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Outline of the talk

= The Model (hCQM)
* The helicity amplitudes

= The elastic e.m. form factors of the nucleon



The Model
(hCQM)

ypercentral Constituent Quark Model



Hypercentral Constituent Quark Model
hCQM

free parameters fixed from the spectrum

Comment
The description of the spectrum is the first task of a model builder

Predictions for:
photocouplings
transition form factors
elastic from factors

describe data (if possible)
understand what is missing



LQCD (De Rujula, Georgi, Glashow, 1975)

the quark interaction contains
a long range spin-independent confinement
a short range spin dependent term

Spin-independence —  SU(6) configurations



SU(6) configurations for three quark states

6X6X6=20+70+70+ 56
A M M S

Notation
(d, L")

d = dim of SU(6) irrep
L = total orbital angular momentum
T = parity



THREE-QUARK WAVE FUNCTION

¥, = Ocotlour X Aspin X Piso X Wepace
SU(3). SU(2) SU(3); 0O(3)
SU(6) limit: (spin-independent interaction)
SU(3).  Su(e) 0(3)
Permutation symmetry: W;, must be antisymmetric

0 is a colour singlet => A

colour

the rest must be symmetric

SU(6) & O(3) wf have the same symmetry (A, MS, MA, S)
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Jacobi coordinates Hyperspherical Coordinates
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A
I
3 t=ar Ctg; hyperangle
2 \up \ N Y=2n 41, 41 2 .
LA(Q)Y (@) = —v(y +4)Y (2 L*(Q) & G5(0(6))
7 grand angular quantum number YA, (Q) Hyperspherical harmonics
V(r,-j)zV(f)Jr... y=2n+lp+lx
i<j

Hasenfratz et al. 1980:
2 V(r,r;) is approximately hypercentral



Hypercentral Hypothesis V =V(z)

Factorization

'¢’(I, t? QP) 52,\) — I‘-E)?--":'(I) )}37‘1{"! \J
(“dynamics”) (“geometry”)

Only one differential equation in x (hyperradial equation)

Hypercentral Model
yp Phys. Lett. B, 1995

V(x) = -t/x + a X

Hypercentral approximation of V=-br+cr



e QCD fundamental mechanism
3-body forces

| Carlson et al, 1983
’ 1 A Capstick-Isgur 1986
- hCQM 1995

e Flux tube model
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hyperCoulomb

h. o.

Two analytical solutions

- T/X

2 1/2k(ri-r)>=3/2 kx?
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Quark-antiquark lattice potential

G.S. Bali Phys. Rep. 343, 1 (2001)

B=6.0 —=— "2
B=6.2 —e— ,%’
21 B=64 —— ’ﬁ.- 7
C
1 F _
&
S 0 ‘
>
ORI ]
= V=-b/
_2 i =-DTr+cCr )
3L ]
_4 | | | | 1




Introducing SU(6) violation

One Gluon Exchange

Ve = -a/r + Hyperfine interaction



Hypercentral Model (1)

3.2
ng = 3m‘|‘22p—7:% ‘|’V(35) ‘|‘Hh,yp
i=1

M. Ferraris, M. M. Giannini, M. Pizzo, E. Santopinto, L. Tiator, Phys. Lett. B364 (1995), 231
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Results (predictions)
with the Hypercentral Constituent
Quark Model

for

A Helicity amplitudes

1 Elastic nucleon form factors



The helicity amplitudes



HELICITY AMPLITUDES

Extracted from electroproduction of mesons

N*

N I N

A1/2 A3/2 S1/2



Definition

Ap=<N*),=1/2 | H', |NJ,=-1/2> 5
Ay, =<N*J,=3/2 | H'_ |NJ,=1/2>
Sip=<N*J,=1/2 | H., | NJ,= 1/2>

N, N* nucleon and resonance as 3q states
H' H'  model transition operator

§ results for the negative parity resonances:
M. Aiello, M.Giannini, E. Santopinto J. Phys. G24, 753 (1998)

Systematic predictions for transverse and longitudinal amplitudes
E. Santopinto, M.Giannini, submitted to PR C
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D13 transition amplitudes
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The hCQM seems to provide realistic three-quark wave functions



Solvable model

V(x) =-t/x+ax linear term treated as a perturbation

» energy levels expressed analytically
» unperturbed wf given by the 1/x term

E. Santopinto, F. lachello, M.Giannini, Eur. Phys. J. A1, 307 (1998)



The nucleon elastic
form factors
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- elastic scattering of polarized
electrons on polarized protons

- measurement of polarizations
asymmetry gives directly the ratio

GPL/GP,,
- discrepancy with Rosenbluth data (?)
- linear and strong decrease

- pointing towards a zero (!)

- new data (jJan 2010) seem to confirm
the behaviour
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RELATIVITY

Various levels

e relativistic kinetic energy

e Lorentz boosts

e Relativistic dynamics

e quark-antiquark pair effects (meson cloud)

e relativistic equations (BS, DS)



Point Form Relativistic Dynamics

Point Form 1s one of the Relativistic Hamiltonian Dynamics
for a fixed number of particles (Dirac)

Construction of a representation of the Poincaré generators
PpL (tetramomentum), J, (angular momenta), K; (boosts)
obeying the Poincaré group commutation relations

in particular

Three forms:
Light (LF), Instant (IF), Point (PF)
Differ in the number and type of (interaction) free generators



Point form: P, interaction dependent
Jo and K, free

Mass operator M=M,+M,

M=z \Vplem® | ZB=0

P, undergo the same Wigner rotation -> M, 1s invariant

Similar reasoning for the hyperradius

Moving three-quark states are obtained through
(interaction free) Lorentz boosts (velocity states)



Calculated values!

*Boosts to initial and final states

eExpansion of current to any order

*Conserved current
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A.J. R.PUCKETT et al. PHYSICAL REVIEW C 85, 045203 (2012)
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Conclusions

" COM provide a good systematic frame for baryon studies
= description of e.m. properties (specially N-N* transitions)

" possibility of understanding missing mechanisms

" quark antiquark pairs effects
unquenching: important break through

Calculations for the time like form factors are underway.
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Axial form factor of the nucleon

Adamuscin, Tomasi, Santopinto, Bijker,Phys. Rev. C 78, 035201 (2008)
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FIG. 1. (Color online) Comparison between theoretical and ex-
perimental values of the axial form factor of the nucleon G 4(Q?) as
a function of Q2. The theoretical values are calculated in the two-
component model using Eq. (7) with @ = 1.57 and y = 0.25 GeV >
[12] (dashed line), and @ = 0.95 and y = 0.515 GeV~2 [13] (solid
line), and the dipole form of Eq. (1) with M, = 1.069 GeV (dotted
line). The experimental values were extracted according different
models: PCAC [25] (pink, solid circles), FPV (red, solid squares) [26],
SP (green, solid triangles) [24], DR (blue, trianglesdown) [27], A
(yellow, open circles) [28].



Adamuscin, Tomasi, Santopinto, Bijker, Phys. Rev. C 78, 035201 (2008)
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FIG. 2. (Color online) As Fig. 1, but for the absolute value of
the axial form factor |G 4(¢)| in the space-like (f < 0) and time-like
(t > 0) regions. In the time-like region, § = 0.925 for IJL [14] and
8 = 0.397 for BI [13].



III. TWO-COMPONENT MODEL

In the two-component model [12,13], the axial nucleon
form factor is described as

2 2 mi
GA(Q%) = GA(0)g(Q >[1 —ata QZ} ,
(2)

2(0) = (1+y0%) 7",

with 0% > 0 in the space-like region. g(Q?) denotes the
coupling to the intrinsic structure (three valence quarks) of the
nucleon, and m 4 1s the mass of the lowest axial meson a; (1260)
with quantum numbers I¢(JP€)=1"(1"") and my =
1.230 GeV. We note that, unlike other studies, in which m 4 18
a parameter, here it corresponds to the mass of the axial meson
a1(1260). In the present case, y is taken from previous studies
of the electromagnetic form factors of the nucleon [12,13].
Therefore, « 1s the only fitting parameter.



Gat) = Ga(0)g(t)

with

Time like region
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It can be measured with Experiments
at FAIR and BES3

suggested through the reactions N p — y* N and the crossed
channels [18—20]. The cross section related to these processes
1s large and such experiments may be performed in future
colliders, such as FAIR (Germany), BES3 (China), DANAE
(Italy). Such experiments also seem to be encouraged by our
finding of a non-negligible time-like axial form factor, at least
up to a few GeV?, as shown in Fig. 2.



