
FLAVOR ASYMMETRY IN THE PROTON

G.Garvey and J.C.Peng, Prog.Part.Nucl.Phys. 47, 203 (2001)

u
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THE STRANGENESS FORM FACTORS OF THE PROTON

low Q2: 0.077 ... 0.23 (GeV/c)2

S. Baunack et al. (A4), PRL 102, 151803 (2009)J. Liu et al, PRC76, 025202 (2007)

Backward G0 preliminary : GE
s and GM

s very small 



strange pentaquarks ?

Maybe evenso ?



THE ”MESON” CLOUD

NΔ magnetic form factor:

Deviation due to 

g
hadronic coupled channels model

meson cloud !

~ quark model result



COVARIANT QUARK MODEL FOR DIFFERENT KINEMATICSCOVARIANT QUARK MODEL FOR DIFFERENT KINEMATICS

N(1440) poorly
described as a
qqq state



enhancement of quark model result for Δ decay

simplest configuration:

main contribution from
cross term matrix elements cross term matrix elements 

10% admixture in Δ wavefunction 

increases the calculated pion decay width by
factors 2 3 over qqq model resultfactors 2-3 over qqq model result
(Q.B.Li & DOR, PRC 73, 035201 (2006)



THE  N(1440) ½+ AND N(1535) ½
-
RESONANCES 

P s nt d n mi l l tti  l l ti ns d  n t i ld th  lPresent dynamical lattice calculations do not yield the low
positive parity resonance

J.Bulava et al,
J.Phys.Conf. Ser. 180 N(1650)y
2009,012067

N(1650)
N(1535)



AXIAL CHARGE OF N(1535)( )

N

N(1650) ~ 0.55

N(1535) ~ 0  !!?  



Quark model expectations:

= N(939) 

untypically small – not that far
from lattice value ~ 0from lattice value ~ 0

Excellent agreement with 
lattice value 0.55



AXIAL CHARGE:
N di l t  d !Non-diagonal terms suppressed !

N = 3, 5, 7, ...

gA(N(1535)) = - 1/9

gA(N(1535)) = ? suppressed !



qqqq configurations in the N(1535)    [antiquark in S-state]qqqq g ( ) [ q ]

COLOR:   [211];    SPACE: [4];     FLAVOR-SPIN: [31]

F ;
S S

One quark strange !

F

S

S

F ;
SS

5 configurations in all



C.S.An & DOR, Eur Phys J A 37 (2008) 263

contains an s quarkcontains an s quark

~ O(1)

Cancellation between qqq &  qqqqq possible !



J.C.Nacher et al, NPA 678 (2000) 187

   θa = cos θS

Capstick & Roberts:

Nπ decay: a = 0.79 ..
disagrees with latticedisagrees with lattice
result

Nη decay: a = 1 ...
agrees with lattice
result & quark model
without mixing 

CONFIGURATION MIXING SMALL !CONFIGURATION MIXING SMALL !
Large N: θS = 0 .. 35˚ D. Pirjol & C. Schat, arXiv: 0906.0802 [hep-ph]  



γN → N(1535) C.S.An and B.S.Zou
EPJA 39, 195 (2009) ( )

qqq quark model:

10% in N10% in N,
45% in N*



γ N → N(1440) 



γ N → N(1440) with components

Q.B.Li and DOR, PRC C74, 015202 (2006)



qqqqq CONFIGURATIONS in the nucleon

qqqq SUBSYSTEM TOTALLY ANTISYMMETRIC

COLOR: [211] MIXED SYMMETRY  (only 3 different colors)

“[211]”

SPACE‐FLAVOR‐SPIN: [31] MIXED SYMMETRY !

EITHER:EITHER:
a)  SPACE: SYMMETRIC [4],   SPIN‐FLAVOR: [31]   antiquark in p-state

(~ pion cloud configuration)
OROR

b)  SPACE: MIXED SYM: [31], SPIN‐FLAVOR: [4]    antiquark in s-state
[31][31]
[22]



configurations 
in the nucleon



qqqqq configurations in the nucleon

Antiquark in the s-state: magnetic moment

p np n

[4]{FS} [22]F [22]S 0 1/3       (mp /mQ ) μN

[4]{FS} [31]F [31]S 2/9      -2/9        (J=1: qqqq)

-1/3 0           (J=0:qqqq)1/3 0           (J 0 qqqq)
Antiquark in the p-state

[31]{FS} [22]F [31]S 7/27     -23/27     q  j = 3/2[ ]{FS} [ ]F [ ]S q j
-4/27 0 q  j = 1/2

[31]{FS} [31]F [22]S -2/9   0{F } F

[31]{FS} [31]F [31]S -19/27 1/9

A single qqqqq component does not describe the nucleon 
magnetic moment !



A linear combination of the configurations [4][22][22] and
[4][31][31]J=1 and [4][31][31]J=0 describes the magnetic moments [4][31][31]J=1 and [4][31][31]J=0 describes the magnetic moments 

holds for all nonzero values of
b1 and b2





“LOWEST CONFIGURATION ONLY”, INCLUDING CROSS TERMS
C.S.An et al, PR C 74, 055205 (2006), PRC C 75, 069901 (2007)

octet

decuplet

INCLUDES qqq-qqqqq
CROSS TERMSCROSS TERMS

UNSATISFACTORYUNSATISFACTORY
PHENOMENOLOGY



THE STRANGENESS
FORM FACTORS 

Δs

S. Pate et al.



Recent lattice calculations

R. Lewis et al., PRD 67, 013003 (2003) P. Wang et al., PRC 79, 065202 (2009)

D. Leinweber et al., PRL 97, 022001 (2006)

A4



μs = GM
s(0) SHOULD BE NEGATIVE !

ASYMMETRIC LONG RANGE FLUCTUATIONASYMMETRIC LONG RANGE FLUCTUATION
… PSEUDOSCALAR MESON LOOP

P↑
K+

+e
-e/3 (strange quark)Λ, Σ0,↓

< K+ Λ0 |T| p> ~ <|σ . q| >

POSITIVE MAGNETIC MOMENT CONTRIBUTION ?

NO  MULTIPLY BY – 3    (< s- |γμ| s>)NO ... MULTIPLY BY 3    (  s |γμ| s )
NEGATIVE GM

s !



T. Doi et al, arXiv: 0903.3232



s in P-state

These correspond to the KΛ loop h.f. energy

B.S.Zou & DOR, PRL 95, 072001 (2005)



IF POSITIVE GM
s

VECTOR MESON LOOPS:

K* K*
Charge coupling:  γ0 spin non flip,

POSITIVE !POSITIVE !

Current coupling: γ : spin-flip

Λ,Σ0

p g γ p p

NEGATIVE

K*
KK

POSITIVE !

P  Geiger & N  Isgur

Λ,Σ0

P. Geiger & N. Isgur
PRD 55, 299 (1997)



s
_ 

in the S-state



WHY PENTAQUARKS ?

-BECAUSE CHIRAL SOLITON MODELS PREDICT THEM
AS WELL AS THE LOW LYING PART OF THE HYPERON
SPECTRA AND THE SPLITTING Λ(1405) Λ(1520)SPECTRA AND THE SPLITTING Λ(1405)-Λ(1520)

-CONSISTENCY WITH LARGE NC LIMIT OF QCD

-CHARM & BEAUTY PENTAQUARKS LIKELY TO LIE BELOW 
THRESHOLD FOR OPEN CHARM AND BEAUTY DECAY 

THE FIRST SEARCH : E791:  Pcs 
A few events at 
the energy 
predicted by theE,M.Aitala et al, PRL 81

44, 303 (1998)

Gignoux Silvestre Brac Richard

predicted by the
Skyrme model

Gignoux, Silvestre‐Brac, Richard,
Phys. Lett.B193, 323 (1987)





OPEN QUESTIONS:OPEN QUESTIONS:

WHY NARROWWHY N RROW

MULTIPLET ?  

PARITY ± ?  All quarks in the S-state 
[4] X :  -[ ]_

One of the quarks in the P-state
[31] X  [31]_X: +

strong hyperfine
interactioninteraction



NODES IN THE NUCLEON 
FORM FACTORS ?

JLAB‐PHY‐06‐13, Nov 2005. 41pp. 



INSTANT

FRONT

IF GE HAS A NODE,
POINT

FRONT FORM IS 
OPTIMAL

B.JULIA-DIAZ et al, PRC C69, 
035212(2004)035212(2004)



FORM FACTORS AND QQQQQ 
CONFIGURATIONSCONFIGURATIONS



Antiquark in S-state
3% qqqqq

Large qqq-qqqqq matrix elements 

Antiquark in P-state
3% qqqqq3% qqqqq

Qiang-Bing Li & DOR, Nucl.Phys.A791:406‐421,2007 



Node at 10,5 !



J. Lachniet et al
ArXiv: 0811.1716
nucl/-ex





GE(n) WITHOUT GE(n) WITHOUT 
SEAQUARKS 

Symmetric S‐state qqq wave function
solid: instant dotted: point S’ 2% i t t i t

Consistent quark model demands covariant

solid: instant,  dotted: point
dashed: front

S’: 2% instant,point,
1% front

Consistent quark model demands covariant
treatment of the boosts

1 2% i d S1‐2% mixed symmetry S‐state
Sufficient to fix the qqq quark model


