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• K,K* loops in the ”chiral” quark model

μs = - 0.046 nm
L. Hannelius & DOR, PRC 62, 045204 (2000)

• QCD Lattice calculation with chiral extrapolation

μs = - 0.046 ± 0.019 nm
D.B.Leinweber & al, PRL 94, 212001 (2005)

” tremendous challenge for future experiments”



D. Leinweber et al, PRL 94, 212001 (2005)



APPROXIMATIONS & CORRECTIONS

• Pion mass extrapolation

• Charge symmetric sea

• Two-photon exchange

Afanasev and Carlson
PRL 94, 212301 (2005)





SPIN DEPENDENT HYPERFINE INTERACTION
LOWERS ANTISYMMETRIC SPIN STATES

<S=0 | σ1· σ2 | S=0> = - 3
<S=1 | σ1· σ2 | S=1> = +1

• COLOR MAGNETIC H.F. INTERACTION
V = (2π/ 9 m2) αS σ1· σ2 δ(r)

• FLAVOR-SPIN INTERACTION

Vχ = - Cχ Σij λi · λj σi · σj Cχ ~ 30 MeV

<N | Σ σi· σj | N> = +1 – 3 = - 2
<N | Σσi· σj τi· τj | N> = 1·1 + (-3)·(-3) = + 10







• μs = e Σi (Ŝi / 2 ms) ( li + σi )

• Ŝi = +1  (s) , -1  (s¯)    strangeness counting operator

• B.S.Zou & DOR, Phys. Rev. Lett. 95, 072001 (2005)

DEFINITION OF μS



THE LOWEST ENERGY CONFIGURATIONS
• s¯ in the P-state:                    

[31]FS[211]F [22]S

μs = - (1/3) (mp /ms) Psŝ

• s¯ in the S-state: 
[4]FS[22]F [22]S

• Lower by ~ 360 MeV

μs = +(1/2) (mp /ms) Psŝ ~  Psŝ

SAMPLE: μs = 0.37 ± 0.2 ± 0.26 ±
0.07



General expressions
ŝ in P - state

[31]FS [F]F [22]S: μs = - (1/3) (mp/ms) Psŝ

[31]FS [F]F [31]S: μs = - (7/6 – 1/2σ) (mp/ms) Psŝ

[31]FS [31]F [4]S: μs = + 7/6 (mp/ms) Psŝ

σ average spin z-component for S=1 uuds state

(σ < 1)



General expressions
ŝ in S - state

[FS]FS[F]F[22]S : μs = + (1/3 + 2/3 l) (mp/ms) Psŝ

[FS]FS[F]F[31]S : μs = - (mp/ms) Psŝ ,       J=0
[FS]FS[F]F[31]S : μs = + (1/3)(1 + l + σ ) (mp/ms) Psŝ ,

J=1
[FS]FS[F]F[4]S :   μs = +(5/6 – 1/3 l) (mp/ms) Psŝ

l average mz in L=1 state
( l < ½ )     



Θ+ quark cluster models

Jaffe-Wilczek: two scalar diquarks [ud], [us] in relative
P-state & ŝ in S-state:

μs = 1/3 (mp /ms) (1 + 2 ms/mud+mus)Psŝ > 0

Shuryak-Zahed: scalar + tensor diquark l=1) & ŝ
μs = ½ (mp /ms) (1 +  ms/3mus) Psŝ > 0

Karliner-Lipkin: scalar [ud] + [udŝ] triquark in L=1 state:
μs = -1/3 (mp /ms)  Psŝ <  0



5 quark components in Δ(1232)

Γ(Δ(1232) Nπ)  < 50 % of  Γexp ~ 120 MeV

Recent examples:

B. Julia-Diaz, DOR & F.Coester PRC 70 (2004):
Covariant quark model that describes GE(p) in all forms of    
relativistic kinematics (instant, point & front)

Γ(Δ(1232) Nπ) :  40 -45 MeV

T. Melde et al. hep-ph/0406023:
Dynamic quark model for the spectrum, 3 models for the 

hyperfine interaction (Gluon exch, meson exch, instanton ind. 
interaction
Γ(Δ(1232) Nπ) :  32 -60 MeV



Sato-Uno-Lee PRC 67, 065201 (2003)







Summary

• The strangeness magnetic moment is most likely
positive SAMPLE, A4, HAPPEX, G0

• The sŝ component in the proton is probably such that 
the uuds is in the P state and the ŝ is in the ground 
state

• uuudđ components in the Δ(1232) is the reason for 
the systematic underestimate of the decay width in 
the 3 valence quark model
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