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3D Structure of Hadrons
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Non-diagonal hard exclusive reactions
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Transition GPDs

|.  Excitation of hadrons with non-local QCD probe (resonance region)
Il.  Natural test ground of the chiral dynamics (near-threshold region)

Ill.  Non-diagonal matrix elements of the QCD energy-momentum tensor

v Transition GPDs such as N — 7w N GPDs depend on more arguments;
the invariant mass and the decay angles of produced hadronic states
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Two-pion Generalized distribution amplitude

Yy = nm

Cross channel of y*r — y& %L'/LL
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M. Polyakov, Nucl. Phys. B 555, 231 (1999)
B. Lehmann-Droke et. al., Phys. Rev. D 63, 114001 (2001)

 Analytic continuation in f — W? > 0: encodes 7z invariant mass spectra
 Dispersive analysis on it generalized distribution amplitude (GDA) in resonance region

« Application of zr GDA for mechanical properties of pion S. Kumano, Q.-T. Song, O. V. Teryaev, Phys. Rev. D 97, 014020 (2018)
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Froissart-Gribov projection

M. Froissart, Phys. Rev. 123, 1053 (1961)

V. N. Gribov, Nucl. Phys. 22, 249 (1961)
K. M. Semenov-Tian-Shansky and P. Szajder,

» Response of hadron to non-local QCD string-like probe
Phys. Rev. D 109, 054010 (2024)

by means of FG projection
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« Cross channel PW expansion of Compton FF

H(cos 0, 1) = Z F(1)P/(cos 8)
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» Dispersion relation for Compton FF
1
2xH(x, x,t ,
( ) + subtraction term N 4)

Re Z' (&, 1) = PJO dx R

FG projections can, in principle, be examined directly from measurements (spin asymmetries)




e T— e yn *7" DVCS

In this work, we study the non-diagonal DVCS of y*n — ynnr to avoid complications
due to hadron spin.

» Study the 7 — p contribution to the 7 — zx GPDs. - - - 5 T~ Z - - - @
) M

Express the er — eynrz cross section and work out
its angular distribution near W, ~ m,.
J

* |nvariant mass distribution of £ — 7zt GPDs from
dispersive analysis

- Application of the Froissart-Gribov projection of —
the 7 — 7w Compton FF

v
v
v

A preceding work to develop the framework of the partial wave analysis of
transition GPDs for further generalization to N — =N GPDs
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Production plane

Leptonic plane (\?i vir — v M

e” — e y*

e T— e yn *7" DVCS
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GPD parameterizations

Non-local twist-2 QCD operators
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GPD near the soft-pion region

P. Pobylitsa, M. Polyakov, and M. Strikman, Phys. Rev. Lett. 87, 022001 (2001)

* Chiral dynamics provides parameter-free prediction of £ — xx transition GPDs
near the threshold in terms of the pion GPD.

 PCAC relation allows us to write the pion field in terms of the axial current and by
the LSZ reduction soft pion reduces to the chiral rotation of the operator.

Soft-pion theorem ’
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Longitudinal momentum distribution of final state pion
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Vector meson resonance

= Investigate the effect due to intermediate p(770) resonance

» Well-described by the Breit-Wigner distribution and pzrr effective vertex
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Vector meson resonance

- Bethe-Heitler (BH) process
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« DVCS process
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Comparing DVCS amplitude to the &£ — 7 hadronic tensor yields 7 — 7z GPDs near W__ = m
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Vector meson resonance

Unpolarized 7 — zwx GPD near W, = m,

3 1

Hﬂ-_>p ) 7t )
p(770) m, Wz, —m2+1im,l[, (8, 1)

- W__-dist is solely governed by the Breit-Wigner

. Pseudotensor structure cancels Y| _;

Polarized 7 — 7w GPD near W, = m,
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« Only the angular sturctures of Yl=1,m remain

b R AT (a €, A2>Y1,1<9;:,¢:;>],

- Describe contribution due to the resonance of spin /
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Partial-wave expansion of GPDs

Double PW expanded 7 — 7w GPDs
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PW expansion coefficients H Lm describe the intermediate resonance state of spin J = [.

Selection rules for m implies the unpolarized GPD is odd and polarized GPD is even in ¢:*, which agree
with the requirements of parity invariance.
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Phenomenological models for GPDs

A. V. Radyushkin, Phys. Lett. B 449, 81 (1999)

() Unpolarized quark distribution + Radyushkin double distribution

1 1—-[B]
H™/(x,&.1) = Hpp(x, )FP(1) Too )= [ 8 ], doile 8~ el

e ——
— =

With the profile function (b = 1) and the quark distribution (r = — 0.5, s = 2)

—1 0.5 2 21b
N 04 ) = L LEb+2[A-]p)° o
- | PHI0b+1) (1-8)%F
gpD(X; ¢)
r S 6
q(x) = Nyz"(1-—2)°0(x)
=103
=0.1
~0.14 (xg = 0.25)
=0.2
=0.3
Forward
10 0.5 10

15



Phenomenological models for GPDs

(i) Pion pole dominance model

X
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er — eyp — eynnw cross section
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Dispersive analysis on GPD

. . . K. M. Watson, Phys. Rev. 95, 228 (1954)
Watson'’s final state interaction theorem

v Imaginary part of GPD is given by discontinuity along the cut

-7 - - -~
v 7rinvariant mass spectra of 7 — 7z GPDs in resonance region A Fo A GPD ) @
. . . ~ '
from the dispersive analysis - ~_ - _ - h
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Dispersive analysis on GPD

Omnés representation

HlI,m(xv Az Wvgw) — Z

R. Omne¢s, Nuovo Cim. 8, 316 (1958)
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Dispersive analysis on GPD

Imaginary part yields the mmw invariant mass spectra

Hbm ansatz model at the threshold P=E=01, t=A%,

H"™(x, E, 1, (WZ!T)z) = N,,,Hpp(x, §)F()

Nl,—l ~ 002

1

F(A?) =
(A7) 1 — A2/(0.63 GeV?2) + A4/(2.48 GeV4)

Parameters are fitted to 7 — zzxr GPD in the 0.4 0.6 0.8 1. 1.2
vicinity of p(770) Wrr (GeV)
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Froissart-Gribov projection

M. Froissart, Phys. Rev. 123, 1053 (1961)
V. N. Gribov, Nucl. Phys. 22, 249 (1961)

K. M. Semenov-Tian-Shansky and P. Szajder,

weight functions of F

Phys. Rev. D 109, 054010 (2024) o -
» Cross channel PW expansion of Compton FF 25} J=2 /
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Neumann integral formula for
Legendre function of the 2nd kind
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» FG projection withJ > 1, —[ < m < 0 of the unpolarized # — zzx Compton FF
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Imaginary part of FG FF yields the mr invariant mass
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Summary & Outlook

- We studied the angular structure of the 7 — nix GPDs and er — eynm cross section in meson resonance
region.

» We worked out the dispersive analysis on GPDs with the help of the double partial wave expansion and
constructed simple ansatz for PW expanded GPDs, H Lm

. Along with H""(x, x, t; Wiﬂ) the Froissart-Gribov projection FFs can be evaluated, which encode hadronic

transition from pion to spin-/ state induced by the cross channel probe of a particular spin-J from the non-
local QCD string operator.

» The FG projections come from the cross channel PW expansion of the Compton FFs which, in principle,
can be extracted from the data

Jhank you gor your attentlomn,
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