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Outline

» Motivation
» Pion cloud effects in electro-excitation of the A(1232) resonance

» A short survey of the coupled channel approach incorporating
quasi-bound quark-model states and meson clouds

» The underlying quark models used in our calculation

» Pion scattering and electro-production in the region of the Roper
(N(1440)) resonance

> The role of the #7 and K mesons in the formation of the (two) low
lying S11-wave resonances

» A short survey of the low-lying D-wave resonances

» Summary: an overview of the model-independent manifestation of
the meson cloud
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Motivation

» Which mechanism is responsible for the formation of a resonance:

> Jodo da Providéncia and Jo3o Urbano: 1978. Nucleon resonances
arise as excitation of the pion cloud around the bare nucleon.
Classical pion field interpreted as coherent state of pions; resonance
with good J and T obtained by Peierls-Yoccoz projection.

» Dynamical generation: a (quasi) bound state of the nucleon and a
meson

> Quark models: spin and radial excitations of the 3-valence quark core

> "Unified models” of nucleon resonances include quark-core
excitations + meson cloud around quark cores as an extent ion of
the da Providéncia-Urbano approach.

» How to disentangle different mechanisms?

> In scattering it is possible to reproduce the elastic and inelastic
amplitudes almost in any model by a suitable modification of the
coupling constants and the interaction ranges

> Meson electo-production amplitudes and the Qz—dependence of
different helicity amplitudes is a much more severe test to analyze
the structure of various resonances
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Meson-cloud effects, formally: M
\\\ . \M’
» MNN* vertex renormalization N ‘\|
N B B N
Y
LLLL ™
» yNN* renormalization /. K
N B B N* N B N
M e.g. P11 N°(939) + N°(1440),
> resonance mixing / \\| S11 N0(1535) +NO(1650),
N B Nx D13 N°(1520) + N°(1700)

N* =cosO N +sin0 N, 0 = o(W).

v

self energy D
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The underlying quark models involving mesons

» o-model with quarks

(bosonized version of the NJL model) (early work, only for A(1232))
» Chromodielectric model

dynamical confinement (early work, only for A(1232) and N(1440))

» Cloudy Bag Model
extended to pseudo-scalar SU(3) octet and the p meson:

k— i_
LS = =g Whalvsta 0 A (1= Roag) @ =1,2,...,8

parameterizes the baryon-meson and baryon-photon coupling constants
and form factors in terms of "f;" and the bag radius Rpag-

Parameters:
Rpag = 0.83 fm (from the ground state calculations)
fr =76 MeV (reproducing the experimental value of g nN)
fxk=12fn, fy=fr or 12fz, fr<fp<2frn

similar results for 0.75 fm < Rpag < 1.0 fm

Free parameters: bare masses of the resonances
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A(1232) helicity amplitude

A(1232) as the simplest system to investigate the interplay of quark and
pion degrees of freedom.

Linear o-model with quarks (LSM) and Chromodielectric model (CDM)
P.Alberto, M.Fiolhais, S.Sirca, B.G. PLB 373 (1996) 229.

Strong contribution of the pion cloud to the leading M1 helicity amplitude:
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A(1232) EMR and CMR ratios

The pion cloud strongly dominates the E2 and C2 amplitudes: the different Q2
behaviour of E2 and C2 amplitudes (equal for the point-like source) originates
from the long-range part of N and A w.f.
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N(1440) helicity amplitude

P. Alberto, M. Fiolhais, B. G., and J. Marques, Phys. Lett. B 523 (2001) 273.
Chromodielectric model: 7T and o-meson clouds and a chromodielectric field
which assures quark dynamical confinement. The Roper state includes beside
the quark excitation to 2s state and the pion cloud, also the lowest vibrational
mode of the o-meson field around the nucleon:

Yr = c1(15)% + c2(15)%(25)! + coat ¥y + cral ¥y
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Higher resonances

The helicity amplitudes are extracted from the measured meson
electro-production amplitudes A(W, QZ) which provide more complete
and less model-dependent informations about resonances.

Higher resonances are involved in processes like

’ N ’
’ N ’
4 4
Y ’/ M M’\\ ’/ M
. A .
’ \\ ’
N N# B N N# B
meson electro-production meson elastic and inelastic scattering

The proper treatment of such processes requires a coupled channel
approach. We have developed a formalism to compute the multi-channel
K-matrix which includes many-body quasi-bound quark states in the
scattering mechnism. The formalism is limitted to a class of chiral quark
models in which the mesons are linearly coupled to the quark core.
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Construction of the K-matrix

Aim: to 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

memMB = T\ T W (3 W)V (k)| [F5r)

by using principal-value (PV) states

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

normalized as

CEMB (W) [$ME (W) = §(W — W) Spap prp (1 + K2) i mis



Motivation A Roper CC Approach P11 wave S11 wave D-wave resonances D13 D33 Conclusions BACKUP

Ansatz for the channel PV states

free meson
, (defines the channel)
|'"Ij]1 ) = Ll

wwﬁfwmwmw

bare (genuine) baryons (3q)

MB
+%C73 |[PR) meson “clouds”
with amplitudes x
dk XMEMB (k) ¢ 4 }
k) [¥p))!
+£/wﬁ%% () ¥i)]

Above the meson-baryon (MB) threshold:

E 1E s 1R/
Ky mp (k k) = 70/ ey it x5 M8 (k k)
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T matrix for scattering and electroproduction
Solution for the K matrix

[wmEp | wpmEpr V VB/R
KMBM’B’ =TT KW M/W [ (M'R W) +DMB,M’B’

|Pr) =Y Urgp/|Pr)
R/

V = Upr Vi
BR \/TZ RR'VBR

and for the T matrix

TMB,M’B’ = KMB,M’B/ +i Z TMB,M”B”KM”B”,M’B’
M//K//

Including the N channel

TrveN = Kvson 1) Tvig e Knepr on
MK/

En 1p!
KM/B/,'yN:_n\/a]? (MB||V7||‘YN>
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Separation of the electroproduction amplitudes

Muon = MJ(\Z%E')yN + Mz(\glggy)N

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

T EY 1 -
Mz(w?)w \/ TN <‘F1(\§fs)(w)|VW|TN> TmB AN

EN T NN
Ay

The helicity amplitude Ay, for electro-excitation:
Ane = (X5 (W)[7,[F)
The resonant state takes the form:

VM
P (W) = F{m v [ S wen) }
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P11 scattering

D13

Cloudy Bag Model, Rp,; = 0.83 fm, fr =76 MeV
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N(1440) = cos 8 (1s)> 4 sin 6 (1s)%(2s)! = cos & N°(939) + sin § N (1440)

Included 77A and 0N channels, N(1710) resonance with g, gx(1710) ~ %gnBN*
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P11 photoproduction amplitudes on proton

[10° meY

Mi_ (y+p— m+N)

Conclusions
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exp —e—
SAID fit
MAID fit

total
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and S. Sirca, Eur. Phys. J. A 38, 271 (2008),

B. G.
B. G., S. Sirca, and M. Fiolhais, Eur. Phys. J. A 42, 185 (2009)
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P11 helicity amplitude on proton

AV, (7 +p — N(1440))

exp —e—i
total ——
quark core
pion cloud ——
vertex corr. ———
, Rpag =1 fm —/——

0 0.5 1 15 2 25
Q?[(GeV/c)d]
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S11 scattering

Single-quark excitations 1s — 1pj/, and 1s — 1p3 /5
N(1535) = cos 0|°8;2) —sin0|*815), N(1650) = sin 6]|°8; ) + cos 0]*81 /)

Included channels: N, wA(1232), 0N, yN, tN(1440), pN, KA, (KZ).
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S11 photoproduction and helicity amplitudes on proton
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. G., S. Sirca, Eur. Phys. J. A 47, 61 (2011)
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D-wave resonances in quark models

Single-quark excitations 1s — 1pj/, and 1s — 1pz /5

D13 resonances: N(1520) = —sin 0|*83,,) + cos 0|83 5)
N(1700) = cos0|*83/,) + sin 0]?83,)

251855 = ciys| (19)%1p3 2) ms + cipal(15)%1p3/2) ma + cal (15)*1p1 /)

D33 resonance: A(1700) = [2103,5) = %2|(15)21p3/2) — 2|(15)21py2),
D15 resonance: N(1675) = [485,2) = |(15)?1p3,2) -

Considerable modification of quark-meson coupling constants with
respect to the corresponding quark-model values:

B. G., S. Sirca, Eur. Phys. J. A 49, 111 (2013)
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D13: elastic scattering amplitudes
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D13: helicity amplitudes (Rpae = 1.0 fm)

N(1520) 3/2~ resonance
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D13: photoproduction amplitudes

exp p Ha—
exp n —e—
L
T

total
quark
mes. cloud
backgnd
maid

mes. cloud

§ backgnd
maid —— o

&
T
Py
(0]
=
m
»

1100 1200 1300 1400 1500 1600 1700 1800 ) 1300 1400 1500 1600 1700 1800
W [MeV] W [MeV]



Conclusions BACKUP

CC Approach P11 wave  S11wave  D-wave resonances D13 D33
0000000000000

Motivation A Roper

D33: scattering amplitudes

Rpag = 0.83 fm,  grnn- = 2.4 gonne (QM), N* = A(1700) 3/2~
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D33: helicity amplitudes

A(1700) 3/2~ resonance
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D33: photo-production amplitudes
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Concluding remarks

» Pion cloud dominates (over other mesons)
> p-wave pions: strong contribution for P11 and P33 resonances;

similar results in different chiral quark models

> s-wave and d-wave pions: comparable contribution for the S and D
resonances; because of possible cancellations, the results may be
model dependent

» 7-meson and kaon clouds less important: sizable effects in the
region of the upper S11 resonance.

» Bare masses: typically 200 MeV to 500 MeV higher than the
" physical” masses; strange-meson loops contribute ~ 10 %

Where to look for the manifestation of the meson cloud?
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Manifestation of the meson cloud:

v

Clear and "unmistakable” signal
» E2/M1 and S2/M1 ratio of helicity amplitudes for A(1232)

» Strong signal, commonly agreed upon

> substantial enhancement of the TNA(1232) vertex
> large enhancement of the M1 electro-production amplitude on the A

v

Strong signal but still disputable (model dependent)

» zero-crossing of the helicity amplitude for N*(1440)
> substantial enhancement of the 7TNN*(1440) vertex

Moderate evidence for a sizable contribution
> helicity amplitudes for D33

v
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D15: scattering amplitudes

Rpag = 1.0 fm
NN = 225 gonn- (QM), g4 ave = 1.45 ¢4 Wave(QM) MB # niN
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helicity and photo-production amplitudes
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Self-energy correction (in MeV)
Resonance pion loops A\ loops KA/KZ loops total
A(1232)P33 201.5 201.5
N(1440)P11 66.8 66.8
N(1535)511 60.9 24.5 25.2 110.6
N(1650)511 133.0 3.5 82.7 | 2122
N(1520)D13 176.1 - 15 177.6
N(1700)D13 218.0 - 7.7 225.7
A(1700)D33 484.3 - 9.3 493.6
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Quark models with mesons

A natural environment: the model in which the mesons are linearly
coupled to the quark core:

H = Hypar + / Ak Y~ { @il (Ve (6) + [V (K () + . <.

Imt

ko) =y S0 () [V )

1
+\ _ T + -\ _
Generalized to

wiEN

I -
K (k, ko) 7T W

(FW)IV(K)]|®n)

The principle value (PV) states

Y1) =

i { [ rolen)]” - o volen)”
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Assumption about the two- and three-meson channels

27, 7ty and 37T decays through intermediate baryons (A(1232),
N(1535)S11, ...) or mesons (o, p, ...)

{7k

i

i -

B* b, T

”, P
N\ k.
A <£,2_)——‘ B*

T (kl )’f'
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Intermediate baryon state

For u ~ Mg, the intermediate baryon state can be written as

¥4 () = §@+W)|W<»

1 T (1)

Vz”\/MR 12+ 52(p)

u is the invariant mass of the baryon-meson system into which the
intermediate baryon decays.

‘/I\’R is the three-quark state surrounded by the meson cloud:

dk VA (k)

¥r) =2 [19r) = 3 [ S 0
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Equations for meson amplitudes (Lippmann-Schwinger)

XMEME (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?g/ are spin-isospin coefficients)

The solution assumes the form

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

KMBM’B’ (k k’) VM’ (k/)
M _ yM / 4 B'R
VBR(k) - VBR(k) ‘I'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’
i 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) TBR
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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 fy1):
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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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 —Mp) 0 0
0 0 ZR//(W) (W - MR//)

As a consequence, P mix:

|Pr) =Y Upr/|Pr)
R/

Vg = Upr Vip
BR = \/TZRRBR

Solution for the K matrix

[ wmE wp 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,M/B/
M/IK//
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Meson-quark vertices
quark pion
1 Wy, ,Ws 1 K jokR) & . .
VI (k) = — P2 — (i) Psy (i),
170,t( ) 2f7T\/(wP1/2 +1)(ws_1) 27 /—wk kR 1:21 f() 5?7()
1 ws 1 1 K jkR) [3] 3l

3
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s-wave 17 and K mesons
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pqq interaction involving the s-state and the p;_1/>-state quarks

p][ = /dk VPSP ZUM )t (i)ayn (k) + hee,
i=1 Mt

with possible values ] =1 and [ =0, 2:
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pqq interaction between the s-state and the p;_3,>-state quarks (SA):

SA
Hpﬂ_ P Z;:Z a]Mt(k)—i-h.c.
i=1 Mt

with]=1,1=0,2and =2, [ =2:
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