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1. Introduction
GPD(Generalized parton distribution) f(x,& A?):

e The mass decomposition and spin decomposition of hadrons can be
expressed as the sum rules of parton GPDs.

e Fourier transforming GPDs with respect to A vyields the IPDs f(x, 2).

Wigner distribution W(x, , ):
e a quantum mechanical analogue of the classical phase-space density operator
e The mixed distribution has a probabilistic interpretation.

e [t can be used to calculate the expectation value of any single-particle physical
observable.



The gluon distribution functions and angular momentum in the proton

L Introduction

Experimental measurement:

e The GPDs are experimentally accessible through the hard exclusive
reactions, such as the deep virtual Compton scattering(DVCS) and deep
virtual meson production(DVMP).

e The Wigner distributions can not be observed directly.

Light-cone spectator model[arXiv:1611.00125]:

e It provides a method to generate the gluonic degrees of freedom from the
proton target.
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2. Generalized gluon-gluon correlator for a proton

Fully-unintegrated gluon-gluon correlator[arXiv:1307.4497]:

wlkveel p A)= kln / (;1;2)’4 =, N 2T |G (D)W e (D)W ]I, A) - (1)

FIG. 1: Kinematics for the fully-unintegrated gluon-gluon correlator.
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FIG. 2: Selected quantities that can be derived from the fully-unintegrated
two-parton correlation function H(k,P,A)[arXiv:1512.01328].
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Chiral-even gluon GPDs:

F2(a,6,0%) 0PI (0, €.0%) = soald V) (VO 6) + TR 60 Jap ) ()
F9(2,€,A%) =ief FU) (2,6, A%) = Q%U(p N) (7*75519(:6,6,15) + A;j;f Eg(fc,&,t)) u(p, A) (3)

Chiral-odd gluon GPDs:

Fi (2,6, A%) = — SF9l(z, €, A?)
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F-type gluon GTMDs(Generalized transverse momentum distributions):
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G-type gluon GTMDs:
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The Wigner distributions of the unpolarized/longitudinally

polarized gluon in the unpolarized/longitudinally polarized proton:
1

WUU(xa kJ_abJ_) = i(W'?:T(xakJ_vbJ_) + Wﬁ\L(wa kJ_abJ_)) (7)
1 g g 8

Wiv(z, ki, br) = c(Wiy(z,ky,by) = Wi (2,k1,b1)) (8)
| - —

Wy (o, ko b) = (WY (2, ky,bl) + WY | (2, k1,b1)) (9)
] e 5

Wrr(z,ki,b1) = §(Wf,¢(93,k¢, b)) W/ (v,ki,bl)) (10)

Fourier transform:

Wf,’)i(:z:,kbbi)zf B ALbLyE (kAL (11)
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Relationships between GTMDs and Wigner distributions:

Wou(z, kb)) = F 1 (2,0,k7, k1 - b1, b?) (12)
1 0
WLU(SC,ICL,I)L)Z Wﬁjkj_ab JT 4(33 0 kl,kL bL,bJ_) (13)
1L
1 0
WUL(QU,IC_]_,I)J_) M2 jkLab ,l(xaoykiak_l_ b_l_ab?j_) (14)
A
WLL(Qjak_Lyb_L) :gf’gl(xaoa kiak_l_ b_l_abi) (1 5)
Relationships between GTMDs and GPDs:
Hg(xagaAi) :/d2kl Fig,l+2£2(AZikJ_ Fﬁ2+FE3>i| (1 6)
B0, 6 8%) = [ @hy |- By 420 - ) (S5 R + 7 )| (17)
ﬁg(xvfaAQ ) _/koJ_ 2£(A32’@_G£{,2+Gi3) _|_G'i4] (1 8)
_ £2 i
E9(x,6,A%) = f 2k, | 23 . : )(Azi’“ G€,2+Gf{,3) —G%A] (19)
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Kinetic gluon OAM(orbital angular momentum):

Ld :fdang(m)

:% /dx{a:[Hg(a:,0,0) + E9(2,0,0)] — ﬁg(x,0,0)} (20)
Canonical gluon OAM:

19 :fd:;;d?lwmu(bl x k). Wru(x,k1,b1)

k2
= — fdmdszﬁJ-QFf’A(x,O,ki,O,O) (21)

Gluon spin-orbit correlations:

CY /da:d%mzm(m x k) Wyrp(x,ki,by)

kZ
:]da:d2kLﬁJ-2fo,l(x,O,kzi,O,O) (22)
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3. Gluon GPDs and Wigner distributions
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FIG. 3: The dependence of the chiral-even gluon GPDs HY, E9 and HY on x at £ = 0 when A =
0.5 GeV, 1.0 GeV, 1.5 GeV, respectively.
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FIG. 4: The dependence of the chiral-odd gluon GPDs Hy and E2 on x at & = 0.
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FIG. 5: The contour plots of the gluon Wigner distribution Wy, ( , ). The first plot displays
the distribution in  space with =k = 0.5 GeV . The second plot displays the
distribution in  space with =b ~=0.5GeV™! ". The third plot displays the distribution in

the mixed space of b, and k;.
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FIG. 6: The contour plots of the gluon Wigner distribution W, ( , ).
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FIG. 7: The contour plots of the gluon Wigner distribution Wy, ( , ).
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FIG. 8: The contour plots of the gluon Wigner distribution W, ( , ).
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4. Gluon orbital angular momentum and spin-orbit
correlations
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FIG. 9: The dependence of the kinetic gluon OAM L3(x) on x.
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FIG. 10: The left plot displays the dependence of the canonical gluon OAM I2(x) (timed with
x) on x. The right plot displays the dependence of the gluon spin-orbit correlations CJ(x)
(timed with x) on x.
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5. Conclusions
e Among the eight leading twist gluon GPDs, only HY, E9, HY, HY, E2 and HY
survive at & = 0, and HI=0 in this model.

eThe behaviors of H9(x,0,A%2) and HY9(x,0,A%) are different from their

respective forward limits(A=0) f7(x) and g7 (x).
e E9(x,0,A%) and H3(x,0,A2) share similar shape since E9=xH?3.

o LJ(x) is almost determined by %ng(x,0,0) since xH9(x,0,0)-HY(x,0,0)=0.

e The model result of the total gluon angular momentum J =0.190 agrees
with recent lattice result(J =0.187)[arXiv:2003.08486] within uncertainty.
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e The corresponding plots of Wy, and W, are similar. There is no net OAM in
both cases, that is, the space is isotropic.

e The corresponding plots of W, and Wy, are similar, where the multipole
structures imply the existence of the canonical OAM and spin-orbit
correlations, respectively.

e In this model, I, (x)#C, (x).

e The negative I, (x) implies that the total gluon OAM will reduce the total
angular momentum contribution of the gluon to the proton spin, while the
negative C,(x) indicates that the gluon spin and OAM are antialigned.
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