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Relativistic Quark Models

In the few GeV region relativity is
important:

1 fm

There are different ways of implementing
relativity into a quark model formalism:

Instant form

Point form

Front form Plots form A. Krassnigg’s PhD thesis
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Common assumptions to the three forms
Single quark current operator

meson

baryons

Ground state wave functions with 2 or 3
parameters

SU(6)FS is used to build resonances
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B. Julia-Diaz, D.O. Riska, nucl-th/0411012

D-state effects N → ∆ (I)

N → ∆ electromagnetic transition

General expression:
〈∆|Iµ(0)|N〉 = eΨ̄ν(p∗)ΓνµΨ(p) ,

decomposed as:
Γνµ =

∑

i Gi(Q
2)Kνµ

i .

Gi related to standard:
G∗

E , G∗
M and G∗

C

The quotients are defined as:
REM ≡ E1+

M1+
≡ − G∗

E

G∗
M

,

RSM ≡ S1+

M1+
≡ |~q|

2M∗

G∗
C

G∗
M

.

Several relevant points

pQCD predictions (high Q2)
see Burkert and Elouadrhiri,

PRL 75, 3614 (1995)

REM → 1

NRQM Predictions
RSM → 0

REM → 0
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B. Julia-Diaz, D.O. Riska, nucl-th/0411012

D-state effects N → ∆ (II)

There is new accurate data: see Burkert and Lee, Int.J.Mod.Phys.E13 1035,2004
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B. Julia-Diaz, D.O. Riska, nucl-th/0411012

D-state effects N → ∆ (III)
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J. He, B. Julia-Diaz and Y. bin-Dong, PLB 602, 212 (2004)

Meson Form Factors

For the π:

Instant Form
Front Form
Point Form
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J. He, B. Julia-Diaz and Y. bin-Dong, PLB 602, 212 (2004)

Meson Form Factors

..and for the ρ meson Instant Form
Front Form
Point Form
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Notice the zero in the
charge form factor in front form
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with B. Saghai, F. Tabakin, W.-T.Chiang, T.-S.H.Lee and Z.Li

Kaon photoproduction

Meson photoproduction touches the heart of
the problem

Which degrees of freedom are relevant?

OR

How does the transition occur?

Role of FSI?

New accurate experimental DATA:
[JLAB] J.W.C. McNabb et al., PRC 69 (2004) 042201.

[SAPHIR] K.H. Glander et al., EPJA 19 (2004) 251.
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with B. Saghai, F. Tabakin, W.-T.Chiang, T.-S.H.Lee and Z.Li

Kaon photoproduction (II)

Coupled channel formalism

Direct mechanism form Quark
Model

πN → KY : Chiang et al

the photoproduction process is described by:

a
γN→KY
`± (qKY , k) =

b
γN→KY
`± (qKY , k)

+

∑

α=KY

∫

dpαp2

α tα→KY
`± (qKY,k)G0α(pα)bγN→α

`± (pα,k)

+

∑

α=πN

∫

dpαp2

α tα→KY
`± (qKY,k)G0α(pα)bγN→α

`± (pα,k)

where KY, πN refers to the different channels.
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with B. Saghai, F. Tabakin, W.-T.Chiang, T.-S.H.Lee and Z.Li

Kaon photoproduction (III)

Quark Model fixed in

full model

Now, we switch off

coupled channel

Effect of KY FSI

Effect of a 3rdS11

1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3
W (GeV)

0.0

0.1

0.2

0.3

0.4

0.0

0.1

0.2

0.3

0.4

dσ
/d

Ω
 (

µb
/s

r)

0.0

0.1

0.1

0.2

0.2

Full model

θ=123 deg.

θ=57 deg.

θ=32 deg.

1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3
W (GeV)

0.0

0.1

0.2

0.3

0.4

0.0

0.1

0.2

0.3

0.4

dσ
/d

Ω
 (

µb
/s

r)

0.0

0.1

0.1

0.2

0.2

Full model
Direct channel
No FSI

no 3
rd

 S11

θ=123 deg.

θ=57 deg.

θ=32 deg.

Frascati, February 2005 – p.14/15



with B. Saghai, F. Tabakin, W.-T.Chiang, T.-S.H.Lee and Z.Li

Kaon photoproduction (III)

Quark Model fixed in

full model

Now, we switch off

coupled channel

Effect of KY FSI

Effect of a 3rdS11

1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3
W (GeV)

0.0

0.1

0.2

0.3

0.4

0.0

0.1

0.2

0.3

0.4

dσ
/d

Ω
 (

µb
/s

r)

0.0

0.1

0.1

0.2

0.2

Full model
Direct channel

θ=123 deg.

θ=57 deg.

θ=32 deg.

1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3
W (GeV)

0.0

0.1

0.2

0.3

0.4

0.0

0.1

0.2

0.3

0.4

dσ
/d

Ω
 (

µb
/s

r)

0.0

0.1

0.1

0.2

0.2

Full model
Direct channel
No FSI

no 3
rd

 S11

θ=123 deg.

θ=57 deg.

θ=32 deg.

Frascati, February 2005 – p.14/15



with B. Saghai, F. Tabakin, W.-T.Chiang, T.-S.H.Lee and Z.Li

Kaon photoproduction (III)

Quark Model fixed in

full model

Now, we switch off

coupled channel

Effect of KY FSI

Effect of a 3rdS11

1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3
W (GeV)

0.0

0.1

0.2

0.3

0.4

0.0

0.1

0.2

0.3

0.4

dσ
/d

Ω
 (

µb
/s

r)

0.0

0.1

0.1

0.2

0.2

Full model
Direct channel
No FSI

θ=123 deg.

θ=57 deg.

θ=32 deg.

1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3
W (GeV)

0.0

0.1

0.2

0.3

0.4

0.0

0.1

0.2

0.3

0.4

dσ
/d

Ω
 (

µb
/s

r)

0.0

0.1

0.1

0.2

0.2

Full model
Direct channel
No FSI

no 3
rd

 S11

θ=123 deg.

θ=57 deg.

θ=32 deg.

Frascati, February 2005 – p.14/15



with B. Saghai, F. Tabakin, W.-T.Chiang, T.-S.H.Lee and Z.Li

Kaon photoproduction (III)

Quark Model fixed in

full model

Now, we switch off

coupled channel

Effect of KY FSI

Effect of a 3rdS11
1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3

W (GeV)

0.0

0.1

0.2

0.3

0.4

0.0

0.1

0.2

0.3

0.4

dσ
/d

Ω
 (

µb
/s

r)

0.0

0.1

0.1

0.2

0.2

Full model
Direct channel
No FSI

no 3
rd

 S11

θ=123 deg.

θ=57 deg.

θ=32 deg.

Frascati, February 2005 – p.14/15



Summary, perspectives...

Several relevant issues have been addressed:
Structure of mesons and baryons

Form factors of proton, neutron, π, ρ,
Front & instant: good overall description
Slight preference for front form

Deformation in the nucleon
Exp. far from pQCD prediction
D-state does not solve the problem
Relativistic effects, small

Kaon production reactions
New experimental data, JLAB and SAPHIR
CC effects are sizeable
A full study is needed
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