
What, why Light Front Nuclear Physics

Uses: pions, deuteron

Brodsky,  Coester, Frankfurt Strikman,  Salme





N, π, D, He3

Non-Rel:



Almost everything π



Pion Form Factor 

P
P + qp p+q

P-p

Spin quarks

γ+γ+=0

Quarks are on shell

Integrate over k-



Pion Form Factor 

P
P + qp p+q

P-p
γ+γ+=0Quarks are on shell

F(Q2) not a Fourier transform



Pion with CCP parameters (88)



+ Gross eq: 
spect. on shell

Which is better? Need to put 4D effects in K

Light front: kill (γ/2k+) term in nucleon SF 
k+/P+ enters at high energy



Pions &nuclear color transparency

• Light cone wave function- PLC exists   
• pi +A to  dijets (coherent)   FMS93
• M(A)  A M(N)(t=0) Ashery, Fermilab E791≈

Color transparency exists



Pion color transparency Jlab 6,12

• (e,e’, π): γ∗ makes pion PLC (expands?)

E01-107

Miller, 
Strikman

Good at 6, better at 12



PionsPions and the EMC effectand the EMC effect

Why pions?

Too many pions bad

Some allowed

Why pions?
Too many pions bad

Some allowed



Walecka model

Smith, Miller 

Binding fails



Pions fail



Pions from nuclear LF wave fun

DY OK OPE σ (L) enhanced (coherent)

Miller  2001

How to get nuclear LF wave fun ?



Chiral instanton soliton Sea!!
• nucleons in nuclei 

(Smith & M ’03,04)

σ       π +  gluons(L)



More mesons? GAM,SJB,MK (00)

σ(L) to rule out Walecka model? 



Summary -Pions
• simple system with PLC
• reproduce form factor
• color transparency observed in 

coherent nuclear di-jet production
• nuclear pions limited by Drell-Yan
• some pions enhance σ(L)
• nuclear vector mesons enhance σ(L) ?
• nuclear gluons and σ(L)?



in terms of independent variables (N,2)

easy for massive particles





Scalar meson exchange

k4

conserved

k1

k3

k2

k

rot. inv. Yukawa potential, w. retardation



Bound States, B

k3 k4
k

k1 k2



Light front One Boson Exchange

Yukawa propagator with retardation
K=



Machleidt, Miller light front OBE



Deuteron –w. J. Cooke

OBEP violates rotational 
invariance first fix – add Mesa + SB

Mesa SB

OBE 
m=0

m=1
m=1

m=1
OBE +Mesa + SB

Binding energy



Rotational Invariance –Form 
Factors

Impulse approx does not get 0. Choose
1 Iλλ   as dependent, compute other 3
4 prescriptions, at least 



Rotational Inv. of form factors OME



Two meson exchange w. chiral
symmetry

+
+

+ +



Recovery of rotational invariance
binding energy



Rot. Inv. form factors TME

worse! no mec

γ

interaction
not consistent
with dynamics



Sensitivity to isoscalar nucleon ff

worse than lack of RI



Comparison with data

Price of
pure theory



Summary- Deuteron

• relativity
• 4 D to 3 D reduction defines dynamics
• light front - need  to keep influence of    

(γ/2k+) every where
• other theories- other requirements
• without consistency, comparison between  

theory & experiment means little



LF Boosts and form factor –Quantum Mechanics 

γ

P
P + qα,p α, p+q

1-α ,P-p

FORM FACTOR IS NOT A FOURIER 
TRANSFORM OF DENSITY



Relative variables



LF Boosts and form factor –Quantum Mechanics 

γ

P
P + qα,p α, p+q

1-α ,P-p

FORM FACTOR IS NOT A FOURIER 
TRANSFORM OF DENSITY



Boosts, Separation of Variables –Field Theory

P
P + qp p+q

P-p

Poles of p-, U=Upper Half plane 

Integrate UHP
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