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GPDs and Proton spin puzzle

Proton Spin puzzle
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Generalized Parton Distributions (GPDs)
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GPDs and GFFs

GPDs can be accessed in DVCS and TCS .Photon

virtuality 1s large enough to satisfy QCD factorization, and
the DVCS and TCS amplitudes can be separated into hard
and soft parts. The soft part is described by GPDs.

From GPDs to Gravitational Form Factors(GFFs):
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Hardon GDAs
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For unstable hadrons, 1t 1s difficult to measure the

DVCS and TCS directly. In the baryon octet, only the 2" X

proton GPDs can be probed.
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By studying yy* — hh or y*— yhh , one can access
the Generalized Distribution Amplitudes (GDAs) of

unstable hadrons.

QCD factorization: Q% > s2, Aj¢p. )
GDAs describe the amplitude of gg — hh.
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Baryon GDAs

The GDAs of baryon-antibaryon pair
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The GDAs depend on following variables
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GDAs and Timelike GFFs

From GDAs to timelike GFFs:
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One can access spacelike GFFs by using dispersion relation
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GDAs,GPDs and GFFs

Dispersion relation
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GDAs and e" et —» BBy

The process e "et — BBy includes two subprocesses.

(1) QCD subprocess:e"et — y* - BBy, the blob represents
the BB GDAs

®!(z2,(p,8), fori=V,S AP

(2) ISR subprocess: e"et - y*y > BB, the y* > BB vertex is
e=e* s ~* — +BB parameterized in terms of the electromagnetic(EM) FFs
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| The process e"e™ — BBy can be measured at BESIII, Belle 11,
C y and STCF. Actually, this process has been used for the recent
e~et — y*y — BB measurements of EM FFs.
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Kinematics of e“e* - BBy

We define the following variables

s=(q) = +k), §=W2=(+p): u=(F—@), A=p—p.

The lightcone vectors are introduced
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Transverse tensors are defined
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The z axis i1s chosen along the momentum ¢,
and the momenta of the baryon pair lie in the
x-z plane,



Theoretical Cross Sections
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We first calculate the ISR process: e Boo ;
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Theoretical Cross Sections

B

Then, we calculate the subprocess of

e"et > y* > BBy

We define the Compton FFs
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Theoretical Cross Sections

The interference term of two subprocesses should be also included.
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One can decompose the cross section according to its dependence on angles
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Theoretical Cross Sections

After integration over azimuthal angle, the differential cross sections are expressed as
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The timelike Compton FFs are expressed in terms of the baryon GDAs, which only
appear in do; and doj.

12



Baryon-Antibaryon Asymmetry

Generally, the contribution of doj is larger than do . To extract baryon GDAs, it is necessary to study
the interference contribution.

Consider the exchange of (8, ¢) —» (r — 8, + ¢): doisg — doisg dog — dog doy — —doy
Thus, the interference contribution can be obtained

do(B,B) — do(B, B) = 2do;
We can also define a new observable, similar to the charge asymmetry in the TCS process.

The forward-backward asymmetry is expressed as
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The numerator of Agp 1s given by
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This provides another way to obtain interference contribution.
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Numerical estimate of e"e™ - ppy

We adopted effective proton EM FF for numerical estimate
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We neglect the imaginary phases of EM FFs G and G,
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Numerical estimate of e”et - ppy

For proton vector GDAs , we assume that
O ~ O, ~ O,

. 3(2a + 3) N N “q N =d
P1 (z,c086,8) = Blat Lol 2%(1 — 2)%(2z — 1) x [B(fo(s) + B1,(8)Ps(cos 9)}

S. Kumano, Q.-T. Song, and O. V. Teryaev, PRD 97 (2018) 014020

The proton Compton FFs are of a similar magnitude to the pion Compton FFs.

ez 1 271
_ €q q A
ﬂ_gzlwzz@ﬂ@ﬂ
fS:fﬂ:a fA:fP:gAfﬁs
CoFy = F,cos0, ga = e, g% + eqds

15



Numerical estimate of e"e* - ppy

We choose /s = 4 Gev. This value is typical for BESIII and the proposed STCF. To
satisfy s > §, the range of W is set between 2.0 to 2.7 Gev.
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Numerical estimate of e"e™ - ppy

-------
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Estimate of interference contribution

Jing Han, Bernard Pire, and Qin-Tao Song, PRD 112(2025) 014048
Our results shows that the interference term 1s large than pure QCD

contribution, it will play an important role in the extraction of baryon GDAs.
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Studying baryon GDAs can help access the GFFs of unstable

—>
baryons
_ We calculated the cross section of e"e* - BBy , which can
be expressed as Compton FFs and EM FFs
Using models of GDAs and EM FFs ,We provided numerical
—>

estimatie of the e "e™ — ppy , which will be helpful for future

measurements at BESIII, Belle II , and STCEF.
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Thank you very much
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