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Motivation
Spin-1 composite systems provide tensor structure functions:

Absent for spin-0 or 1/2 systems
Gluon Transversity

Proposals to study the structure of
deuteron: JLab (approved), Fermilab
(proposal in 2022), EICs ...

Largely unexplored eld yet : can open a
new eld of spin physics

PRL 95, 242001 (2005)
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Basis Light-Front Quantization (BLFQ)

Non-perturbative approach based on the Hamiltonian formalism :
P*P j i=M2j i

To solve relativistic many-body bound
state problems.

Successfully implemented to investigate
the structures of various baryons and
mesons.

Motivation : To extend the approach to
investigate light nuclei.

P* : longitudinal momentum of the targeted nuclei
P : LF Hamiltonian

Fock state expansion of the deuteron state

j ip = 6qld0d qag+ eq+1¢j999 999 9 + 6q+qqidad qag qi +

.. . LFWFs associated with the Fock components j::i.

1J.F’,Vary. H. Honkanen, J. Li, P. Maris, S.J.Brodsky, A. Harindranath, G.F. de Teramond, PRC
81, 035205 (2010).
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Basis function

2D-HO basis Plane wave
in transverse direction, nm (P2 ) in longitudinal direction
Parton's basis state is identied by | i = jkij;nj;m;; ji
Many-body basis states are identi ed as the direct product of the
Fock-particle basis states j i = j ji.
Fock space truncation: Basis truncation:
I 1p = eqidag qaq + p i@ni+imij+1)  Nmax
6a1g /999 994 @ iki= K, x= K

1J.P.Vary, H. Honkanen, J. Li, P. Maris, S.J.Brodsky, A. Harindranath, G.F. de Bramond, PRC
81, 035205 (2010).
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LF Hamiltonian

Conclusion
00000

[ Paco

A,
K.E. terms of quark-gluon ver-
quarks and gluons tex interaction

instantaneous
gluon interaction

Other interactions are absorbed into the involved parameters such as coupling

constant and masses.

1BLFQ Collaboration, J. Lan et al., PLB 825 (2022) 136890
2BLFQ Collaboration, Z. Zhu et al., PLB 839 (2023) 137808
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5.3, Brodsky, H.C. Pauli, S.S. Pinsky, Phys. Rep. 301, 299-486 (1998)
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Number of Color singlet states in  jqqq qq@: 5
Number of Color singlet states in  jqqqg qqq ¢ 16
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Charge FF Magnetic FF

Quadrupole FF
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Capability to achieve the gluon transversity.
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Light-Front Schredinger Wave Equation

Light-front wave equation:

m2 m?2 d2 1 4.2
J+ﬁ o5 ot Ue (z) ()=M3 (@ ()

Light-front wavefunction:

()= pile’ x)

= P z(1 2z)b, ,X(2)= P z1 z) (2)

2 2
& LT w0 O=mE O
|

m2 m2
St U@ (@D= MG (2)

U ()+ U(2) ; Masses:M3 =M2Z, + M2

Assumption : Ug

LFWF: ( z; )= z(1 2) (2) ()

18, J. Brodsky, G. F. de Teramond, H. G. Dosch, and J. Erlich, Phys. Rept. 584, 1 (2015)
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Light-Front Holographic QCD : contains transverse dynamics

Unique con ning potential : USFH ()= 4 2+2 23 1)

Meson mass spectra:

J+ L
MZp(nz:iJiL)=4 2 no+ 2 : J=L+S
Transverse part of the wave function:
Y nil 22
Zn? [ -
n?L()= 1+ L m12+Lexp 5 Lh?(ZZ)

Transverse part of the deuteron LFWF in momentum space:
k3
2 2z(1 2)

(zk3)= p—texp
’ z(1 2z2)

1S,J, Brodsky, G.F. de EBramond, H.G. Dosh, J. Erlich, Physics Reports 584, 1 (2015)
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The 't Hooft Equation : contains longitudinal dynamics

Derived from the (1 + 1)-dim QCD Lagrangian in the large Ng limit * :

|
2 2 2 Z
G I e R e

Extend to light nuclei
mp = mp=0:8GeV; =0:13 0:0065 GeV;g=0:5 0:025 GeV

¢
Mp = MZ,+MZ, =1:80 0:09 GeV

L1 G. 't Hooft, Nucl. Phys. B 75 (1974) 461{470
2phys. Lett. B 823, 136754(2021); Phys. Rev. D 104, 074013 (2021)
Sphys. Lett. B 836, 137628 (2023)

4

Phys. Rev. D 109, 094017 (2024)
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Electromagnetic form factors: Preliminary

Charge FF Magnetic FF

Quadrupole FF Gc(0)=1, Gy (0)= MZQp =25:83,

Go(0) = ,\“j—z b =1:714

Charge radius:

hr2i = 6Q|21 sz Ge (Q?):

Deuteron charge radius: 2:09 0:10 fm
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Structure Functions

P
Structure functions: x ¢ € fPDFgP (x;Q?)

PDF of deuteron at the level of its valence quarks

z
X 1
Ciliylznucleon (y) f PDFgf
X

1
fPDFQP (x; Q%)= =
2 nucleon
where F nucleon - nycleon longitudinal momentum distribution

Nucleon longitudinal momentum distribution functions:

1h i
@ = 6 Pl(z)+ P. (2)+ P2(2)
h [
oL@ = % Piz) Pi(2)
h i
fllL @ = % 2P%(z) P2+ P. Y(2)

R P 2
where P. (2) = d?k, ., (zike) 7 ;

R, P )
Py(2)= d°k, . (ziks)

fPDFg" @ Q2 =5 GeV 2 are obtained from NNPDF global ts.

f.Qz
y

Conclusion
00000
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tensor  polarized Moments of g 1

1A. Airapetian, et al. (HERMES Collaboration), PRL 95, 242001 (2005) 17122
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Conclusion

Deuteron, a lightest nuclei with spin-1, contains enriched information at the
level of its partons.

Showed some very preliminary results on deuteron structure functions from
LF Hamiltonian approach.

Qualitatively consistent results.
able to achieve gluon transversity distribution.
able to study the color structure of deuteron.

studied the deuteron structure functions using LF holographic QCD
approach alongwith the 't Hooft Equation.

Reasonable consistency with the experimental data.
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