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1), Motivation
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I mtztute,o?hﬂf;gﬁ Energy Physics

> Nucleon form factors

» Electromagnetic transitions of Nucleon low-

lying resonances (Q”*2) EM probes
P,,(1232), S,,(1535), D,;(1520), P,,(1440), F,;(1680),......

» To study the structure of the resonances

*(P;5(1232), A resonance), (P,,(1440), Roper resonance)

«Jlab, Mainz and ELSA...
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— What we want:

i of gt By D i

v'A good relativistic description for the
EM transition amplitudes (3q, others)

v

v'Relativistic effect on the amplitudes

v'For further study of the other degrees of
freedom inside the nucleon and its
resonances
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.~ What have been done
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Insr-fin-fz-at;bf E{zgﬁ Energy Physics
I

Non-relatilvistic constituent quark model

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

Non-Rel. Reduction [F& ceee al., (1970),
. *Z. Li and F. E. Close (1992),
Different models M. Warns et al (1992).
. *S. Capstick (1992)
Wave functions *Y. B. Dong (1997)

Configuration mixings
Transition operator
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2), Relativistic quantum mechanics

Forms of Relativistic Dynamics

P. A, M, Drac
St John's College, Cambridge, England

(Reviews of Modern Physics, 1949)

For the purposes of atomic theory it js necessary to combine the restricted principle of relativity with

the Hamiltonian formulation of dynamics, This combination leads to the appearance of ten fundamental
quantities for each dynamical system, namely the total energy, the total momentum and the 6-vector
which has three components equal to the total angular momentum, The usual form of dynamics expresses
everything in terms of dynamical vanahles atlnnf: instant of timc:lwhich results in specially aimple expres-
sions for six or these ten, namely the components of momentum and of angular momentum. There are
bther forms for relativistic dynamics [in which others of the ten are specially simple, cotresponding to

various sub-groups of the inhomogencous Lorentz group. These forms are investigated and applied to a
system of particles in interaction and to the electromagnetic field,

a), The Instant Form:

Three forms of the I‘ek}thISth b), The Front-form
quantum mechanics

El—— c)’ The POim
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__.____T.f_;‘___‘________Variables (For Hamiltonian Dynamics)

e Ten fundamental quantities for a dynamical system
Institute of High Energy Physws

The ten quantities P,, M., are characteristic for the
dynamical system. They will be called the ten funda-
mental quantities. They determine how all dynamical
variables are affected by a change in the coordinate
system of the kind that occurs in special relativity.

Total momentum operator: Pulu=0123)
Total angular momentum: Mrs(r=1,2,3)
Lorentz boost operators: Mro(r=1,2,3)

“*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.

[P,,P,]=0
.[Mu v Pp]=-guppu+guppu
.[Mp v Mp 0]=-gp,pMU o+gupMpo-gpoMp u+gqupp

Commutation relations




sl omparison of the three forms ( 8y pirac)

T e .
A

Instir-fz-zt;bf: Eﬁgﬁ Energy Physics
N

The instant form: (familiar with)

Hamiltonians: Py M, for a rather clumsy combination.

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

momentum is interaction-dependent) P (1=0,1,2,3)

The front form: (familiar with, no square root in

the Hamiltonians, three-Hamiltonians: P, M. | S Capstick

o o . *S. Simula et al.
angular momentum is interaction-dependent) S. J. Brodsky et a

Karmanov and Sirno
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“Point-form” in the literatures
Instie o High Erergy Physic
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) 7t form factor

B. Desplanques, and YBD, Space-time translation, it

e -
P -—
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<« az= 3), The Point Form of baryons

B =
Sl o
et

Insrgitz-zt;b} Eﬁgﬁ Energy Physics
*2*Pu(u=0,1,2,3)élnteractions-dependent
They are the Hamiltonians of the system
’:’M;w - Interaction free: Angular momentum M_(r=1,2,3)
Lorentz boost operators: My, My, M,

Mg = ‘/ péj PO, = Z i\/ IZiZ + mi2 Bakamjian-Thomas(BT) construction (1953)

M=,/ p*p, =Mg+M,

pl“ Interaction free

H_ o pl — MVHE — u
p*=py +pi =MV" = (Mo +M; )V Unitary representations of
Lorentz transformations A

NV“ M]=0, U(AMU(A)=M
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< Lorentz transformation
= or a baryon(3q) , the general three-quark state is

s
Institute of High Energy Physics
[ B ]

|p1‘.p2:jj3: }"'11 "}"E‘. AE::' |,'P1; .-}'1.1::' 24 |j‘32-_ :’hg: 25 |p3= }'ﬁ.g::' .
Under a general Lorentz transformation U, ,
3
Un [pr.p2. psi A, Aes Az — ] Djifi (Rw, ) [Ap1, Apa, Aps: AL, AL, Ag)
i=1

v
- different Wigner rotations R,=B-'(Ap)AB(p)

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

|’L‘i kot Fea, kgt iy #2:#3} Up(wy | F1, ko, kat gy, pa. pis)

‘ R,, :the Wigner rotation R,,(v, A) ;
Ry/(ki, R) : the Wigner rotation of a
Wigner rotation

Under general Lorentz transformations U ,

The boost B(ki) is chosen to be a
canonical one:

R,(k; R,)R,

Uy
Upag) Uy

1’Ik11k21k31#11#2=#3> UrUpiyy k. ko, s v o i)
by k. by . p i)

3
11 Di’:f,, | R (ki R )| |_-'w: By ky, By ko, Rk i), i, H§> :
i=1
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w.Z=> Lorentz transformation of a velocity state

e =

=

Imgi;fz-ate o?};{;gﬁ Energy Physics

» 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.

Ua |’L‘1 Foy, dea, deas gy, pro, #3)

3
[T Dyin. (Rw ) |Av: Rwky, Rucka, Rk i) g 1)
i=1 !

velocity state €= general three-quark state

3

- = = 1/9 . - )

‘UZFEl:kz:ks!ﬁl;#z-.Hs) HD;":#,.|RWUE~1=BUUJ||P1=P2-.P32911=)t9-.913,-'
i1

with g — Blv)k;.
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—— . Nucleon EM form factors in the point form
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Fis. 1. Prokn [uppar] asd reeikon [kewsa’) decne [kfi] asd o x irighi] forme facicn as preckced by the GEE M 3] 1 PFSA
Lj'ﬂ Ermsl A corapanson @ green e ihe resolis o ERLA |:E.ET I'gﬂﬂ.ﬂ wih ik cofismai rdraion by ad].

The experznadal chis e o Ref [14]
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s dcan, ~ Strong decays of the nucleon resonances

ﬁm'l'.-‘l.l:jl.l": [ Covariant predictions for o7 decay widths by the
CGHEE COM |5 and the OGRS QM |39 along the PEFSA m
commparison o experiment |49 and a relatwvistic calealation
For the 11 CCOQAM along the Hethe-Salpeter approach |[19]0 In
the last two columns the nonrelativistie resalts from an EENM
are ziven. In all cases the theorstical resonance masse=s as
precheted by the varnous COQMs have been used m the calou-

laticons.
|

[Decay Foxperiment Helativistic MNonrel, EENM
« M [Med | GEE iR 11 GHE O E

A1a40y (227 4+ 18yt 33 e a8 6T 2%

R R S [ [ e R T

e

N 1535) (67 == 153 - iy 19 a3 55 BER]
AOUIGEDY (IO = 2ay T 24 41 ] N RS

N{1GTE) (68 =8yt 54 .6 4 13 |5
N 1TO0Y (105 2 s 1.2 01 22 2.7
AT (15 £ 5y *+a 5.5 4.6 wfa Bl R
M 1233 (118 4+ 1yt = 7 32 ;o =4
A 160 (61 =4 263" 0.1 1.8 mfa 02 B5
A 1620 (38 4+t B 11 15 4 178
B __" _TOEEEE—
AQLTO0) (45 syt aa aa 2 11 0.2

by Graz people




—4), Electromagnetic transitions of nucleon
m;u;”mgﬁﬁ;w%m excitations, like 4(1232), in PF

Relativistic Hypercentral Potential Model
Non-relativistic version (for baryon)
Relativistic versions

3
ﬂ}:Z\/mg—l—Iﬂ%E—i—l—ﬂE—I—ﬂfﬁyP
— T

the hyper-radius =

= ——(fy — 7 A= ——(F1 + 7 — 27),

are the internal Jacobi coordinates.
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Semi-relativistic equation

’—. ::_. = =

S

Institute of' H;gﬁ Energy Physics

» Nucleon wave function (Momentum space)

1 4 1 1
N, P11(939) >= al 5 7 [I(U O]UXMS,E > ®prg 4+ (0,0)0xpr4: 3> Dara
1 1 1
NP, iy 2P,|(0,0)0 ~ > ——sin2P(1,1)0 >
+ﬂz \/—[ MS(CDS £l )XMS;Q \/55111 t(1,1)0xara: 5 )

(_3 sin 28 |(1,1)0xrs: g > tcos 25,((0,0)0x pr 5~ )]
1

—®pra
N 1 16 « 2 1 2 .
+aUl (P, \/_\/_[filmgv/_(sm PI(2,0)2xs: 5 > —cos P[(0,2)2xsi 5 >)

1 1
Brpo— sin 2P (1.1)2y " = }
+ MAG 35111 | (1, )XS:Q}

1 16 | )
+ay f(PI) —\//— SlIlPt CGSPt [‘I)MSI(L ].)].Xﬁ;ffl; § > —‘I’Mﬂl(l, 1)1){11,;3; 5 > ]j

|
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w =, Semi-relativistic equation

» =
S s
-_‘_;f:-= =

Inst;i;fz-ate o?};{;gﬁ Energy Physics

» A(1232) wave function

4 3
A, Ps3(1232) >= b{ U (P;) \/EKD’D)UXMS; 5> ®s

1 16 3 3
S [sin?P 2.0)2yve:— > Lcos? P(0.2)2 :—}]
1 16 1 3 3
— [— sin? P (2.0 2y e = > —cos? P(0.2)2v vye: — >
1 3
+——sin2P (1. D)2y ara: = >.

P, and P; (which is the hyper-central-angle)

P, =.\/p} +p%, P= ﬂ,f.r'ctg(|| g,i ||)
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Wave functions

] G B L B ~T r T rr [ T rr 7
Nucleon (a) ] A(1232) (h) ]
sk o« e pw ") s e, Py 'p)
: ———— RYHLP;IEP.Y) _———— Pxﬂw; Py
Y A HCVE BRI | PCWS P ]
EE N = LA B ]
gj“ 03 . ;f o3} .
4 1 & | ]
m'b_f 02 - m;ﬁ_:f 0.2 -
01 : - 0.1 -
Dﬂ 10 20 — SID . 40 DCI — 10 — EI}' E— ;E' ! . 40
P, (fm") Py(fm’”)
The coeflicients in the wave functions of the nucleon and A(1232).
i 1 2 3 4
a;| 1.00000 |0.16931 x 1072 0.67675 x 1073 |—0.11432 x 1072
b; | 0.99999 |0.36288 x 1072|—0.2715 x 1072
[ B |
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w9, ~ Current and reference frame

Instltute of F{zgﬁ Energy Physics

<P Ap 13" | pis Ai >= equ(pl, Ay ulpi, Ai),
. Q%+ M2+ M2)? — 4M2M?
Breit frame . “ / i
o Q + 2(MZ + M3)
M? — M?

W = .
@+ 2002 + M)
Velocities of initial and final states Velocity state
| vy ky, ko, kea; ey, po, s > = Upgo) | R, ko, eas p, po, s >
- .
Vin = ( 1+-L_ 00— 7 = I}_, D2 [Rw (ki, B(v)] | 1, P2, P3; 01, 02,03 >
Mz My
Ajje = _B.J'.J: = i’ !H:*,,'.T.J = ‘_% I = —*!,:- 1\
-'1-:!,"2 = '.B‘ "Ir"'r; — _:} :H::’rl "HI'-' J = %"f: = -'!JI_' 5
72 7 o B TE IR o PR O e G
Vout — ( ]-‘|‘q— 0,0 —FM) Sip=(B.J\J. = 3 |[Hee|N.J = 3, =3 )€

AM$' 77 2My
¢ is the sign of the Nt amplitude

Ko
=

()

=

1]

AY (X)'A(X-> NTT)/|JA(X->TTN)|
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Azjpan = 32 f dCk1d  kod ks d k) P By d kS

Z X N28%(ky + ko + k3)8° (K] + Ky + K3)

p1peageape] oy Ag Ay

x U (k. Kb, k., . i, i Ja = 3/2,m5(A) = 3/2(1/2))

x 8% (K, —B“{vaB{ 1-}& }m —B-‘{ 1) B(v;)ks)

:{D” [Rw ko, B~} ] [Rw ki, B~ {:'L'f:]BI[’L‘i}:]]
Kﬂﬂz‘:[ﬂwir‘ﬂm (vg)) ]W [Rﬁf”ﬂa (v:))] < kg, N[ T3 [ks, Ag > <A,
x U (k1. ko, ks, 1, o, gz, Iy = 1/2,m;(N) = 1/2(=1/2)).
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» Three forms of the RQM have been discussed
~ Point-from is employed to the baryon resonances
» Relativistic hypercentral quark potential model
2 s G s D)

» The relativistic quantum mechanics of Point-from

show the advantage in intermediate Q% region

Further consideration
q a component or meson cloud effect
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