
High t  Form Factors and OAM

Gerald A. Miller, UW 

Connection between elastic form factors 
and OAM through models

Model wave functions, compute form 
factors

OAM content of Models 
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History -Definitions
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Relativistic Wave function

Light front variables 
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Impulse Approximation
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1995  Frank, Jennings, Miller
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Ratio of Pauli to Dirac Form 
Factors 1995
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Relativistic Explanation

Miller, Frank Phys.Rev. C65 (2002) 065205
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sµ∆q = 〈N, s|q̄γµγ5q|N, s〉
Σ = ∆u+∆d+∆s

Spin content - OAM 
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75 % of proton angular momentum carried by quark  spin

Textbook reduction of axial vector coupling constant
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Miller  Phys.Rev. C66 (2002) 032201
(our model)
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Neutron Electric Form Factor
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Ratio of Pauli to Dirac Form 
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Two More Form Factors Needed
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OAM content of light front 
cloudy bag model
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Σ → (Z − 1

3
PNπ +

5

3
P∆π)Σ

Schreiber,Thomas PLB215, 141(88)

LFCBM : PNπ ≈ .25, P∆π = 0

Σ → 2

3
Σ ∼ 2

3

3

4
=

1

2

Can include ∆ Alberg, Miller  arXiv:1201.4184
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2011 Update model

• In LFCBM GE/GM falls too fast with Q2  

• New data -slower fall, flavor 
decomposition not good, get smaller quark 
spin?

• Many invariant forms of nucleon wave 
function

• Cloet & Miller quark di-quark model:
• uses other invariant wave functions

15(Brodsky, Hiller, Karmanov, Hwag)
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ΦλN
λq λD

(k, p) = ū(k, λq)

[
ϕs
1 +

M
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γ+ ϕs

2

]
uN (p, λN )

+ū(k, λq) ε
∗
ν(q, λD)γνγ5

[
ϕa
1 +

M

p+
γ+ ϕa

2

]
uN (p, λN )

|p〉 = 1√
2
|uS0〉+

1√
6
|uT0〉 −

1√
3
|d T1〉,

Cloet Miller 2011-12
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Scalar diquark

Axial vector diquark

Plus pion cloud- 9 parameters 

42

C. Best Fits of total form factors

χ2 M Ms Ma cs βs γs ca βa γa Λ µp µn

0.078516 0.191 0.414 0.167 1.509 1.226 5.719 0.008 1.104 8.586 1.035 1.794 -1.849

χ2 =
∑

[

|F1p − F exp
1p |/|F exp

1p |+ |F2p − F exp
2p |/|F exp

2p |+ |F1n − F exp
1n |/|F exp

1n |+ |F2n − F exp
2n |/|F exp

2n |
]

/(4× np) (325)
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Cloet &Miller ’11

γ

Model proton wave function: quark-
diquark

Lorentz and rotationally  invariant-
different forms!

Light front variables

Dirac spinors-orbital angular momentum
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Neutron form factors
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43
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Flavor separation: Cates, de Jager, 
Riordan, Wojtsekhowski  PRL 106,252003
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Q4F1(Q2)
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Quark-Diquark model -spin 
content

• Quark spin fraction:
•  1/2 (.782 (scalar) +.167(Axial Vector))=.474
• With pion cloud 0.7 (0.474)=0.34 
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Summary

• Relativistic light front quark model with 
pion cloud can reproduce nucleon form 
factors

• Model quark spin is 35 % of total angular 
momentum

• Relativistic quark model alive and well 
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