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An understanding of the spectrum and internal structure of the
excited nucleons (N*) remains to be a fundamental challenge in
the hadron physics. Since the late 90s, huge amount of high
precision data of meson photo- and electro-production
reactions off a proton target has been reported from
electron/photon beam facilities. t

JLab, MAMI, ELSA, GRAAL, ...
They can be measured NOW with high precision!

Opens a great opportunity to make quantitative study of the N* states !!

/ \\ > Determine N* spectrum

WURERey — \LE%EE'/ > Extract N* form factors
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Moderador
Notas de la presentación
An understanding of the spectrum and internal structure of the excited nucleons (N∗) remains to be a fundamental challenge in the hadron physics. In fact. this experimental effort enables one to make a quantitative determination of the N∗ properties directly from the comprehensive analysis  of  data. Theoretical researches are also being made actively on the basis of the Lattice QCD and hadron models such as the Dyson-Schwinger equation.

Through the comprehensive analysis  of world data of πN, γN, N(e,e’) reactions 




Background:

A central goal of Nuclear Physics: understand the properties of
hadrons in terms of the elementary excitations in Quantum
Chromodynamics (QCD): quarks and gluons.

Elastic and transition
form factors of N=*

/ \

Unique window into their Broad range of

quark and gluon structure photon virtuality Q-
Unique information on the Probe the excited nucleon
roles played by emergent structures at perturbative and
phenomena in QCD non-perturbative QCD scales
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Parameterization formalism:

We employ a continuum quantum field theoretical approach based
on the Dyson-Schwinger equations of Quantum Chromodynamics.

3q-core+MB-cloud 3Cj;tore pQCD

Low Q2 ——— High @2
BES \ > Large momenta are needed
21§ S » timelike and/or complex
£3 8 [nonverumone | 77 *‘“ singularities that appear in
GE':; N /® ) propagator----- pole-free model
: NG _



Moderador
Notas de la presentación
We employ a continuum quantum field theoretical approach based on  the Dyson-Schwinger equations of Quantum Chromodynamics. Large momenta are needed in order to pierce the meson-cloud that, often to a significant extent, screens the dressed-quark core of all baryons. it is via the Q2 evolution of form factors that one gains access to the running of QCD’s coupling and masses from the infrared into the ultraviolet. Because of timelike and/or complex singularities that appear in the quark and diquark propagator.Only limited Q2 range can be studied if we solve the DSE and BSE consistently( Qin-Chang or Maris-Tandy model),  So here we use pole-free model propagators. 




Dressed-Quark Propagator :

S(p) = —iy - poy(p®) +os(p”)

os5(x) = 2m FQ(x + m?)) + F(b1x) F(bsx) [by + by F(ex)],
[1-F (2 (x+m?)].

Gy () = ——

—X

with x = pz/lz, m=m/A, Fx) =

os(x) = Aos(p?) and oy (x) = A? oy (p?)

m bp b1 b b3
A =0.566GeV. 000897 0.131 2.90 0.603 0.185
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Notas de la presentación





The parametrization is a
. . . : . —— sound representation of
: contemporary numerical
results.
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» Solid curve (blue): the parametrization of the dressed-quark
propagator
» band (green):—modern DCSB-improved kernels results
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Notas de la presentación
Evidently, although simple and introduced long beforehand, the parametrization is a sound representation of contemporary numerical results.



Faddeev Equation:

The attractive nature of quark-antiquark correlations in a colour-singlet meson
Is also attractive for color-antitriplet diquark correlations within a baryon

* Qurdiquarks are not static
* nonpointlike and fully interacting
* Each quark participate

Positive parity states

Ve hN
pseudoscalar and vector diquarks scalar and axial-vector diquarks
) )
lgnored Dominant — | N, R= 0T, 17 diquarks
wrong parity right parity A = only 17 diquark
larger mass-scales shorter mass-scales



Moderador
Notas de la presentación
We use a framework built upon a Faddeev equation kernel and interaction vertices that possess QCD-like momentum dependence. 
because an isospin-1/2 quark cannot be combined with a isoscalar-scalar diquark in order to form an I = 3/2 state.
It should be emphasized that the diquark correlations within baryons are not the static, our diquark correlations are nonpointlike and fully interacting: each valence quark of a baryon participates in all diquark allowed by baryon’s quantum numbers.
Diquark correlations inside baryons should have consequences on their properties; more speciﬁcally, on the way the nucleon and its resonances respond to electro-magnetic probes when analyzing their internal struc-ture. Therefore, structure functions such as form fac-tors, parton distribution amplitudes, general parton distributions and even transverse momentum distributions appear ideal to test the quark-diquark picture. Some empirical evidences and theoretical insights in support of the presence of diquark correlations within the pro-ton, and its resonances, are accumulating during the last years





The mass of the ground state and its first excitation with

+ +
quantum numbers [J¥= %% and [JF= %% are (in GeV):
Calculation:
My =1.18, My =1.33,
MN/:1.73, MA/:]_.??.
Experimental:
My =0.94, Mp =1.23,
MNI=1.44, MAI=1.60.

Ny Nido Nids Nigy Ak
Herein 1.18 1.73 1.83 1.33
MY [69] 1.76 1.80 1.88 1.39

MY:dynamical coupled-channels fitted bare masses.
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Notas de la presentación
This is true in practice, as emphasized by agreement between Faddeev equation predictions and the bare masses ﬁtted in dynamical coupled-channels computations.
It is also interesting to observe that the meson-cloud contribution mostly cancels when computing mass splittings within the same  𝐼𝐽 𝑃  channel: 



.

The zeroth Chebyshev moment of S-wave Faddeev wave functions

Lol A(1600) Lol A(1232)
0.8t — P s +d, 05t = U+ (13) 3 +d,
061 061
0.4r 0.4r
0.2r 0.2r
0.0r 0.0F
=0.2 =0.2
=0.4 =0.4
[I:D [I:I l]:4 l]:ﬁ EII.S [I:[l I]:I l]l.4 [Jl.ﬁ D:S
|£] GeV || GeV

» Delta 1232 is positive at the whole range
» Delta 1600 exhibits a single zero at momentum~0.4 GeV.
------ be interpreted as a radial excitation
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Notas de la presentación
Delta 1232 is positive at the whole range, while the 1600 exhibits a single zero at momentum~0.4 GeV.
With experience with quantum mechanics and with excited-state mesons studied via the BSE, this pattern of behavior for the first excited state indicates that it may be interpreted as a radial excitation.



B
Difference between the first excitation of nucleon and Delta:

N(940)  N(1440) A(1232)  A(1600)

S-wave .76 0.85 0.61 0.30
P-wave 0.23 0.14 0.22 0.15
D-wave 0.01 0.01 0.17 0.52
F-wave — — ~ 0.02
scalar 62%% 62% - —
pseudovector 29% 20% 100% 100%
mixed 9% 9% - —

= N(1440) has an orbital angular momentum composition which is
very similar to the one observed in the nucleon.

= Roper’s diquark content are almost identical to the nucleon’s
one.

But...

U Delta(1600) shows a dominant I= 2 angular momentum component

[ its S-wave term being a factor 2 smaller than the one of the (1232).
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Notas de la presentación
As one can see in Table I, the Roper resonance, N(1440), that appears in our theoretical framework as the first radial excitation of the N(940), has an orbital angular momentum composition which is very similar to the one observed in the nucleon. Moreover, Roper’s diquark content are almost identical to the nucleon’s one. This situation is not replicated by the (1600) resonance. which, despite of having the same diquark content than the (1232) baryon, shows a dominant l= 2 angular momentum component with its S-wave term being a factor 2 smaller than the one of the (1232) decuplet baryon. 

The presence of all angular momentum components compatible with the baryon’s total spin and parity is an inescapable consequence of solving a realistic Poincar´e-covariant Faddeev equation. The character of the Delta(1600) as the ﬁrst radial excitation of the Delta(1232) has been demonstrated with the appearance of a zero crossing in the lowest Chebyshev moment of its S-wave component. However, this feature is obscured due to the fact that the D-wave component contributes ~ 50% to the Delta(1600)’s composition and that the l = 1 term is comparable in size with that of the l= 0. As we shall see later, all this together has consequences when computing the electromagnetic form factors that characterize + the (1600) transition.



== The electromagnetic current can be generally written
a1

Jua(K, Q) = Ay (Pr) Raa(Pr)ivslan(K, Q)A+(F)

O P;and Pr: theincoming nucleon and outgoing Delta momenta
P2 = —M,2 sz = _M,>

O A, : thepositive energy projector for nucleon and Delta

O photon momentum Q=Ps-P;

O The average momentum K=(P;+Pf)/2




= Vertex decomposes in terms of three form factors:

i.'w * * * ?.'T * M T
E(GM - GE)TﬁE‘Etp’}’EK#_QE - E7-Q TK - ;GUQE!K;_JL_

ay lyp

Fou(K,Q) =k

Gwu, Geand Gcare, respectively, the magnetic dipole, electric
guadrupole and Coulomb (longitudinal) quadrupole form
factors

R,LJ.[-_ = Tﬁsﬁv = (Opv — QHQU)KH

3
K= —(l—l—%),
2 my

Ww = 1/ )'u._.'_)\._ )
(ma £my)? + Q*
Ar = 2 2
2(ma +miy)
QE

- 2(m3 + my)

b

T ;
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Notas de la presentación
K is Perpendicular to the Q


== Form factors can be obtained by any sensible projection operators.
These form factors are the exlusive functions of the four-momentum
transfer squared, Q2, and frame independent.

Scalars function:

M =

. 31— 457 A+ L VTYIE2 ]

dikw d—1T1
. V1—452 A+ f\/1+2
Gy = i 2 - ; Two ratios:
. 3/1-462 )\+(1 +20), G*%,
T T Linw? 6 —7T REM:_G*
M
where 2 2 2 2 Rens — — Q| G _ W G
6=TATTIN  anq g2 =TATTN 2ma G%, 1+ 26 G3,
T 2

measures of deformation of the
hadrons involved.
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Notas de la presentación
 It is customary to quote the ratios of the electric and Coulomb quadrupole amplitudes to the magnetic dipole amplitude, 
Deformation of the nucleon-∆ system will produce non-zero values of REM and RSM, they can be read as measures of deformation of the hadrons involved.


Microscopic computation of the electro-magnetic current :

One-loop diagrams J Two-loop diagrams J

One must specify how the photon
couples to the constituents within

the baryon.

y

Six contributions to the current in
the quark-diquark picture

*L L]

@ Coupling of the photon to the
dressed quark.

d

@ Coupling of the photon to the
dressed diquark:

w» Elastic transition. P
w /nduced transition. "Pf) ('Pi
axial vector scalar

© Exchange and seagull terms.

"

Q
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Q* -evolution of the magnetic dipole form factor:

0.6:-' ' T T ' ' ' ]
05;_ A(1600)
0.4; '
7153 O.Sg

02|
N

0.0F . . . .
0 2 4 6 8

x=Q°Imy,

Q spin flip : G, dominant
* decreases smoothly from 0.21
e Experimentally is roughly twice of our results.

O Gg, G- measure the deformation
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Notas de la presentación
The delta resonance is obtained from the nucleon by a spin flip. Therefore the electromagnetic N →Delta transition is dominantly a GM
This could be because meson-cloud effects are not implemented in our Dyson-Schwinger/Faddeev approach. Similar discrepancies appear in the magnetic dipole form factor of the (1232) process.
The meson-cloud contribution to the transition amplitudes apparently depends largely on the quantum numbers of the states involved in the reaction, fortunately, it is very soft and disappears quickly with large transferred momenta. Therefore, high photon virtualities are needed in order to pierce the meson-cloud and enlighten the quark-core of a baryon. this is one of the main motivations of upgrading the JLab up to 12 GeV.


.

Electric ratio

40}
| 0 ——
30} A(1600) _ A(1232)
g L E}"E -2 [ [
3 2| z
o o -4[
10}
T~ -6
oL . ... b
0 2 4 6 8 0 2 4 6 8
x=Q°Im3, x=Q°/mj,

Both reaction ratios are compatible with the experimental data. Because
meson cloud effects cancel in the ratio. Thus this ratio is a particularly
sensitive measure of orbital angular momentum correlations.

|R%jw| ~ 5R%M

A1600 orbital angular momentum components higher than A(1232) decuplet baryon
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Notas de la presentación
The theoretical value REM (0) = 11.4% is within experimental uncertainties but still a factor 2 below the central value: (23.5 ± 17.7)%
The electric ratio at Q 2 = 0 for the (1232) transition is also compatible with the experimental data.

 We believe that the agreement in both reactions is due to the fact that meson-cloud effects mostly cancel in the calculation of R EM and thus this ratio is a particularly sensitive measure of orbital angular momentum correlations, both within the hadrons involved and in the excitation current. 

The second is that |R EM | ⇠ 5R EM , indicating that 1600 orbital angular momentum components higher than (1232) decuplet baryon, as expected from before.


.

Coulomb ratio

A(1600)

Rsm(%)

A’ A
RSM 2 RSM

indicating that more higher orbital angular momentum components in
the A(1600)


Moderador
Notas de la presentación
both are different from zero at the physical photon point, negative deﬁned in the whole range of transfered momenta and they go to larger negative values with Q 2 . As one can see in the right panel, an overall agreement with experimental data is obtained for R SM in the case of the !(1232) baryon.
We expect a similar situation for the !(1600) case.

we cannot discard completely that this e↵ect is simply a numerical artifact.


The blue points:

06 T extracted from the photo-couplings
' |» greed-dashed lines:

: light-front relativistic quark model
1* red—dot-dashed line:

_ light-front relativistic Hamiltonian
| Black solid line:

Our calculation

-0 2:. “:3_;_;:-__-,;;:..,”*' | , | fo orange-dashed line:
0 2 4 6 8 artificially increase the meson
x=Q%/m3, cloud contribution

» Light-front methods:Q2 -evolution of G,, reflects the radial excitation character of A(1600)

» Indeed radial excitation: with the appearance of a zero crossing in the lowest Chebyshev
moment of its S-wave component

» But this feature is obscured: the D-wave component contributes ~ 50% to the Delta(1600)’s
composition and that the | = 1 term is comparable in size with that of the = 0.
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Notas de la presentación
Gm is positive deﬁned at very low photon momenta and its value at Q 2 = 0 is compatible with the experimental one; then, it decreases very fast and crosses zero at x ⇠ 0.2" 0.3 to ﬁnally reach a maximum negative value of about "0.15 at x ⇠ 1; soon after that, G ⇤ begins to decrease and tends M to zero slowly. A similar Q 2 -behavior is observed for the Pauli form factor of the ! (⇤) p ! N(1440) transition and ⇤ the zero crossing that appears in F 2 is interpreted as a signal of N(1440) being the radial excitation of the nu-cleon. Therefore, it is argued by the authors of Ref. [25] that the Q 2 -evolution of GM reﬂects the radial excitation M character of the !(1600).

One can see that G ⇤ (0) tends to M the experimental value but the curve never develops a node indicating that meson-cloud effects could not be responsible of this phenomenon

The character of the Delta(1600) as the ﬁrst radial excitation of the Delta(1232) has been demonstrated with the appearance of a zero crossing in the lowest Chebyshev moment of its S-wave component. However, this feature is obscured due to the fact that the D-wave component contributes ~ 50% to the Delta(1600)’s composition and that the l = 1 term is comparable in size with that of the l= 0. 
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The blue points:

extracted from the photo-couplings
greed-dashed lines:

light-front relativistic quark model
red—dot-dashed line:

light-front relativistic Hamiltonian
Black solid line:

our calculation
orange-dashed line:

artificially increase the meson

cloud contribution




Summary

» We present a computation of the form factors that characterize the y(x)+p
— A(1600)3/2+ reaction as a step towards an unified study of the
electromagnetic transition properties associated with the nucleon and its
resonances.

» The electric and Coulomb quadrupoles at the physical photon point, but also
along the whole range of transferred momenta, are larger than in the case of the
(1232)3/2+ reaction, indicating a larger presence of higher orbital angular
momentum components in the (1600) than in the (1232).

» There are similarities between the (1600) and (1232) when studying the Q2-
evolution of all form factors such as the need of meson-baryon final-state
interactions (meson cloud) to explain part of their magnitude at low-Q2; and
there is no zero crossing for the dominant magnetic dipole form factor because
the presence of higher angular momentum components of the (1600), which is
an inescapable consequence of solving a realistic Poincar e-covariant Faddeev
equation, obscures its radial excitation character,



Thank You!
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