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           Just Formal? 
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Physical Consequences? 



Interpolation between Instant and Front Forms 
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Interpolating Hadronic Wavefunction  

x0 ¬ x+̂ ® x+

Invariant under kinematic transformations  

(P , J) (P+, P̂ , J3, E^, K3)0¬d®p / 4



   

0 < d < p /4

pˆ + = p0 cosd - p3 sind

p
ˆ - = p0 sind + p3 cosd

   

d = 0

p0 = p0

-p3 = p3

   

d = p /4

p+ = p-

p- = p+



Σ(a)+Σ(b)=1/(s-m2) ; s=2 GeV, m=1GeV 

   

Pz = -
s(1- C)

2C
; C = cos(2d)J-shape peak & valley : 



   

g ˆ m ˆ n =

cos2d 0 0 sin2d

0 -1 0 0

0 0 -1 0

sin2d 0 0 -cos2d
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gmn =

1 0 0 0

0 -1 0 0

0 0 -1 0

0 0 0 -1
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d3xò (T0m xn -T0m xn ) = Jmn =

0 K1 K 2 K 3

-K1 0 J3 -J2

-K 2 -J3 0 J1

-K 3 J2 -J1 0
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J ˆ m ˆ n =

0 ˆ E 1 ˆ E 2 -K 3

- ˆ E 1 0 J3 - ˆ F 1

- ˆ E 2 -J3 0 - ˆ F 2

K 3 ˆ F 1 ˆ F 2 0
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ˆ E 1 = J2 sind + K1 cosd

ˆ E 2 = K 2 cosd - J1 sind

ˆ F 1 = K1 sind - J2 cosd

ˆ F 2 = J1 cosd + K 2 sind

d3xò T0m = Pm =

P0

P1

P2

P3

é

ë

ê
ê
ê
ê
ê

ù

û

ú
ú
ú
ú
ú

Pm̂ =

P+̂ = cosd P0 + sind P3

P1̂ = P1

P2̂ = P2

P-̂ = sind P0 - cosd P3
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= dx-̂d2x^T
+̂m̂ò

  

¶mT
mn = 0

   

Tmn =
¶ L

¶(¶mfk)
¶n fk - gmn L

k

å ; 



 Poincaré Algebra 

[Pm̂, Pn̂ ] = 0 [Pm̂, J r̂ŝ ] = i(gm̂r̂Pŝ - gm̂ŝ Pr̂ )

[Jm̂n̂ , J r̂ŝ ] = i(gm̂ŝ Jn̂r̂ + gn̂r̂Jm̂ŝ - gm̂r̂Jn̂ŝ - gn̂ŝ Jm̂r̂ )

[P+̂, J+̂-̂]= i(g+̂+̂P-̂ - g+̂-̂P+̂)e.g. 

[P+̂,-K3]= i(P-̂ cos2d - P+̂ sin2d)

“Return of Prodigal Son” 

[K3, P+] = -iP+

  

Exp -iw K 3( ) | x+ > µ | x+ >
One more kinematic generator appears only in the front form. 

    Maximum number (7) of members in the stability group. 



  

ˆ À i = ˆ F i cos2d - ˆ E i sin2d

[À̂i, P+̂] = 0

      Kinematic Operators 

(Members of Stability Group) 

  

Exp -iw ˆ À i( ) | x
ˆ + > µ | x

ˆ + >

   

ˆ À 1 = -J2 cosd - K1 sind

ˆ À 2 = J1 cosd - K 2 sind

   

d = p /4

-E1 = -(J2 + K1) / 2

E2 = (J1 - K 2) / 2

   

d = 0

-J2

J1

(J3 , P1 , P2 , P̂-)



  

p0 = M , p1 = p2 = p3 = 0

  

(pˆ + = Mcosd , p
ˆ - = M sind)

particle at rest 

  

   

P0 = M +

 
p ̂2

2M
; p3 = -

 
p ̂2

2M

  

P0 = M ; p3 = 0

remain at rest can move 

  

  

(p0)2 - (p3)2 = (M +

 
p ̂2

2M
)2 - (-

 
p ̂2

2M
)2 = M 2 +

 
p ̂2 = 2p+ p- > 0

Rational Energy-Momentum Dispersion Relation 

           Vacuum gets simpler in LFD. 

Under  

   

p0 + p3

   

p0
same same 

   

ˆ À i transformation  







Angular Momentum 

  

T = Exp -i(b1
ˆ À 1 + b2

ˆ À 2){ }

  

T | n >=| p,n >
  

[Ji ,J j ] = ie ijkJ
k , [Ji,M] = 0

  

[ ˆ Á i , ˆ Á j ] = ie ijk
ˆ Á k , [ ˆ Á i,M] = 0

  

ˆ Á i | p,n >= TJi | n >

  

ˆ Á i = TJiT+



  

   

ˆ Á 3 = J3 p
ˆ - + ˆ z × (
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Á3 = J3 + ˆ z × (
 

E ̂ ´
 

p ̂) / p+

 
Á ̂ = ˆ z ´ (p-

 
E ̂ - p+

 
F ̂+

 
p ̂K 3) -

 
p ̂

p+
p+J3 + ˆ z ×

 
E ̂ ´

 
p ̂( )
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Á3 =
W +

p+ Wm̂ =
1

2
e m̂n̂âb̂ pn̂ J
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[Á3, Stability Group Members] = 0



Interpolating Spinors 

Á̂3ûCR

(1) = (+1)ûCR

(1)



Interpolating Spinors 

Á̂3ûCR

(2) = (-1)ûCR

(2)



Interpolating Helicity Amplitude 

M̂(l1,l2,l3, l4 ) = û( p̂2, l2 )g m̂û( p̂1, l1)û( p̂3, l3)g m̂û( p̂4, l4 )









Jacob-Wick Helicity vs. Light-Front Helicity  

Invariant under kinematic transformations  

Related by a rotation 



Treacherous Limits in DVCS 



 “Bare Bone” VCS Amplitude at Tree Level 



Angular Condition 
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Angular Momentum Conservation in Breit Frame 
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q 

(q2 = -Q2) 

 

lg 

m’ 

p (p 2 = M2) 

p’ (p’2 = M2) 

λγ = µ + µ’ 

Light-front Helicity Amplitude in q+ = 0 Frame  

   

C.Carlson and C.Ji, 

Phys.Rev.D67,116002(03) 

   

(2h +1)G++

+ + 8h G0+

+ + G+-

+ - G00

+ = 0

where h = cot 2 q =
Q2

4M 2

e.g. Spin-1 Form Factors 



High Q Scaling in QCD (modulo logarithm) 

G ¢l l
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2(n-1)+| ¢l -lmin |+|l-lmin |

     n    = the number of quarks in the state; 

     lmin= 0 (bosons) or 1/2 (fermions);    = QCD scale; 

     e.g.  X.Ji, J.-P.Ma, and F.Yuan, PRL90, 241601 (2003)   
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Leading PQCD postponed to a larger Q region; 12GeV upgrade anticipated. 



Helicity Amplitudes in N- Transition 
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High Q Scaling in QCD (modulo logarithm) 
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     n    = the number of quarks in the state; 

     lmin= 0 (bosons) or 1/2 (fermions);    = QCD scale; 

     e.g.  X.Ji, J.-P.Ma, and F.Yuan, PRL90, 241601 (2003)   
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3 +
bL

M
= 0 ; b = -

3M

L
» -20

Leading PQCD postponed to a larger 

Q region; 12GeV upgrade anticipated. 



Conclusion  

• LFD is not just  formal but consequential 
in the analysis of physical observables. 

• Longitudinal boost joins stability group in 
LFD. 

• LF helicity amplitudes are independent of 
all references frames that are related by 
front-form boosts. 

• Model independent constraints can be 
made using LFD and LF helicity. 

• More careful investigation on 
treacherous points is necessary for 
successful hadron physics. 


