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Delta

1 Has main role in Nz scattering and NN interaction

2 Led to the introduction of the quantum number color
3 still largely unknown (e.g. electric radius?)

itis unstable —~102s

A++ y [3.7,7.5]uy PDB
A+ [2.7_, ;*13+1.5 + 3.0 ]y M. Kotulla et. al PRL 89, 27, 2002

4 |.QCD (quenched and unquenched) gives unique
information Alexandrou et al., Boinepalli et al.



Study of Baryon Structure

Tool: Electromagnetic probing

“For everything that exists there are 3 instruments by
which the knowledge of it is necessarily imparted (...)

The first is the NAITI€, the second the definition,
the third the image." Plato, Epistle VII



Form Factors
Nucleon

2: Ggo(Q@?) Gyy1(Q2)
JU = a(PL)TH (P, q)u(P_)

Nucleon-Delta 3: G*11(Q2) G*gx(Q?)
JH = wo (P )T (P, q)u(P-) G*,(Q2)
Delta 4. Ggo(Q?) Gy1(Q2)

JH = wa(P)TM(Pq)w(P-)s(Pr)  G_(Q2) Gyy(Q2)

PRC77 015202 (2008); PRD78 114017(2008); JPG36 085004 (2009)



Constituent Quark Model view

@ Quark dressed by gluons and
gq interactions

@ Gluon interactions between
gq = quark form factors

@ Quarks with anomalous
moments r . kg



spectator Quark Model

Hadronic current
PRC77 015202 (228)

2 JH = 32}; | /k U (P, k)i Wi (P_. k)

P Quark current

o (e 4a" i,
ij:' :_h (.l[ _ qz ) _|_J|r2 2M

diquark on-mass-shell o 1
Ji = Bt + > i—T3

Vector Meson Dominance quark ff
:.'\/\_ - >\/\_ +X>\A +><X>\A

Two poles: my = m,, My ~ 2M x4 fixed by Gy (0),
3-4 parameter to adjust
Gross, GR and Pena, PRC 77, 015202 (2008).
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fie(Q%) = A+

Low-energy behavior encodes high-energy behavior:

Scale enters in the problem!

DIS used to fixed A and diquark mass
m_=0.87m_ (see talk Diana Nicmorus)



Baryon = quark & diquark

P1

3
IS

V(P k)= (mg— p) k| T |P)

Confinement: No pole contribution

(k|T"|F) develops a zero



symmetries
[l dl) = ds(\,\s) S=1/2.3/2

A = diquark polarization; As = N or A spin projections
(1}1;";2(*"\' }\3) — _(:}-.F")” V—ﬁ,E(P )"1.5)

®3/5(N. As) = —(22p)a V3 1a(P. As)[RS]

3-quark spin state given by (B = N. A):

VE(P. \s) Z _\ 1N|S\s) % pts(P. )

=\ p = fixed-axis polarization states



D-state operator:
y s K2 05 PP
Yy (3 - [ ,S_ Ct,l'j_
S (g M2 )
~ Y3 (Rest frame)

Core-spin projectors

as  P*P” R
- 2
M.B

o3 s Y
PirotPap=9 > —0

[M. Benmerrouche et al PRC 39, 2339 (1989)]

D-state: | .
Wp = ’D‘;(Pik)\/éf,z(P) +—— S-state

= (P1,2)5 Wp" + (Pss2)3Whp o
\__J _N_J
D1—state D3 —state



NA transition (S+ D states)

Adding all angular momentum components:

Configuration: (L, S)

U —Vay D3 (2.3) — GjiG:

Pining down | | ”
deformation / Lo

G;;.G-=0 when Q°-=0



Spec 1

Pining down deformation in the Delta
Tﬂ — NPI"S T H"‘Fﬂ_’q T hﬁ‘];fﬂ]_‘

—

Pining down
How small are a and b?

deformation



1.2 I , T T
Charge extends to a
ns | larger region than
o magnetism
=
.
iR
LjI:l.
= Is this due to distorted
0.0 ¢ shape?
0.4 L
5 parameters, y2= 1.36
Data VOLUME 88, NUMBER 9 PHYSICAL REVIEW LETTERS 4 MARCH 2002

Measurement of Gg_ /Gy, inep — ep to 0% = 5.6 GeV?



NDelta transition mixes quark and explicit pion

deagrees of freedom Diaz et al PRC75 015205 2007
N-A transition: G;, form factor -Bare results EPJ A 36 329 2008
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Pion Cloud




NA transition (S+D3+D1): Valence Q + Pion Cloud (2)

D3 1% and D1 4% of the wavefunction
PRD78 114017(2008)
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Model consistent with MAID analysis of CLAS data (Jlab)
Drechsel et. al., EPJA 34, 69 (2007)

Can one do better?



Spec 2

Finer information on D-states from
LQCD NDelta data

PRDS0 013008 (2009)
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NDelta
D30.72% and D10.72 % of the wavefunction
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Predictions for the Delta

PLB 678 (2009) 355



Delta

a and b small
_2.?
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D state corrections
from overlap
Integrals between
S and D states
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Summary

To desintangle orbital motion and pion cloud effects:
Constituent quark models better constrained when
extended to the unphysical world of the NDelta

LQCD calculations.

Predictions for the Delta:

r2y, =0.3fm? ., =5.01uy Mas =2.45 py
Q,, =-0.043efm? 0O,,=-0.0035 efm?

More LQCD data welcome



1 Good agreement between LQCD and SPec1 Spec2
2 Dominance of S-states for GEO and GM1
(special good agreement of Spec1,2 with LQCD)

3 Results for GE2 consistent with unquenched LQCD
data -> Pion cloud important for NDelta but not dominant
for Delta

4 Only GM3 sensitive to D-state parametrization;

9 Predictions: Q,, =-0.043efm2 0,,=-0.0035 efm3

More LQCD data welcome.

Redo calculations with consistent introduction of Pion
cloud



Q,, =-0.043efm? 0O,,=-0.0035 efm?

Oblate charge and magnetic distributions?

Oblate, accordingly to “classical” definition

Open issue:
Discussion in progress



"Just checking."



WELL... YOU TOLD US
TO DRAW WHAT WE
SEE UNDER THE
MICROSCOPE. !







