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Overview of DSE modeling--mainly soft scale

Masses, decays, form factors--mainly mesons

Nucleon form factors

Hard scale: DIS valence u(x) in pion, kaon; qQ 
mesons

Is             really an in-hadron condensate?

Topics

�q̄q�0µ
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π − γ Transition Form Factor: γ�(Q2) + π → γ

DSE ladder-rainbow

Triangle Diag

1998 calc

Mitchell, Roberts, PCT
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PDFs:   

Drell-Yan data exists 

Pion and Kaon/Pion Ratio

Employ LR DSE model

Bjorken limit

k

k’

q

P

Deep Inelastic Lepton Scattering

uπ(x), uK(x), sπ(x)
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Leading order in OPE

DIS is hard and fast—confinement is soft and slow
⇒ S(k + q)→ γ+

2 (k+−P+x)+i�

|ξ−| ∼ 1
Mx

q− = q · p = 2ν, |ξ+| ∼ 0

q+ = q · n = −P+x,

qf (x) = 1
4π

�
dz−e−ixP+z+ �π(P )|ψ̄f (z−) γ+ψf (0)|π(P )�c = −qf̄ (−x)

Nv
f =

� 1
0 dx [qf (x) − qf̄ (x)] = 1

2P+ �π(P )|J+(0)|π(P )�c = 1

PP

kk

k + q

qq

γµ γν
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Wµν ∝ {Tµν(�)− Tµν(−�)}⇒ Euclidean model elements can be continued

PP

γ+δ(k+ − xP+)

p
p

Γ+(p;x) = γ+ δ(p+ − xP+) + · · ·

From DSE-BSE at ladder-rainbow truncation

qv
f (x) = i

2 trcd
� Λ

p Γπ(p, P ) S(p) Γ+(p;x) S(p) Γπ(p, P ) S(p− P )
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Valence quarks, handbag diagram

Data: Conway et al, PRD39, 92 
(1989).   

Prev DSE (phen): Hecht et al, 
PRC63, 025213 (2001),  

Large x behavior:  

T. Nguyen, PhD 2009, KSU,  
Nguyen&PCT, in preparation 2010

Wijesooriya, Reimer&Holt, PRC72, 
065203 (2005)

Mll̄ = 4.05 GeV

Γπ(k2, k · P = 0) ∼ iγ5B0(k2)/f0
π + · · ·

Sphen(k)

(1− x)α , α =?
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Expt NLO analysis 27 GeV2

DSE (Hecht et al.) 27 GeV2

Valence uπ(x) from DSE-BSE solutions

Momentum Sum Rule: �x�Q2
0

= 0.76
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Scale for pQCD onset is 
model-depn.

Global DIS fits:  

Const. q models, NJL, duality: 

pQCD: Farrar-Jackson, 
Brodsky, Ezawa, DSEs:

α ∼ 1.5

α ∼ 1
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fit to DSE (  = 2.41)
fit to Hecht (  = 2.32)

uπ(x) at large x; pQCD

α = 2 + γ(Q2)
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Q2 = 27 GeV2, Full BSE
Q2 = 0.33 GeV2, Full BSE
 Q2 = 27 GeV2 ("NJL" = γ5, γ5γ.P,  q.P=0)

Q2 = 0.33 GeV2 ("NJL" = γ5, γ5γ.P,  q.P=0 )

Environmental Dependence of Valence u(x)

• CERN-SPS data: J. Badier et al, PLB 93, 354 (1980)

—Bashir, Nguyen, Roberts, Souchlas, PCT, in prep (2010)
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i ρπ = −�0| q̄ iγ5 q |π�

i fπ Pµ = �0| q̄ γ5 γµq |π�

lim
m→0 fπ ρπ = −�q̄ q�µ

−�q̄ q�πµ = fπ(m) ρπ(m)
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In-hadron Condensates

−�q̄q�πµ = −fπ �0| q̄ γ5 q |π�µ = f2
π m2

π/2m(µ)

lim
m→0 �q̄ q�πµ = −Z4(µ,Λ) trcd

� Λ
q S0(q, µ) = �q̄q�0µ

�q̄q�0µ is really a property of the PS Goldstone boson BSE wavefunction

Brodsky & Shrock: confinement & DCSB introduce an IR mass scale or
max wavelength for virtual fields in hadrons

Brodsky, Roberts, Shrock & PCT, arXiv:1005.4610
”Essence of the vacuum quark condensate”

Implications for Cosmological Const, and DCSB in Light-Front Field Theory
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ΠV −A(P 2) = 32παs�q̄qq̄q�
9 P 6

�
1 + αs

4π [ 2474π + ln( µ2

P 2 )]
�

+ O( 1
P 8 )

Model − < q̄q >µ=19 (GeV )3 < q̄qq̄q >µ=19 (GeV )6 R(µ = 19)
LR DSE (0.216)3 (0.235)6 1.65

• I: 1
4π2

�∞
0 ds[ρv(s)− ρa(s)] = [P 2 ΠV−A(P 2)]P 2→0 = −f2

π

• II: P 2 [P 2 ΠV−A(P 2)]|P 2→∞ = 0

• DGMLY:
�∞
0 dP 2 [P 2 ΠV−A(P 2)] = − 4πf2

π
3α [m2

π± −m2
π0 ]

Model f2
π (GeV 2) fπ (MeV ) fexp

π /fnum
π ∆mπ (MeV ) (∆mπ)exp

LR DSE 0.0081 90.0 1.03 4.88 4.43 ± 0.03

Weinberg et al Sum Rules:

OPE:

Physics from the V-A correlator:
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