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Deeply Virtual Compton Scattering Observables




Mechanical Properties of the Proton

Energy Momentum Tensor
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Mechanical Properties of the Proton

Pressure Distribution e

'TOO TOl T02 TOS' o

T T 17T T T 1T 1771

_ e,
T10 | 11| 712 713 S

;5 5
720 21 [Tzz] 723 <

o0

Confining
pressure

-«

T30 T31 T32 | T33 II

Burkert, L. Elouadrhiri, Girod Nature volume 557, pages 396—399 (2018)

T A A A I T
0 02 04 06 08 10 12 14 16 18 20

r (fm)



https://www.nature.com/articles/s41586-018-0060-z#auth-2

Constraints on Neutron Star Equation of State
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See Abha’s talk!

Liuti, Rajan, Yagi arXiv:1812.01479v2



https://arxiv.org/abs/1812.01479v2

Lorentz Invariance Relation (LIR) for OAM

GTMD
dm dsz—LFH H+E]+ Eor +
Twist-2 Twist-3 LIR

breaking

Can we disentangle the Twist-3 GPDs from data?

See Abha’s talk!

Rajan, Englehardt, Liuti arXiv:1709.05770 Rajan, Courtoy, Englehardt, Liuti arXiv:1601.06117



https://arxiv.org/abs/1709.05770
https://arxiv.org/abs/1601.06117

DVCS Kinematics
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Jakob, Wick Annals Phys 7, 404 (1959)

Photon/Proton Structure Functions and Phase

Definition of a Helicity Amplitude ‘ fi\x’/" A% ((97 ¢) — e~ (A —A-AL+A)S E\AX’* A% ((9)

v

. 9 * A A (1) Av A(2) A
V(1) A(2) ~AD AL AP AL AL AL A® N
(AN APy e AL :
€ ' /\\' fapr = f\v f;\.rv

Ay A

Enter the observables in your cross section.

(1) (2)
TAA’

(1) 2)
TR e fanr f—AA’
A,

*

B.K., S.L., et. al. arXiv:1903.05742

13


https://arxiv.org/abs/1903.05742

Jakob, Wick Annals Phys 7, 404 (1959)

Photon/Proton Structure Functions and Phase
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DVCS Observables
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scale due to the
radiation.

Bethe-Heitler
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17



L inpo L Apu(F? + 7F2) + BpurG2,
drp;dQ2d|t|dpdpg ~ 2 P 2 BH

T T T T T T T 0.7 T T T T
0.14 — BH
0.12 0.6 N
0.1 0.5 | LI _
<
% 0.08 e
& S 04} -
S 0.06 X
c o
~ G -
o 0.04 g 03 [mm
° 0.0 — t=-0.17 GeV® _
<_T GM xBj= 0.34
0 - i
& G»g) 0.1} E.= 5.75 GeV
-0.02 | Agi SFI i .
1 | | 1 | 0 | 1 | 1
0 50 100 150 200 250 300 350 0 0.2 0.4 0.6 0.8 1
¢ (deg.) Agn/BgH

B.K,, S.L., et. al. arXiv:1903.05742



https://arxiv.org/abs/1903.05742

DVCS/BH Interference
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Rosenbluth-like Separation

Angular Momentum
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Preliminary
Angular Momentum
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Extraction of Compton Form Factors
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Size of Tw-3 Cross Section (Preliminary)
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SIWIF

Summer Institute for
/@ Wigner Imaging and Femtography
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Supervised Machine Learning Pipeline
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Contour lines indicate predicted value of R(H). Heatmap represents uncertainty as measured by the difference in
predictions between multiple neural networks.
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GPD Envelopes
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UMAP GPD Clustering
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t-SNE embedding of the digjts. (time 19.35s)
33
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https://towardsdatascience.com/machine-learning-an-introduction-23b84d51e6d0
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DVCS from Spin-1 Deuteron

Angular momentum sum rule for a spin-’2 nucleon.

1
Ty = / dez [Hq(a:,0,0) + By (z,0, 0)]

Using the Spin-1 Energy Momentum Tensor, a similar formula has been developed
for the Spin-1 deuteron

Can we identify the observable for the Spin-1 Angular Momentum from DVCS
off a spin-1 Deuteron formalism?

S. Taneja, K. Kathuria, S Liuti, and G.R. Goldstein arXiv:1101.0581 31
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DVCS from Spin-1 Deuteron
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Summary

Complete covariant description of DVCS cross section and its
background process

Rosenbluth-like Separation used to determine CFFs
Supervised Machine Learning effort used to determine CFFs
UMAP used to create correlations between GPDs
Calculations of Polarized and Unpolarized Cross Sections

Calculation of Twist-3 Coefficients

33



Thank you!
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Backup Slides
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GPD Phase Helicity Composition
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B.K,, S.L., et. al. arXiv:1903.05742

Twist-3 Observables
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GPD Phase Helicity Composition
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GPD Phase Helicity Composition
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How to define OAM?

Ji Jaffe Manohar




How to define OAM?

Ji Jaffe Manohar
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Lorce, Pasquini arXiv:1106.0139
How do we describe the orbital angular momentum of the partons?
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Classically Partonic

z

Relative average transverse
bT position from the center of
momentum of the system

k Relative average transverse
T momentum

2, 12 T [yt
lg - dxd de bT (bT X kT) p[’y ](bT,kT,ZII)

k2 )
q _— __ 2 Observable?
. / dd kTM @ 43



https://arxiv.org/abs/1106.0139

A glimpse at the gluons

Jaffe, Manohar Phys. Lett. B223 (1989)
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B.K., S.L., et. al. arXiv:1903.05742

Gluon GPD Observables
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PDFs
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(Q2) Observables

2
Py (1+£)2
Fyu.L = rprye |2 - Hzr T — &1 + &7 — Enp
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The 0( ) observables are constructed from Twist-3 GPDs. This is
because the DVCS process cannot access the Twist-4 sector of the
hadronic tensor.

B.K,, S.L., et. al. arXiv:1903.05742 47
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Twist-3 Coefficients
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