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1 Hadronic versus partonic effects in e.m. transitions:
Evidence of separation of effects.

2 Space-like e.m. transitions data as constraints of Time-like
e.m. transitions : A(1232) and N*(1520) cases.

3 Predictive power for other cases and conclusions.



Theoretical tools to study short lived N* states

11LQCD
2 Chiral Perturbation Theory

3 pQCD

4 Covariant Bethe-Salpeter approaches

Electromagnetic . fa1d th
transitions at N quantum neid theory

Intermediate M Dyson-Schwinger
energy M Covariant Spectator Theory



ovariant Spectator Theory describes in an efficient
way the behavior of yN ! N * hadronic vertices at

high Q°



N* Electron-production(CLAS/JLab) and dilepton production
(HADES/GSI) data complement each other.

The knowledge gained from the CLAS/JLAB data can be used to
constrain the interpretation of HADES/GSI data.

Timelike g%<0

€ &

p P
! O

Most world data
is CLAS data

Spacelike g*>0

2 _ M2
EOANG S ot
P'(p1) e p -
pi=W?*# M
a2t @1 amz O AME

HADES, BES Ill, FAIR



To control model dependence:
CST model and LQCD data are made compatible.

Starting point: The dominant magnetic-dipole amplitude
ofthe /N! " transition at small Q2.
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Bare Quark component Pion cloud
supressed for high Q?
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IN!I "
G = G + Giy

G. Ramalho, M. T. P. and Gross,
EPJS 36, 329 (2008);
PRD 78, 114017 (2008)

Separation seems to be supported by experiment.
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® Bare =~ Sato-Lee model

In this analysis meson cloud
effects were subtracted from the A2 \2
data, and quark contributions & M = Ax ( A2 +Qz) (3GD)

extracted indirectly.

G. Ramalho, M. T. P. and Franz Gross, PHYSICALREVIEW D 78, 114017 (2008)
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Formulation in Minkowski space.

Two-body CST equation effectively sums ladder and crossed-
ladder exchange diagrams, due to cancelations.

+
A —

Correct one body limit when one particle becomes infinitely
heavy, unlike BS in the ladder approximation.

Provides wave functions from covariant vertex with simple
transformation properties under Lorentz boosts and smooth non-
relativistic limit.

Manifestly covariant, but only three-dimensional loop
integrations.

Ensures confinement and dynamical chiral symmetry breaking.



matrix element

Integrate in the relative
momentum of the

diquark
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E.M. matrix element can be written in terms of
an effective baryon composed by an off-mass-shell
quark, and an on-mass-shell quark pair (diquark) with
an average mass.

Baryon wavefunction reduced to an effective
qguark-diquark structure due to the s integration.



Nucleon wavefunction

*A quark + scalar-diquark component

*A quark+ axial vector-diquark component

I
U, (P 1) = [ Sun(P. Ay) = S1efpUa(P. A,)]

Phenomenological function
V3 (P, k). > 8

I P,
U,(P, A,) = w_/_ (’ya )uN[F‘ A,),

My

Delta wavefunction

*Only quark + axial vector-diquark term contributes

‘I’g(P,k) — /S(P k) ,f/\PnB(P Ap)



E.M. Current

quark-antiquark
¢ gluon dressing

Constituent quarks (quark form factors)
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Vector meson dominance 2 poles
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Low-energy behavior encodes high-energy behavior:
Scale enters in the problem! DIS used to fixed A

4 parameters



Proton and Neutron form factors

GeE=F1! 'Fo, Gy = F1+ Fo; I = 4|(\Q/|22
N

G. Ramalho, M. T. P. and Franz Gross, = PHYSICAL REVIEW C 77, 015202 (2008)
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Model calibration byNucIeon form factor data:
Fixes parameters of the quark current and radial wave function (4+2)
No “pion cloud” .




Model (no pion cloud) valid for physical and lattice
regimes pion mass regime with no refit

G. Ramalho and M .T .P.,JPG 3 6, 15011 ( 2009 )
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IN! " Untangle pion cloud from bare quark core
using LQCD data

Pion cloud contribution negligible for large pion masses.

Electromagnetic quark current was based on the
mechanism of vector meson dominance, and the vector
meson mass is a function of the running pion mass.

For large pion masses bare quark model could be calibrated
to the lattice data.

After that, in the limit of the model to the physical pion
mass value from the experimental data is well described in

the high Q? region.



(a) (b)
For low Q? : add coupling with pion in flight.

(a) related with pion electromagnetic form factor
Fo(a)

(b) Coupling with intermediate baryon states :

parametrized by | | 4
Gop () = 2

(3 #P)+1E"E(P)



(a) (b)
GE (0) EN () G CP(0)
1PN 1.633 0.730 0.652
1oy! 0 1.683 0.737 0.663

G. Ramalho K. Tsushima PRD 88, 053002 (2013)



In the timelike region:

A(1232) and N*(1520) cases.
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R rest frame N N
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Parametrization of pion Form Factor
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3L Ay'= 090 GeV’

Red line : full model
Blue line: Quark core

¥ Good description of the magnetic dipole physical data
(W =M,) with A?; = 0.9 GeV?
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¥ Extension for higher W shows effect of the rho mass pole
¥ In that pole region small bare quark contribution (thin lines)

¥ Away from that pole bare quark component dominates



To have the pion factor well parametrized makes a difference!

Popular and pioneer lachello model

Fi(qf) =

Corresponds to | =1.1 versus | =0.17€
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/\ Dalitz decay

" (W + M)2"
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Transport-model calculations of dilepton mass spectra from

proton-proton collisions at three different beam energies, with and
without form factor.

G. Ramalho, M. T. P, J. Weil,H. van Hees, and U. Mosel
PHYSICAL REVIEW D 93, 033004 (2016)



N! N*(1520)
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Extension to timelike

5 T T T T T T T 10_ T T T T T T T
4_— -
3f . =)
= “o
s | g
2_— - =

- = W=15200eV -
— —— W=1.800GeV -
—— W=2.100GeV ]

VAN T
-
ot I S T Y N I B e e SO Y

0 02 04 06 038 1 1.2 14

G. Ramalho, M. T. P., PHYSICAL REVIEW D 95 0104003 (2017)



¥ We conclude that the N*(1520) and N*(1232)! N decay
widths are competitive.

¥ The QED approximation underestimates the Dalitz
differential decay width
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Predictive power: Other resonances



N! N*(1535)
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o MAID analysis
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N — N *(1440)
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Summary

Spectator quark-diquark model is covariant and enables
description of different N* states (spin/orbital motion).

At Q° ! Oconsistent with EBAC data analysis based on
a coupled channel Dynamical Model.

Consistent with experimental data at high O’

Consistent with LQCD in the large pion mass regime;
combined with LQCD CST extracts “pion cloud” .

Several applications: A(1232), N*(1440), N*(1535),
N*(1520),..., strange sector, DIS, dilepton mass
spectrum.






What is measured in timelike exp. is the product of resonance
photocouplings and branching ratios to particular final states.

Space like data helps to constrains relative couplings, mixed in
the produced “cocktail” .

Analysis to extract nucleon resonances operate at an effective
hadronic level, built upon hadronic exchanges and rescattering
effects. Quark-level contributions, where the photon and meson
couple to a quark, are not included.

Associating different tools for a description that includes both
hadronic and partonic effects helps.
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N! N*(1520)

Bare quark core : One parameter fit to the data
for 0°>15 GeV?

Meson Cloud: From the 4 form factors 3 are
independent; the best choice is

G, G, G,
Az/y = 2V3AGy,
A1z =24 {G4 — (Mg — M)* + Q?] z\%}
S1/2 = _%%AQC,

QZ
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data, and quark contributions & M = Ax ( A2 +Qz) (3GD)

extracted indirectly.
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LQCD data: C. Alexandrou et al. Phys. Rev.D 79 014507 (2009);

Nucl. Phys. A 825, 115 (2009);
S. Boinepalli et al Phys. Rev. D 80 054505 (2009).

G. Ramalho, M. T. P. and Franz Gross, Physics Letters B 678 (2009) 355—-358



INT "
D30.72% and D10.72 % of the wavefunction

0.12 ! I'n |
01 I Lattice my= 563 MeV 1 I { Lattice my= 563 MeV
— Q
' m Lattice my= 490 MeV 0.8 m Lattice m;=490 MeV 7]
0.08 ¢ Lattice mp=411 MeV| | ¢ Lattice mp=411 MeV
' @ Experimental data ® Experimental data

006

0.04

0.02

pion cloud from Pascalutsa and Vanderhaeghen, PRD76 111501(R) (2007)
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Ay = ZRs - i arfvs - of]
Arpp = !?II375;=+%#6+éJ%V,SZ:—%$
S1/2 = !?I|R,S;+%#603J%V,SZ+§$%,

Spin 1/2: Ay,5,51,2  Spin 3/2: also Az
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u; Rarita-Schwinger spinor

Only 3 independent form factors:
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G1,G2,G3# Gy ,Ge,Gc orAqy s, Az 0,512



