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The solid line spectra( E, = —a’mc” ( —) ) are without corrections. The masses of
n

clectron and proton are denoted by m and M respectively.



For the positronium, m/M = 1:

. m
the reduced mass effect, 1.e. m , = —,

2
Thus, there 1s no distinction between the fine structure

and the hyperfine structure in the positronium system.

the hyperfine structure is at the same order as the fine structure
in the positronium system and the degeneracy of 2S,,, and 2P, ,
states 15 already broken in the level of fine and hyperfine combined structure.

Therefore, the Lamb shift which breaks the degeneracy of 25, , and 2, ,
states 15 less mierestmg 1n the positronum  system.
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The second one 1s the electron-positron annihilation effect which modifies
the interaction Hamiltonian. In some cases, the positronium decays into two
or three photons depending on the positronium state. The energy level
correction due to the annihilation effect occurs at the same order as the fine
structure, 1.€.
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splitting of the energy level for n=1 state, i.e. 1'S, and 1’5,

singlet ('S,) triplet (3 S

pseudoscalar meson octet vector meson octet

the mass difference between st and p mesons
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Eq.(3.101) Experiment
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Y 780 776
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Meson spectroscopy in QCDq4,
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G. 't Hooft, Nucl. Phys. B75, Li, Wilets and Birse, J. Phys.
461 (1974) G:Nucl. Phys. 13, 915 (1987)
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Dynamical quark/gluon mass generation and color confinement
in QCD should be understood further.



Effective Constituent Quark
Model for Low Q2
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Radial Spin-Orbit

(Dependent on the model potential) (Interaction independent Melosh transformation)
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V includes Coulomb, Confinement, 0" (m,K,n,n',.)

Spin-Spin,Spin-Orbit interactions. 17 (0, K", w,9,...)
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| Both spacelike and
. | timelike form factors

| can be computed
| in LFQM.
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LFQM applications since 1997
~ 28 papers in peer reviewed journals
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Calaudatiow of Formv Factors inv Equal-Tume Theory
Instant Form.

Need vacuum-induced currents

Calcudatiow of Form Factory ivv ng}tt Front Theory
Front Form.

Absent for ¢7 =0 gzero!!









g-2 calculation

« Vacuum fluctuations are suppressed in LFD and clean
hadron phenomenology is possible.



g-2 calculation

> q+=0 1

« Vacuum fluctuations are suppressed in LFD and clean
hadron phenomenology is possible.



Dirac’ s Proposition

The instant form

Can they be linked? fhe front form
Traditional approach Innovative approach
evolved from NR dynamics for relativistic dynamics

Close contact with

Euclidean space Strictly in Minkowski space

T-dept QFT, LQCD, IMF, etc. DIS, PDFs, DVCS, GPDs, etc.



Interpolation between Instant and Front Forms
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K. Hornbostel, PRD45, 3781 (1992 FT

C.Ji and S.Rey,PRD53,5815(1996) ~Chiral Anomaly

C.Ji and C. Mitchell, PRDG4,085013 (20Q1) — Poincare Algebra
C.Jiand A. Suzuki, PRD87,065015 (2013) — Scattering Amps
C.Ji, Z. Li and A. Suzuki, PRD91, 065020 (2015) — EM Gauges
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C.Ji, Z.Li, B.Ma and A.Suzuki, arXiv:1805.06599 — QED
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Feynman Diagram: Invariant under all Poincare generators
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Individual Time-Ordered Diagrams: Invariant under stability group
Kinematic vs. Dynamic Generators
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“Dynamics at Infinite Momentum” Eq+E +E,

Note however this is still in the instant form.
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(a) (b)

2(a)+Z(b)=1/(s-m?) ; s=2 GeV?, m=1GeV

J-shape peak & valley : P, = —M%’CC) . C =cos(20)
As C > 0, P*=PY%P, >0 leads to LF Zero-modes.
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Symmetry Breaking
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Nontrivial Vacuum State
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_(cl/zmz)v7 exp[~(C"*m0)*va; |10 >

Condensation of Ze-ro-Modes
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Independent of mterpolatlon angle!



Recovery of Trivial Vacuum in LFD?
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|1Q2>—|0> as C—0

However, Eq and <Qlp(x)|Q>=-v

are still independent of interpolation angle!



What is going on?
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Complication is transferred from vacuum to operator.
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Constrained Degrees of Freedom of Fermion in Light-Front Dynamics

Fermion Propagator

SO ; Py - P2
P2 *\ : ;(’ \’\
Dy -’
n/ E \3 1
(@)
xIFD | yIFD _ ! ( g+m n ) gon +m
“ qun qO - qgn q0 + qgn Z(l,d—) - 2 2
0 4 —m
1 QQOn(g + 772‘) q +
— 95,0 (002 _ (,0 \2 /
qun (q ) (qon) Eb5_> X — L
qd+m 20T
— 2 2 q
qgc—m

LY wqs)i(gs) 4
S.-J.Chang and T.-M. Yan, = &k +

2 2 2
PRD7,1147(1973) q-m q —m q

+




AT =0, 9-A- +8,A,C=0 (C=cos25)
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Direct Diagram Exchanged Diagram

Including electron mass
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— Textbook calculation
— Qur interpolation method
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Taking electron mass zero
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Scattering Angle Dependence of the
Annihilation Amplitudes: Chirality

When m_ =0, chirality is conserved.




Scattering Angle Dependence of the
Annihilation Amplitudes: Chirality

When m, 20, no such property.

++TO +-, a ++TO —+, a ++TO——, a

+-TO ++, a +-TO +—, a +=TO -+, a +-TO——, a




Outlook

“A method is more important than a discovery, since
the right method will lead to new and even more
important discoveries.” - Lev Landau

LFQM saves a lot of dynamical effort in the hadron
spectroscopy and structure study.

Correspondence between IFD and LFD may shed
more light on bridging the LFQM and the QCD.



