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(
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q

1
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{

(

TH
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γ5γµ S(q+)ΓH(q;P )S(q−)
}

• Pseudovector projection of BS wave function at x = 0

• Pseudoscalar meson’s leptonic decay constant

i
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}

• Pseudoscalar projection of BS wave function at x = 0
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Light-quarks; i.e., mq ∼ 0

fH → f0
H & ρH

ζ →
−〈q̄q〉0ζ

f0
H

, Independent of mq

Hence m2
H =

−〈q̄q〉0ζ

(f0
H)2

mq . . . GMOR relation, a corollary
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H = − ρH
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Valid for ALL Pseudoscalar mesons

ρH ⇒ finite, nonzero value in chiral limit, MH → 0

“radial” excitation of π-meson,

m2
πn 6=0

> m2
πn=0

= 0, in chiral limit

⇒ fH = 0

ALL pseudoscalar mesons except π(140) in chiral limit

Dynamical Chiral Symmetry Breaking

– Goldstone’s Theorem –

impacts upon every pseudoscalar meson
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combination of “that is remarkable” and “unbelievable”.

CLEO: τ → π(1300) + ντ

⇒ fπ1
< 8.4 MeV

Diehl & Hiller
he-ph/0105194

Lattice-QCD check:
163 × 32,
a ∼ 0.1 fm,
two-flavour, unquenched

⇒
fπ1

fπ

= 0.078 (93)

Full ALPHA formulation is required to see suppression, because
PCAC relation is at the heart of the conditions imposed for
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When we first heard about [this result] our first reaction was a
combination of “that is remarkable” and “unbelievable”.

CLEO: τ → π(1300) + ντ

⇒ fπ1
< 8.4 MeV

Diehl & Hiller
he-ph/0105194

Lattice-QCD check:
163 × 32,
a ∼ 0.1 fm,
two-flavour, unquenched

⇒
fπ1

fπ

= 0.078 (93)

The suppression of fπ1
is a useful benchmark that can be used to

tune and validate lattice QCD techniques that try to determine the
properties of excited states mesons.Covariance, dynamics and symmetries, and hadron form factors
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J = 0 . . . but while E and F are purely L = 0 in the rest
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L is significant in

the neighbourhood

of the chiral limit,

and decreases with

increasing

current-quark mass.
Covariance, dynamics and symmetries, and hadron form factors

Exclusive Reactions at High Momentum Transfer, 21-24May/07,

JLab

– p. 16/30



First Contents Back Conclusion

New Challenges

Covariance, dynamics and symmetries, and hadron form factors

Exclusive Reactions at High Momentum Transfer, 21-24May/07,

JLab

– p. 17/30



First Contents Back Conclusion

New Challenges

Next Steps . . . Applications to excited states and

axial-vector mesons, e.g., will improve understanding of

confinement interaction between light-quarks.

Covariance, dynamics and symmetries, and hadron form factors

Exclusive Reactions at High Momentum Transfer, 21-24May/07,

JLab

– p. 17/30



First Contents Back Conclusion

New Challenges

Next Steps . . . Applications to excited states and

axial-vector mesons, e.g., will improve understanding of

confinement interaction between light-quarks.

Move on to the problem of a symmetry preserving treatment

of hybrids and exotics.

Covariance, dynamics and symmetries, and hadron form factors

Exclusive Reactions at High Momentum Transfer, 21-24May/07,

JLab

– p. 17/30



First Contents Back Conclusion

New Challenges

Another Direction . . . Also want/need information about

three-quark systems

Covariance, dynamics and symmetries, and hadron form factors

Exclusive Reactions at High Momentum Transfer, 21-24May/07,

JLab

– p. 17/30



First Contents Back Conclusion

New Challenges

Another Direction . . . Also want/need information about

three-quark systems

With this problem . . . current expertise at approximately

same point as studies of mesons in 1995.

Covariance, dynamics and symmetries, and hadron form factors

Exclusive Reactions at High Momentum Transfer, 21-24May/07,

JLab

– p. 17/30



First Contents Back Conclusion

New Challenges

Another Direction . . . Also want/need information about

three-quark systems

With this problem . . . current expertise at approximately

same point as studies of mesons in 1995.

Namely . . . Model-building and Phenomenology,

constrained by the DSE results outlined already.
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Höll, Kloker, et al. : nu-th/0412046 & nu-th/0501033

• Interpreting expts. with GeV electromagnetic probes

requires Poincaré covariant treatment of baryons

⇒ Covariant dressed-quark Faddeev Equation

• Excellent mass spectrum (octet and decuplet)

Easily obtained:
(

1

NH

∑

H

[M exp
H − M calc

H ]2

[M exp
H ]2

)1/2

= 2%
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Easily obtained:
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• But is that good?

• Cloudy Bag: δM
π−loop
+ = −300 to −400 MeV!
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Linear, Homogeneous Matrix equation

Yields wave function (Poincaré Covariant Faddeev

Amplitude) that describes quark-diquark relative motion

within the nucleon
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Frame Amplitude has . . . s−, p− & d−wave correlations
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QUARK-QUARK

Same interaction that

describes mesons also

generates three coloured

quark-quark correlations:

blue–red, blue–green,

green–red

Confined . . . Does not

escape from within baryon.

Scalar is isosinglet,

Axial-vector is isotriplet

DSE and lattice-QCD
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m(uu)
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= 0.95 − 1.02
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Set A – fit to the actual masses was required; whereas for
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B 1.18 1.33 0.79 0.89 0.56=1/(0.35 fm) 0.63=1/(0.31 fm)

m1+ → ∞: MA
N = 1.15 GeV; MB

N = 1.46 GeV

Constructive Interference: 1++-diquark + ∂µπ
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Angular Momentum
Rest Frame

M. Oettel, et al.
nucl-th/9805054
Crude estimate based on

magnitudes ⇒ probability for a

u-quark to carry the proton’s

spin is Pu↑ ∼ 80 %, with

Pu↓ ∼ 5 %, Pd↑ ∼ 5 %,

Pd↓ ∼ 10 %.

Hence, by this reckoning ∼ 30%

of proton’s rest-frame spin is

located in dressed-quark

angular momentum.
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No sign yet of a zero in Gn
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