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.
Outline

This slide focus on the extraction of transversity GPDs from
pseudoscalar meson production. It contains follow sections:

@ Theoretical frame

@ Compare with experimental data

@ Meson production at EicC

@ Transversity GPDs extracted from EicC
@ Summary
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Introduction to GPDs

Generalized Parton Distributions (GPDs) can be extracted from deep
virtual Compton Scattering ( DVCS), Time-like Compton Scattering
(TCS) and Hard Exclusive Meson Production (HEMP) processes.
GPDs can be employed to study

@ Spin puzzle
@ Energy Momentum tensor
@ Mass radius, distributions and pressure
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Quark helicity conservation distributions

The quark helicity conservation distributions go with the Dirac matrix
+

vyt and y*ys, where i = 1,2 is a transverse index, it is defined
as[EPJC-19-485]

ds

ixPtz— _ 1 1
5 o € P <p/,)~/|1lf(_§z>'}/+ll/(EZ)‘P,}L>‘Z+:0’ZT:0
1 ictA
— qnt q o
= spr(p M) [Hy + B u(p, ). (1)
dz” zx + 1
2 S A Iw(—fz)Y*sz(Ez)IR/1>|z+:o,zT:o
1 ~ ~ AT
N 9yt q
= s i(p ) [HOy s+ ET D u(p. ). @)

HY, E9, HY and E9 are quark helicity conservation distributions
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-]
Quark helicity flip distributions

The quark helicity flip distributions go with the Dirac matrix o/, where
i = 1,2 is a transverse index, it is defined as[EPJC-19-485]
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Hi, HY, E% and E{ are quark helicity flip distributions.
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.
Sum rules of GPDs

GPD connects parton distribution via H(x,0,0) = xf(x). Hadron Form
factor can be obtain from GPDs

/ dxH(x, E,1) = F4(1), / dxE,(c.E.0) = Fi(1); ()
/ dxF(x,&,1) = G4.(1), / dxEI(xn &) =GI(r).  (5)

Ji sum rules for the proton angular memonta
/ xdx(H(x,&,0) + E%(x,&,0) = 2J9. (6)

Jy = $Aq+L,. L, is key quantity to solve the spin puzzle.

LR LT DAL U CRI R G G N L WE S E xtraction of information on transersity GF Nov 11, 2023 6/31



Pseudoscalar meson production diagram

HEMP can be adopted to study the GPDs via handbag approach.

Employing the handbag approach, we can calculate the meson
production in y* 4+ p scattering

Figure 1: Diagram of PM production in handbag approach.
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Differential cross section of meson

The unpolarized PM cross section can be decomposed into a number
of partial cross sections which are observables of the process

v*p — n°p [EPJC-65-137]. Two vector meson production can refer to
[PLB-550-65].

dZG 1 dGT dGL dGTT dGLT
= —(——+€&——+€cos2 2e(l1+¢€ 7
drd¢ oxtar TEg TECS20 g+ V2e(l+e)cosp—mNT)

Here ¢ represents the ratio of fluxes of longitudinally and transversely
polarized virtual photons & ~ k;r;){?/z y = Q%/(xps) with xz = 0%/ (2pq).
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Differential cross section of meson

The partial cross sections are expressed in terms of the y*p — 7%
helicity amplitudes. When we omit small M,_ _, amplitude, they can
be written as follows[EPJC-65-137]

% _ %[I Mosos 2+ | Mo_os 7],
dd% = %(‘Mg e P42 Mo 1),
ddeT _ ﬁKRe [M*o,,++Mof,0+ ,
dz:T = —% | Moy 4+ . (8)
where k = 167(W? —m?)\/A(W2, — Q% m?). A(x,y,z) is defined as

A(X,y, ):X +y +Z —ny 2yZ_2XZ.
Exlraction of information on transersity GF Nov 11, 2023 9/31



Scattering amplitudes

The amplitudes can be written as

e v—=t
MO—70+ - a m <E>)
2
e ~ ~
Mooe = VIZED(B) - 5B
Mooy = oV/1-E3Hr),
ey V-t
Mo v = Q‘) i (Er), (9)
where ¢y = vV4no with a = —- is the fine structure constant. And & is
defined as
XB m> 4m*E?
§=5—, (1+@) =t—to, to=—7"¢ (10)
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R
pseudoscalar meson production in electron-ion collider

The convolution function is calculated as
HEL0D) = [ (580,092 (x.6.1,0%). (1)

H(x,E,t,0%) is the GPD functions which is dependent on models and
H(x,&,t,0%) is the hard part of the amplitude which can be calculated
perturbatively. However, the factorization is not proven now.

(H) and (E) are the convolutions of twist-2 while (Hy) and (Er) are the
convolutions of twist-3.
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Hard part of scattering amplitude in twist-2

The hard part is calculated employing the k-dependent wave function,
describing the longitudinally polarized mesons. The twist-2 hard part is

given as
HE oy = CM/ /drdzb(bno th)os(ur)e ST~ T, (12)

om(7,b) is the wave function of the PM. S is the Sudakov factor and 7;
is the propagator.
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Propagator in twist-2

T, and T, are the propagators which includes Bessel functions. They
are written as

1=~ (VT = 06— &)/ REh0)0G—¢)
1

—EKo(\/(l—T)(i—X)/(Zé‘)bQ)@(é—X)- (13)

and

T = — 5 _Ko(\/7( 1 §)/(2€)60). (14
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R
Hard part of scattering amplitude in twist-3

The hard part is calculated employing the k-dependent wave function,

describing the longitudinally polarized mesons. The twist-3 hard part is
given as

0 8C —Cu
A = : /deZb‘PnO(T b)o(ur)e” LT:I_SSZ(b)
ed ) (1-1)0Q? 70?
+)¢6 (b) —I—Teﬂ} — fedT”} . (15)

om(7,b) is the wave function of the PM in twist-3. S is the Sudakov
factor and T; is the propagator.
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GPDs function definitions

The GPDs are constructed adopting the double distribution
representation

1 1—|p|
F(x,é,t)z/ dp/ dys(p+Ey—x)w(p,v,1), (16)
-1 —1+|p|

F with PDFs A via the double distribution functions w. For the valence
quark double distribution functions, it is

3[(1=[pl)* =7
i a-p) a7)

The t- dependence in PDFs h(p,t) is expressed as the Regge form

o(p,y.1) =h(p,t)

h(p.1) =Nl @ Plp=e® (1 —p)P, (18)
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.
GPD functions

The Hy GPDs are connected with transversity PDFs as following

hr(p,0)=38(p); and 8(p)=Nrp'*(1-p)la(p)+Aq(p)],  (19)

The detail information of the transversity GPDs can be referred to
[EPJC-73-2278].
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n¥ and 1 amplitude

The flavor factors for z° production appear in combinations

F™ = é(euF” — egFY). (20)

Considering 7, there are two states of n[EPJA-47-112]

F8 —

(euF =+ edFd) (21 )

FM =

$- %l

— (euF” + edFd). (22)

Here the explicit values e, = 2/3, e; = —1/3 of quark charges will be
adopted.
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R
n amplitude

Calculation of the amplitudes of n production is based on the
singlet-octet decomposition of n-state where the amplitude is
presented in the form

M, = cos 6sM® —sing,m (V). (23)

n the case if we omit the strange sea contribution which is small and
can be neglected, the GPDs contribution to these amplitudes has a
form

F9) 3\1/6(21:" _pdy, pON) — 2 p9) (24)

We use the values of mixing angles and decay coupling constant from
[PRD-58-114006].

98 = —21.20, 91 = —9.20;f8 = 126f7t: f1 = 117f7t (25)
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Parameters of the GK model

GPD | «(0) | B* | B¢ | &/[GeV 2] | b[GeV 2] | N* | N
E | 048 |5 |5 0.45 0.9 14.0 | 4.0
Er | 03|45 0.45 0.5 6.83 | 5.05
Hy e 0.45 0.3 1.1 | -03

Table 1: Regge parameters and normalizations of the GPDs, at a scale of
2 GeV. Model I.
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Parameters of the GK model

GPD || a(0) | o/[GeV?] | b[GeV~?] | N* N4
Enp || 0.32 0.45 0.6 182 | 5.2
Er | -0.1 0.45 0.67 29.23 | 21.61
Hr - 0.45 0.04 0.68 | -0.186

Table 2: Regge parameters and normalizations of the GPDs at a scale of
2GeV. Model Il.
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Parameters of the GK model

GPD | «(0) | B* | B? | &/[GeV 2] | b[GeV?] || N* N4
E |048 |5 |5 0.45 0.9 140 | 4.0
Er | -01| 4|5 0.45 0.77 || 20.91 | 15.46
Hy - - - 0.45 0.3 11 | -0.3

Table 3: Regge parameters and normalization of the GPDs, at a scale of
2 GeV. Model lI.
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n¥ production at CLAS
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Figure 2: Cross section of 7° production in the CLAS energy range together
with the data [PRC-90-025205]. Black lines describe ¢ = or + €0y, red lines
represent o;r, blue lines depict o77.
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R
n” production at COMPASS
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Figure 3: Models results at COMPASS kinematics. Experimental data are
from COMPASS[PLB-805-135454].
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N
n production at CLAS
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Figure 4: Cross section of n production in the CLAS energy range together
with the data[PRC-95-035202]. Left graph is for o and o7 while right graph
is for orr.
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n¥ production at EicC
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Figure 5: Cross section of 7° production in EicC energy range, Lines in upper
part describe o = or + €0, while lines in down part depict orr.
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.
n production at EicC

-=== Q% =2 GeVZ, Model-II
Q?* =2 GeV?, Model-I1T
-=== Q% =15 GeV?, Model-T
— Q=5 GeV?, Model-111

—— Q=2 GeVZ Model-3
sk W=8GeV ---- Q?=2GeVZ Model-2
—— Q=5 GeV?, Model-3
---- Q=5 GeV?, Model-2

W =7GeV

(7*p — 1p) [nb/GeV?]

—9
0.6 0.8 1.0 0.0 0.2 0.

1
0.6 0.8 10
|t][GeV?]

4
[¢][Gev?]

Figure 6: Cross section of n production in the EicC energy ranges. Lines in
upper part describe 6 = o7 + €0, while lines in down part depict orr.
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Extraction of GPD from meson cross section
On the other hand, we can extract convolution function from PM cross

sections.
dGTT
M, = \/*K‘
‘ 0+++| dr )

dGT dGTT
My_ = 2K(— 26

Using the relationship, we can obtain the convolution functions.

Mo_sy = % 1 E2(Hy),
Moy v = —zﬁ@ﬂ’ (27)
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Transversity GPDs from 7¥ cross section
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Figure 7: GPDs extracted from .
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Transversity GPDs from 1 cross section
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Figure 8: GPDs extracted from .
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Summary

We can conclude following conclusions:
e 7V and n production can be employed to study transversity GPDs.

@ We confirm that z° and n transversity dominance or > o,
observed at low CLAS energies is valid up to EicC energies range.

@ Results of this work can be applied in future EicC experiments to
give additional essential constraints on transversity GPDs at EicC
energies range.

@ EicC will be good perform to study transversity GPDs adopting
HEMP at the future.
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The End

Thanks for your attentions !
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