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How do we understand the Quark Model
in Quantum Chromodynamics?




M , =938.272046 +0.000021 MeV
M, =939.565379+0.000021 MeV

m =23 MeV ; m, =48 MeV



Constituent Quark Model Quantum Chromodynamics
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Effective field theory
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Large N. QCD in 1+1 dim. (‘tHooft Model)
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Dirac’s Proposition for Relativistic Dynamics
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Interpolatlon between IFD and LFD
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Fermion Propagator

Free Propagator Interacting Propagator
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Energy-Momentum Dispersion Relation
Free particle Interacting particle
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Mass Gap Equation in Scaled Variables
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Mass Gap Solutions
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BOUND-STATE EQUATION
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Meson Spectroscopy
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GeII Mann - Oaks - Renner Relatlon
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0.15 ® Our numerical results
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Meson
Ground-state
Wave-function
for m=0 case

% (0
¢:|: riapi

L( 0(r-—p=)—06(p-)

5 COS 5

O(r-—p=)+6(p-)
2

+ sin

(0)
@, (r.x) (6=0)

-1

r.=0.2 My 1g, analytic
r=2 My 18, analytic

r:=5 Mo 18, analytic

r=0.2 My 1g, analytic
r-=2 My 15, analytic
r.=5 My 1g, analytic

r.=0.2 My 1g, analytic
r-=2 My 18, analytic

r.=5 My 18, analytic

a(0)
@_ (rx) (6=0)

-~ 0.251

a(0)
¢_ (r.x) (6=0.6)
P ] S .
-~ 0.30} ~

0.20
0.15
0.10
0.05

- = .

-1 0 1

a(0)
¢_ (r.x) (6=0.78)

00a)
/

r.=0.2 My 15, analytic
=2 My, 1g, analytic
r-=5 My 1g, analytic

r.=0.2 My 18, analytic
r-=2 My 1g, analytic
r.=5 My 1g, analytic

r.=0.2 My 15, analytic
r:=2 My 15, analytic
r.=5 My 1g, analytic



Parton Distribution Functions (PDFs)
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Quasi-PDF
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Quark quasi-PDFs and light-front PDF for the chiral pion. Interpolating "quasi-PDFs" for the chiral pion.

All quantities are in proper units of 24

Jia, Y., Liang, S., Xiong, X., and Yu, R. (2018). Phys. Rev. D, 98:054011. Ma, B. and Ji, C.-R. (2021). Phys. Rev. D, 104:036004.



Extended Wick Rotation
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Conclusion and Outlook

e QCD(1+1) in large Nc “tHooft model’ is
interpolated between IFD and LFD and
solved for its mass gap to find interpolation
angle independent energy function including
the wavefunction renormalization.

e Chiral condensate, meson mass spectra
bearing the feature of Regge trajectories and
GOR relation are found independent of
interpolation angle indicating the persistence
of nontrivial vacuum even in LFD.



e Applying to quasi-PDFs in the interpolating
formulation, we note a possibility of utilizing
not only the reference frame dependence but
also the interpolation angle dependence to get
an alternative effective approach to the LFD’s
PDFs.

® Interpolation of QCD(3+1) in Nc=3 between IFD
and LFD needs to be explored, in particular, in the
timelike region to study the color confinement.



