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Fundamental Properties: Mass, Spin and Structure

Mass

<imp>
W

Dynamics of gluons

Higgs mechanism K‘

Quarks
Mass ~ 178x10% g

Proton
| Mass ~168x10% g
\

1% of proton mass ~99% of proton mass

(6 types of quarks:up, down,
charm, strange,top and bottom)

.

Sp

Orbital angular Wigner Distributions
momentum -
(X, Ky, 1
9 ~ 25(10) % , o
.

~ 40(?) %

Parton Distribution Functions Form Factors

| Ideal facilities : EIC & EicC |
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Form Factors vs PDFs vs GPDs

Elastic Deep Inelastic Deeply virtual
Scattering Scattering Compton Scattering
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Light-Front Hamiltonian Framework

instant form
0

¢ Quantization on the light-front : x* = X0 4 %3
time variable t=x

e LFmomenta: P*=P°+P3 ; P,

e Choose transverse rest frame : P, = 0
quantization

¢ LF Hamiltonian : H, . = P*P~ surface

e Eigenvalue problem : H, .| P, A) = M?| P, A)

Simultaneous access to mass spectra and wave functions

- Ty
1

Applicable to hadrons as well as to nuclei

e Expansion of an eigenstate of the system in Fock space basis

front form

A £
at 220 443

t
IJ‘

m? + 1)2
Hyp =Y ——5 4 Hyy x;=p;"/P* — LF momentum fraction carried by ith parton

zldxldpu- 7N. 2 = ) A . o
|P,A) = 1= a8 (Y opir | ¥y, (pidw) [ pidn)

N,\J ,,,,, [2(2m)N)* VT

i=1 i=1

| |

LF helicity = Normalized N-
amplitude = parton state
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Building the LF Hamiltonian matrix using BLFQ

Step-1: Expand the system’s state in the Fock space

Fock state expansion of the meson, baryon and deuteron bound state

[P ar = Yigg) 19D + Yiagey 1999) + Yiagge) 19999) + Viqqaqy 19997) + - - -
[T)p = ¥{qqq} 1999) + V{qqqq} 19999) + ¥{qqqqqy 199990) + - -
|\I’>D — ,‘/){qqq qqq} |qqq flq(J> arF w{qqq qqq g} ‘qqq q99 g) P oo

Step-2: Decide how to describe each particle’s motion and quantum numbers.
Here comes the basis (Heart of the BLFQ)

Single-particle basis state == to identify a particle

n,m,l

Yro(a, 7Y = 3 <n,mll,r,s|w> x —

Eigenvector of . . + .
the Hamiltonian Single particle motion

in transverse direction

Build many-body basis states for each Fock sector‘

Step-3: Compute the Hamiltonian matrix (basis;| H |basis;)

Hamiltonian = K.E. terms + QCD interactions

Single particle
motion

in longitudinal
direction
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Formation of Basis: Transverse direction

V2 l w (N (K2 i
2D Harmonic oscillator: k,;b) = e kil (—L) ! (—*)e""o ;
Pnm(ke.;P) b(2m)32\ (n+|m|)! b "o\ b2 )D
n=0, m=0 n=0, m=1 n=0, m=2
0.2
0
-0.2
04
-~ 5
5
0
s n=0, m=3
0.2
0
-0.2
-0.4.
5 -
0\/ _—
-5 -5 -5 -5
To limit the basis space — J.P.Vary et al., PRC 81, 035205 (2010)

Zi (277'1'+|mi|+1) £ N A ® b/\/m

‘ Auy = b\/m

Basis parameter
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Formation of Basis: Longitudinal direction

Plain wave basis:  ¥x(x™) =

ﬁ%
™~

1

where k = —
2’

mlw

Longitudinal momentum fraction carried by parton

.

J2 k;

Ti = pr = K
Kzzikz

'

Basis parameter

ik
ka

for —-L<x™ <L

3D basis
function

-L<x<+L
k=1/2,n=1, m=0

(p, @) are the cylmdrlcal
coordinates in (x X )

N

P
— J.P. Vary et al., PRC 81, 035205 (2010)
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BLFQ Algorithm Flowchart

| Basis Enumeration l*» Single quark/gluon Hamiltonian | D
|a) <tp>
W

4

| N) | Diagonalize Hamiltonian Matrix |

Input
| Hamiltonian Matrix Generation |<—| Generating mass counter term list |

PP*|q/g) = MZ/4la/g)

Renormalization Condition:

| Diagonalize Hamiltonian Matrix |
My =mg, My =0

i=1 i=2 i=3
ForQuark:  |q) = lq) + lqg) +1997) + lagg) | +19939) + laggg)
Light-Front Wave ForGluon:  |g) = |g) + 197) + |g9) |+ lqdg) + 1999)
Functions . 0.
—— u quark 1st order d quark 2nd order
0.5 u quark 2nd order d quark 3rd order
0.4~ uquark3rdorder — s quark 1st order
—— d quark 1st order
— A §o3
Observables: O = ( N|O|N o
Distribution Functions, Form Factors, 0.1
PDFs, GPDs, TMDs... 0.0 3 7 5 3 7
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Summary: BLFQ Framework

A computational framework for solving relativistic many-body bound state

problems in quantum field theories Q%}D
W
instant form front form » Evaluate observables
time variable t=a° zt 220 + z°

' t

| —

quantization A/
surface Qq’ L
- ‘ >

P~ PT|W) = M?|W)

» Pt =P+ p3 . light-front
momentum (Hamiltonian)

» First-principle / effective
Hamiltonian as input

/ =7
> Access to mass (M) and LFWFs Hwﬁ

1Vary, Honkanen, Li, Maris, Brodsky, Harindranath, et. al., Phys. Rev. C 81, 035205 (2010).
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» Fock expansion of baryonic bound states:

[Meson) = v (4q)99) + Y (4a+19)|999) + Y(ea+ea|9790) + - - - ,

[Proton) = 9 3q)1q99q) + VY(34+14)19999) + Y (3q+4a) 9999 + - - . ,

Solution proposed by BLFQ
Truncation

Discrete basis and their

IMP,

direct product
2D HO ¢,,,,(p") in the transverse plane 22 (2 + my| +1) < Ny
Plane-wave in the longitudinal direction 2iki=K, = k?
Zi (m; +X\;) = M,

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

a; = (ki ni; My, Ay) .
Fock sector truncation
o) = ®; |a;)
Large Nmax and K — High UV cutoff & low IR cutoff

> Exact factorization between center-of-mass motion and intrinsic motion

11/29

L Vary, Honkanen, Li, Maris, Brodsky, Harindranath, et. al, Phys. Rev. C 81, 035205 (2010).



Dimensions

Dimension of Basis States
e Dimensions increase with increase in number of Fock sectors

== Motivation for Quantum Computing

10, 1gte T Banen
10 Nmax = 10, Kipax=16 . | — Meson

3 102 )
108‘\ . --- Deuterium

107}

2 3 4 5 6 71 6 8 10
Parton Number

12 14
Nmax = Kmax

16
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BLFQ Road-map toward First Principles

* PRD 102, 016008 (2020
Review article on Nucleon in BLFQ: ESI\L/I ;zf;lplgzs —>|s PRD 104, 094036 52021))

EPJ (Special Topics) 235, 1557 (2026) T (G, R G0,
- PRD 109, 014015 (2024
2020 GPDs (Twist-2, -3) PRD 109, 034031 (2024;

| ) K_.E. + Confinement + One Gluon ¢ PLB 855, 138809 (2024)
94 Exchange interaction © PLB 833, 137360 (2022)
TMDs —>|. PRD 109, 014015 (2024)
GFFs  ——>( PRI cen )
DPDs ——(+ PRD 112, 014018 (2025)
_ PDFs (T PRD 108, 094002 (2023)
& Spin Decomposition
¢ PLB 847, 138305 (2023)

* PLB 860, 139153 (2025)
* PLB 866, 139584 (2025)

2023 K.E. + Confinement in |gqq) + GPDs (Twist-2, -3) » PRD 113, 094031 (2026)
QCD interactions o arXiv-hep: 2603.25548
— !
l949) + 1q4948) (Instantaneous gluon interaction + P A0 RER
quark-gluon vertex interaction) » PLB 855, 138831 (2024)

TMDs (Twist-2, -3) —>]

Xi »
GFFs&Mass b s, o o)
2025 Decomposition
K.E. + QCD interactions g

1499) + |4gq8) + | gqqqg)— (nstantancous gluon interaction EMEES, PR ——>( PLB R o0 (05 )

Instantaneous fermion interaction + { & Spin Decomposition
quark-gluon vertex interaction)

Basis Light-Front Quantization (BLFQ)

First Princ'iples of LF

QCD — K.E. + All QCD interactions

OBLFQ Collaboration
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Proton with One Dynamical Gluon

{lwuud|2 = 44% 5 W)uudg|2 - 56%}
PHP~|U) = M?|V) [proton) =y, gluud) + ¥ uq4luudg) {\/)
<ImMp>
QCD Interaction: P™ = QCD+PC \\
aL
PQCD—/dz d’z J‘{ Py +mg +(007)° 119(1 i ¥
- —Ai [mj + (i0™)%] Ag + gsvpy, T Ay
+ GO T s T
Confinement only in leading Fock:
+ Oy, (%iz;0x,)
PoPT = 5 Z{{T:JJ_ W} a '},A- A

i#j / ‘ e
Parameters: g ’ 'bé
. Va Sy

Truncation: Nmax=9, K=16.5
HO parameters: b=0.7GeV, b;,s=3GeV

my -- my -

0.31GeV 0.25GeV 0.50GeV 0.54GeV 1.80GeV

'BLFQ: S. Xu ct. al., Phys.Rev.D 108 (2023) 094002.
2Brodsky, Teramond, Dosch and Erlich, Phys. Rep. 584, 1 (2015).
3Li, Maris, Zhao and Vary, Phys. Lett. B (2016); M. Burkardt, Phys. Rev. D 58, 096015 (1998).
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Unpolarized and HellClty PDFs ‘ BLFQ: PRD 108 (2023) 094002

04 xAu 17210 GeV? XA
2.0 1#=10.0 GeV? 0] 02l #5000V 9
B [ ma
i d"Iu 00)
0.4 oa
15 7Y mm srawinot oo -
02 -041  wmairauinoe xAd - NPDFpolt. 1
0. 02 04 06 08 -06
1.0 BN BLFQ with DG BN BLFQ without DG 0.10] . coupass
W JAM  mm NNPDF 008 EMEs
-
v
0.5 XU 0.00}
/ \ -0.05]

L
0.05 0.1 05 1 . 001 0.050.1 05 - 0.01

X

1
0.0050.01

Diagonalizing Heg = LF wavefunction = Initial PDFs =- Scale evolution

Model scale u2 = 0.24 4+ 0.01 GeV?

» Quark momentum : (x), = 0.261 £ 0.005,
> Quark spin: 13, =0.438+0.004, A4 = —0.080 % 0.002.

» Gluon spin: AG = 0.131 + 0.003, PHENIX: AG[0-02,0-3] — 0.2 4+ 0.1.

P> Sea quarks: solely generated from the QCD evolution.

LLFH: PRL 124 (2020), 082003; PHENIX: PRL 103 (2009) 012003.

(x)g = 0.109 4 0.005 at 10 GeV?2.

<imp>
W
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BLFQ Predictions for Spin Decomposition

Fock expansion:

>
| Proton) = a | uud) + b | uudg) + ... CL)\\

Quark and gluon helicities : %2(1 +Lg+Jy = % ‘

AY, = /dz Aq(z)

AX, = /dzAG(m)
Total AM? :

1
=3 /dxx[Hi(z,O, 0) + By (x,0,0)]

Kinetic OAM? :

Ly = [ dolo {Hy(e,0,0)+Eq(2,0,0)) ~Hy(z,0,0)

Kinetic!

'BLFQ: S. Xu et. al., Phys.Rev.D 108 (2023) 094002.
2X. Ji, Phys.Rev.Lett. 78, 610 (1997).
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Proton Gravitational Form Factors

Graviton
Proton

<imp>
W

Pl (10 G fm)

0 02 04 08 08 10 12 14 16 18 20

NP) N(P) i

N(P) N(P)

» Parametrization of matrix element in terms of GFFs

(PITEO)P) = U | = Bula) 2 + (Ada?) + BUa) 3 (0P 447 PF)

2 i ~ 2
+ Ci(q¢®) +Ci(g™)Mg"” |U

a"'q" — ¢*g
M

> Momentum sum rule : Y, A%(0) =1

> Gravitomagnetic moment sum rule : >, B{(0) =0

> Spin sum rule: J* = % [A%(0) + BY(0)]

> 4C(g?) = D(g?) provides shear forces and the pressure distributions

1]3urkert et. al.: Rev. Mod. Phys. 95, 041002 (2023); Ji, Phys. Rev. Lett. 78, 610 (1997)
17 /29



BLFQ Results for Proton GFFs

[Nucleon) = t(34)|9qq) + ¥ (3q+14)9999)

s Lattice 23 £ this work |Ag

Wang et. al.

= this work |4y

Wang et. al.

&= this work | A
Wang et. al.

x4

== Yao et. al.

=== Mamo et. al.
Duran et al. |

-1.508 o JLab - Yao et. al -3. o Lattice ‘24 Duran et al. I < Yao et. al.
_a ] oLattice 24~~~ Mamo ct. “’-,_D., -4, o Lattice 22 Guo et al [—D’ =4.1| o Lattice ‘24 ~ -~ Mamo et. al. |F
0. 0.5 1 15 0. 05 1. 15 0. 05 1. 1.5
Q*[GeV?) Q*[GeV?) Q*[GeV?)
0.5
----- quark =55 gluon  E== total

> QCD EMT : TH =
Th

v _
Ty =

Ty + T8, where
iafy{“D”}w and
—FENRY 4 g (Fy o)

> A(Q?) and B(Q?) : T*+ component
> D(Q?) =4C(Q?) : T components

> AY0)=1and ), B'(0) =0

1BLFQ: S. Nair et. al., Phys.Rev.D 112, 114001 (2025)

002

S

Q

-0.02

004 05 15 2.

1.
Q*[GeV?]

<inmp>

VN

18 /29



Efremov-Teryaev-Qiu-Sterman (ETQS) Function

dyy dyzz ez—L(a;1+a:2)P+ iy, (wo—x1)PF
(2m)
X (P, S|%s(— % )gF ™ (v3 ) Ya(%5)IP,S),

Mz';,a,s(zl,-’ﬂz) =

Tryu/p(T, x)
\

Zhu et al., (BLFQ Collaboration)
arXiv-hep: 2603.23138

ETQS function after evolutions:

e Qualitative agreement with the

W BLFQ
[ EKT20

M@, @2) =

%@j"&w’ {@isi >
A“/sﬂv’ vﬁw’]

Tra/p(, )

[1PV20

JAM20

extractions. 1% = 100 GeV?
—0.15 0.20 y
107% 10~ 10~ 10° 107 1072 107t 10°
L(1) L(1)
1T u/p(m) 1T, d/p(m)
0.04 0.00

1st moment of the ETQS function:
7 Tp(x, %) = f70(x)
® Ist moment provides
Sivers functions
— NPB 667, 201 (2003)

[ —

0.00

WBLFQ p? = 4 GeV?

[ JAM22 4 = 4 GeV?
BPV20 p? = 4 GeV?

—0.04f 1 PV20 p? = 4 GeV?

—0.02}

—0.04"
[[PVIL1 4 =1 GeV?
T0TC p* = 1.2 GeV?
| |EIKV pi = 2.4 GeV?

—0.06

— PRD 59, 014004 (1999) 1072 101

10° 1072 10!



Hamiltonian with sea quarks and upto three gluons

Fock expansion: | N ~1494) +149quid) + |994dd) + laqqs3) + laqquilg) + |aqqddy) + lqqassg) | |

+19999) + 199999 + 1999999) 7»,{?
A
QCD light-front Hamiltonian from QCD Lagrangian: [S. Brodsky, H-C Pauli, S. Pinsky, ‘97]
At=0

1 _
Zocp =W(UD —my =2 G.G;" wemmy Pocp=Hy+ H,

2
K = /d* ¥y + 000"+ m? 1)0+ ¥ %/dxz AL (i04)2A,

H
—% MA< Hy = +g [ @ by
+39° / &z gy, A anVA"w
—r —ig? / d*z f“"cwq’*T‘wW(ia“A;‘Aﬂb)
I \N:» +39° / dz «Zv*T“zb(ia%)z%*T“w

+ig/d3m febeiar Ave AL AC
+ %g2/d31’ fabcfachgAzAp.dAve'

w: quark field operator

7 terms in H;

a.
A};: gluon field operator 2020



Dimensions of the Basis States

|N) = |49} + | qaquiy + | aqqdd) + | agqss) + | qqquiie)
+|aaqddg) + | aaasse) + | aqag) + | aqage) + | aaagee)
Nmax = 7’ Kmax = 16

_ l999) l9998) l999 93) | lqaq g8) | lqqq gsg) ||99q 43 &)

Dimension 35,088 592,960 3,901,500 5,169,360 19,603,584 7,128,576
Color Config. 1 2 3 6 22 8

>

W

|N) = |q4q) + | qaqg) + | aqq ut) + ‘qqq dd)+ |qqq s5)
Basis Dimension= 12,332,548
|N) = |qqq) + | g99g) + | gaq uii) + | aqq dd)+ | aqq 55) + | aaq gg)

IN) = lqqq) + | qaqg) + | qaq q2) + |aqq g2) + | aaq 2ge)

Basis Dimension= 37,105,492

|N) = |qqq) + | gqag) + | agq qa) + |49q gg) + |a9q 2ge) + 1 qaq qt‘1g>
Basis Dimension= 58,491,220
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Input Parameters in Hamiltonian

* Truncation Parameters: up to 6-parton Fock sectors with N, =7 & K =10 {\\/}
<mp>
IN) = | 999) + | aaqua) + | ggqdd) + | qqass) + | agquag) W

+ | aaqaddg) + | aaasse) + | aaag) + | aqage) + | aaagee)

* Input Parameters:

my ﬂl

0.45GeV 0449 GeV 0.6 GeV 2.0 GeV 2.6 3.0GeV 0.6 GeV

M, =0.93 GeV

- determined by fitting electromagnetic Form Factors and proton mass
- separate quark mass in the quark-gluon vertex m is needed

xgh+ ... Spin no flip
o« gm+ ...  Spinflip
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Fock Sector Decomposition

|N) = |qqq) + | qaquir) + |qqqdf7) + | 9qqs5) + | qaquiig)
+|aaaddg) + | qqassg) + | aaag) + | aqage) + | aqagse)

Valence Fock sector
|qaq) ~ 45.63%

Sea quark & gluon
Fock sector

|qqq uiig) ~ 0.11%
|qqq ddg) ~0.11%
|qqq s3g) ~ 0.08%

Sea quark Fock sector
|qqq uity ~ 0.19%

|qqq dc_1> ~ 0.20%
|qqq s5) ~ 0.09%

Dynamical gluon Fock
sector
|qqqg) ~44 . 44%

Dynamical 2-gluon Fock

|9aq gg) ~7.95%

sector

Dynamical 3-gluon Fock

sector

|9qq ggg) ~ 1.22%

QMP

PN
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Electromagnetic FFs and Mass Spectra

0.6
0.4
0.2

0.0
3.0

25
2.0
1.5
1.0
0.5

Preliminary

ob

« Arrington 07 - Gayou 01
- Milbrath 99 - Gayou 02
+ Pospischil 01 - Mainz ISR 17
- Jones 00

alio2
R

‘/( r.) = 0.96fm

(r,) = 0.93fm

- G(@)
+ Arrington 05
- Arrington 07

0-0 e . ve oe
00 05 10 15 20 25 3.0

Q*(GeV?)

Dinsts by mpg,m,

1400

) |1300

1200

1100

1000

N (1440)

myj, — my~[10,50]MeV

A(1232)
5 (1192) my =172
n =312
A(L15)
N (939)

_IMP,
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Axial Form Factor

a

/ a — (p/ — p)u T
(N(PIIALIN(p)) = a(P) | yuGalt) + TGP([) J/szu(p)
A= arursTa GA(Q%) = G,(Q%) - GQ?)

12 "h - Lattice |

1.0 Lattice Il
Y4 k { - Experimental data <rA> =0.59 fm
w 0.8 s
- A2, =0.78 (0.82)
S 0.6
2 AX,=-0.19 (-0.45)

0.4

A, ;=097 (1.27)
0.2
0 0 A2u+d = 059
00 05 10 15 20 25 3.0 AG=013

Q*(GeV?)

* Black line: valence quark
* Qualitatively agree with the experimental data
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Unpolarized PDF

— xdin BLFQ —xdinBLFQ
. — xuin BLFQ 20 — xuin BLFQ
— xgin BLFQ 1.5 — xgin BLFQ
1.0 iy
g=30 1.0 &§=2
0.5
0.5
0.0 0.0
02 04 06 08 10 02 04 06 08 10
X
o.0o08 \ «SinBLFQ (00008~ T T emoira
0.0006 — X@inBLRA 16 0006 — xainBLFQ
— xd in BLFQ — xd in BLFQ
0.0004 0.0004
0.0002 0.0002}"
0.0000 0.0000!
0.8 1. 0.6 0.8 1.0

IMP;
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Helicity PDF

0.8 — xAd in BLFQ — xAdin BLFQ Qf/"—‘?
0.6 — xAuin BLFQ 1.0 — xAuin BLFQ
0.4 — xAgin BLFQ — xAgin BLFQ
0.5
0.2
-0.2
0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0
X X
----- XAS in BLFQ
0.00010 — xATin BLFQ |0.00015
0.00008 S e U — xAS in BLFQ
0.00006 0.00010| — XATinBLFQ
0.00004 — xAd in BLFQ
0.00005} -
0.00002
0.00000 0
0z 04 06 o8 100 02 04 06 08 10
X
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Outlook

ImMp>
Current status 34

Deutron calculation

| Fut Qe interaction | laqq aqq) + 1999 994 9)

Fock sector expansion EMC effect

lqqq qq g)and lqqq gg9)--...-

| Sea asymmetry | | Origin of spin and mass |

2 ~ 25(10) %

*le

~40(2) %
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Conclusions

A\

<Imp>

7\

» Basis Light-front Quantization : A non-perturbative approach based
on light-front QCD Hamiltonian

» LF Hamiltonian = Wavefunctions = Observables.
» Calculate proton structure from QCD first principles.
» Spin structure qualitatively agree with expectation.

» Provides good description of data/global fits for various observables.

Thank You
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Many-body wavefunction is built from single-particle basis states for q and g.

Abig plus: e Treats all particles in the Fock space equivalently

e Facilitates handling symmetry operators for identical particles

Concerns: The resulting many-body wf includes:

e Intrinsic motion of quarks relative to each other

Entangled .
e Overall transverse center-of-mass motion of the whole system

Solution: Add a constraint term into the Hamiltonian

] H' = A (Hem. — 2b%1) \ Hem = (Zm) + ot (th)

H

m.: the transverse c.m. Hamiltonian (harmonic oscillator)

2b% :  zero-point energy

A; ¢ alarge Lagrange multiplier

The modified Hamiltonian:

2
Heg = Hegr — (Zﬁu_) + A (Hem, — 20°1).

The resulting LFWFs are boost invariant 5020



Basis Enumeration

|N) = |aaa) + | qaqui) + | aqadd) + | agqss) + | aqquiie)

IMP,

+|‘1‘1‘1dag> + |qqqs§g> + \qqqg) + \qqqgg} + |qqqggg)
| ggg) ~ 1 color singlet state

| qqq g) ~ 2 color singlet state
2 octet @ octet

lgqq qg) ~ 3 color singlet states

1 singlet @ singlet
2 octet @ octet

lgqq gg) ~ 6 color singlet states

1 singlet ® singlet
4 octet ® octet
1 decuplet ® octet ® octet

lgqq qG g) ~ 8 color singlet states
3 singlet ® octet @ octet
4 octet ® octet ® octet
1 decuplet ® octet ® octet

|gqq ggg) ~ 22 color singlet states
2 singlet ® singlet

16 octet @ octet
4 decuplet ® octet ® octet ® octet
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Quark TMDs

Leading Twist TMDs () muceonson (=) cvereson

Quark Polarization

Longitudinally Polarized  Transversely Polarized
)

Un-Polarized

w)

» Positivity bounds
Fl(x,k2) >0, f(e, k) > 9], (e, k)],

s k2 > Bligo, a2y,

ko> 1
i k) > LD yto k)

1BLFQ: Hongyao Yu, et. al. coming soon...
2A. Accardi et al.,

Eur.Phys.J.A 52 (2016) 9, 268.

8.5
Nuax = 9, K = 16.5, V=T

By
gl e g

Y

0.2 0.3 0.4
k% (GeV?)
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Gaussian Ansatz Compatibility?

» To check compatibility of BLFQ

results with the Gaussian ansatz :

exp (_Ilul2>
fie, k) xa—r—"2
r

where a = (|kL|0)f{- and
r=(lkL®) s

» If the Gaussian ansatz holds :

(kL l®) g < (IkL|®) g y

(ka2 2!

/ \\:\ Npax = 9, K = 16.5

0,
A\
. (k) gl %) g Gg P>
Ty OV

0.2 0.4 0.6 0.8

‘ BLFQ results do not support Gaussian ansatz ‘

1 3 s
Hongyao Yu, et. al. in preparation

2BLFQ: Hongyao Yu, et. al. Phys.Lett.B 855, 138831 (2024)

(k) g g =ehon

(k1) gz
Nuax =9, K =165 |-+ ¢ =d quark

(GeV?)

#— q = u quark

0.2 0.4 0.6 0.8

@
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BLFQ Results for Spin Decomposition

Fock expansion:

<mp>

| Proton) = a | uud) + b | uudg) + ... A

Quark and gluon helicities :
AY, = /dx Ag(x)

AY, = /dmAG(z)
Total AM :
1
= /dx:c[Hi(x,O, 0) + Ey(x,0,0)]

Canonical OAM :

_,

/dxd2 F14(x0pJ_,O 0)

1BLFQ: S. Xu et. al., Phys.Rev.D 108 (2023) 094002.

2Jaffe and Manohar, Nucl.Phys.B 337, 509-546 (1990).

1T, + 5, +0 +1; =1

L,+L,

Canonical®
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