limit. However the 1/𝑄2 term, which picks up the next moment of 𝐹2, is
crucial for the low- and mid-𝑄2 regions. With our chosen parametrisation (Eq. (2)), the longitudinal
structure function F𝐿 can be constructed via the following combination of F1 and F2,

F𝐿 (𝜔,𝑄2) = −F1(𝜔,𝑄2) + 𝜔

2
F2(𝜔,𝑄2) + 2𝑀2

𝑄2
F2(𝜔,𝑄2)

𝜔
. (6)

With a judicious choice of kinematics, we are able to isolate the Compton structure functions
from the tensor in Eq. (1). Working in Minkowski space with metric 𝑔𝜇𝜈 = diag(+,−,−,−), we
have

F1(𝜔,𝑄2) = 𝑇33(𝑝, 𝑞), for 𝜇 = 𝜈 = 3 and 𝑝3 = 𝑞3 = 0, (7)

F2(𝜔,𝑄2) = 𝜔𝑄2

2𝐸2
𝑁

[𝑇00(𝑝, 𝑞) + 𝑇33(𝑝, 𝑞)] , for 𝜇 = 𝜈 = 0 and 𝑝3 = 𝑞3 = 𝑞0 = 0. (8)

Writing Eqs. (3) and (4) at fixed 𝑄2 as a geometric series, the Compton structure functions can
be expanded as an infinite sum of Mellin moments of the inelastic structure functions,

F 1(𝜔,𝑄2) =
∞∑︁
𝑛=1

2𝜔2𝑛𝑀
(1)
2𝑛 (𝑄2), with 𝑀

(1)
2𝑛 (𝑄2) = 2

∫ 1

0
𝑑𝑥 𝑥2𝑛−1𝐹1(𝑥, 𝑄2), (9)

F2(𝜔,𝑄2) =
∞∑︁
𝑛=1

4𝜔2𝑛−1𝑀
(2)
2𝑛 (𝑄2), with 𝑀

(2)
2𝑛 (𝑄2) =

∫ 1

0
𝑑𝑥 𝑥2𝑛−2𝐹2(𝑥, 𝑄2), (10)

F 𝐿 (𝜔,𝑄2) =
∞∑︁
𝑛=1

2𝜔2𝑛𝑀
(𝐿)
2𝑛 (𝑄2), with 𝑀

(𝐿)
2𝑛 (𝑄2) =

∫ 1

0
𝑑𝑥 𝑥2𝑛−2𝐹𝐿 (𝑥, 𝑄2). (11)

3. Feynman-Hellmann technique

Our implementation of the second order Feynman-Hellmann method is presented in detail
in [10]. Here, we briefly summarise its main aspects.

An analysis of the Compton amplitude, such as the one given in Eq. (1), requires the evaluation
of lattice 4-point functions. Application of the Feynman-Hellmann method reduces this problem
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to a more simple analysis of 2-point correlation functions using the established techniques of
spectroscopy. To start, we modify the fermion action with the following perturbing term,

𝑆(𝜆) = 𝑆 + 𝜆

∫
𝑑3𝑧(𝑒𝑖q·z + 𝑒−𝑖q·z)J𝜇 (𝑧), (12)

where 𝜆 is the strength of the coupling between the quarks and the external field, J𝜇 (𝑧) =

𝑍𝑉 𝑞(𝑧)𝛾𝜇𝑞(𝑧) is the electromagnetic current coupling to the quarks, q is the external momen-
tum inserted by the current and 𝑍𝑉 is the renormalization constant for the local electromagnetic
current.

The main strategy to derive the relation between the energy shift and the matrix element is
to work out the second-order derivatives of the two-point correlation function with respect to the
external field from two complementary perspectives. Differentiating the energy of the perturbed
nucleon correlator, 𝐺 (2)

𝜆
(p; 𝑡) ' 𝐴𝜆(p)𝑒−𝐸𝑁𝜆

(p)𝑡 , one finds a distinct temporal signature for the
second-order energy shift, and by matching it to the expression, coming from a direct evaluation of
the correlator, one arrives at the desired relation between the energy shift and the matrix element
describing the Compton amplitude,

𝜕2𝐸𝑁𝜆
(p)

𝜕𝜆2

����
𝜆=0

= −
𝑇𝜇𝜇 (𝑝, 𝑞) + 𝑇𝜇𝜇 (𝑝,−𝑞)

2𝐸𝑁 (p) , (13)

where 𝑇 is the Compton amplitude defined in Eq. (1), 𝑞 = (0, q) is the external momentum encoded
by Eq. (12), and 𝐸𝑁𝜆

(p) is the nucleon energy at momentum p in the presence of a background field
of strength 𝜆. This expression is the principal relation that we use to access the Compton amplitude
and hence the Compton structure functions as in Eqs. (7) and (8). For a more detailed derivation,
see [10].

4. Selected results and discussion

We carry out our simulations on QCDSF/UKQCD-generated 2 + 1-flavour gauge config-
urations. Two ensembles are used with volumes 𝑉 = [323 × 64, 483 × 96], and couplings
𝛽 = [5.50, 5.65] corresponding to lattice spacings 𝑎 = [0.074, 0.068] fm and the physical cut-
offs 𝑎−1 = [2.667, 2.902] GeV, respectively. Quark masses are tuned to the 𝑆𝑈 (3) symmetric point
where the masses of all three quark flavours are set to approximately the physical flavour-singlet
mass, 𝑚 = (2𝑚𝑠 +𝑚𝑙)/3 [17, 18], yielding 𝑚𝜋 ≈ [470, 420]MeV. We obtain amplitudes for several
values of current momentum, 𝑄2, in the range 1.5 . 𝑄2 . 7 GeV2. Multiple 𝜔 values are accessed
at each simulated value of q by varying the nucleon momentum p, which allows for a mapping of
the 𝜔 dependence of the Compton structure functions.

In order to extract the second order energy shift from the lattice correlation functions, we
construct the following ratio,

R𝑒
𝜆(p, 𝑡) ≡

𝐺
(2)
+𝜆 (p, 𝑡)𝐺

(2)
−𝜆 (p, 𝑡)(

𝐺 (2) (p, 𝑡)
)2 𝑡�0−−−→ 𝐴𝜆(p)𝑒−2Δ𝐸𝑒

𝑁𝜆
(p)𝑡

, (14)
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Figure 1: Top: Effective mass plot of the ratio given in Eq. (14) for a (q, p) pair. Data points are shifted for
clarity. Bottom: 𝜆 dependence of Δ𝐸𝑒

𝑁𝜆
(p). Error bars are smaller than the symbols. Plots taken from [10].

which isolates the energy shift only at even orders of 𝜆, Δ𝐸𝑒
𝑁𝜆

(p), where𝐺 (2)
±𝜆 (p, 𝑡) are the perturbed

two-point functions and 𝐺 (2) (p, 𝑡) is the unperturbed one. We compute the perturbed two-point
correlation functions with two values of |𝜆 | ≤ 0.025.

Having even-𝜆 energy shifts at two𝜆 values, we perform polynomial fits of the form,Δ𝐸𝑒
𝑁𝜆

(p) =
𝜆2

2
𝜕2𝐸𝑁𝜆

(p)
𝜕𝜆2

����
𝜆=0

+ O(𝜆4), to determine the second order energy shift. The unperturbed energy, 𝐸𝑁 ,

and odd-order lambda terms (O(𝜆), O(𝜆3), . . . ) are removed by construction in the ratio (14).
Given the smallness of our 𝜆 values, higher order O(𝜆4) terms are heavily suppressed, hence the fit
form reduces to a simple one parameter polynomial. We show representative cases for the signal
quality and the 𝜆 fits in Fig. 1 from the 323 × 64 ensemble.

The above analysis is performed to map out the 𝜔 dependence of the Compton structure
functions given in Eqs. (7) and (8) for each 𝑄2 value that we study. F𝐿 (𝜔,𝑄2) is constructed
according to Eq. (6). Once we extract the data points, we perform a simultaneous fit of F 1 and
F2 in a Bayesian framework to determine the first few Mellin moments of the structure functions,
Eqs. (9) to (11), where we truncate the series at 𝑛 = 4. No dependence on higher-order terms is seen.
Note that F2 is parametrised in terms of F 1 and F𝐿 following Eq. (6) since the Compton structure
functions F1,𝐿 are directly related to the cross sections and we can impose the positive-definiteness
on the moments. We sample the moments from uniform distributions with bounds 𝑀2(𝑄2) ∈ [0, 1]
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Figure 2: Fits to the 𝑢𝑢 (top panel) and 𝑑𝑑 (bottom panel) components of the Compton structure functions
for 𝑄2 = 4.86 GeV2.

and 𝑀2𝑛 (𝑄2) ∈ [0, 𝑀2𝑛−2(𝑄2)], for 𝑛 > 1, to enforce the monotonic decreasing nature of the
moments, 𝑀2(𝑄2) ≥ 𝑀4(𝑄2) ≥ · · · ≥ 𝑀2𝑛 (𝑄2) ≥ · · · ≥ 0, for 𝑢 and 𝑑 contributions separately.
The sequences of individual 𝑢𝑢 or 𝑑𝑑 moments are selected according to a multivariate probability
distribution, exp(−𝜒2/2), where 𝜒2 =

∑
F
∑

𝑖, 𝑗

[
Fmodel
𝑖

− F obs(𝜔𝑖)
]
𝐶−1
𝑖 𝑗

[
Fmodel
𝑗

− F obs(𝜔 𝑗)
]

is
the 𝜒2 function with the covariance matrix 𝐶𝑖 𝑗 , ensuring the correlations between the data points
are taken into account. We do not sample the isovector 𝑢𝑢 − 𝑑𝑑 but instead construct it from the 𝑢𝑢
and 𝑑𝑑 pieces. Here, F stands for F 1 and F2, and the indices 𝑖, 𝑗 run through all the 𝜔 values and
both flavours.

Compton structure functions and fits depicting the extraction of the moments are shown in
Fig. 2 for a representative case from the 483 × 96 ensemble. We show the isovector 𝑢 − 𝑑 moments
of 𝐹1 and 𝐹2, and the moments for the proton 𝐹1, 𝐹2, and 𝐹𝐿 in Fig. 3. Contributions from the 𝑢𝑢,
𝑑𝑑 and 𝑢𝑑 (not shown) pieces are weighted with their electric charges and combined in obtaining
the proton results.

At low- and mid-𝑄2 values, i.e. 𝑄2 . 4 GeV2, moments of 𝐹1 and 𝐹2 are significantly different
from each other. As we approach the larger 𝑄2 values, i.e. 𝑄2 > 4 GeV2, they tend to similar
asymptotic values close to their respective phenomenological values. Additionally, closing of the
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Figure 3: 𝑄2 dependence of the first moments of 𝐹1,2,𝐿 . We show the moments for the isovector 𝑢 − 𝑑

and proton structure functions. Black stars are the experimental Nachtmann moments of 𝐹2 at 𝑄2 = 4 GeV2

taken from [19].

gap between the 𝐹1 and 𝐹2 moments can be interpreted as the recovery of the Callan-Gross relation,
which is supported by the almost vanishing moments of 𝐹𝐿 .

5. Conclusions

We have presented QCDSF/UKQCD Collaboration’s recent efforts on calculating the Comp-
ton amplitude directly on the lattice via a novel extension of the Feynman-Hellmann techniques.
Accessing the Compton amplitude allows us to extract the moments of the nucleon structure func-
tions at a range of photon virtualities. We have shown preliminary results of the moments of the
unpolarised 𝐹1, 𝐹2 and 𝐹𝐿 structure functions along with their 𝑄2 dependence. These results,
especially for 𝐹𝐿 , are a first for lattice structure function calculations, where we are able to extract
the unpolarised structure functions simultaneously and study their behaviour at low- and mid-𝑄2

values.

Acknowledgments

The numerical configuration generation (using the BQCD lattice QCD program [20])) and data
analysis (using the Chroma software library [21]) was carried out on the DiRAC Blue Gene Q and
Extreme Scaling (EPCC, Edinburgh, UK) and Data Intensive (Cambridge, UK) services, the GCS
supercomputers JUQUEEN and JUWELS (NIC, Jülich, Germany) and resources provided by HLRN
(The North-German Supercomputer Alliance), the NCI National Facility in Canberra, Australia
(supported by the Australian Commonwealth Government) and the Phoenix HPC service (University
of Adelaide). RH is supported by STFC through grant ST/P000630/1. HP is supported by DFG
Grant No. PE 2792/2-1. PELR is supported in part by the STFC under contract ST/G00062X/1.
GS is supported by DFG Grant No. SCHI 179/8-1. KUC, RDY and JMZ are supported by the
Australian Research Council grant DP190100297.

References

[1] G. Martinelli and C. T. Sachrajda, On the difficulty of computing higher twist corrections, Nucl. Phys. B 478
(1996) 660 [hep-ph/9605336].

[2] M. Beneke, Renormalons, Phys. Rept. 317 (1999) 1 [hep-ph/9807443].
[3] H.-W. Lin et al., Parton distributions and lattice QCD calculations: a community white paper, Prog. Part. Nucl.
Phys. 100 (2018) 107 [1711.07916].

7

https://doi.org/10.1016/0550-3213(96)00415-4
https://doi.org/10.1016/0550-3213(96)00415-4
https://arxiv.org/abs/hep-ph/9605336
https://doi.org/10.1016/S0370-1573(98)00130-6
https://arxiv.org/abs/hep-ph/9807443
https://doi.org/10.1016/j.ppnp.2018.01.007
https://doi.org/10.1016/j.ppnp.2018.01.007
https://arxiv.org/abs/1711.07916


P
o
S
(
L
A
T
T
I
C
E
2
0
2
1
)
3
2
4

Investigating the low moments of the nucleon structure functions in lattice QCD K.U. Can

[4] K. Cichy and M. Constantinou, A guide to light-cone PDFs from Lattice QCD: an overview of approaches,
techniques and results, Adv. High Energy Phys. 2019 (2019) 3036904 [1811.07248].

[5] M. Constantinou, The x-dependence of hadronic parton distributions: A review on the progress of lattice QCD,
Eur. Phys. J. A 57 (2021) 77 [2010.02445].

[6] K. Cichy, Progress in 𝑥-dependent partonic distributions from lattice QCD, contribution to The 38th International
Symposium on Lattice Field Theory, Zoom/Gather@Massachusetts Institute of Technology (2021) .

[7] A. J. Chambers, J. Dragos, R. Horsley, Y. Nakamura, H. Perlt, D. Pleiter, P. E. L. Rakow, G. Schierholz,
A. Schiller, K. Y. Somfleth, H. Stüben, R. D. Young, J. M. Zanotti (QCDSF/UKQCD/CSSM Collaborations),
Electromagnetic form factors at large momenta from lattice QCD, Phys. Rev. D 96 (2017) 114509 [1702.01513].

[8] C. Bouchard, C. C. Chang, T. Kurth, K. Orginos and A. Walker-Loud, On the Feynman-Hellmann Theorem in
Quantum Field Theory and the Calculation of Matrix Elements, Phys. Rev. D 96 (2017) 014504 [1612.06963].

[9] A. J. Chambers, R. Horsley, Y. Nakamura, H. Perlt, P. E. L. Rakow, G. Schierholz, A. Schiller, K. Y. Somfleth,
R. D. Young, J. M. Zanotti (QCDSF Collaboration), Nucleon structure functions from operator product expansion
on the lattice, Phys. Rev. Lett. 118 (2017) 242001 [1703.01153].

[10] K. U. Can, A. Hannaford-Gunn, R. Horsley, Y. Nakamura, H. Perlt, P. E. L. Rakow, G. Schierholz, K. Y. Somfleth,
H. Stüben, R. D. Young, J. M. Zanotti (QCDSF/UKQCD/CSSM Collaborations), Lattice QCD evaluation of the
Compton amplitude employing the Feynman-Hellmann theorem, Phys. Rev. D 102 (2020) 114505 [2007.01523].

[11] A. Walker-Loud, C. E. Carlson and G. A. Miller, The Electromagnetic Self-Energy Contribution to 𝑀𝑝 − 𝑀𝑛 and
the Isovector Nucleon MagneticPolarizability, Phys. Rev. Lett. 108 (2012) 232301 [1203.0254].

[12] F. Hagelstein and V. Pascalutsa, The subtraction contribution to muonic-hydrogen Lamb shift: a point for lattice
QCD calculation of polarizability effect, 2010.11898.

[13] J. Lozano, A. Agadjanov, J. Gegelia, U.-G. Meißner and A. Rusetsky, Finite volume corrections to forward
Compton scattering off the nucleon, Phys. Rev. D 103 (2021) 034507 [2010.10917].

[14] A. Hannaford-Gunn, E. Sankey et al., A lattice QCD calculation of the Compton amplitude subtraction function,
contribution to The 38th International Symposium on Lattice Field Theory, Zoom/Gather@Massachusetts
Institute of Technology (2021) .

[15] A. Hannaford-Gunn, E. Sankey et al., in preparation.
[16] K. U. Can et al., in preparation.
[17] W. Bietenholz, V. Bornyakov, N. Cundy, M. Göckeler, R. Horsley, A. D. Kennedy, W. G. Lockhart, Y. Nakamura,

H. Perlt, D. Pleiter, P. E. L. Rakow, A. Schäfer, G. Schierholz, A. Schiller, H. Stüben, J. M. Zanotti
(QCDSF-UKQCD Collaboration), Tuning the strange quark mass in lattice simulations, Phys. Lett. B690 (2010)
436 [1003.1114].

[18] W. Bietenholz, V. Bornyakov, M. Göckeler, R. Horsley, W. G. Lockhart, Y. Nakamura, H. Perlt, D. Pleiter,
P. E. L. Rakow, G. Schierholz, A. Schiller, T. Streuer, H. Stüben, F. Winter, J. M. Zanotti (QCDSF-UKQCD
Collaboration), Flavour blindness and patterns of flavour symmetry breaking in lattice simulations of up, down
and strange quarks, Phys. Rev. D 84 (2011) 054509 [1102.5300].

[19] I. Albayrak et al. (E06-009 Collaboration), Measurements of Nonsinglet Moments of the Nucleon Structure
Functions and Comparison to Predictions from Lattice QCD for 𝑄2 = 4 GeV2, Phys. Rev. Lett. 123 (2019)
022501 [1807.06061].

[20] T. R. Haar, Y. Nakamura and H. Stuben, An update on the BQCD Hybrid Monte Carlo program, EPJ Web Conf.
175 (2018) 14011 [1711.03836].

[21] R. G. Edwards (SciDAC and LHPC Collaboration) and B. Joo (UKQCD Collaboration), The Chroma software
system for lattice QCD, Nucl.Phys.Proc.Suppl. 140 (2005) 832 [hep-lat/0409003].

8

https://doi.org/10.1155/2019/3036904
https://arxiv.org/abs/1811.07248
https://doi.org/10.1140/epja/s10050-021-00353-7
https://arxiv.org/abs/2010.02445
https://doi.org/10.1103/PhysRevD.96.114509
https://arxiv.org/abs/1702.01513
https://doi.org/10.1103/PhysRevD.96.014504
https://arxiv.org/abs/1612.06963
https://doi.org/10.1103/PhysRevLett.118.242001
https://arxiv.org/abs/1703.01153
https://doi.org/10.1103/PhysRevD.102.114505
https://arxiv.org/abs/2007.01523
https://doi.org/10.1103/PhysRevLett.108.232301
https://arxiv.org/abs/1203.0254
https://arxiv.org/abs/2010.11898
https://doi.org/10.1103/PhysRevD.103.034507
https://arxiv.org/abs/2010.10917
https://doi.org/10.1016/j.physletb.2010.05.067
https://doi.org/10.1016/j.physletb.2010.05.067
https://arxiv.org/abs/1003.1114
https://doi.org/10.1103/PhysRevD.84.054509
https://arxiv.org/abs/1102.5300
https://doi.org/10.1103/PhysRevLett.123.022501
https://doi.org/10.1103/PhysRevLett.123.022501
https://arxiv.org/abs/1807.06061
https://doi.org/10.1051/epjconf/201817514011
https://doi.org/10.1051/epjconf/201817514011
https://arxiv.org/abs/1711.03836
https://doi.org/10.1016/j.nuclphysbps.2004.11.254
https://arxiv.org/abs/hep-lat/0409003

	Introduction
	Compton tensor and the structure functions
	Feynman-Hellmann technique
	Selected results and discussion
	Conclusions

