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Outline of the talk

* The spectrum 1n the hCQM
* The helicity amplitudes
= Relativity

» g-antiquark pair effects - meson cloud



Basic 1dea of Constituent Quark Models (CQM)

Constituent Quarks

At variance with QCD quarks CQ acquire mass & size
carrier of the proton spin



GROUP Kin. Energy SU(6) inv SU(6) viol | date
Isgur-Karl non rel h.o. + shift OGE 1978-9
Capstick-Isgur rel string + coul-like OGE 1986
Iachello et al. non rel U(7) Casimir | group chain | 1994
Genoa non rel/rel hypercentral | OGE/isospin | 1995
Glozman-Riska rel linear GBE 1996
Bonn rel linear 3-body instanton 2001




Hypercentral Constituent Quark Model
hCQM

free parameters fixed from the spectrum

Predictions for:
photocouplings
transition form factors

elastic from factors

describe data (if possible)
understand what 1s missing



Introducing dynamics

LQCD (De Rujula, Georgi, Glashow, 1975)

the quark interaction contains
a long range confinement
—  SU(6) configurations
a short range spin dependent term

One Gluon Exchange

VoGE = -a/r + Hyperfine interaction




THREE-QUARK WAVE FUNCTION

‘P3q = 6colouer Xspin X (I)iso X U)space
SUB), SU@2) SU@B), O@)

SU(6) limit ‘P3q = O X P X WYepace
SUB3), SU@G)¢ O@3)
A the rest must

be symmetric

SU(6) x O(3) wf have the same symmetry (A, MS, MA, S)



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
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Jacobi coordinates Hyperspherical Coordinates

1 < ‘H ) (pv'Qm)‘aQ',\) = (Iata vaQ,\)
r=1/p%+ \2
x
p
t = arctg®
3 arciqg /\
L*(Q)Y()(Q) = —v(y +4) Y1 (Q) L2(0) & C,(0(6))
7 grand angular quantum number Y[A,J (Q) Hyperspherical harmonics
ZV(rij)zL’(r)+... y=2n+l,+l,
<3

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



e QCD fundamental mechanism
3-body forces

P Carlson et al, 1983
E Capstick-Isgur 1986
: hCQM 1995

e [lux tube model
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Quark-antiquark lattice potential

G.S. Bali Phys. Rep. 343, 1 (2001)
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3-quark lattice potential G.S. Bali Phys. Rep. 343, 1 (2001)
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Hypercentral Hypothesis V =V(x)

Factorization

'l,f’(:l?, t) Qp)Q,\) — I.LJ"L"'_-'(I) }f:"/,l'—.,l\]
(“dynamics”) (“geometry”)

Only one differential equation in x (hyperradial equation)

Hypercentral Model
ypP Genoa group, 1995

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

Hypercentral approximation of V=-br+cr
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Hypercentral Model (1)

3 .2
ng — 3m‘|‘2% ‘|‘V(-75) ‘|‘thp
i=1

M. Ferraris, M. M. Giannini, M. Pizzo, E. Santopinto, L. Tiator, Phys. Lett. B364 (1985), 231

¢ V(z)=—< +aw; Hppp = A [ZK’ V3(ryr;) o 0+ tensor}

o 3 parameters 7 a A « fixed to the spectrum, m = %
5 N A
1900 = - — T =4.99
17004 H -. — B
—_— ~1
e my a=1.61fm
1500+ — —
.
1300 _ A< (N-A)
11004
% T ¥z § 5  F L F & § 7 e A= Jp2+;\2
2 2 2 2 2 2 2 2 2 2 2 2

hyperradius






Definition
Ap,=<N*),=1/2 | H | NJ),=-1/2>*C §
A3/2=<N*JZ=3/2|HTem|NJZ=1/2>*t_, §

Sip=<N*J,=1/2 | H | NJ,= 1/2>*

N, N* nucleon and resonance as 3q states
mixed by OGE interaction

H'_ H'.., model transition operator

§ results for the negative parity resonances: M. Aiello et al. J. Phys. G24, 753 (1998)
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What is
missing?

Relativity
Quark-antiquark effects



Relativistic corrections to form factors

Breit frame
Lorentz boosts applied to the initial and final state

Expansion of current matrix elements up to first
order in quark momentum

Results
Arel (QZ) =F An.reI(QZeff)
F = kin factor Q2. = Q% (M/Ey)?

De Sanctis et al. EPJ 1998
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Construction of a fully relativistic theory

Relativistic Hamiltonian Dynamics
for a fixed number of particles (Dirac)

Construction of a representation of the Poincaré generators
PpL (tetramomentum), Ji (angular momenta), K; (boosts)

obeying the Poincaré group commutation relations

in particular

Three forms: instant, front, point
Point form: P . interaction dependent Quark spins undergo the same
Ji and K;  free Wigner rotation

Composition of angular momentum states as
in the non relativistic case



Bakamjian-Thomas construction

M=M0+MI

72
_ P +m
Mg = 2; \/ 2. p,=0

Free mass operator

M, introduced sucht that:
commutes with  J; and K; (free)
VM four velocity (free)

The interaction is contained in PpL =M VM

The eigenstates of the relativistic hCQM are interpreted as
eigenstates of the mass operator M

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

Covariant e.m. quark current _ , . ,
Ui(pi)Jipti(p;) = u;(pi)e;yu()u(p;).
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Relativistic treatment

= elastic form factors: necessary

. helicity amplitudes:  probably necessary

exciting higher resonances the
recoil is smaller

. Delta excitation: g.s. in the SU(6) limit
probably more important

Relativity is an important issue for the description of
elastic and inelastic form factors

but it is not the only important issue



Unquenching the quark model

Mesons P. Geiger, N. Isgur, Phys. Rev. D41, 1595 (1990)
D44, 799 (1991)

q loop

Note:
e sum over all intermediate states
necessary for OZI rule
q anti g * linear interaction is preserved
renormalization of the string constant




baryons

The qq-pair creation mechanism is introduced at the microscopical level
— string-like qq pair creation mechanism

() | (h)
5 ,
l 4
! T over all the big towers
[ of mtermediate states

R. Bijker, E. Santopinto,
Phys.Rev.C80:065210,2009



Problems that have been solved for baryons:

- sum over the big tower of intermediate states

e permutational symmetry

(both with group theoretical methods)

- find a quark QCD inspired
pair creation mechanism

e implementation of the mechanism
in such a way to do not destroy

3PO

the good CQMs results
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The good magnetic moment results of the CQM are preserved by the UCQM

Bijker, Santopinto,Phys.Rev.C80:065210,2009.

nev P4

p nzt 3% s A =0 =

F1G. 3. (Color online) Magnetic moments of octet baryons:
experimental values from the Particle Data Group [34] (circles), CQM
(squares), and unquenched quark model (triangles).



Possible structure of the nucleon

Unquenching the CQM:

effects on spectrum
e.m. excitation
consistent evaluation of electroproduction



Conclusions

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

= possibility of understanding missing mechanisms

" quark antiquark pairs effects

* unquenching: important break through



Hypercentral Model (2)

32

H3q :3m‘|‘ 2I)—T:L‘|‘V($) —|—Hh,yp—|_HI—I_HSI

=1

M. M. Giannini, E. Santopinto and A. Vassallo, Nucl. Phys. A 699 (2002) 308.

o Hr=Ar)

i< j VI(ri: rjaof) Ti Tj

o Hgr = Agy Ziq V3 (i r5,051) (03 05)(Ti- 7))
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Photocouplings

Ap 1/2 + |Ap1/2 |Ap3/2 + |Ap3/2 |An1/2 + |An1/2 |An3/2 + [An3/2
PDG hCQM | PDG hCQM | PDG hCQM | PDG hCQM
D13(1520) -24 9 -65,7 166 5| 66,8 -59 9| -14 -139 11| -61,1
D13(1700) -18 13 8 -2 24| -10,9 0 50 12 -3 44| 70,1
D15(1675) 19 8 1,4 15 9 1,9 -43 12| -36,6 -58 13| -51,1
D33(1700) 104 15| 80,9 85 22 70,2
F15(1680) -15 6 | -354 133 12| 241 29 10( 37,7 -33 9| 148
F35(1905) 26 11| -16,6 -45 20| -50,5
F37(1950) -76 12| -28 -97 10| -36,2
P11(1440) -65 4| -87,7 40 10| 57,9
P11(1710) 9 22| 425 -2 14| -21,7
P13(1720) 18 30| 941 -19 20| -17,2 1 15| -47,6 -29 61 3
P33(1232) -135 6 | -96,9 -250 8| -169
S11(1535) 90 30 108 -46 27| -81,7
$11(1650) 53 16| 68,8 -15 21| -21
S$31(1620) 27 11| 29,7




