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The Coimbra - Ljubljana collaboration:
baryon resonances in quark models with meson clouds

Coimbra: Jo3o da Providencia, Manuel Fiolhais, Pedro Alberto, Luis
Amoreira, Luis Alvares Ruso;

Ljubljana: Mitja Rosina, Simon Sirca, B. G.
» A(1232) using

> linear o-model with quarks (LSM)
> Nambu — Jona-Lasino models

» A(1232) and N(1440) using

» chromodiectric model with pions and c-mesons

» Second resonance region
> Cloudy bag model

The model N(1440) Negative parity resonances Summar
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Flashback: electro-excitation of A(1232)

Helicity amplitudes for electro-excitation of A(1232) in quark models
with pion cloud, PLB 373 (1996) 229.

The pion cloud contributes almost half of the strength of the M
multipole and dominates the E; amplitudes.
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Aims of the present work

» Construct a coupled-channel approach that includes many-body
states of quarks (and mesons) in the scattering formalism.

» Use the same approach for calculating scattering and
electro-production amplitudes.

» Check the applicability of the method in a simple model of quarks
coupled to mesons focusing on the second resonance region.

> Investigate whether the resonances in this region can be explained in
terms of quarks (and mesons), or whether exotic degrees of freedom
are needed.

» Study the role of the meson cloud.

» Establish a contact between the observed resonances and the
quark-model calculations using bound-state boundary conditions.
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Some general features of the method

» Advantages

> Baryons are treated as composite particles from the very beginning;
the strong and electro-weak form-factors are derived from baryon
internal structure and not inserted a posteriori; as a consequence
the method introduces a much smaller number of free parameters.

> The physical resonances appear as linear superpositions of bare
resonances.

> The bare quark-meson and quark-photon vertices are modified
through meson loops as well as through mixing of resonances and
coupling to the background.

> The meson cloud around baryons is included in a consistent way
also in the asymptotic states.

> The method yields a symmetric K matrix and hence respects the
unitarity of the S matrix.

» Present limitations

> Because of the complex structure of the baryons in the model, the
method does not support a very large set of ingredients.
> No inclusion of meson-meson interaction or four-point interaction.
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Hamiltonian

The meson field linearly couples to the quark core; no meson
self-interaction or four-point interaction

Hmeson = /dkzwk alert (k)almt(k) + [Vlmt (k)ﬂlmt(k) + Vlmt‘(k)-r a}rmt (k):|

Imt

Vit (k) induce also radial excitations of the quark core, e.g. 1s — 2s,
1s — 1py/p, 1s — 1pzp, ... transitions.

For example: V(k) from Cloudy Bag Model (s, p and d wave pions):

— 1 kZ W Ws j[](ka ) 3
Vi:(i;}m(k) _ P1/277s ag

— T
2f /ar2wy \| (wpy, +1)(ws —1)  KkRpgg 121 t

1R w kR
Vimt (k) = . ag

? \/12n2wk ws —1 kaag ,Z% i
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Constructing the K-matrix

Aim: include many-body states of quarks in the scattering formalism
(Chew-Low type approach)

Construct K-matrix in the spin-isospin (JI) basis:

dressed states

»”
K wmEp

M mMB = [ T W (I W)V (k)| [ 5r)

by using principal-value (PV) states

et ) = i { ot )]~ 2y V) )}

normalized as

CEMB (W) [FME (W) = §(W — W )dpp prp (1 + K2) i mis
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The model N(1440) Negative parity resonances

Ansatz for the channel PV states

free meson
(defines the channel)

%) = /R { ' ) )

bare (genuine) baryons (3q)
MB
+%CR [P=) meson “clouds”
with amplitudes x
dk xMEME (k k) | }
=+ 4 a (k) |Yg 1
T [ O B 1)

Above the meson-baryon (MB) threshold:

E E /!
Ky mp (K k) = 704/ T2 “{cﬁﬂvg’ XM (k, k)

27t decay through intermediate hadrons (A(1232), N(1440); o, p, ...)

Summary
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Equations for meson amplitudes (Lippmann-Schwinger)

XM ME (kK Zc VR (k) + ICMEME (1 Ry

/dk/ ICM/B/M//B// (k, k/)XM//B// MB (k/, kM)
M”B” w}l{ + EB" (k,) -W

with kernels

B/’ aJk + w,’( + EB//(k) - W

(fl%;,/ are spin-isospin coefficients)

The solution assumes the form

XMV ) = = e Vil (k) + DMEME (ko)
R
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Solving the coupled equations
Dressed vertices then satisfy:

ICMBM’B’(k k') VM’ (k/)
M _ yM / 4 B'R
VBR(k) - VBR(k) +N%//dk w}/{ —I—EB/(k') - W

and similarly the background part of the amplitude:

DM’B' MB (k, kM) _ ICM/B/MB (k, kM)
,CM'B/ M"B" (k, kl)'DM”BN MB (k// kM)

dK’
- M;B”/ UJ],(—FEB//(k,) - W

The coefficients C%,B in front of the quasi-bound states satisfy a set of
equations:

Y Arg/ (W) BP (W) = Vi% (k)
R/

VM (k) VM (k)
A = (W — M%) /dk BRV) YRR

Summary
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Mixing of bare resonances

To solve the set of equations, diagonalize A to obtain U, along with the
poles of the K matrix, and wave-function normalization Z:

. Zr(W)(W — Mg) 0 0
0 0 ZR//(W) (W - MR//)

As a consequence, P mix:

|Pr) =Y Upp/|®Pr)
R/

Vg = Upr Vip
BR = \/TZRRBR

Solution for the K matrix

[ wmE wpr Epr BRVB’R
K gt = TU WMEB M B —I—D 1B/

and for the T matrix

TMB,M/B/ = KMB,M/B/ +i Z TMB,MHBHKM//BH,MIB/
M/IK//
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Approximation: separable kernels

1 N (wM + wpy + Egr — W)
Wy —+ (L)],( —+ EB” — W - (CUk —+ EB” — EB,)(wl/c + EB// — EB)

W:EB+(UM:EB/+CUM/

The approximation has the property:
KM/B/ MB (k, kppr )2PPTOX = ’CM/B' MB (k, kM/)exact

and preserves the symmetry of the K-matrix: Ky prp = Kyrp g and,
as a consequence, the unitarity of the S-matrix.

Further simplification; for Vgp entering the kernel KM'B'MB (k k-
VL (dressed) = ri%, VAL (bare) M, = const

e.g. ré\mlplons = 1.3, as determined by solving the coupled equations in

the P33 partial wave. Most rM, =1.
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Including the vN channel
Only the strong Typ prp appears on the RHS:

TameyN = Kusyn +1 Y Tavig v Kiepr on
MK

[ “’WEN V| [

Choosing a resonance, R = N*, the principal—value state can be split
into the resonant and background parts:

E ~] dk YM dk V™ praex ot
) = i () 48 T [ e e @)

)T+ Y E%B@RH---}
REN*

MB ( bkg)>

kyW
= —KMBM/B/ ?m VM, |‘I’Tes > + |\Ij

. VM. E
Note B = Wi and n;:]WWN VM. = VT

Summary
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Evaluation of the amplitudes

The resonant part of the amplitude can then be written as:

EY 1 .
Mj(\;ﬁss)w \ Z;}Z,[ b <T§$S)(W)|V7|TN> Tnvipms

Ep TVEN*
AN

while the resonance pole is absent in the eq. for the background part:

(bkg) _y (K(bkg) K (bkg)
MMB’)’N = MMB')/N +1 Z/:I TMBM/B/MM’B’ AN
M'B

The helicity amplitude Ay, for electro-excitation:
Ane = (X5 (W)[7,[ %)

The resonant state takes the form:

|1Y res (W >

VM
Vi {'q’N* -2/ i’,fﬁéi”i(k [*<k>|*f3>]”}

Summary
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Cloudy Bag Model

Provides a consistent parametrization of the baryon-meson and
baryon-photon coupling constants and form factors in terms of "f;” and
the bag radius Rp,g.

From the ground state calculation: Ry, = 0.83 fm, fr =76 MeV
(reproducing the experimental value of g nN)

similar results for 0.75 fm < Rp,; < 1.0 fm

Free parameters: bare masses of the resonances
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The coupled channel formalism

The model

N(1440)

Form factors of S-, P- and D-wave
mesons-quark interaction

Determined by the bag radius Rp,g = 0.83 fm

Equivalent dipole momentum cut-off:

Negative parity resonances

Summary

As = 510 MeV/c, Ap = 550 MeV/c, Ap = 550 MeV//c
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rt-quark vertex: S, P, and D-wave pions

1 oo — 1 K jo(kR) & . ,
Vln:O,i‘(k) = 2f (wpl/§l+/12 Y(ws—1) 271, r kR 1‘:211—[(1) PSP(l)

P L@ 11 K kR @
Vlmt(k) - ( _1) o \[ o kR IZTf

, Wy (ws=1) 3] /. 2wy, (ws=1) 3], .
X <Um(l) + 7(‘]:(2,’11/24»1) Sg ](1) + 5“727:2/T3,/2_2) Sgnl (1))

2 3
VE (k) = - [ mpm V2 k Jz (KR) g~ i £33

2fr (‘”PS/Z*Z)“’S ) 2 Jawr kR =

Psp = Y |sm;j) (p1/2m;] 5[] \ﬁzcsmlm%/zm)@s/z il
m/ ]

\[ZCZmlm|P1/2m]><P1/2m\ ngf] chmzm|5ms (p3/2m]

m,m] msm;

Summary
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n-quark and K-quark vertex (S-wave)

Ul - P1/2%s
4 (k) - 2f’7\/wp1/21T2n_ \/— kR ; Psp
2 .
V() = & [—mpe 1 K ]o(kR)

ZfK (wpy o +D)(ws— 277_' /0 kR

x i(vf(i) + Uf(i)) Psp(i)
i=1

t==23, Vi = (Ag £ids)/V2 Ugy = (Ag £iMy)/V2
f’? :fﬂ or f77:1'2f7r

f =120fy.

Summary
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p-quark vertex (S = % S-wave and S = % D-wave)

. Y e S KR) = i
Vl Omt(k) 2f ) 27 /7 kR ;Tt(l)
W, w, [13],.
x (B \fona v} 43, [, 0 (z))
1 11 kK jp(kR)
0 . w, ws ]2
Viean®) = 20\ @5 30 273 Y kR ZT

fp =200 MeV

1
i = L Chmlsms) (promil 57 = Y C Jsms) ps o

msi; msi;

Summary
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P11 =N — MB
Channels: N, A, oN, M7tR (preliminary: #N, KA)
Parameters of the cN-channel: gong =1, me =450 MeV, T, =550 MeV
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P11 photoproduction (yp — 7N, yn — 7tN)

4 T T T T T T 4 T T T T T T
Re le_ % Im le.
3 ity exp F—— - 3 it
¥ SAID fit ¢
- 2r MAID fit 4~ 2k
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21 L 1r
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-1 ERS 4
1 1 1 1 1 1 1
1
0
F“l:‘ -1 ‘_’T:
S €
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P11 helicity amplitudes

The coupled channel formalism

The model

N(1440)

Negative parity resonances

Summary

Meson-cloud effects dominates the behaviour of the amplitudes at low Q?

80 T T T T T | 60
oo a0
Tl T

[0 [0
® 20+ O o
@ 0 20

‘9 20 exp —e— \9

hg i =
~ total —— 40

‘\__40 quark core i -
% pion cloud = Q(])'GO
60 F vertef corr, =——— 80

L I | Rbag =/1fm —
0 0.5 1 1.5 2 25

Q2 [(GeV/c)q]

exp
total

quark core
pion cloud
vertex corr.
Rpag = 11m

siik

0.5

1

15
Q2 [(GeV/c)q]

2

25



Motivation and aims The coupled channel formalism The model N(l440) Negative parity resonances Summary
P33 N — MB
Channels: 7N, A, 7R, oA, gaNa = 1.05¢,na(CBM)
Resonances: A(1232), A(1600) at K-matrix pole Mg = 1780 MeV.
0.6 FT T T T B 1 [T T T T ]
\ ImT
0.4 L i
08 SAID +—e—i
0.2 1L N |
) 0.6 A ——
o 04t oN -
: nR
-0.2 0.2 -
o ol Z
0.4 0
Il Il >” 1 1 1 1 1 1 1 1 Il 1 1 1 1
1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8
W [GeV] W [GeV]

Thin lines: only TN and 7tA channels included

Thick lines: R, oA channels added

Assuming (1s)!(2p)? configuration for the N(1720)P13 and A(1910)P31

resonances and keeping the same Rbagi gann+ = 0.
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S11 resonances

Single-quark excitations 1s — 1p1,, and 1s — 1py 3

®(1535) = —sin 0s|*8; 2) + cos 9s|*81 /)
= cal(15)2(Ap3/2)") + cpl(15)*(1p1/2) )1 + e (1) (1p12) )2

@(1650) = cos Us|*81/5) + sin 8s[*8, 2)
= cil(15)*(1ps2)") + cBl(19)*(1p1/2)" )1 + e[ (15)7 (1p1/2) )2
o = %(2(:05 ¥ —sin ¥s), 4= %(cos O + 2sind;), ¥ ~ —30°
Myhrer, Wroldsen / Z. Phys. C 25 (1984) 281

O is a free parameter in the calculation
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S11 (N3 (1535) and N3 (1650)) 7N — MB

Modified QM:

gman+ = 0.5gnan-BM
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S11 resonances

The coupled channel formalism

The model

N(1440)

Negative parity resonances Summary

1-
N3 (1535)
Tiot T'i/Tiot
[MeV] nN A 1N 7R KA
D-wave | S-wave
Quark Model 95 0.43 0.54 0.02 0.01 0 0
Modified QM 94 0.43 0.54 0.01 0.01 0 0
PDG 125 0.35 0.529 0.01 0.02 0.08
-175 -0.35 | £0.02 +0.01 +0.01 +0.02
1-
N3 (1650)
Ttot Ti/Tiot
[MeV] | nN N A N 7R KA
D-wave | S-wave
Quark M. 134 0.63 0.01 0.19 0.03 0.05 0.09
Modified 122 0.72 0.01 0.08 0.03 0.05 0.10
PDG 145 0.60 0.023 0.02 0.01 0.03 0.029
-185 -0.95 | £0.022 +0.01 +0.01 | £0.01 | +0.004
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S11 photoproduction (yp — 7N, yn — 7tN)

T T T T T T T T T T T T
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Motivation and aims The coupled channel formalism The model

S11 yp — yN

0 [ub]

[102 myY
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S11 9p — K+ A

‘ ' ' T T T T T T T
4 ReEq,: KaonMAID ——— | 51 |Eg4 KaonMAID ———
o SAID ——
T2 4 — 4 BoGa i
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£, €3l
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S o 2
= —
=2 i =,
lmEO+ 1 -
4+ i
1 | | | | 0 L | | ) .
16 165 17 175 18 1.85 16 165 17 175 18 185

W [GeV] W [GeV]
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S11 helicity amplitudes
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N
o

N(1535)

N ,

i

exp —e—i
total ——
quark core

pion cloud ———
Vertex corr, = ]|
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N(1440) Negative parity resonances
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i ]
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Summary
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1—
S31 (AL (1620)) 7N — MB
T T T T T T T T T T T T T T
595
06| 0.6 - - B2
SAID e ReT ImT
nN
041 joqp ——
PN ——
Ul " /J\(\
0 —~
_02 L
%505
0.4 d
1 Il 1 1 1 1 1 Il 1 1 1 1 1 1 L
11 12 13 14 15 16 17 11 12 13 14 15 16 17 18
W [GeV] W [GeV]
M

Modified QM: ga1pn+ = 280 BN+C

BM — CB
, Kbackground =12 Kbackground

T'tot I';/Tiot

[MeV] niN 7TA D-wave | p1N S-wave iR
Quark Model 35 0.41 0.43 0.15 0.02
Modified QM 97 0.36 0.44 0.17 0.02
PDG 135-150 | 0.2-0.3 | 0.3940.02 0.14+0.03 | 0.00+£0.01
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D13 (N3 (1520) and N3 (1700))

The coupled channel formalism

The model N(1440)

-0.6 -

PN
1

|04t

Negative parity resonances

nN — MB

Summary

Quark model:

Modified QM

S-wave: gpman+ = 0.37 gM NN+

14 15
W [GeV]

16

17

1.8

s gMNNe = L8 gmNNe
CBM

K-matrix pole My+ = 1650 MeV

no mixing of resonances
CBM

CBM

D-wave: gpran+ = 1.8 garnn+
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Summary
D13 resonance
3—
N5 (1520)
Ttot T;/Tiot
[MeV] N A A 01N
S-wave D-wave S-wave
Quark Model 169 0.16 0.81 0.01 0.01
Modified QM 130 0.60 0.33 0.01 0.01
PDG 100-125 | 0.55-0.65 | 0.15+0.02 | 0.11£0.02 | 0.0940.01
3—
Nj (1700)
Tiot Iﬂi/rtot
[MeV] N A TA 01N
S-wave D-wave S-wave
Quark Model 557 0.01 0.94 0.05 0.00
Modified QM 134 0.00 0.33 0.63 0.03
PDG 50-150 | 0.05-0.15 | 0.114+0.01 | 0.79+0.01 | 0.07£0.01
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D33 (A3 (1700))

The coupled channel formalism

nN — MB

The model

N(1440)

Negative parity resonances

Summary

11 12 13

1.4 15
W [GeV]

16 17 18

11 1.2 1.3 14 15
W [GeV]

Modified QM: gprnne = 2.5 gmnN-SPM, K-matrix pole My- = 1650 MeV

T'tot [ /Tot
[MeV] N 7TA S-wave | A D-wave | p1N S-wave
Quark Model 199 0.03 0.88 0.06 0.04
Modified QM 232 0.14 0.78 0.05 0.03
PDG 200-400 | 0.1 - 0.2 | 0.90+0.02 0.04+0.01 0.01+0.01
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Summary

» Using the same set of parameters in all considered partial waves
we have been able to reproduce the main features of 77- and
-induced production of pions, 77 mesons, and kaons.

» The role of the meson cloud turns out to be important in two
aspects: it enhances the bare baryon-meson couplings and improves
the behaviour of the helicity amplitudes in the region of low Q2.

» The enhancement turns out to be stronger in the case of the P11
and P33 resonances than in the case of the S11 resonances which
are dominated by the contribution from the quark core.

» The couplings of the resonances to different inelastic channels are
reasonably well reproduced, particularly in the #N channel, but —
probably — overestimated in the case of the cN and KA channels.

» The coupling of D-wave mesons is not well described: the strength
is too weak at small and too strong at large momentum transfer;
similarly strength of the S-wave A channel is overestimated.
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