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Goal: Unified description of

| Description of Hadrons

¢ Mass spectra (light quark flavours < 3 GeV, J < 8): Regge-trajectories (M+B),
scalar excitations (M+B), (pseudo)scalar mixings (M) , parity doublets (B),
“undetected” resonances .. .;
Electroweak properties: electroweak form factors; radiative decays/transitions;
semi-leptonic weak decays . . .;

@ Strong (two-body) decays and interactions.

Tools:

Ingredients:

Achievements:

Field theoretical approac

hes (relativistically covariant)

- inst. approx.
Salpeter Equation

Lattice gauge theory QCD ground states — excited states
Dyson-Schwinger / Infrared meson ground states
Bethe-Salpeter Eq. Gluon prop. baryon g.s. (diquark-quark)

Confinement
Instanton effects

mesons and baryons

Quantum mechanical approaches (“relativised” quark kinematics/dynamics;)
currents: parameterised or (covariantly) from Dirac’s front-, instant-, point form

Constituent Quark Model

Confinement
OGE — Fermi-Breit

mesons and baryons

Constituent Quark Model

Confinement
GBE

baryons (M < 1.8 GeV)

Constituent Quark Model

Hypercentric

interactions + FB

baryons (M < 1.8 GeV)
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| Constituent Quark Models

and many other approaches (algebraic treatment with collective variables, (chiral) soliton
models etc.)
Here the focus is on: Constituent Quark Models

Basic Assumption:

(the majority of) meson and baryon excitations can be described by ¢g— and ¢3—
bound states of (constituent) quarks, respectively; the coupling to strong decay
channels can be treated perturbatively ...

constitutes a framework to judge what is exotic (glueballs, hybrids,
multiquark-states) ...

Light flavoured (u, d, s) systems:

Even with constituent quark masses, quarks moving in a hadron are not really
slow; in general the total mass differs appreciably from the sum of the constituent
masses =- relativistically covariant description <= large momentum transfers:

Relativistic bound state equations (Bethe-Salpeter, Dyson-Schwinger)
(Dirac’s (instant-, front-) point form of Relativistic Quantum Mechanics)

Extension to heavy flavoured systems
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| Relativistic bound state equations (¢q)

Bound states of 4-momentum P (P? = M?) described by BETHE-SALPETER-amplitude

Xap(@1,22) = (0| T [p} (1) 3 (x2)] | P)

fulfil the homogeneous BETHE-SALPETER equation:

B - TR TR

— @ = - ——--- +__|"\‘,__+__Q__ +...

and involve full (dressed) propagators for fermions, exchange bosons and full (dressed)
vertex functions: This leads to the skeleton-expansion: i.e. an infinite set of coupled
DYSON-SCHWINGER- and BETHE-SALPETER-equations:
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| Skeleton-expansion, approximations

In order to solve this in practise one truncates this expansion, makes an Ansatz for some
n-point function and solves the equations (BETHE-SALPETER-equation for two particles

or the DYSON-SCHWINGER-equation for the self-energy) of lower order.
= renormalisation-group-improved rainbow-ladder approach (DSE) based on an effective

gluon propagator with a specific infrared behaviour
P. Maris, C.D. Roberts: “Dyson-Schwinger Equations: A tool for hadron physics”, Int. J.
Mod. Phys. E12 (2003) 297; nucl-th/0301049, (2003)
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| Further approximations ...

A simplified ANSATZ is to assume that the fermion propagator has the free form

S(p) ~ i [Ypu —m +ie]
and to account for the self-energy contributions by introducing a constituent mass m.

One might approximate the irreducible interaction kernel by a single gluon exchange in
CouLOoMB-gauge, perhaps with a running coupling a.s (k?):

1
(2m)*

0 0 g T
[7 7@ 1 (7(1)7(2)_ ;(7(1)«)(7(2)-16))] ,

K(P;p,p+ k) = 47 ag(—k?)

k|2 k2 + ie
where the first term describes the instantaneous CouLOMB-potential, since

4 =y 1 : 1
T /dgk' ez(:n-k) — /dk‘o e_ZkOt = —5(t) ,
(2m)* |2 r

if we neglect the k2 dependence of ag and where » = |Z| = |Z1 — Z2|. If in addition we
make the no-retardation limit, k2 — —|k|2 we obtain an instantaneous OGE-potential.
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| Instantaneous approximation

In the following we shall consider such instantaneous kernels

K(P,p,p") =V(pL,pL'), withp, :=p—p|, p| = 55 P,
or (in the restframe of the particle)
K(P = (M,0),p,p') =V (,7")
in general.
¢ motivated by the success of the (non-relativistic) Constituent Quark Model
¢ implementation of confinement by a string-like potential

Defining the SALPETER-amplitude

Y

o(p) = /— x(p°, )

P=(M,0)
introducing projectors on positive and negative energy solutions Az-i(ﬁ) — wi(gc)u#(g)i (P) 7
with H;(p) = ~o ((¥-p) +m;) the DIRAC-one-particle hamiltonian and w;(p) =

\/m? + |p]2, and integrating the L.h.s. and the r.h.s of the BETHE-SALPETER-equation

over p° we obtain, for instantaneous interaction kernels and free-form propagators, in the
rest frame of the particle-antiparticle system the SALPETER-equation:
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| SALPETER-equation

5 VB R[]
M+w1(ﬁ)+w2(ﬁ)
& VE e
Mm@ =) 2D

3@ = Ao 0Af (~5)

— AT @0

Normalisation

3
/ (;wéjs tr |2t (AT (D2@A; (—5) — @ (@)AT (D)@ (—7)] =

The SALPETER-equation constitutes the basis of virtually all constituent quark models:
= full SALPETER-equation (instantaneous BSE)

= reduced SALPETER-equation ( “relativised” SCHRODINGER-equation: relativistic
kinetic energy, relativistic corrections to the potential (in: A*) (‘R’"CQM) )

St. Godfrey, N. Isgur, Phys. Rev. 32 (1985) 189; S. Capstick, W. Roberts, Prog. Part.
Nucl. Phys., 45, (2000) 241
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| Light Mesons with the SALPETER-equation

The instantaneous interaction kernel (potential) V' contains a

confinement potential:

3p/ 3,/
/(;1:)3 V(0 p)e(p) = ((21:)3 Ve (|5 — 7)) Te(@)r,

where V¢ (|p—p"|?) is the FOURIER-transform of a linearly rising potential V¢ (|2, —%3|) =
+ be - |Zq — Tg/, with a “suitable” spin-dependence, given by the DIRAC-structure T,
chosen to minimise spin-orbit effects.

spin-flavour dependent interaction from instanton effects:

3 . 3 1
A‘C(Q) — E Sj Sj Sj geff(z)eikleimn (iackcn(sclcm — §5ckcm 5Cncl)
1 k,l

Ck-°l
m,n m-,en

[(Pher Tncn) (Yier TUmicm) + (Phe, 77 nen) (Vi 77 Uinsepn)]

where i, k,l,m,n € {u,d, s} are flavour and cg, ¢;, c¢m,, cn € {r, g, b} colour
indices.
e flavour antisymmetric; U 4 (1) symmetry breaking; acts on J = 0 only.

New Theoretical Tools for Nucleon Resonance Analysis Workshop, 29.08-02.09.2005, ANL —p.9



d3p/
(2m)3

where R, represents a regularisation function (=- finite range (0.3-0.4 fm)) and G(g, g’)

is a flavour matrix.

Parameters of the SALPETER model:

Vi, p)®(@') =4 G(g,9")

| SALPETER-model parameters

dSp/
(2m)3

RAB, 7)) (Ttr [@(F")] +~+°tr [@(B")V°])

Model A Model B

masses mn, 306 MeV 419 MeV

ms 503 MeV 550 MeV
confinement ac -1751 MeV -1135 MeV

b 2076  MeV/fm 1300 MeV/fm

F-T| 5(I-T—5-7) | 5(T-T—v5-75 — ")
instanton g 1.73 GeV—?2 1.63 GeV—?2
induced q’ 1.54 GeV—?2 1.35 GeV—?2
interaction A 0.30 fm 0.42 fm
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(pseudo)scalar mesons
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| (pseudo)scalar excitation spectrum
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| Meson Spectra
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| Meson Form Factors

The meson form factors for the transitions M (P) — M(P’)vy*(q) with a photon virtuality
= (P — P’")? =: —@Q? are defined via the current matrix elements by:

JH = (M(P') [j(0)| M(P)) = Q- fa(Q?) (P + P')*

The lowest order contribution to the current m.e. is:

4 i
(;Tl))zl tr _I_’(p — 3)51(5 +p— q)’y“’Sl(g —l—p)I’(p)SQ(—g —|—p)]

J(‘)‘ = —e1

o
rer [ Lo Mo+ D8I +PL0ISa(=5 + 007" Sa(~ +p+a)|.

(=D - (DD

The vertex function in the rest frame of the meson P = (m, 0) follows from

3 /

where I'(p) p := Sl_l(g +p) xp(p)Sgl(—g —I—p)
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| Charged Pion Form Factor

and the BETHE-SALPETER-amplitude for any on-shell momentum P with P? = M? is

then given by

xXp(p) = SAPX(M’(T) A

1
p

where S denotes the transformation of DIRAC-spinors .
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| wry - K* K~~transition form factors
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| D- and B-mesons

(formal extension to f; € {c, b})

Mass spectra:

D D Dy D, D; D, D Dy, Dg D3,
B B B B B3 B B
— — — —
= {— j— o —
3500 — — 7000 — |__ L _ -
(—
3000 — 6500 — |— =
= 2500 | — L = | = e - = — — —
2 —_ -— — = 6000 -
= — =) -
e
= —_— g
2000 —| — —— 5500 —|
1500 —| 5000 —
1000 — 4500 —|
Jre 0~ 1 0" s o 0~ 1~ ot 1+ 2+ I 0~ 1~ ot 1t 2t 0~ 1~

semileptonic decays

hadronic weak decays (with factorisation)

D. Merten et al., Eur. Phys. J. A 13 (2002) 477

New Theoretical Tools for Nucleon Resonance Analysis Workshop, 29.08-02.09.2005, ANL —p.17




| Semileptonic decays B — D" (p
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B — D) decay observables (I'[103|V,|2s~ 1))

| B- and D-semi-leptonic decay observables

exp mod A | mod B | ISGW2
I'(B — D) 1.05 | 093 | 1.19
I'(B — D*) 278 | 264 | 248
L', 1l 1.24 +0.16 1.14 1.20 1.04
Ty /T 023 | 027
R 1.18 £0.30 & 0.12 1.18 1.10 1.27
R2 0.71 £ 0.22 + 0.07 0.94 0.87 1.02
Ds — n/n' /¢ decay observables (I'[101%s—1])
exp mod A | mod B | ISGW2
['(Ds —n) | 524+141 | 405 | 3.11 3.5
I'(Ds —n') | 1.804£0.69 | 1.27 1.75 3.0
I'(Ds — ¢) | 4.03+£1.01 | 7.89 | 9.67 4.6
L'y /Tp 0.72 £0.18 1.20 1.42 0.96
Ty /T_ 020 | 0.33
A1 (0) 066 | 0.79
V(0)/A1(0) | 1924032 | 177 | 1.30 2.1
A5(0)/A1(0) | 1.60+£0.24 | 085 | 0.63 1.3
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| B- and D-semi-leptonic decay observables (II)

D — K®) decay observables (I'[1010s~1])

exp mod A | mod B | ISGW2
"D — K) 7.97 +0.36 7.51 7.26 10.0
'D— K*) | 4.55+0.34 7.64 10.08 5.4

Ty, /T 1.144+0.08 | 1.29 1.48 0.94
T, /T_ 0.21+0.04 | 023 | 0.34
A1(0) 0.56£0.04 | 0.69 | 0.81
V(0)/A1(0) | 1.82+0.09 | 1.54 1.18 2.0

A5(0)/A1(0) | 0.78 £0.07 | 0.81 0.62 1.3
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| Baryons: ¢°-Bethe-Salpeter-Equation

'S )
— 44— — 4 0
S . 3 i
i:': — +-|K()i': FY —<{F *
—

cycl. Perm.

describes bound states of mass M* = P? and total momentum
P = p1 + p2 + p3, Where:

* B= = (0|TY¥(z1) Y(z2) Y(x3)|P), Bethe-Salpeter-Amplitude
° <« = (0|Ty(x)(2")|0) = Sp(x — '), full quark propagator

o |i® i i - '
irreducible three-particle kernel

© irreducible two-particle kernel
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| Salpeter-Equation

Free constituent quark propagators and instantaneous interaction
kernels =

A __ A
HDY, = MDY,
Eigenvalue equation for baryon mass M with:

dp; d
* Salpeter-Amplitude:  ®,,(p;, p,,) : /ﬁﬁxM(pg Py)

Projection: @4, := [Af @ AT @ AT + A} ® A; ®@ A;] @,

° @) in baryon rest frame, M = (M, 0)

® Salpeter-Hamilton-Operator: H = H (V(S) 7 V(2))

Norm: P 1Ay = [ e dpy g oA — oM
- (P |Phy) = o1 2m M(p§7pn) M(pgapn)—

= induces a (positive definite) scalar product (®,|®,)
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| Salpeter Hamiltonian

... approximate treatment of V(2) . .:

3
(H® ) (Pe, Pn) = Y Hi @ (e, Pn)
=1
+ (Af@Aj®A§+A1— R A5 ®Ag)
dgp’g d’p;,

0 0 0
VETET [ Gn3 (2m)

+ (AT @Al @AT - AT ® A7 ® A7)

d?’p’5
s [V @) @ 1) 0.5

Y1

+ cycl. perm. (123)

V(B) (ﬁ{)ﬁn7ﬁ’,§7ﬁ{r’) CI)M(Z?,&)Z;{Q)

° AF(p;) = @it Energy projectors

2w;

® Hi(py) :=+° (vpi +my) Dirac Hamiltonian

... Solved by diagonalisation in a large finite basis...
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| CP7T -symmetry of the Salpeter equation

H is not positive definite with respect to the norm (.|.)!
— There are positive and negative mass eigenvalues M !

Spectrum (schematically):

M>0

M<0

CPT

=+

CP7T transforms solutions @7 ,,

with parity = and negative energy
— M into a solution with parity —x
and positive energy M

3
®, = ®’YO’Y5 Ty
i=1

= 1-1-correspondence with states
of NRCQM appears.

But: Baryon states with positive and negative parity are coupled !
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| Confinement and instanton induced interaction

e Quark confinement realized by a phenomenological string potential for 3 quarks:

(Ansatz similar to NRCQM)

3
Véoz]f(xl,}(z,x;g) = Ag |+ B3 Z |Xi — Xj

i<

3-Quark-String

with Dirac structure:
A =0 [10101+7°87° 0 T+7° 01840 +104° @]

B3:b%[—]I®][®]I—|—70®70®]I+70®][®70+][®,70®70}

Spin-orbit effects are small and Regge trajectories are quantitatively correct.
e Spin dependent mass splittings form 't Hooft’s interaction (induced by instantons):

v.(2) (x1 — X2) =

t Hooft

1 ( |x1—x2\2>
exp | — :
A3W% i A2

— AL (g"rz/n/ Pﬁ(nn) + dns Pi(ns)) []I X I + 75 02 75} PSDl2:0

\ . 7
~

flavour-dependent coupling

= spin/flavour-antisymmetric quark pairs;
= does not act on: flavour-decuplet, spin-symmetric states;

= no L - S, no tensor forces.
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| Model parameters

J b)

baryon ground-states (octet und decuplet)
and

parameter value
quark- ‘nonstrange’ 330 Mev
masses 'strange’ 670 Mev
confinement offset -744 MeV
slope 470 MeV fm—1!
't Hooft’s nn-coupling 136.0 MeV fm3
force ns-coupling 94.0 MeV fm3
effective range 0.4 fm
Parameters are fixed by
the A-Regge trajectory
— Confinement parameters «, b and
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Light-flavoured Baryons
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| Instanton-induced effects in the N*"-spectrum
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| BSE «— NRCQM(Vconf. + Vi) N
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| other interactions with the Salpeter equation

alternatively one could substitute the interaction:

¢ instantaneous OGE and scalar confinement = too large L S-effects, too large o g,

¢ instantaneous GBE and scalar confinement = too large LS-, and Tensor-effects ...

... a naive implementation of these interactions in the Salpeter-approach does not lead to
a satisfactory mass spectrum ...

Electroweak properties

Electroweak currents and strong two-body decay amplitudes (as for mesons) calculated
in the Mandelstam formalism, in lowest order parameterfree ...
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| Magnetic moment matrix element

(@] aled))

H="""3n
relativistic single particle- single particle-
weight ang. momenta spins

A

3 .
) W1 + Wa + W3 €a 73 €3 3
= — T®I®-—>° + zykl. Perm.
H M Za:l R B s T

3

3

1 N 0 center-of-charge
— 03 Eijkﬂ Z 2wapo‘ Z B@pj ang. momentum
a=1 6=1 B

Salpeter-Amplitude normalisation: (®4,|®%,) = 2M

New Theoretical Tools for Nucleon Resonance Analysis Workshop, 29.08-02.09.2005, ANL —p.31



| magnetic moments [/ ]

Baryon BSE Exp. GBE
D 2.77 2.793 2.70
n -1.71 -1.913 -1.70
A -0.61 -0.613 -0.65

>t 2.51 2.458 2.35
Py 0.75 — 0.72
) -1.02 -1.160 -0.92
=0 -1.33 -1.250 -1.24
= -0.56 -0.6507 -0.68
AT 207 27+15+1.3 2.08
ATT 4.14 3.7—-7.5 4.17
Q- -1.66 -2.0200 -1.59

from: K. Berger, R.F. Wagenbrunn, W. Plessas, nucl-th/0407009
Tim van Cauteren, et al.: Eur. Phys. J. A20 (2004) 283
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| Charge radius

Charge radius for a state with Salpeter-ampltude ® ,;:

(@ar|72|®ar)
2M

(r?) =

where

O N

and :

with ¢ the quark charge operator.
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| Squared charge radii [fm]’ — results

Baryon XPT%% JHB exp BSE Baryon | BSE
p 0.717 /0.717 0.757 4 0.014 0.74 A~ 0.27
n —0.113/ — 0.113 —0.1161 £+ 0.0022 | —0.187 A° 0

AT 0.27

AYO 0.03 +£0.01 / — 0.09 — —0.120 ATt | 0.55
»t 0.60 £ 0.02 / 0.72 — 0.66 Dy 0.38
IC —0.03 £0.01 / — 0.08 — 0.1 PIRC 0.05

i 0.67 & 0.03 / 0.88 0.61 £ 0.12 £ 0.09 0.45 D= 0.28
=0 0.13 4+ 0.03 / 0.08 — 0.068 =*0 0.12

e 0.49 £ 0.05/0.75 — 0.43 S 0.29
A 0.11 £ 0.02 /0.00 — 0.005 Q- 0.28

B. Kubis, U.-G. MeiBner, Eur. Phys. J. C 18 (2001) 747
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| RCQM electric nucleon form factors
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| RCQM magnetic nucleon form factors

3 —T1 1 1T T 1] © . ——
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1 -05 —
O 1 7
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| RCQM.: isovector < isoscalar

| | |
dipole
0.8 isoscalar -
0.6 Isovector ------

0 05 1 15 2 25 3
Q*[GeV?

isoscalar electric form factor: dipole shape
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B(Q%)/Gp(Q%)

GE(Q?)
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|
Platchkov
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NIKHEF
MIT /Bates
TIJNAF
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full

half
Zero

| RCQM nucleon electric form factors

varying the strength of
the instanton induced
spin-flavour  dependent
interaction: 0.0, 0.5, 1.0 of
the value determined by
the spectrum
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1 (Q%)/1pGp(Q7)

G (Q%)/unGp(Q?)

| RCQM nucleon magnetic form factors

14

_ varying the strength of
the instanton induced
spin-flavour  dependent
interaction: 0.0, 0.5, 1.0 of
the value determined by
the spectrum

1.1
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0.01
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RCQM G%./G" and Fy/ F1 at large ()°

VQ2F /Fy

,UpG%/GIJ)\/[(QQ)

1.4

1.2

1

0.8
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TJNAF F—<— —
calc
cale (x 0.7)

Jones —+—1 _|

1.5
Q?[GeV?]
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| RCQM N — A magnetic transition form factor

relevant for large Q* behaviour

1.2 M I I I I I I I I
(+++)
(++-)+F -+ =+
1-é:§§§£ (—=H +(—+=)+ (=) i
Q 'R (——-)
0.8 o total —
N@’ /
\Q/ 0.6 —
@)
o™
<04 F -
.
@)
0.2 —
0 _\‘\ —
02 L | | | | | | | |
0 0.5 1 1.5 2.5 3 3.5 4

2
Q*[GeV?]

lower components of Dirac-spinors:

help a bit at low Q? = “pion cloud”?
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Photon couplings (helicity amplitudes) [10_3GeV_%]
state Calc. PDG Calc. PDG
P33(1232) A% —89 —135+6
AN, —152 —255+38
S11(1635) A7, 113 90430 | AF,, =75 —46+27
$11(1650) A7, 5 53+16 | A}, 16 —15+21
D13(1520) A}, 53 -24x9 | A}, 1 —59+9
A 51  166+5 | Az, —52 —139+11
D13(1700) A%, -13 —18=x13 | A}, 16 0+50
A%, 10 -—2£24 | A}, 42 -3+ 44
Dy5(1675) A7, 4 1948 | A}, 25 —43+12
AL o 5 1549 | A%, —33 —58+13
P11(1440) A7, 48 —65:4 | A7, 27 40+ 10
P11 (1710) A7, 53 9422 | A, 27 2414
S31(1620) A}, 18  27+11
D33(1700) A% 63 104 £15
Al 68 854 22
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AR[1073GeV~1/2]

Helicity amplitudes
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Helicity ampitudes A]f /29 Aé’ /27 5 f/z
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L. Tiator, D. Drechsel, S. Kamalov, M. M. Giannini, E. Santopinto and A. Vassallo, Eur.
Phys. J. A 19 (2004) 55 [arXiv:nucl-th/0310041].
(Simon Kreuezer)
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| Semi-leptonic decays

I [106s71] Exp. Calc.

A —pe e 3.16 -0.06 3.10
St Aetr, 0.25+0.06 0.20

P S-S Ae~ 7, 0.384+0.02 0.34
YT —ne e 6.9 +0.2 4.91

—Xte v, 0934+£0.14 0.91

(@}

/ Ex Calc E-—X0e 1 0.5+ 0.1 0.51
S . | 5= Ae D 33402  2.30
n —pepe  1.2670+0.0035  1.21 A —ppmop 0602013 047
N o I, . ST—npTp,  3.044+027  1.60
e e o ‘ o == Ap~ 7, 21413  1.04
YT —ne Ve 0.340 £ 0.017 0.25 0O — EO e Ve 68 + 34 46
20 »step. 132707 £0.05  1.38
== Ae e —0.25 + 0.05 —0.27
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| Strong decay widths

N7 decay widths I'|MeV] Ar decay widths I'|MeV]
Decay BSE GBE 3Py PDG Decay BSE °Fy PDG
$11(1535) —» Nm 33 93 216 (68+15) 72 | — Ar 1 2 <2

S11(1650) — N7 3 29 149 (109+26)"% | > Ar 5 13 (6+5) *°
D13(1520) - Nm 38 17 74 (66+6) . | > Ar 35 35 (24+6) )
D13(1700) > Nm= 01 1 34 (10+5) "2 | > Amr 8 778  seen

D15(1675) > Nm 4 6 28 (68+7) T | - Ax 30 32 (83x7) T

P11(1440) - Nm 38 30 412 (228+18)"22 | - Amr 35 11 (88+18) 2>

P33(1232) > Nm 62 34 108 (119+0) ?

S31(1620) > Nm= 4 10 26 (38+7) '3 | - Ar 72 18 (68+23)" ]

D33(1700) > Nw 2 3 24 (45+15)F 2 | > Ar 52 262 (135+45)" )

s

3Py: S. Capstick, W. Roberts, Phys.Rev. D49 (1994) 4570-
4586
REME (GBE): W. Plessas, nucl-th/306021
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| S d litud 1
trong decay amplitudes exp. calc.
N — N N — Ax
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| RCQM hyperon form factors

context: electromagnetic coupling to hyperons to be used as guidlines in hadronic models

for strange meson photoproduction

~ 08—
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BSE (solid): T. van Cauteren et al., Eur. Phys. J. A20 (2004) 283
ChQSM (dashed-dotted): H. Ch. Kim et al., Phys. Rev. D53 (1996) 4013
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| RCQM =-hyperon form factors
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| RCQM hyperon transition form factors
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| RCQM hyperon A — A + ~ helicity amplitudes

SO1
,Q_.A 0 ;:::__— = j_;'.-.;.;s;:aéfb'?;:.:
S 10F Sox(1800) £
Q E 3 ]_
(&) E E — 2
5 " ; A — Avy; A[1073GeV™ 2] ;T [MeV]
g a0f E
< wob/ ] state |Ai||As|I(calc) T'(exp)
2 2
- 40 ———— 1 — +0.008
‘% 30§ S4,(1405) _z 801(1405) 51-5 - 0-912 0.027_0008
< 20f : 0.042
2 1t Do3(1520) 5.50 41.2 0.258 0.1257) )52
& a5fF ] 05 S,.,(1800)
o [/ Py, (1810) ] S W)
Q? (GeV?) Q? (GeV?)
P03 D03 I:)05
— VT T 60— & E T T
< : 1 0 < £
E 20§ P,,(1890) " Dy3(1520) E _
“ 30 5 10F :
= 20 z £ -7 E
. 1o].~Du(16%0 . 5f B :
< Y ———————— 208 - E
) i R B 25E | L
— BT -
A >
R o :
e e 3
<§ 5_ P,5(1890) _ -30 [ Dog(1520) — <S _ _ :
qob v v v i S B 7| S R B b v 1
D S 71 71 ] N1 T ] & ac 10p T T
ER | Sof \puts) 1% ;
O OpPEpTRyTTTTT 3 SE o E
2 | 2 U3 E
RN ; R 2 pye0) o
o [ Pos(1890) O ok oF 0 -
) N T , 19F E .Dg? I
10, 2 4 6 0 2 4 6 12 2 2 4 6
Q? (GeV?) Q? (GeV?) Q? (GeV?)

New Theoretical Tools for Nucleon Resonance Analysis Workshop, 29.08-02.09.2005, ANL —p.51




A, (10°Gev"?

C,, (10°GeV"?)

A, (10°Gev"?

A,, (10°GeV"?)

C,, (10%Gev"?)

30
20
10

-10
-20
-30
-40
-50

-5
-10
-15

-20
-25
-30
-35

O

AN—X+7y

SO1

TP TT T TR
o
8

ps

/1P, (1810)
/

L GRAA LALL LLRRS AR Ly Lt

~

N
Ey
(-]

\

E B 3
F P890 T :
-7 P@ E
L7 1
C 1 . | ]
r —— _
F P,4(1890) ]
T P =
= E
- 7 E
:_//Pég) _:
: 1 . A b
0 2 6

Q> (GeV?)

-100

20

S,,(1800)

-20
-40
-60
-80

e RARRAL

o
e

=
=
[=2]
S
o
e

S,,(1405)

50
40
30
20
10

RRARERERRNRERSEaRRE)

\

' S¢,(1670)

\
N
N

T
(7
[
I~
=
©
[=]
IR=4
S
1
!
I

40

-60 |-

-80
80

60

£
o

N
o

o

N}
5]
o T TTT

o

A,, (10°Gev™?)

C,, (10°Gev™'?)

N

!
-
_|_
2

I:,11 S11

W————T T 20— ]
10 P® 3 10 E-s,,(2000) E
Sl ] 0 i S

-10
-20
-30
-40
-50
-60

W LA LAAE LA AL AR RARS =i

20

[*)
o

© T
T

£
(=]
N
o

(GeV?)

N[~

A — Yvy; A[1073GeV™

|A1]|Az|T(calc)
2 2

So1(1405) 30.3 -

J; I'[MeV]
I'(exp)

state

+0.004
0.233 0.01070-094

+0.007
0.0123+9-007

23.3 30.0 0.157 0.304719-076

Do3(1520) 1 0.070

New Theoretical Tools for Nucleon Resonance Analysis Workshop, 29.08-02.09.2005, ANL

-p.52



20

10

P T

(GeV?)

P, ,(1660)

/

TITT T

140

120
100

AR ald LAY LR LA REAN LERSY AR

10

&
S
© T

o

]
F S,,(2000) - | E
T —
E_ S4,(1750) E
- 5,,(2000). .~ E
E . v vy L]
0

o

A,, (10°GeV™"?)

C,, (10°Gev"?)

w
o

T
\

TTTTTT]TR

-5

[
-
o

S,,(17 »)7_<_77_,,7:
| 8,,2000) .
S,,(1620) 3

.
L
(3]

©

QZ

o

(GeV?)

New Theoretical Tools for Nucleon Resonance Analysis Workshop, 29.08-02.09.2005, ANL — p.53



A,, (10%Gev™) A, (10°Gev'?)

C,, (10%Gev™?)

Z% — 24y

D13 P13 D13 I:’13 D13

N W3 ~ 20— 60 ——— e —————————y 10 e ———
& E T T ] ERg F E
100 3 10F--._Dg(1670) 3T 10F P(1385) 3 50 = 7 R SN
8 1 0 Y [ iz 1 o B i6T0r
i 0 KO - Ef 1 .5ED,1580) e E
60 4 2 7, -10F 1w L EN 1 = ;
I = 3 3 % 3T E R 2 ) E
40 E « E E T ERM ER -~ P
20 E -50 = o D,,(1670 E <= E 20F S E
E -60 E I D i S ————— & 25 E
0 3 70 E L U7 N RN RN [0 S R
——— 80 40—
60 30

E D,,(167

o=

Ay, (10°GeV™)

o
A L MLl L )

1 20 E

3 .30 R R
5 ——————————— r 1 I —— 3 20[
Fp,1385) __________] 12 N & ST ] 3
o= "B 5080 . 10F 3 L /Py(1840) T~ 3 o
E 19 ] sf \\P\‘3(1840) ] 18 / ] of
sF B 6 S . Jo 1 -0
, - ~ g ER = 4 3
] 4+ e — 1T 0 3o mpapre e - E
/Pyy1840) ] N ] E N ] =
] o | Pus(2080) "= D,5(1580) ig b E N
_15:/ R P R _2'P.13(.13§5)| L R R R LT 3
0 2 6 0 2 4 6 0 2 4 6 2 6 i 2 4 s %

4 0 4
Q@ (Gev) @ (GeV?) Q®  (GeV) Q®  (GeV) Q:  (GeV?)

New Theoretical Tools for Nucleon Resonance Analysis Workshop, 29.08-02.09.2005, ANL — p.54



| Isospin Asymmetries A — A/> + ~
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| Helicity Asymmetries Y — A/ Y0+
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| charmed baryons

(formal extension to f; = c)

¢ Mass spectra:

Ac ¢ = Q C cc Qcc Qt:cc
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¢ semileptonic decays (prelim.):
LAY — Aetve]: 1.58 101! s~ (calc) « (1.02 4+ 0.30) 10" s~ (exp)
T[AT — Aptv,]: 1.40 101 s (calc) « (0.97 £ 0.34) 10" s~ (exp)
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| Finale

Constituent Quark Models provide a very useful tool for relating various hadron
properties: mass spectra, electroweak form factors, decay amplitudes

constitute a reference frame for discriminating exotics

Frameworks:

Field Theory
Bethe-Salpeter/Dyson-Schwinger-equation
... with instantaneous potentials (full Salpeter Equation) (confinement +
instanton induced interaction)

= parameter-free calculation of amplitudes (in lowest order)

Quantum Mechanics
Quark Dynamics from a “relativised” Schrodinger Equation on the basis of
OGE or GBE + confinement.
Amplitudes in Dirac’s point-form formulation or parametrised

a unified description of light-flavoured mesons and baryons up to high masses and
spins has been achieved, implementing confinement by a string-like potential, in
the “R”CQM with e.g. OGE-based or GBE-based quark dynamics and (rather
efficiently) with instanton-induced interactions in the Salpeter framework;
extension to heavy-flavoured hadrons in progress

Implementation of relativistic covariance is extremely important for the quark dy-
namics and the description of amplitudes.
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