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1), Motivation

Nucleon form factors
Electromagnetic transitions of Nucleon low-

lying resonances（Q^2） EM probes

To study the structure of the resonances

P33(1232), S11(1535), D13(1520), P11(1440), F15(1680),……

•(P33(1232), Δ resonance), (P11(1440), Roper resonance)

•Jlab, Mainz and ELSA…
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What we want:

A good relativistic description for the 
EM transition amplitudes (3q，others)
The Q2-dependence of the amplitudes
Relativistic effect on the amplitudes
For further study of the other degrees of    

freedom inside the nucleon and its  
resonances
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What have been done
Non-relativistic constituent quark model

 Baryon (qqq) , meson (qq)
 Electromagnetic interaction: (impulse App.)

Non-Rel. Reduction
Different models
Wave functions
Configuration mixings
Transition operator

•F. E. Close et al., (1970),

•Z. Li and F. E. Close (1992),

•M. Warns et al. (1992),

•S. Capstick (1992)

•Y. B. Dong (1997)



2), Relativistic quantum mechanics

(Reviews of Modern Physics, 1949)

a), The Instant Form:
b), The Front-form
c), The Point-form

Three forms of the relativistic 
quantum mechanics
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Total momentum operator: 
Total angular momentum:
Lorentz boost operators:

To construct a theory of a dynamical system, one must obtain expressions    
for the ten fundamental quantities that satisfy these P.b. relations. 
The problem of finding a new dynamical system reduced to the one of 

finding a new solution of these equations.
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Variables (For Hamiltonian Dynamics)

Pμ(μ=0,1,2,3)

Mrs(r=1,2,3)

Mr0(r=1,2,3)

Commutation relations

•[ Pμ, Pυ]=0

•[ Mμυ, Pρ]=-gμρPυ+gυρPμ

•[ Mμυ, Mρσ]=-gμρMυσ+gυρMμσ-gμσMρυ+gυσMρμ
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Comparison of the three forms ( By Dirac)

The instant form: (familiar with)

Hamiltonians: P0, Mr0 for a rather clumsy combination.

The point form: (clean separation among those 
fundamental quantities. Hamiltonians: Pμ

momentum is interaction-dependent)

The front form: (familiar with, no square root in 
the Hamiltonians, three-Hamiltonians: P+, Mi+

angular momentum is interaction-dependent)

Pμ(μ=0,1,2,3)

•S. Capstick

•S. Simula et al.

•S. J. Brodsky et al.

•Karmanov and Sirnov
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“Point-form” in the literatures

 B. D. Keister and W. N. Polyzou (1991)
 W. H. Klink (1998) Basic descriptions of the PF
 Graz Group(Glozman, Plessas, S. Boffi et al.)
 Nucleon EM and axial form factors
 F. Coeter and D. O. Riska (2003)
 T. Melde, R. F. Wagenbrunn and W. Plessas(2003-05)

Strong decays of the nucleon resonances
W. Schweiger:  Electroweak hadron structure    
T.W. Allen, W. H. Klink (1998) : deuteron
B. Desplanques, L. Theussl, (2002-2004)  form factor
B. Desplanques, and YBD, Space-time translation, 
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3), The Point Form of baryons 

Pμ(μ=0,1,2,3)Interactions-dependent
They are the Hamiltonians of the system

Mμν Interaction free: Angular momentum Mrs(r=1,2,3)
Lorentz  boost  operators: M01, M02, M03

  22
,000 iii mkppM




 Bakamjian-Thomas(BT) construction (1953)

IMMppM  0


 VMMMVppp II )( 00 
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Interaction free

Unitary representations of
Lorentz transformations Λ
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Lorentz transformation
 For a baryon(3q) , the general three-quark state is

Under a general Lorentz transformation UΛ ,

different Wigner rotations RW=B-1(Λp)ΛB(p)
Velocity states

 To use a more convenient “Velocity states” by applying a particular 
Lorentz boost UB(v) to the center-of-momentum state

 Under general Lorentz transformations UΛ

RW :the Wigner rotation RW(v, Λ) ; 
RW(ki, Rw) : the Wigner rotation of  a 
Wigner rotation

The boost B(ki) is chosen to be a 
canonical one:
Rw(ki, Rw)=Rw
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Lorentz transformation of a velocity state

 The Wigner rotations are all the same and the spins 
can thus be coupled together to a total spin state as 
in the non-relativistic framework.

velocity state   general three-quark state
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Nucleon EM form factors in the point form

Phys. Lett. B511, (2001)
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Strong decays of the nucleon resonances

by Graz people



 Relativistic Hypercentral Potential Model
 Non-relativistic version (for baryon) 
 Relativistic versions
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4), Electromagnetic transitions of nucleon 
excitations, like Δ(1232), in PF



Semi-relativistic equation

Nucleon wave function (Momentum space)
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Semi-relativistic equation

(1232) wave function
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Wave functions
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Current and reference frame

Breit frame

Velocities of initial and final states
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μqμεμ=0
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5), Conclusions

)1520(),1535(),1232( 131133 DSP




