
Nucleon properties from basis light front
quantization

Chandan Mondal
Institute of Modern Physics, CAS

With: S. Xu, J. Lan, X. Zhao (IMP, CAS), Y. Li (College of William and Mary), H.
Lamm (Maryland U.), D. Chakrabarti (IIT Kanpur), J. P. Vary (Iowa State U.)

10th April, 2019

April 10, 2019



Contents

� Methodology -Basis Light-Front Quantization (BLFQ)

� Numerical results

X Form Factors

X Parton distribution Functions (PDFs)

XGeneralized parton distributions (GPDs)

� Conclusions outlook



Basis Light-Front Quantization (BLFQ) J. Vary et. al., PRC 81 (2010)



General Procedure for BLFQ

X Derive/write the Light-Front Hamiltonian: P− = Heff

X Construct the basis state: |α〉

Calculate the Hamiltonian matrix elements:

Hα′α
eff = 〈α′|Heff |α〉

〈α′| & |α〉 are the basis state of BLFQ, such as |qqq〉 .

Diagonalize Heff and obtain its eigen spectrum

Heff |β〉 = Hβ
eff |β〉

|β〉 is the physical state and eigenstate of Hamiltonian. In
case of proton |β〉 = |Pproton〉.

X Evaluate observables:

O = 〈β|Ô|β〉



Previous applications of BLFQ

QCD systems

Heavy quarkonium: decay constant, elastic form factor, radii,
radiative transitions, distribution amplitude, GPDs

—Y Li, G Chen, X Zhao, P Maris, J Vary, L Adhikari, M Li, A El-Hady (2016 - 2019)

Light mesons: spectrum, decay constant, elastic form factor, radii,
distribution amplitude, PDFs and scale evolution

—S Jia, J Vary, J Lan, CM, X. Zhao (2018 - 2019)

QED systems

Electron: anomalous magnetic moments

positronium wave function, spectroscopy

GPDs of the electron and positronium

—X. Zhao, P. Wiecki, Y. Li, H. Honkanen, D. Chakrabarti, P. Maris, J. P. Vary, S. J. Brodsky (2013 - 2018)



Example: light meson PDFs Lan, CM, Jia, Zhao, Vary: to appear in PRL (2019)
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Light front effective Hamiltonian, Heff : (µ2
0π = 0.240± 0.024 GeV2)

~k2
⊥ +m2

q
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+
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1− x︸ ︷︷ ︸
LF Kinetic energy
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− κ4
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∂x
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)
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Longitudinal

+Heff
NJL,

Light front wavefunctions I eigenvectors of this Hamiltonian.
PDFs evolution I based on the NNLO DGLAP equations.

The robustness of our results motivates the application of analo-
gous effective Hamiltonians to the baryons.



Effective Light-front Hamiltonian for nucleon

Light-Front Hamiltonian
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Although we truncate to the leading Fock sector, we can solve the baryon system with multi-
particle (at least three particle). In future, we can include higher Fock sector, and study the 

sea quark and gluon distribution fcuntion.

Vo = 0.6Z[\,Vq = 0.57Z[\



Basis construction

Fock’s space expansion:

|N 〉baryon = a| qqq 〉+ b| qqqg 〉+ c| qqqqq̄ 〉+ · · · .

For each Fock particle:

For the first Fock sector:

| qqq 〉 = |nq1 ,mq1 ,kq1 , λq1 〉⊗|nq2 ,mq2 ,kq2 , λq2 〉⊗|nq3 ,mq3 ,kq3 , λq3 〉.



Basis Truncation Scheme



Flavor Form Factor in BLFQ
different quark masses 
in kinetic and one gluon exchange term to 
minimize the effect of higher Fock Sector

[Work in progress, C. Mondal, Siqi Xu, et.al ]

Dirac form factor
d quark: good agreement with data;
u quark: deviates from the data at large 
!"

With increasing the basis size, 
our result approach to the experiment data.

Pauli Form factor
d quark: #" 0 = −1.73 (Exp. : −2.03)
u quark:  #" 0 = 1.27 (Exp. : 1.67)



Nucleon Form Factor
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[Work in progress, C. Mondal, Siqi Xu, et.al ]

Charge form factor
Neutron : agrees with experiment data
Proton : also agrees with the data

Magnetic form factor
Proton : more or less 
agrees with data
Neutron : deviates from 
the data 

With increasing the basis size, the magneAc form 
factor approach to the experiment data

Anomalous magne9c moment
Proton : 34 = 2.42 (Exp. : 2.79)
Neutron : 34 = −1.57 (Exp. : −1.91)



Electromagnetic radii CM, X. Siqi, J. Lan et. al. in preparation

〈r2
E〉N = −6

dGNE (Q2)

dQ2
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Q2=0

,

〈r2
M 〉N = − 6

GNM (0)
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The Sachs form factors are defined as

GNE (Q2) = FN1 (Q2)− Q2

4M2
N

FN2 (Q2),

GNM (Q2) = FN1 (Q2) + FN2 (Q2).

Quantity Nmax = 6 Nmax = 8 Data from PDG

rpE (fm) 0.966 0.877 0.877± 0.005
rpM (fm) 1.094 1.008 0.777± 0.016
〈r2
E〉n (fm2) −0.1175 −0.1398 −0.1161± 0.0022

rnM (fm) 1.278 1.2045 0.862+0.009
−0.008



Generalized Parton Distribu2on func2ons (GPDs)

!"
Proton momentum 

#!"
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where the $% is transverse position of parton

&%
'( $%

Encode the information 
about
three dimensional spatial 
structure

ØDeeply Virtual Compton Scattering (DVCS)/ vector meson 
productions experiment:

• GPDs are functions of three variables :
§ Longitudinal momentum fraction # =

*+
!+

§ Longitudinal momentum transfer --> 

skewness , = -+
.+ = /

§ Square of total mom transfer 
0 = -1 = .2 − . 1

Ø GPDs appear in DVCS processes.



Generalized Parton Distribu2on Func2ons (GPD)
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With increasing  momentum transfer (.), the peaks 
of distribu5ons shi) to larger /;

At large /, BLFQ results follow the quark-diquark model

From BLFQ

[Work in progress, C. Mondal, Siqi Xu, et.al ]

GPD encode the information about 
, as well as 

of the constituents



Generalized Parton Distribution Functions
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With increasing  momentum transfer (.), the peaks of distributions shift to larger /;
At Large /, BLFQ results follow the quark-diquark model

quark-diquark model
AdS/QCD

From BLFQ

[Work in progress, C. Mondal, Siqi Xu, et.al ]

For d quark



Parton distribution functions in BLFQ:

< "# >= &'" "()#(")

Average momentum is carried 
by the quark.

Here, we use the NNLO 
DGLAP equa@on to evolve the 
PDF. Qualita@ve behavior of 
PDF is more or less same with 
the global fit CTEQ 15 PDF.

Parton distribu-on func-ons (PDF)

[Work in progress, C. Mondal, Siqi Xu, Jiangshan Lan, et.al ]

U Quark 
Low , region: agrees with global fit
High , region: deviates from the fit
D Quark 
Low , region: deviates from the fit
High , region: more or less agrees 
with global fit

We need the contribution from higher Fock sector 
such as ---. , --- -0- to obtain better agreement, 
and to study the sea quark and gluon distributions.
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Conclusions
We have discussed the preliminary results of nucleon form
factors, PDFs & GPDs in BLFQ approach.

In the effective Hamiltonian, we have the kinetic energy & the
confining potential in both the transverse and longitudinal
direction and one gluon exchange with fixed coupling. Here, we
consider only the leading Fock sector.

BLFQ formalism provides promising results in order to understand
the nucleon structure.

Outlook:

Increase basis size

Include the higher Fock
component |qqqg〉.

Investigate other nucleon
properties..

Investigate the structure of other
baryons.
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d quark

Cates et. al. (2001)

Qattan & Arrington (2012)

Dielh & Kroll (2013)

Nmax = 6 & 8, Kmax = 10, κT = κL = 0.4 GeV
αs = 1.7 & 1.4, mg = 0.05 GeV, mq/OGE = 0.3 GeV
mu/KE = 0.60 GeV, md/KE = 0.57 GeV

Thank You
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