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Dirac’s Proposition

The instant form The front form

The point form



Stability Group
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Interpolation between Instant and Front Forms
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0=0 O0<d<m/4 O=m/4

Po=P p¢=P0C085—p3sin6 —s P, =

P =P p. =p’sind + p’cosd p_ =
roi
Transverse Boost : [E',p.]=0
(i=1,2)
Transverse Rotation : [F’ ,pjr] = ()
Longitudinal Boost : K3

Longitudinal Rotation : J3} immune to Interpolation



Kinematic Operators
(Members of Stability Group)
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Corresponding Dynamic Operators
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Longitudinal Boost K*
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l 0 —m/4
[K”,p*]=-ip’
Exp(—ia)K3) x> lx" >

One more kinematic generator appears only in the front form.
Maximum number (7) of members in the stability group.



TABLE I. Kinematic and dynamic generators on an arbitrary interpolation front.

Kinematic Dynamic
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FIG. 1. The smooth exchange of the roles of rotation and boost is displayed. The coefficients
of rotation F; and boost E; in the dynamic generator D; are plotted versus interpolation angle 4.




Kinematic Transformation
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Paths in Momentum Space
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Angular Momentum
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Front Form Current Matrix Element
(Light-Front Helicity Amplitude)
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The same in all frames related by front-form boosts for each fixed
set of angular momentum indices. The value of this matrix element
Is independent of all reference frames related by front-form boosts.

e.g. Spin-1 Form Factors
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Distinguished Features in LFD
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Calaudatiow of Formv Factors inv Equal-Tune Theory
Instant Form.

Need vacuum-induced currents

Calcudatiow of Form Factors inv nght Front Theovy
Front Form

Absent for ¢7 =0 gero !!



Zero-Mode Issue in LFD

 VValence and Nonvalence Contributions

* Even if g*—0, the off-diagonal elements do not
go away in some cases.
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For example, G;O has the zero-mode contribution
in the Standard Model W* form factors
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B.Bakker and C.Ji, PRD71,053005(2005)




GPDs rely on the handbag dominance in DVCS; i.e.
Q2 >> any soft mass scale

p* (1-C)p*

9*=g*q-q,*=-q,°=-Q*<0, e.g.
S.J.Brodsky,M.Diehl,D.S.Hwang, NPB596,99 (2001)



Z Z
A A
| n [
- X - X
q q’
T n h\

Definition of Light-Front Helicity

B.Bakker and C.Ji, Phys.Rev.D83,091502(R) (2011)



JLab Kinematics t < -

DVCS BH
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Discretion is advised in applying the t=0 formulation of DVCS
in terms of GPDs for the data and/or hadron model analysis.



General Angular Condition

Angular Momentum Conservation in Breit Frame
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N-A Transition
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Helicity Amplitudes in N-A Transition
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Helicity Amplitudes in N-A Transition

LF Parity: ¥, = R ()P G, -G,
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Helicity Amplitudes in N-A Transition
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High Q Scaling in QCD (modulo logarithm)
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n = the number of quarks in the state;
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Deuteron Form Factors
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Deuteron Helicity Amplitudes



Deuteron Helicity Amplitudes
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Deuteron Helicity Amplitudes

LF Time-Reversal: Y, =R, (n)T
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2+ DG, +~8n Gy, + G -Gy, =0

Angular Condition
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High Q Scaling in QCD
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Conclusion

* Angular momentum in LFD is not just

formal but consequential in the analysis
of physical observables.

* LF helicity amplitudes are independent
of all references frames that are related
by LF boosts.

* Model independent constraints can be
made using LFD.



