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• Review of DVCS Theory and Phenomenological 
Approaches


• GPDs from Universal Moment Parameterization 
(GUMP): results so far


• Twist-3 GPDs and observables in DVCS
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Timeline of DVCS Cross Section Calculations
X. Ji, PRD 55 (1997) 71114

Belitsky, Mueller, Kirchner, Nuc Phys B 629 (2002) 323

B. Kriesten et al., Phys Rev D 101 (2020) 054021

Belitsky, Mueller, Kirchner, Phys Rev D 82 (2010) 074010 

Y. Guo, X. Ji, K. Shiells, JHEP 12 (2021) 103

• First attempt, twist-2

• Full twist-2 + WW twist-3, certain light cone choice made, 
kinematical approximations made, all polarization channels 
covered
• Kinematic improvements made to 2001 work, but doesn’t 

cover all polarization channels

• Genuine twist-3 CFFs used, physics connections to other 
processes made, all polarizations covered

• Full twist-2 + WW twist-3, optimal light cone choice 
found, no kinematical approximations used, all 
polarization channels covered

Y. Guo, X. Ji, K. Shiells, B. Kriesten (2022) JHEP 06 (2022) 096 • Extension of 2021 work with genuine twist-3 CFFs

Braun, Manashov, Muller, Pirnay, PRD89, (2019) 074022   • Extension of BMK’s work, incorporating higher order 
target and mass corrections

(Ji)

(BMK)

(BMMP)

(UVa)

(GSJ)

3
K. Shiells

(BMK)

(GSJ)



GSJ Formalism (Guo, Shiells, Ji)

• Considers the 5-fold differential DVCS Cross section

• Comes from 2 amplitudes:

Bethe-Heitler DVCS

• Allows for a polarized beam and target

• Expands the Compton amplitude with respect to a 
general light-cone direction, expressing in terms of 
universally-defined twist-2 quark-quark GPDs
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Harmonic Structure

• All the scalar coefficients can be expressed in terms of 
harmonic series

e.g. unpolarized coefficients:

• Leading twist dominates the lower-order harmonic coefficients, while 
the higher-order harmonics involve higher twist contributions and are 
kinematically suppressed

• General idea: we can fit harmonic coefficients to the data, acquiring 
equations which constrains the CFFs — this works for both cross 
sections and asymmetries

• The GSJ formalism expresses both pure DVCS and interference cross sections 
into products between -dependent scalar coefficients  -independent 
irreducible CFF expressions

ϕ × ϕ

(scalar coefficient)  (CFF expression)σ = ×
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+ “twist-3”

• All 3 parts of the cross section ( ,BH, DVCS-BH Interference) are 
sensitive to the helicities of the beam and target

|DVCS |2

• This covers 6 distinct channels of beam/target polarizations: UU, LU, UL, LL, 
UT, LT.  Each channel has a different dependence of the CFFs

• Phenomenological rule-of-thumb:

6 K. Shiells

#constr ⇡
P

pol.(#Eb)⇥ (#harm/pol.)

For stable CFF extraction (unique solution): #constr � #param

twist 2 CFFs   8 param⇒

F = H, E , ...(xB , t, Q
2)
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Extraction of GPDs

Compton Form factors 

ℋ, ℰ, ℋ̃, ℰ̃, . . .

GPDs 

H, E, H̃, Ẽ, . . .

 expansion 
and 

convolution

αs

GPDs

DVCS data
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• We can fit a GPD model simultaneously to DVCS data points AND lattice 
QCD data

Lattice data
We have developed this 
architecture!

:αs = 0

K. Shiells

Hall A

CLAS


H1

…


GFFs

GPDs


…
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GUMP:  GPDs from Universal Moment 
Parameterization

• Based on the conformal moment expansion of GPDs
Mueller & Schaefer NPB 739 (2006) 1

• This leads to dual parameterization or Mellin Barnes frameworks


• Mathematically, one is essentially expanding the GPD into a 
basis of orthogonal functions

Mellin-Barnes Respresentation

conformal 
moments
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• Polynomiality condition:

Zero-skewness case :
Nonzero-skewness case

<latexit sha1_base64="0pnPjt8HPAE6c59YxrxqTCsZ7Lc="></latexit>

Fj,0(t) = N0B(j + 1� ↵0, 1 + �0)
j + 1� ↵0

j + 1� ↵0 + ↵0
0t

MODEL:

-dependent PDFt

• Direct constraints from -dependent lattice GFFs


• Additional constraints from globally-determined PDFs


• Also data points on lattice-computed -dependent isovector GPDs


• Only valence distributions are considered here, as sea 
contributions highly suppressed

t

t
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Zero-skewness Results

For a proton transversely polarized in the x-direction:

Quark intrinsic AM density:

Irony: most sought 
femtography quantities 

are at ξ = 0

JHEP 09 (2022) 215
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Nonzero-skewness Study

• Deconvolution problem means there aren’t enough constraints from off-
forward measurements to fully constrain all the GPDs


• To reduce the number of parameters, we assume a proportionality to 
the zero-skewness moments:

JHEP 05 (2023) 150
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• GPDs do not naturally distinguish their quark and antiquark 
components, especially in the DA region

flavour label quark only antiquark only quark-antiquark

 vector

 axial vector

−
+

• We choose basis: 
{ ̂q, q̄, g} → {qv, q̄, g} ⊗ {q = u, d} ⊗ {F = H, E, H̃, Ẽ}

<latexit sha1_base64="Tqf6iNKJ+41txb2bjc9ytgpcbj0=">AAACK3icbVDLTgJBEJzFF+IL9ehlIph4IrvEqEeiJnpEI0IChMwODUyYfWSmVyUbPPo1etQf8aTx6h/4AQ64BwErmaSmqrvTXW4ohUbbfrdSc/MLi0vp5czK6tr6RnZz60YHkeJQ4YEMVM1lGqTwoYICJdRCBcxzJVTd/unIr96C0iLwr3EQQtNjXV90BGdopFaW5vONK9HtIVMquKNFmz48NBDuMT4vn+lhPt/K5uyCPQadJU5CciRBuZX9brQDHnngI5dM67pjh9iMmULBJQwzjUhDyHifdaFuqM880M14fMmQ7hmlTTuBMs9HOlb/dsTM03rguabSY9jT095I/NfTZpUetI13JhTjdPyf3AU7x81Y+GGE4PPfVTqRpBjQUXC0LRRwlANDGFfCXEN5j5lZaOLNmJic6VBmyU2x4BwWDi6LudJJElia7JBdsk8cckRK5IKUSYVw8kieyAt5tZ6tN+vD+vwtTVlJzzaZgPX1A/G4ppY=</latexit>

) 20 GPDs That’s 20 functions of 3 variables….
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• GPDs acquire an oscillatory 
behaviour in the DA region due to the 
conformal wave functions (~ 
Gegenbauer polynomials)

• We can include the DA GPD 
term, which is important for 
finite . Here we’ve tweaked it 
to show one can achieve good 
agreement with the isovector 
lattice predictions there


• However, insufficient 
constraints exist to include 

 in a global analysis

ξ

Fqq̄
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Twist 3 Phenomenology in DVCS

<latexit sha1_base64="a8Z/OPuNmDF18O7hp7P90zSGyWs=">AAACDnicbVDLSgMxFM34rPVVdekm2BFclZki6kYo6sJlBacttEPJZO60oZkHSUYoQ79Bl/oj7sStv+B/+AGm01nY1gOBk3PuDSfHSziTyrK+jZXVtfWNzdJWeXtnd2+/cnDYknEqKDg05rHoeEQCZxE4iikOnUQACT0ObW90O/XbTyAki6NHNU7ADckgYgGjRGnJMc1r0+xXqlbNyoGXiV2QKirQ7Fd+en5M0xAiRTmRsmtbiXIzIhSjHCblXiohIXREBtDVNCIhSDfLw07wqVZ8HMRCn0jhXP27kZFQynHo6cmQqKFc9Kbiv57UUYbga++OCUJxfp/PooIrN2NRkiqI6CxKkHKsYjztBvtMAFV8rAmhgunfYDok+i2lGyzrmuzFUpZJq16zL2rnD/Vq46YorISO0Qk6Qza6RA10j5rIQRQx9Ixe0ZvxYrwbH8bnbHTFKHaO0ByMr1/jKZsK</latexit>=

• Start by expanding the Compton tensor:

•   involves 4 twist-2 GPDs: Tμν
(2) H, E, H̃ , Ẽ

•   involves 8 twist-3 GPDs: Tμν
(3) H2T, H′ 2T, E2T, E′ 2T, H̃ 2T, H̃ ′ 2T, Ẽ 2T, Ẽ ′ 2T

• But they arise in degenerate pairs: <latexit sha1_base64="R+qVJDL9FjnpEQkabOEkyjRcWno=">AAACKnicbVDLTsMwEHTKq5RXgCMHLFoEF6qkQsAFqQIOORapL6mtKsd1qFXHiWwHqYpy5GvgCD/CreLKJ/ABuGkOtGUla8czu6vdcUNGpbKsiZFbWV1b38hvFra2d3b3zP2DpgwigUkDBywQbRdJwignDUUVI+1QEOS7jLTc0f1Ubz0TIWnA62ockp6Pnjj1KEZKU33zuFTqukjETtKPK/Xk1knThXOW5lKpbxatspUGXAZ2Boogi1rf/OkOAhz5hCvMkJQd2wpVL0ZCUcxIUuhGkoQIj9AT6WjIkU9kL04PSeCpZgbQC4R+XMGU/dsRI1/Kse/qSh+poVzUpuS/mtSrDMlAaw9UIAzT//wuyrvpxZSHkSIcz1bxIgZVAKe+wQEVBCs21gBhQfU1EA+RnqW0uwVtk71oyjJoVsr2VfnysVKs3mWG5cEROAHnwAbXoAocUAMNgMELeAXv4MN4Mz6NifE1K80ZWc8hmAvj+xcWQaWL</latexit>

H̄2T = H2T �H
0
2T

<latexit sha1_base64="DJlFsjf5RnOw0ZZc3T3UnA7vd3o=">AAACKnicbVDLSsNAFJ3UV62vqEsXDjaiG0tSRN0IRS24rNAXtKVMJpN26OTBzEQoIUu/Rpf6I+6KWz/BD3CaZmFbLwz3zDn3Xu49dsiokKY50XIrq2vrG/nNwtb2zu6evn/QFEHEMWnggAW8bSNBGPVJQ1LJSDvkBHk2Iy17dD/VW8+ECxr4dTkOSc9DA5+6FCOpqL5+bBhdG/G4mvTjcj25rabponqWZsPo60WzZKYBl4GVgSLIotbXf7pOgCOP+BIzJETHMkPZixGXFDOSFLqRICHCIzQgHQV95BHRi9NDEniqGAe6AVfPlzBl/3bEyBNi7Nmq0kNyKBa1KfmvJtQqQ+Io7YFyhGH6n99Fuje9mPphJImPZ6u4EYMygFPfoEM5wZKNFUCYU3UNxEOkZknlbkHZZC2asgya5ZJ1Vbp8Khcrd5lheXAETsA5sMA1qIBHUAMNgMELeAXv4EN70z61ifY1K81pWc8hmAvt+xcG4aWC</latexit>

Ē2T = E2T � E0
2T

<latexit sha1_base64="R5vOtAVPDRGYSNzu3uE81HBSt1A=">AAACE3icbVDNTgIxGPwW/xD/UI9eGlkTT2SXGPVI1INHTASJsCHdboGGbnfTdk3IhrfQo76IN+PVB/A9fADLsgcBJ2kynfm+Zjp+zJnSjvNtFVZW19Y3ipulre2d3b3y/kFLRYkktEkiHsm2jxXlTNCmZprTdiwpDn1OH/zR9dR/eKJSsUjc63FMvRAPBOszgrWRHm27S4JIK9vulStO1cmAlombkwrkaPTKP90gIklIhSYcK9VxnVh7KZaaEU4npW6iaIzJCA9ox1CBQ6q8NEs8QSdGCVA/kuYIjTL170aKQ6XGoW8mQ6yHatGbiv96ykQZ0sB4N0xigrL7fBbdv/RSJuJEU0FmUfoJRzpC04JQwCQlmo8NwUQy8xtEhti8pU2NJVOTu1jKMmnVqu559eyuVqlf5YUV4QiO4RRcuIA63EIDmkBAwDO8wpv1Yr1bH9bnbLRg5TuHMAfr6xdXbJ14</latexit>

···

• So effectively, there are only 4 new tw-3 GPDs introduced:  H̄2T, H̄′ 2T, Ē2T, Ē′ 2T

Belitsky, Radyushkin Phys Rept 418 (2005) 1

defined in: Meissner, Metz, Schlegel, JHEP 08 (2009) 056
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<latexit sha1_base64="WGn8akkbY4FJgj17NqJhvb7ZWto="></latexit>

FUU = F (2)
UU + F (3)

UU + F (4)
UU

<latexit sha1_base64="QAJy0AH+f4Tyz0VdTnqvmLvk4zI="></latexit>

⇠ hU
(2)(F (2) ⇥ F (2))

<latexit sha1_base64="RGN/JLa+OP9RWA4rk+BJXyiWGvU=">AAACJnicbVDJSgNBEO2JW4zbqMdcGhPBU5gRUS9CMBI8RjALmBB6OpWksWehu0YMQwS/Ro/6I95EvPkRfoCd5WCMBQ2v36sqXj0vkkKj43xaqYXFpeWV9GpmbX1jc8ve3qnpMFYcqjyUoWp4TIMUAVRRoIRGpID5noS6d1sa6fU7UFqEwTUOImj5rBeIruAMDdW2s/l802fY50wm5eHZQxPhHpNSuTzM59t2zik446LzwJ2CHJlWpW1/Nzshj30IkEum9Y3rRNhKmELBJQwzzVhDxPgt68GNgQHzQbeS8RFDum+YDu2GyrwA6Zj9PZEwX+uB75nOkWH9VxuR/2raWOlDx2gXQjFOx/9ZL9g9bSUiiGKEgE+sdGNJMaSjzGhHKOAoBwYwroS5hvI+M7vQJJsxMbl/Q5kHtcOCe1w4ujrMFc+ngaVJluyRA+KSE1Ikl6RCqoSTR/JEXsir9Wy9We/Wx6Q1ZU1ndslMWV8/pwik8Q==</latexit>

F = CFF

<latexit sha1_base64="N8u13pAVsjZ7SKewLAimTVtuYTg="></latexit>

⇠ hU
(3)(F (2) ⇥ F (3))

<latexit sha1_base64="QnQEBFFs36ptDzdaqDVZsVlxmTg="></latexit>

⇠ hU
(4)(F (3) ⇥ F (3))

(5-fold cross section )ep → epγ

• Even greater suppression is seen for twist-3 Interference  
coefficients and for EIC kinematics

(dσINT)

 A look at Twist 3 Scalar Coefficients JHEP 06 (2022) 096
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• Due to Lorenz invariance and QCD eom, tw2 GPDs are related to tw3 
ones: Wandura-Wilczek

• The true qGq twist-3 contributions are difficult to estimate, however 
the overall twist-3 CFF is unitless and is expected to be ∼ 𝒪(1)

?

0% 100%

ℱtw-3
CFF

effective tw-2 part genuine tw-3 part

• Given the typical high kinematical suppression attached to the tw-3 CFFs, If 
one is plotting the total cross section, estimating the CFF with only its 
twist-2 part is still somewhat reasonable


• But if estimating/plotting a unique observable which is of subleasing twist, a 
better job is needed!

<latexit sha1_base64="HkjTZwTwEcu7XrdvgGjSZhasqPQ=">AAACInicbVDLSsNAFJ3UV62vqAsXbgYboW5KUkRdFnXhzgr2AU0ok8m0HTp5MDMRSsjX6FJ/xJ24EvwMP8BJmoVtvTBw5px7L+ceN2JUSNP80korq2vrG+XNytb2zu6evn/QEWHMMWnjkIW85yJBGA1IW1LJSC/iBPkuI113cpPp3SfCBQ2DRzmNiOOjUUCHFCOpqIF+ZBi2oD60fSTHGLHkPq1ZZ4Yx0Ktm3cwLLgOrAFVQVGug/9heiGOfBBIzJETfMiPpJIhLihlJK3YsSITwBI1IX8EA+UQ4SX5ACk8V48FhyNULJMzZvxMJ8oWY+q7qzHyKRS0j/9WEsjImntJuKUcY5v95L3J45SQ0iGJJAjyzMowZlCHM8oIe5QRLNlUAYU7VNRCPkdolVaoVFZO1GMoy6DTq1kX9/KFRbV4XgZXBMTgBNWCBS9AEd6AF2gCDFDyDV/CmvWjv2of2OWstacXMIZgr7fsXEn6idg==</latexit>

⇠ O(1)
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 and  Dependence of twist-3 Cross SectionQ2 Eb

• At higher beam energies the DVCS and INT cross sections gain ground 
against the BH background (“small-  enhancement”), however the tw-3 
part slowly gains ground on the tw-2 part at really large beam energies!

y

• N.B. it’s not just about the  value, kinematically we always get 
contributions in the form: 

Q2
<latexit sha1_base64="/YHQBLoeMFf8CmK7yXvHiaiGs0k=">AAACHXicbVDLTsMwEHR4lvIK5cjFokHiQpVUCDhWwIFjK9GH1IbKcZzWquNEtoOoov4KHOFHuCGuiP/gA3DTHGjLSpbGM7ur2fFiRqWy7W9jZXVtfWOzsFXc3tnd2zcPSi0ZJQKTJo5YJDoekoRRTpqKKkY6sSAo9Bhpe6Obqd5+JELSiN+rcUzcEA04DShGSlN9s2RZvUAgnJ6pSdp4qE4sq2+W7YqdFVwGTg7KIK963/zp+RFOQsIVZkjKrmPHyk2RUBQzMin2EklihEdoQLoachQS6aaZ9wk80YwPg0joxxXM2L8TKQqlHIee7gyRGspFbUr+q0ltZUh8rd1SfSDM/vNeVHDlppTHiSIcz6wECYMqgtOooE8FwYqNNUBYUH0NxEOkdykdaFHH5CyGsgxa1YpzUTlvVMu16zywAjgCx+AUOOAS1MAdqIMmwOAJPINX8Ga8GO/Gh/E5a10x8plDMFfG1y/8KKDq</latexit>�t

Q2

<latexit sha1_base64="aZWq43liNfMNioq9+wfH1b0MnVI=">AAACI3icbVDLSgMxFM3UV62vUTeCm2AruCozg6jLUl24EVqwD+hjyGQybWjmQZIRy1C/Rpf6I+7EjQv/wg8wnc7Ctl5IODnn3nDucSJGhTSMLy23srq2vpHfLGxt7+zu6fsHTRHGHJMGDlnI2w4ShNGANCSVjLQjTpDvMNJyRtdTvfVAuKBhcC/HEen5aBBQj2IkFWXrR6VS1+MIJ3d969Gu9q1JUldXqWTrRaNspAWXgZmBIsiqZus/XTfEsU8CiRkSomMakewliEuKGZkUurEgEcIjNCAdBQPkE9FL0g0m8FQxLvRCrk4gYcr+nUiQL8TYd1Snj+RQLGpT8l9NKCtD4irthqo1Yfqe9yK9q15CgyiWJMAzK17MoAzhNDDoUk6wZGMFEOZUbQPxEKm/pIq1oGIyF0NZBk2rbF6Uz+tWsVLNAsuDY3ACzoAJLkEF3IIaaAAMnsAzeAVv2ov2rn1on7PWnJbNHIK50r5/ASQ+ows=</latexit>

M2x2
B

Q2
,
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 Tw 3 GPDs and OAM of quarks
<latexit sha1_base64="bO+qNBmLtvF5bunioJaSpdUcaWk="></latexit>

1

2
�q +�G+ lzq + lzg =

1

2
Jaffe Manohar Sum Rule:

canonical OAM

<latexit sha1_base64="Wt9Fs3t4Q42Yo99tFttIv2GH3KA="></latexit>

lzq(x) =

Z
dyGq,D,3(x, y) +

Z
dyP 1

y � x
Gq,F,3(x, y) partonic density is complicated!

Kinetic OAM:

<latexit sha1_base64="bwKanfF/AN2iFxdei74CGZesWv0="></latexit>

Jz
q =

Z
dx

✓
xGq,3(x)�

1

2
g1(x)

◆

<latexit sha1_base64="2yz5hfA0Xjme1fFOQklp3oN7Dgg="></latexit>

Gq,3(x, ⇠, t) = eE2T (x, ⇠, t)� ⇠E2T (x, ⇠, t)
much simpler looking

• In the sum rule we set , so we actually don’t need , but we 
still can’t get   from DVCS alone

ξ = 0 E2T
E′ 2T

NPB 969 (2021) 115440
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 Tw 3 DVCS Structure Functions
• It would appear impossible to completely isolate twist-3 GPDs 

(ahem….CFFs) in any DVCS observable. But there are 2 possible 
approaches to help with that task:

1. Charge-even DVCS Observables:

• Of the 8 possible polarization channels: UU, UL, LU, LL, UT in, UT out, 
LT in, LT out there are 4 in which pure DVCS component starts at sub-
leading twist:

<latexit sha1_base64="CUNedoy96SAgJ2pTMAWJFsQX+hU=">AAACE3icbVDNTgIxGOz6i/iHevTSyJp4IrvEqEeixnjwgIkLRCCkWz6godvdtF0TsuEt9Kgv4s149QF8Dx/AsuxBwEmaTGe+r5mOH3GmtON8W0vLK6tr67mN/ObW9s5uYW+/psJYUvBoyEPZ8IkCzgR4mmkOjUgCCXwOdX94NfHrTyAVC8WDHkXQDkhfsB6jRBvp0bZvOsmdN7btTqHolJwUeJG4GSmiDNVO4afVDWkcgNCUE6WarhPpdkKkZpTDON+KFUSEDkkfmoYKEoBqJ2niMT42Shf3QmmO0DhV/24kJFBqFPhmMiB6oOa9ifivp0yUAXSNd80koTi9z2bRvYt2wkQUaxB0GqUXc6xDPCkId5kEqvnIEEIlM7/BdEDMW9rUmDc1ufOlLJJaueSelU7vy8XKZVZYDh2iI3SCXHSOKugWVZGHKBLoGb2iN+vFerc+rM/p6JKV7RygGVhfv/UHnT0=</latexit>

FLU
<latexit sha1_base64="4043eePINYkWf9L3bj5T3Xu9Fk8=">AAACE3icbVDNTgIxGOz6i/iHevTSyJp4IrvEqEeixnjwgIkLRCCkWz6godvdtF0TsuEt9Kgv4s149QF8Dx/AsuxBwEmaTGe+r5mOH3GmtON8W0vLK6tr67mN/ObW9s5uYW+/psJYUvBoyEPZ8IkCzgR4mmkOjUgCCXwOdX94NfHrTyAVC8WDHkXQDkhfsB6jRBvp0bZvOol3N7btTqHolJwUeJG4GSmiDNVO4afVDWkcgNCUE6WarhPpdkKkZpTDON+KFUSEDkkfmoYKEoBqJ2niMT42Shf3QmmO0DhV/24kJFBqFPhmMiB6oOa9ifivp0yUAXSNd80koTi9z2bRvYt2wkQUaxB0GqUXc6xDPCkId5kEqvnIEEIlM7/BdEDMW9rUmDc1ufOlLJJaueSelU7vy8XKZVZYDh2iI3SCXHSOKugWVZGHKBLoGb2iN+vFerc+rM/p6JKV7RygGVhfv/UQnT0=</latexit>

FUL
<latexit sha1_base64="cnfzY+qM2FuHGgk/esgFbHM8mW0=">AAACH3icbVDJTgJBEO3BDXHD5ealI5h4MGSGGPVI1BiPmLAlQEhPU0CHniXdNUac8C961B/xZrzyH36AzXIQsJJOXr9XVXn13FAKjbY9shIrq2vrG8nN1Nb2zu5eev+gooNIcSjzQAaq5jINUvhQRoESaqEC5rkSqm7/dqxXn0BpEfglHITQ9FjXFx3BGRqqlT7KZu9bcbl03kB4xlj4w2E220pn7Jw9KboMnBnIkFkVW+mfRjvgkQc+csm0rjt2iM2YKRRcwjDViDSEjPdZF+oG+swD3Ywn7of01DBt2gmUeT7SCft3Imae1gPPNZ0ew55e1Mbkv5o2VnrQNtqdUIzTyX/eC3aum+boMELw+dRKJ5IUAzoOi7aFAo5yYADjSphrKO8xswtNpCkTk7MYyjKo5HPOZe7iMZ8p3MwCS5JjckLOiEOuSIE8kCIpE05eyCt5Jx/Wm/VpfVnf09aENZs5JHNljX4B6oyh9g==</latexit>

FUT,in
<latexit sha1_base64="l1922lhEjOnwgA+gMZ2hx8RLaGM=">AAACIHicbVDLSgMxFM3UV62vqrhyE2wFF1JmiqjLoiIuXFToC9pSMultG5p5kNwRy9CP0aX+iDtxqd/hB5g+Frb1QODknHvDyXFDKTTa9peVWFpeWV1Lrqc2Nre2d9K7exUdRIpDmQcyUDWXaZDChzIKlFALFTDPlVB1+9cjv/oISovAL+EghKbHur7oCM7QSK30QTZ724rvS6cNhCeMgwiHw2y2lc7YOXsMukicKcmQKYqt9E+jHfDIAx+5ZFrXHTvEZswUCi5hmGpEGkLG+6wLdUN95oFuxuP4Q3pslDbtBMocH+lY/bsRM0/rgeeaSY9hT897I/FfT5soPWgb70Yoxun4PpsFO5fNWPhhhODzSZROJCkGdNQWbQsFHOXAEMaVML+hvMfMW2g6TZmanPlSFkkln3POc2cP+UzhalpYkhySI3JCHHJBCuSOFEmZcBKTZ/JK3qwX6936sD4nowlrurNPZmB9/wLc9qJ4</latexit>

FLT,out

• Therefore, charge odd cross section sums:  remove 
the interference component, leaving “twist-3” DVCS contributions 
isolated

dσ(e−) + dσ(e+)
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• Here are all their structure functions:

JHEP 06 (2022) 096
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• As you can see, you still need to input the twist-2 CFFs first, and 
there is no way around that…


• But at least your measurements aren’t lost in the noise of a dominant 
twist-2 signal — your signal is essentially coming from these twist-3 
quantities


• Measuring the 4 observables places enough constraints to get all 4 
tw-3 quark CFFs , at some kinematical pointH̄2T, H̄′ 2T, Ē2T, Ē′ 2T
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2. Charge-odd (Interference) Observables

• Opposite to charge-even, these remove the pure DVCS (and BH) and isolate 
the Interference structure functions


• The twist-3 contributions are then proportional to elastic FFs  tw-3 CFFs×

<latexit sha1_base64="R5vOtAVPDRGYSNzu3uE81HBSt1A=">AAACE3icbVDNTgIxGPwW/xD/UI9eGlkTT2SXGPVI1INHTASJsCHdboGGbnfTdk3IhrfQo76IN+PVB/A9fADLsgcBJ2kynfm+Zjp+zJnSjvNtFVZW19Y3ipulre2d3b3y/kFLRYkktEkiHsm2jxXlTNCmZprTdiwpDn1OH/zR9dR/eKJSsUjc63FMvRAPBOszgrWRHm27S4JIK9vulStO1cmAlombkwrkaPTKP90gIklIhSYcK9VxnVh7KZaaEU4npW6iaIzJCA9ox1CBQ6q8NEs8QSdGCVA/kuYIjTL170aKQ6XGoW8mQ6yHatGbiv96ykQZ0sB4N0xigrL7fBbdv/RSJuJEU0FmUfoJRzpC04JQwCQlmo8NwUQy8xtEhti8pU2NJVOTu1jKMmnVqu559eyuVqlf5YUV4QiO4RRcuIA63EIDmkBAwDO8wpv1Yr1bH9bnbLRg5TuHMAfr6xdXbJ14</latexit>

···

• But now you have dominant twist-2 signal added to these, and it 
needs to be subtracted out, but any subset of the 4 polarization 
channels can be applied
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 Closing Remarks

• For now the focus needs to be on better-constraining the twist-2 
GPDs


• This is best achieved with more lattice GFFs, especially isoscalar 
 


• As well as more DVCS polarization observables with controlled tw-3 
contamination (ideal kinematics)


• Once we get a better handle on the twist-2 GPDs, we can better study 
twist-3 quantities


• It is IMPOSSIBLE to isolate quark OAM from DVCS alone: need other 
observables (DDVCS perhaps)


• It is also seemingly impossible to extract twist-3 GPDs from DVCS 
without having a knowledge of twist-2 CFFs

u + d
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Back Up Material

Quark GPDs
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Other kinematical effects


