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Outline 

•  Laying out the vacuum and related issues  
    - Dirac’s Proposition of IFD and LFD  
•  Correspondence between IFD and LFD  
    - Symmetry Breaking and Vacuum Condensation 
    - LF Zero-mode (LFZM) 
    - IMF approach vs. LFD 
•  Summary and Outlook  
 
 
 



Dirac’s Proposition 

1949 

DIS, PDFs, DVCS, GPDs, etc. 

Traditional approach 
evolved from NR dynamics 

Innovative approach 
for relativistic dynamics  

Close contact with  
Euclidean space Strictly in Minkowski space 

T-dept QFT, LQCD, IMF, etc. 

Can they be linked? 



Interpolation between Instant and Front Forms 

K. Hornbostel, PRD45, 3781 (1992) – RQFT 
C.Ji and S.Rey, PRD53,5815(1996) – Chiral Anomaly 
C.Ji and C. Mitchell, PRD64,085013 (2001) – Poincare Algebra 
C.Ji and A. Suzuki, PRD87,065015 (2013) – Scattering Amps 
C.Ji, Z. Li and A. Suzuki, PRD91, 065020 (2015) – EM Gauges  
Z.Li, M. An and C.Ji, PRD92, 105014 (2015) – Spinors 
C.Ji, Z.Li, B.Ma and A.Suzuki, submitted to PRD – Fermion Prop. 



Symmetry Breaking 
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Nontrivial Vacuum State 

|Ω >= exp −(C1/2m)ν
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Condensation of Zero-Modes 

| 0 >→ |Ω >

φ→ "φ = φ +ν

|Ω > = exp i dx −̂ν π (x −̂ )
−

+

∫
$

%
&

'

(
) | 0 >

Translation in scalar field: 

π (x +̂ = 0, x −̂ ) = −i π


"

#
$

%

&
'

ωn

4π
ane

−i nπ


"

#
$

%

&
'x−̂

− an
+e

i nπ


"

#
$

%

&
'x−̂(

)
*
*

+

,
-
-n=−∞

∞

∑



Vacuum Energy   
P+̂ |Ω >= EΩ |Ω >
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Independent of interpolation angle! 



Recovery of Trivial Vacuum in LFD? 

|Ω >→| 0 > as C→ 0

<Ω |φ(x) |Ω >= −νHowever, 

are still independent of interpolation angle! 

|Ω >= exp −(C1/2m)ν
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EΩ and 



What is going on? 

<Ω |φ(x) |Ω >
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Complication is transferred from vacuum to operator. 
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(C = cos2δ, S = sin2δ)

Vaccum Bubble in 1+1 Dim 



LFD 
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``Moving Pole” 

X X 

Capture the pole!  

€ 

k + = rcosφ k− = rsinφ

I = dr
r0

∞

∫ dz 2
z− (iα + 1−α 2 +ε)$
%

&
' z− (iα − 1−α 2 +ε)$
%

&
'

∫ ⇒ iπ logm2

€ 
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B.Bakker, M. DeWitt, Y. Mischchenko, C.Ji, PRD72, 076005)(2005)



€ 

0 < δ < π /4
p ˆ + = p0 cosδ − p3 sinδ
p ˆ − = p0 sinδ + p3 cosδ

€ 

δ = 0
p0 = p0

−p3 = p3

€ 

δ = π /4
p+ = p−

p− = p+



Σ(a)+Σ(b)=1/(s-m2) ; s=2 GeV2, m=1GeV 

€ 

Pz = −
s(1−C)
2C

; C = cos(2δ)J-shape peak & valley : 

As C ! 0, P+ = P0+Pz !0 leads to LF Zero-modes.  
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Fermion Propagator 

1
/q−m

=
u(q, s)u(q, s)
s∑
q2 −m2 +

γ +

2q+
S.-J.Chang and T.-M.Yan, 
PRD7,1147(1973) 

Bailing Ma’s Talk on Thursday session 4B 
Constrained Degrees of Freedom of Fermion  
in Light-Front Dynamics 



Example Application: The Annihilation of 
Electron- positron Pair into Two Photons 

• Diagram (c) only 
exists in LFD 

• Only one of (a) and 
(b) is allowed in LFD 
and the other one 
changes to 
instantaneous 
interaction in LFD 
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Standard Model 
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LFD Results 
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4M2 2M 

M. Alberg & G. Miller, PRL 108, 172001 (2012)

C.Ji, W.Melnitchouk, A.W.Thomas, PRL 110, 179191 (2013)





no pion corrections to isoscalar moments 

Nonanalytic behavior 

isovector correction agrees with ChPT calculation 

PS (“on-shell”) 
contribution 

-function 
contribution 

C.Ji, W. Melnitchouk, and A. W. Thomas, Phys. Rev. D 347 88, 076005 (2013). 



Summary and Outlook  
•  Whole landscape between IFD and LFD 

has been revealed in QED by interpolating 
spinors,gauge bosons,their propagators. 

•  Vacuum structure in LFD is still not fully 
uncovered.  

•  Interpolating quantum field theory appears 
useful in resolution of theoretical issues, 
e.g. LFZM. 

•  Prevailing notion of equivalence between 
the IMF approach and the LFD should be 
clarified.  

 


