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Overview
1
<mp>
A
Introduction

Basis Light-Front Quantization (BLFQ) Approach to

Nucleon: |qqq) (Brief review)

Nucleon: |qqq) + |qqqg) (Based on arXiv:2209.08584)

Conclusions
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Fundamental Properties: Mass and Spin

1
<imp>

PN

® About 99% of the visible mass is
contained within nuclei

® Nucleon: composite particles, built
from nearly massless quarks (~ 1%
of the nucleon mass) and gluons

proton
(6 types of quarks:up, down, =
charm,strange, top andi bottom)

® How does 99% of the nucleon mass
emerge? Higgs mechariam oynamics o givans
N
® Quantitative decomposition of ‘ﬁ' g
nucleon spin in terms of quark and T
gluon degrees of freedom is not yet ‘
fully understood.

168x10% g

~99% of proton mass

~ 25(10) %

?
® To address these fundamental issues
— nature of the subatomic force
between quarks and gluons, and the
internal landscape of nucleons. ~40(2) %
ll’iat\n'(,\\ (top to bottom) taken from A. Signori’s talk, J. Qui talk, C. Lorce’s talk
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Term:
AZ/2 is the quark helicity
qu is the quark OAM

}g is the gluon contribution

Frame

i z g _h
independent (Ji)* 2 AX+ Lq +]g 2

Infinite-momentum
frame
(Jaffe-Manohar)**

%AZ +AG+L,+ = 1 AGis the gluon helicity

2
£,and ¢, are the quark
and gluon canonical
OAM, respectively

a b _
J, J, 07
37.5(9.3)% 42.1(4.5% 06

0.5+

0.4+

AG(PY)

laga) + lqaag)
0000000000 o]

The quark and gluon contributions,]u and
]g, can be obtained from the GPD moments.

Asimilar sum rule also works for the
transverse angular momentum and has
asimple parton interpretation

Allterms have partonic interpretations;
£,and £, are twist-three quantities.

AG is measurable in experiments,
including the RHIC spin and the EIC; lq and
£, can be extracted from twist-three GPDs

v 32D
48l
—a— 24|
—e— 32|
< 321f

l, ! Js
3.224%  10.03.6%

05 10 15 20
P*(GeV)

1X. Ji, F. Yuan and Y. Zhao, Nature Reviews Physics 3, 65 (2021)
2y -B. Yang, R.S. Sufian, A. Alexandru et al., Phys. Rev. Lett. 118, 102001 (2017)

Conclusions

i
C&l{?
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Spin sum rule Formula Terms Characteristics

Frame IAS+L%4) =t AZ/2isthe quark helicity  The quark and gluon contributions, ], and
independent (Ji)*° 2 479 2 ]g, can be obtained from the GPD moments. {1

Ly is the quark OAM

J,is the gluon contribution

<mp>
Assimilar sum rule also works for the V\}
transverse angular momentum and has

asimple parton interpretation

Infinite-momentum 1 Ay AG4+¢ +¢ = AGisthe gluon helicity Allterms have partonic interpretations;
frame 2 99 2 2 and £, are the quark {,and £, are twist-three quantities.
- 31
aticgtlanchay and glugn canonical AG is measurable in experiments,
AM, respectivel including the spin and the ;€ an
(e) P ly luding the RHIC spin and the EIC; £, and

£, can be extracted from twist-three GPDs

PHYSICAL REVIEW LETTERS 128, 182002 (2022)

Signature of the Gluon Orbital Angular Momentum
Shohini Bhattacharya®,"” Renaud Boussarie,™" and Yoshitaka Hatta®'*

'Physics Depariment, Brookhaven National Laboratory, Upton, New York 11973, USA
“CPHT, CNRS, Ecole Polytechnique, Institut Polytechnique de Paris, 91128 Palaiseau, France
SRIKEN BNL Research Center, Brookhaven National Laboratory, Upton, New York 11973, USA r,

® (Received 30 January 2022; revised 15 March 2022; accepted 4 April 2022; published 2 May 2022)
'

We propose a novel observable for the experimental detection of the gluon orbital angular momentum
(OAM) that constitutes the proton spin sum rule. We consider longitudinal double spin asymmetry in
exclusive dijet production in electron-proton scattering and demonstrate that the cos¢ azimuthal angle
correlation between the scattered electron and proton is a sensitive probe of the gluon OAM at small x and
its interplay with the gluon helicity. We also present a numerical estimate of the cross section for the
kinematics of the Electron-Ton Collider.

1X. Ji, F. Yuan and Y. Zhao, Nature Reviews Physics

, 65 (2021)
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Nucleon Tomography
&)

Wigner Distributions Q&’—:’\)
<
2
%, %,
%, %,
“, 7
Oo 2,
&fo%'?
@:&
5

5ZJ_~ 170

2
d'ky

Parton Distribution Functions Form Factors

® r — longitudinal momentum fraction; k; — parton transverse

momentum; r; — transverse distance from the center.
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Basis Light-Front Quantization (BLFQ)

A computational framework for solvmg relativistic many-body bound state C{I\ﬂg
problems in quantum field theories '

P~ PT|0) = M?| W) e direct access to light-front
wavefunction of bound states

e P~ = P°%_ P3: light-front
Hamiltonian

e pt=p0 4 p3. longitudinal
momentum

® |U) mass eigenstate

e M? : mass squared eigenvalue
for eigenstate |¥)

® First-principle / effective
Hamiltonian as input

® Evaluate observables

A i _GRDs | LTh i
0 ~ (¥|0]D)

1Vary, Honkanen, Li, Maris, Brodsky, Harindranath, ct. al., Phys. Rev. C 81, 035205 (2010).
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Solution proposed by BLFQ 7

Discrete basis and their

direct product Truncation

2D HO ¢,,,,(p") in the transverse plane 225 (20 4 my| 1) < Nipax

k=K, z=

ki
? K

Zi (m; + ;) = M,

Plane-wave in the longitudinal direction

Light-front helicity state for spin d.o.f.

Q; = (ki7ni7mi7 )\L)

o) = ®; |a;)

Fock sector truncation

® Fock expansion of hadronic bound states:
[Meson) = 9(49)|99) + Y(qa+19)1999) + Y(ag+aa)|9290) + -,

|Baryon) = 1(34)|999) + ¥(34+1¢)|9999) + ¥(34+4a) 199997 + - - - ,

1
Vary, Honkanen, Li, Maris, Brodsky, Harindranath, et. al., Phys. Rev. C 81, 035205 (2010
8/32
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Applications of BLFQ
QCD systems

® Heavy mesons: spectrum, decay constant, elastic form factor, radii,
radiative transitions, distribution amplitude, PDFs, GPDs

—Li, Chen, Zhao, Maris, Vary, Adhikari, M Li, Tang, A El-Hady, Lan, Wu, CM (2016 - 2022)

® Light mesons: spectrum, decay constant, elastic form factor, radii,
distribution amplitude, PDFs, GPDs, TMDs

—Jia, Vary, Lan, Zhao, Qian, Li, Fu, J. Chen, Wu, CM (2018 - 2022)
® Baryons: EMFFs, axial form factor, radii, PDFs, GPDs, TMDs, OAM
—Xu, Hu, Peng, Zhu, Zhao, Li, Chakrabarti, Vary, Lan, Liu, CM (2019-2022)
® Tetraquarks: Masses of all-charm tetraquarks
—Kuang, Serafin, Zhao, Vary (2022)
QED systems
® [lectron: anomalous magnetic moments, GPDs
® positronium: wave function, spectroscopy, FFs, GPDs
® Photon: wave function, structure functions, GPDs, TMDs

——Zhao, Wiecki, Li, Honkanen, Maris, Vary, Brodsky, Fu, Hu, Nair, CM (2013 - 2022)

(1

<mp>

A
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Nucleon within BLFQ
e The LF eigenvalue equation: Heg|U) = M?|¥) Yz

P2, +m2 . L 2 Oz, (2a®p0ay)
Hog =5 Zla T Ma _ _ 924 ZaZb0zy )
off Ea 7 13 a%éb [ﬂcaa%(ma T1p) (e + 113)?

C’F47ra _ _ ”
o 3 T (R s (g ()7 sy () g
a;tb ab

® For the first Fock sector:

[999) = |nqy, Mays kary Aar) @ |Ngas Mags Kags Aga) @ [1gs5 Mgz s Kggs Ags)

® Transverse : 2D harmonic oscillator basis @nm (P'1);
Plane wave basis in longitudinal direction.

® The valence wavefunction in momentum space:

3
U o= 2 [¥@) TT $nim: (Bra)

ng,m; =1

10 /32
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Nucleon Form Factors
{\
2 P>
2 2 q 9, <M
Ge(e") = Fi(q) — (), N

P P
e EM current: J" = iy"
© Wit ITTO)pt (W) ~ Fugg(a®) G
® Two FFs: Fy9)(¢° = —Q%) "
Proton Radii
2
(rg) = —69°2(F) ;
Q2=0
2\ _ _ 6 dGu(@) )
() =~y a2 |, - N
Q%=0
V(L) = 0.80 £ 0.04 (0.8409:95%) fm
V{r2,) = 0.83 £ 0.03 (0.84970:503) fm
1(‘A\I‘ Sigi Xu, et. al., Phys. Rev. D 102, 016008 (2020)

Gu(q®) = Fi(¢®) + Fa(d?).

1

I BLFQ
0.8 ®  Arrington 07
*  Milbrath 98
0.6 v Pospischil 01
= Jones 00
0.4 4 Gayou 01
< Gayou 02
0.2
3 e ~ ~t
25 = Arrington 05
2 ®  Arrington 07
1.5
1
0.5
Ok . . h :
0 1 2 5 3 5 4 5 6
Q° [GeV7]
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Axial Form Factor
(1

IR IMPD
_ p =P p
(NDIAING) = 30) [1Ca(e?) + Co P, ()] oulr) &5
® Axial vector current:
A =y ,
® Experimentally measured by I BLFQ
= Exp.data
- / ! 15 4 Reduced data |1
WO+ S ) i) 4 R
Dipole fit

® Information on spin distributions

Proton axial charge and Radius

ga =Ga(0),

2 L

(ri) = ﬁdeT(g) 0 05 51,

Q2=0 Q?[GeV?]
ga = 1.41 £ 0.06 (1.2723 + 0.0023)

V/{r2Y = 0.68 £0.07 (0.667 = 0.12) fm

15 2

Ga(Q%) = Gu(Q%) — Ga(Q?)

1CM, Siqi Xu ef. al, Phys. Rev. D 102, 016008 (2020)
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Parton Distribution Functions

0.6} == BLFQ
— CTEQ 15
- -- NNPDF 3.0
04
---- MMHT 14
%
0.2
1#=10.0 GeV?
0.0
10-° 10 0.001 0.010  0.100 1
X
— d quark in BLFQ
0.4F — y quark in BLFQ
« COMPASS u }
= COMPASS d {
g 02 :
3 . i
$
0.0) g ¢ ¢
F [} z [ N -
i .
1#=3.0 GeV? ey
-0.2]
0.001 0.005 0.010 0.050 0.100 0.500
X
NPDF, EPJC 77, 663 (2017); HMMT, EPJC
2COMPASS Collaboration, Phys. Lett. B 693,

laaa) + lagag
0000000000

Xu, CM, Lan

Unpolarized PDFs:

BB+HS

Helicity PDFs:

Bdb- 00

® Unpolarized PDFs f;(z

Conclusions

[e]

, Zhao, Li, and Vary, PRD 104, 094036 (2021)

2N
A
< /IMI\’ >
\
J

longitudinal momentum distribution
of unpol. quark in unpol. proton.

® Helicity PDFs g1 (z) :

longitudinal

momentum distribution of the

polarized quark

® Results correspond to leading Fock

sector only.

2015); CTEQ, PRD 93,

033006

(2016).
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Transver51ty DlStI‘lbutIOH Xu, CM, Lan, Zhao, Li, and Vary, PRD 104, 094036 (2021)
“up>
Transversity PDFs : Q
S - BLFQ
0.4 v Radici 18

Anselmino 13 +
® Transversity PDFs

describe correlation between the
_ transverse polarization of the
%ot 0.0050.010 0.0500.100 0.500 1 nucleon and the transverse
0.10 polarization of the parton.

----- Anselmino 09

LAY e Satisfy Soffer Bound:

ha(@)] < 31f2(@) + 1)l

® Results correspond to leading

N

0801 0.0050.010 00500100 0,500 1 Fock sector only, missing higher
X Fock sectors.
ll\l Radici and A. Bacchetta, Phys. Rev. Lett. 120, 192001 (2018)
21\[ Anselmino, et. al., Phys. Rev. D 87, 094019 (2('1«5).
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GPDs for Spin-1/2 Target

Pt =
/ dy PV (5 1B~y /27 b 5/ 2)I)

Off-forward
vi=7i=0  matrix elements

= Hx,&1) a(p )yt ulp) + B%,&t) alp o™

o3z, @)
In momentum space no probabilistic interpretation

»>GPDs in impact parameter space: X(z,b) = /d2 TN ¥ (g, ).

At t=0, 2nd moment of GPDs: angular momentum
Gluen

]- —_— Uar
Jq — 5 [Aq (0) + Bq (O)] Proton m{?\ijrukm
Second moment of GPDs give
FT

gravitational FFs 1

/deQ(x £) = A%t /deq(a: t) = BI(t)

.11. Phys. Rev. Lett. 78, 610 (1997); Burkardt, Int. J. Mod. Phys. A 18, 173-208 (2003)
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xz-Dependent Squared Radius
M4
<mp>
VA
d?b b2 HY(x, b
(429 (a) = LI @01
f d2bJ_Hq(x7 bJ_)
0.8
® Transverse squared radius:
— BLFQ
1 —~ 0.6 « JLab/CLAS
o)=Y [ arr@edye § « HeRwES
¢ = 0.4
® BLFQ result: (b7) =040+0.04 &3
fm? ~ 0.2
® Experimental data 2. 0.0 ) ) )
(b1) exp = 0-43 £0.01 fm? © 005 0.10 050 1
X
Al,\'v\, CM, Lan, Zhao, Li, and Vary, PRD 104, 094036 (2021)

21'%. Dupre, M. Guidal and M. Vanderhaeghen, PRD 95, 011501 (2017)
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Nucleon Gravitational Form Factors
(1
<imMpY

Nucleon scattering by the classical gravitational field is described by the W
gravitational (energy momentum tensor) form factors (GFFs).

(PITO)P) = U | - Bi(a®) 0 + (Al + B3 (0P 4+ P)

MmooV 2 pv _
o TEL I ey o

Energy

density
® Matrix elements of the energy * 01 o2 03
momentum tensor (EMT) contain T10
T = T20

fundamental information about
various mechanical properties.

i
9 Shear stress
T30 3 Normal stress

omentum
Jux

lSwagato Mukherjoe’s talk.
17 /32
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Preliminary Results : A,(Q?) and B,(Q?) )
0

<M
W
INucleon) = t(s4)|aqq)
0.1
1F ® LatticeSet — V (i = 4.0 GeV?)
® LatticeSet — V (4* = 4.0 GeV?) o .
. LatticeSet VI (4 = 40 el " LatticeSet — VI (4 = 4.0 GeV?)
08 e V=10 G 0.05 B This work (initial scale)
& £ This work (initial scale) o B T work (0195  400) GeV?
=5 This work (0.195 - 4.00) Ge
9‘; 0.6F =5 This work (0.195 — 4.00) GeV? 9
3 ~ 0. 8| IR [y O Cas Sy e T ST
i i
Rl N RS
W, -0.05F
02b LT
0. . n '- ------------ -0.1 L
0. 0.5 1. 15 2. 0. 05 1. 1.5 2.
Q*[Gev?] Q*[GeV?]

* A(Q?% and B(Q?) are extracted from the 77+ component.
® Spin sum rule: J* = 1 (A*(0) + B*(0))

‘ >, A%(0) = 1 and 3, BY(0) = 0 ‘

o nos )
S. Nair et. al., in preparation.
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Preliminary Results : D,(Q?) = 4C,(Q?)

<imp>
[Nucleon) = v(34)|q9q) A

= This work (initial scale)

0 = This work (0.195 — 4.00) GeV?
—
N
Q -2
SN—
N
——KMIE
toa KM15 global fit

- = dispersion relations @ JLab(4.00 GeV?)
= chiral quark soliton ® Lattice Set-V(4.00 GeV?)

-6.r ~ -Skyrme model Lattice Set-VI(4.00 GeV?)
=== bag model
_8. L L
0. 0.5 1. 1.5

Q[GeV?]

® Qualitative behavior of D,(Q?) is compatible with lattice and
experimental data.

® Provides mechanical properties.
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Angular Momentum Distributions in Transverse Plane

® Kinetic OAM and spin distributions

‘ Lorcé et al., PLB 776 (2018) ‘
1 2A X T+k
(L7) (b)) = —1e%7k d"AL e~ tALbL oTT")
(e o8 |py
AL x5 L(t)
= A? —ta100 T (¢ 7
/(27026 [()+ dt
(5%)(by) = ;63]’“ dzAJ- —B by gk ‘ ' ' bt : :
(2m)* DY (%) (b1) = (L%) (b1) + (5%) (b.)
2 - -
£ c(l A)J_ e ALy Gal(t) Cédric Lorcé et al., Phys. Lett. B 776 (2018) 38-47
27)2

where L(t) = 5 (A(t) + B(t) — Ga(t))

Flavor contributions: [v. Liu, S. Xu, CM, X. Zhao, J. P. Vary, Phys. Rev. D 105, 094018 (2022)]

b.(Ja)(b.) [fm™]

b, [fml b, [fm] V b, [fm]



Angular Momentum Distributions in Transverse Plane

® The b, dependent distributions of

kinetic OAM and spin in light-front: oo
o [ d2A X 5 OTTE

O e T
(2m) 0N |y fom

3

d2A x5 dL(t
- AZ/ e e [L(t)+t ( )]

AT, ~ 0.92

(5)(by) = = Bk d*A, e ” :
1L)=3 = .
2 2—(2”)2 AZ,~1.18 b1) = (L) (b1) +(S%) (b1)
_A rdfAL | AXq =—0.26

Lorcé et al., Phys. Lett. B 776 (2018) 38-47

2 | @n2©

where L(t) == 3 (A(t) + B(t| YA ]

Flavor contributions: [v. Liu, s Rev. D 105, 094018 (2022))

No Gluon contribution

b.(Ja™)b.) [fm™']

.0 05 10 15
b. [fm]




Introduction BLFQ laqq) laqq) + laqag) Conclusions
0000 000 000000000000 000000000 o]
Effective Hamiltonian with One Dynamical Gluon v
1
~ 0
| Baryon) = a | qqq) +b | gaqg) |+ ¢ | a99qq) + -.. Q&\P?

kinetic energy transverse confining potential [2]

Pl atm?2 1 4 -— SN2
Hop = 2, tAe—ma 4 33 Ly k* [2ats(FLa — 7Lb)?]

Za

awa aZpOz

longitudinal confining potential [3] QCD interactions [4]

1S, Xu, CM, X. Zhao, Y. Li, J. P. Vary, 2209.08584 [hep-ph]
2 Brodsky, Teramond, Dosch and Erlich, Phys. Rep. 584, 1 (2015).
3Li, Maris, Zhao and Vary, Phys. Lett. B (2016).

4Brodsky, Pauli, and Pinsky, Phys. Rep. 301, 209 (1998).
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Light-Front QCD Hamiltonian
1 o (i04)? 4+ m? ; l[?mdsk\ et al, 1998] P
P_1rocp :fjd xypy 71.04_ fd x AL (i01)2 AL
+gfd3x Py, AR P

+

14
45" [ @iy ammw

—ig? [ x Py T o (07 A

@ 6*)

1 T, a
TJ,)ZI/WTIP

1 _
a2 3 +Ta
+Zgjdx1pyT1p(l

+ig f d3x fabeigrAvanb A

1 1
_E‘gz f d3xfabc fade “:)+A.ll:A#C( 0+)2 (18+A+Ave)

1
+29° f d3x fo0C fode AL AYVA A,
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Unpolarized PDF's

20 1?=10.0 GeV? 46

0.4}
1.5

0.2
0. 02 04 06 08

EEN BLFQ with DG B BLFQ without DG
- MMHT 14 ----- NNPDFunpol3.1

1.0

xf(x)

1
X
® Within |gqq), model scale ,ug = 0.195 £ 0.020 GeV?
® Gluon is generated dynamically from the QCD evolution.
® Including dynamical gluon (DG), model scale p3 = 0.23 — 0.25 GeV?
® Including DG, gluon distribution is closer to global fits.
lS. Xu, CM, X. Zhao, Y. Li, J. P. Vary, 2209.08584 [hep-ph]

Conclusions

[e]

<P

J
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Valence Quark Ratio in Proton
&1

1.0
IMPD
Ratio of structure functions 0.8 Jefferson Lab MARATHON VQ
(x) 220.2 1+ 4d, (z)/u,(z) 006
Fl(z) 4+ dy(z) /up(z) &"E

osf [ 0.225 £ 0.025

@
o
& osf 0.230 £+ 0.057
0.4r
0.2
0.0 0.2 0.4 0.6 0.8 1.0
Bjorken x
1s. Xu, M, X. Zhao, Y. Li, J. P. Vary, 2209.08584 [hep-ph].

Cui, Gao, Binosi, Chang, Roberts and Schmidt, Chin. Phys. Lett. 39, 041401 (2022)
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Quark Helicity PDF's
I I T

580 BLFQ without DG

B BLFQ with DG
e COMPASS u Au
0.2} . compass d

1?=3.0 GeV?

-0.2¢
! ! .

0.001 0.01 0.1 05 1
X

® Distributions improve at small x and = > 0.5.

* 1%, =0.438 +0.004, strongly dominates over 1A¥y = —0.080 & 0.002.

1% Xu, CM, X. Zhao, Y. Li, J. P. Vary, 2209.08584 [hep-ph]
2M G. Alekseev et al. (COMPASS Collaboration), Phys. Lett. B 693, 227 (2010). 26 /32
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Gluon Helicity Distriution

1
<imp>

W

1.2 T T
1.0 * COMPASS all pr(2002-06)
= COMPASS high pr(2002-04)
0.8 + COMPASS open charm (2002-07,NLO)
0.6} « HERMES high pr
0.4} ~ SMC high pr

0.2 B B FQ with DG 1 :
. T
0.0 IT I
-0.2 et 1
1 0.01 0.05 0.10 0.50 1

. JAM

EEE NNPDFpol1.1

N BLFQ with DG

Aglg

1#=1.0 GeV?
. h
0.0050.01 0.05 0.1 0.5

* AG = fol dzAg(z) = 0.131 £ 0.003, is sizeable to the proton spin.

e PHENIX Collaboration: AGI0-02.0:3] — 0.2 4 0.1 [pre 103 (2009) 012003

® Resolving small-z issue is one of the major goals of the future EICs.

1S, Xu, CM, X. Zhao, Y. Li, J. P. Vary, 2209.08584 [hep-phl].
2N. Sato et al. [JAM], PRD93 (2016); E. R. Nocera e al. [NNPDF], NPB 887 (2014).
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Preliminary Results : A,(Q?) and B,(Q?)

1
<imMPY
PA)

[Nucleon) = t(34)l999) + ¥(39+1¢)19299)

1, - - T 0.4 T
5 - quark .. d— quark
0.8F g
0.2 gluon total
— 0.6F 1
e S o=
< 04f 1R
| -0.2F g
0.k 1 -vn I 4 04 1 1 1
0. 0.5 1. 15 2. 0. 05 1. 15 2.
Q*[GeV?| Q*[Gev?]

® A(Q?) and B(Q?) are extracted from the T+ component.
® Spin sum rule: J? = % (A*(0) + B*(0))

‘ZiAi(O) =1land 3, B (0) = 0

1S. Nair ef. al., in preparation.
28 /32



Introduction BLFQ laqq) laqq) + laqag)
0000 000 000000000000 0O000000e00

GTMDs & OAM

Generalized Transverse-Momentum Parton Distribution functions
1.dz=d?Z, ., ... 1 !
2 em® ¢ (P'”"’(‘EZ)V "’(§ZJ|P'A)
dz—d?*Z,
(2m)3

Wi (P, x, Ky, A) =

ij - 1
W (P KL A) = 57 |

et fpfor (-37) 0% 7))

Parameterization:

[y % — wl] %
WP, x, K, A) =Wl (P, x, KL, A) .
1 _ ioci+ . . okl A
= g5 00 1) [Fua e (e Fu+ A Fu) + 15 Fauc

F1 4 is related to the orbital angular momentum p,

Conclusions

[e]

A\
~imD

~ 25(10) %

~40(2) %

k2 B .
La 00 == [d%ky55 Fra(oku by =0 —

18 Bhattacharya, R. Boussarie and Y. Hatta, arXiv-hep:2201.08709 (2022)
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Prelinary Results of OAM

0.03 QIMP‘,
— OAM for u quark
0.02} — OAM for d quark]
— OAM for gluon
\x— 0.01}
-l
X
0.00 \/
-0.01}
0.0 0.2 0.4 0.6 0.8

X

® Final remark : %AEQ =0.36; AYy =0.13; l; =0.02; [; = —0.01
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BLFQ Prediction on Spin Decomposition

With one dynamical gluon <(I\i!\/}’é

J

(a) Kinetic

(b) Canonical

I+1,
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CONCLUSIONS
Q&!{?
Discussed structure of proton from eigenstates of LF effective Hamiltonians
Considered |gqq) and |qqqg).
LF Hamiltonian = Wavefunctions = Observables.
Provides good description of data/global fits for various observables.

Discussed gluon distributions of the nucleon.

With one dynamical gluon, the quark spin contributes 70%; the gluon spin
plays a substantial role (26%) in understanding the nucleon spin.

This is not a complete picture ... long way to go.

Enormous amount of possibilities with future EICs ... ... Thank You
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