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Introduction



EIC missions towards parton structure of hadrons Cpssves
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General QCD quark correlator matrix elements to GPDs

Generalized TMD: Joint probability of space & momentum distribution (Wigner)

(I)gg]MD(P,Q?,EJ_,f,&J_) — /dk—l_dk_ (DQ[F] (PakaA)é(k+ o 'CEP—I_)

Generalized parton distributions D. Miiller, Fortsch.Phys. 42 (1994) 101-141




Generalized Parton Distributions (nucleon, chirality even, twist-2)
Unpolarized quarks
P+
2
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Longitudinally polarized quarks
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+ gluon GPDs...




Properties of GPDs

Forward limit of the target hadron — PDFs

Hi(x, 0, 0) = f,(x) Unpolarized quark distribution

Hi(x, 0, 0) = g,(x) Helicity quark distribution

Mellin moments (Polynomiality)

| |
J dx Ha(x, 5, t) — Fl(f) a| Form factor b| GPD, (=0 c| Parton density
—1

1 Electromagnetic form factors
J dx E“(x, &,1) = Fy(1)

dx x H(x,&,1) = A%(1) + £*D(1) | -
Twist-2 gravitational form factors

H+E = Ji's spin sum rule

dx x E%x, &, 1) = 2JU) — AYt) — E2D“(t)




Deeply Virtual Compton Scattering ep — e’yp’ Phys.Rev.Lett, 78 (1)3::)9 ;’1"0“2;’;

Phys.Rev.D 55 (1997) 7114-7125

Bethe-Heitler

p / t \
Scattering cross-section factorizes as:

hard part (pQCD) &) soft part




Mechanical structure of hadrons

In DVCS, Compton form factors are measurable quantities,

|
E—x—10 ¢&E4+x—10

1
%(é,t)=[ dX< )H(x,é‘,t)
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— Extraction of the GPDs from experiments is model dependent

D-term can be obtained using the dispersion relation of the Compton form factors, model independently

Dispersion relation of the CFFs

1

|
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D(t) as the (first) subtraction constant!

)

Polyakov 2003
Teryaev 2005

Anikin, Teryaev 2007
Dlehl, lIvanov 2007

‘Threshold approximation’ for heavy quarkonium photo productions: access to gluon GFFs




M. Polyakov, Phys.Lett.B 555 (2003) 57-62
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‘Pressure distribution’ p(r) = (27)
T
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Burkert,Elouadrhiri,Girod, Nature 557(2018)

DQ(t) Polyakov, Schweitzer, IJMPA33 (2018)
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Transition FFs and GPDs o
/,,Q/w ;MB q(0)[0; ]y (2)|N)
) N B

Example: N — A transition (V,A

Operator Diagonal: N — N Transition: N — A
v Gg(t), Gum(t) gm(t), ge(t), go(t)
ector
Sachs EM form factors Jones—Scadron
Ga(t), Gp(t ca caA ch, cAa
Local Axial A(t), Gp(t) 5, O3, G, G
axial-vector & induced pseudoscalar Adler axial transition FF's
1tati A(t), J(t), D(t
Gra\(fltf,gl)onal (2), J(t) (t) transition gravitational FF's
n= EMT form factors
Vector H(il?,f,t), E(CE,S,t) th hE7 hCa hx (il?,f,t)
Nonlocal
Axial I:[(m,f,t), E(x,g,t) C1, C2, C3, Cx (x,§,1)

Production of the resonances in terms of quarks and gluons

Nonlocal parton operators: resonance production with arbitrary spin QCD operator

N=2 Mellin moments: Transition gravitational from factors H. Alharazin et al. JHEP 03 (2024) 007

Forward limit: quark ‘density’ in the transition J. Kim Phys.Rev.D 108 (2023) 3, 034024




M =m,n,p,w,..

~-t'<<Q?
Factorization in terms of N — B* GPDs in the generalized Bjorken kinematics:

2
—q1; s = (p1+ q1)% s1 = (pm + q2)° — large;  xg = 1 fixed,
2p1 - q1

—t = —(pg* — p1)2; —t' = —(p2 — p1)2; WﬁAN = (p1 + pj\,()2 of hadronic scale.




First nondiagonal DVMP measurement from CLAS12

o; /0y sensitive to the transversity transition GPDs

bin 1 ((Q% = 1.95 GeV*, (x_) = 0.19)
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bin 2 ((Q% = 2.11 GeV*, (x_) = 0.28)
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S. Diehl et. al.,Phys.Rev.Lett. 131 (2023) 2, 021901
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Invariant mass distributions forle p — e ynx™

Cross section BSA
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.y CEC(orc-t007):
Opportunities for DVCS at the EIC | sGevxatGey
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Nondiagonal N-A DVCS amplitudes



Nondiagonal DVCS K. Semenov and M. Vanderhaeghen Phys.Rev.D 108 (2023) 3, 034021

e(k)+ N(p) = €' (") +~7"(¢) + N(p) = €' (K') +v(¢') + m(p=) + N'(p')

i Differential cross section:
' d’o
S dQ?*dzrp dtd¢dW3N df2x

v"N — B™7 Transition subprocess

B* — mN’ Resonance decay




N-A DVCS

Narrow decay width approximation P. Guichon, L. Mossé, and M. Vanderhaeghen, 2003

dW 2

dQ? dx g dt d® dW2),

/OO do(eN — eyB* — ey N)
(mN+m7r)2

do(eN — eyB*)
dQ? dxp dt dP

~ @(1) fOr F(mB*)/mB* < 1




N-A DVCS amplitudes

Harmonic expansion in the angle ¢ bin the leptonic and production planes

2 e’ < BH BH - _
Mpul|® = 22 2P (3)Pa () _;Z:O c,” cos(ng)+ sy sin ¢_ ,
- _
Mycs|® = ygng _TLZ:O Cp COS(”@_ ,
_ e” T : T T i
L= rpY>tP1(¢)P2(0) {CO N ; [Cn cOS(np) + 5. (ngb)] }

Cf. Diagonal DVCS:
Belitsky, Miller, Kirchner,
Nucl.Phys.B 629 (2002) 323-392




N-A DVCS amplitudes

Harmonic coefficients for DVCS
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Spin asymmetries and azimuthal angle modulations

Type CFFs (L sading tust 2
ALu Im Hy, Im G sing, sin2@
AuL Im Hyv, Im G Im G, | sing, sin2¢@, sin3¢
ALL Re Hv Re C;. Re G, COS@P

Polarization power of the EIC gives access to all CFFs in the large Nc

through the longitudinal spin asymmetries!




N-A Transition GPDs in the large Nc limit



. L.L.F kfurt et al. PRL 84 (2000) 2589
N-A Transition GPDs rant et e (2000)
J.-Y. Kim et al. PRD 111 (2025)

Vector GPDs

/ A i (A (p ) (=An 20w (D) N (p)

Ee

= _
— \/;RB(pA) [hM(x,f, t)|'7(fl'“n'u Hhg(x, €, t)lKg'”n'u 4 he(x, €, t)|7(§”n,, Hhx(x,&, I)W;)B(ﬂn,u— N(pn)

Mellin moments of vector GPDs

hy(x, S, 1) y 28u(1)
dx N-Delta vector transition ffs
hE(X, 5 1) J—1 2gE(t) (related to Jones-Scadron)
EEEE—— Pascalutsa, Vanderhaeghen, Yang, Phys. Rept. 437 125 (2007)
hC(xa 59 t) 2gC(t)

hX(x9 59 t) O




. L.L.F kfurt et al. PRL 84 (2000) 2589
N-A Transition GPDs rant et e (2000)
J.-Y. Kim et al. PRD 111 (2025)

Axial vector GPDs

[ et (Aol -an/DpysTuan/ D[N o)

= Ry( pA)| C(x, &, t)fkf“n,, HCy(x, &, t)J(%ff‘n,, HC5(x, &, t)*%f”n,, +[Cx (x, €, t)JF@’i”n,, N(pn)

Mellin moments of axial vector GPDs

2 2

i e
Cl (xa 53 t) 5 1 2 Cg“(r) + - Cf(t)
Ch(x, 6, 1) 3 . ' | N-Delta axialvector transition ffs
(X, &, J_1 2 Cg‘(t)+ECf(t) o ceatuten, Vandorhasahon. Yana. Phye. Rent 437 125 (2007
-_— _
C5(x, &, 1) 2Ch

Cy(x, &, 1) 0




L.L. Frankfurt et al. PRL 84 (2000) 2589

Transition GPDs in the large Nc limit Goeke, Polyakov, Vanderhaeghen PPNP 47 (2001) 401

Large Nc limit of QCD:
nucleon and A are different rotational excitation (1/Nc) states

in the same classical soliton

—Large Nc relation of the N-A GPDs and nucleon GPDs

Hy(z,6,t) = V2 Eu(2,&,t) = Ba(x,&,1)]

Isovector dominance follows from the nucleon GPDs

Cl( ) \/§ u(ma £, t) _ Hd(ajv , t)_ > All other GPDs are 1/Nc suppressed; set to zero
\/§ - - 1 Cx!
(QZ g t) T u(magvt)_Ed(xagvt) ‘




Phenomenological model for the N-A transition GPDs

Regge-motivated t-dependence S. Goloskokov and P. Kroll, 2007, 2014
H,(x,& = 0,1) = g(x)e’V™)!
] _ . 1t ()] Regge trajectory
H q(x, E=0,0) = Agx)e’™

f) ==a(=xPInx+B,(1-x°+Ax(1 —x)
E(x,&=00) = #x7(1 —x)'e/W!

Forward limit of the helicity-flip GPD E M. Diehl and W. Kugler, 2007

Ansatz e(x) = Nx %(1 — x)ﬁ, satisfying the constraints from the first moment and the EMT conservation, etc.

1 1
O:/ d:I:Eg(x,0,0H—Z/ dxxE%(x,0,0)
0 - J-1

_ /0 dzac(e)+ Y /O 422 [eq, (2) + 2e0(2) Also, H: DSSVpol, L: pion pole dominance

Full GPD: Radyushkin double distribution ansatz  A. Radyushkin, 1999

1 1-18] _1BN2 _ 217
Fq(x,¢,1) = /_ 1 dp /_ " dad(x — Ea — B)h(B, @) Fy(B, & =0,1) h(a,B) = 22,;([2;’;;?1)]2 [(1(1 lﬁzl)zni]




Numerical Results and Discussions
(preliminary )



*For each Seps Bjorken-xz ranges are bounded

. . = —_— —_— _|_
Differential Cross sections ¢ P — € ]/A by the lepton energy loss cut 0.01 <y < 0.85

E. =5 GeV, E, =41 GeV, —t =0.15 GeV?, Q% =2 GeV?

do
b-GevV
e diagz PGV

1000 |

10 1
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0.001 | .
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*For each Seps Bjorken-xz ranges are bounded

. . = —_— —_— _|_
Differential Cross sections ¢ P — € ]/A by the lepton energy loss cut 0.01 <y < 0.85

E, =10 GeV, E, =100 GeV, —t = 0.15 GeV?, Q* = 2 GeV”

do
b-GeV
Tendragz - GeV)

1000

10 1

0.100 -

0.001 - N,

VCS dominates the sea quark region x~0.01!




*For each Seps Bjorken-xz ranges are bounded

. . = —_— —_— _|_
Differential Cross sections ¢ P — € ]/A by the lepton energy loss cut 0.01 <y < 0.85

E. =18 GeV, E, =275 GeV, —t =0.15 GeV?, Q% = 2 GeV?

do
nb - GeV 4
dx g dt dQ? ( )
Total
104_
- == VCS
-.=- BH
100 |
1_
'\
'\
N
0.01} hER
‘N
I | L L PR TR T T N T L L PR T R T A | L L PR TR T T N T a’/‘B
107 0.001 0.010 0.100

VCS dominates the sea quark region x~0.01!




vs. diagonal DVCS
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1094

Q* (GeV?)

1 t=-0.15GeV?
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~ 1/10 of the DVCS cross section is expected
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Rapidity distribution

do/d\eta_{e'} [nb]

do/d\eta_\gamma [nb]

do/d\eta \Delta [nb]
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Summary and outlook

 EIC will provide a great opportunity for studying the transition GPDs
Kinematic range: small xB, larger Q2
Polarized beams access to various BSAs thus to the transition CFFs
* Feasibility studies at the EIC
Sea quark region of the transition GPDs
Naive ~1/10 cross section vs. DVCS
 Tasks
Realistic simulation of the process

PARTONSs add-on: NDeltaDVCS, ...

Other reaction mechanisms for transition GPDs: Meson production, Hyperons, ...
SDHEP @ J-PARC with meson beams (N. Tomida)

Transition D-term; Helicity transition GPD Cx from ChQSM, ...

O

Complete description of y*N — yNx M. Polyakov and S. Stratmann, hep-ph/0609045 S
Pion case: S. Son and K. Semenov JHEP 01 (2025) 119 })'
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