Partonic structure meets hadron spectroscopy:
New connections

C. Weiss (JLab), Hadron 2013, Nara, 07-Nov-13

e Why light—front/partonic view
== f(xD) Essentially relativistic systems

xP™*
b .
L L_ e Form factors and transverse densities

Nucleon transverse densities:
Center, chiral periphery b ~ 1/M,

A N — A, N transition densities:
A (&\5\‘ Resonance structure in QCD

Pion density from timelike FF data

e Hard exclusive processes and GPDs

QCD factorization, operators
Gluonic structure with J /4, ¢

Quark helicity—flip with 7, n

New operators! Hard exclusive processes in
meson /baryon spectroscopy



Hadron structure: Light—front view

e Non-—relativistic quantum system

Particle number fixed, time absolute
(e, ..®en;t)  Schrodinger WF
p(x) =S i(.x..;t)p(..x..;t)  Densities

e Relativistic quantum system

Vacuum fluctuations: Particles appear/disappear
Time not absolute: How to synchronize clocks?

Light—front time z* = 2% + °:
Observer moving with velocity v — 1

Wave function at fixed 7: Components
with different particle number

Vol Densities at fixed ™ Boost—invariant!
G

e Advantages of light—front view

Objective spatial representation

High—energy scattering probes system
Alt. view: Observer at rest, system moves at fixed LF time: Parton picture
with v — 1. Infinite-momentum frame Use not limited to high energies: Low—t form factors, resonances, ...



Transverse densities: Form factors
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p,(b)

pJ(b)

e Current matrix element parametrized
by invariant form factors

<N/|JM|N> — Fl(t),FQ(t) Dirac, Pauli

e Transverse densities t = —AZ
Soper 76, Burkardt 00, Miller 07

Fl’g(t) = /d2b eiATb pl’g(b) 2D Fourier
b displacement from transverse C.M.
p12(b) charge/magnetization density

Describe spin—independent/dependent
(JT (b)) seen by observer

e Projection of quark GPDs
p1(b) = Z 62 /daz fo—g(x, b)
q

Connect low—t elastic FFs with QCD structure,
high—energy processes



Transverse densities
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e Empirical densities from form factor data

Experimental and incompleteness
errors estimated Venkat, Arrington, Miller, Zhan 10

Recent low— and high—|t| data included
MAMI: Vanderhaeghen, Walcher 10. JLab Hall A Riordan et al.

Many interesting questions: Neutron,
flavor structure, charge vs. magnetization

e Flavor—separated densities v — @,d — d

b~ 1fm pd/pu = 1/2

mean field picture
cf. quark model

b > 2fm pda/pu — —1

pion cloud
peripheral 7w~



Transverse densities: Chiral component

) e Peripheral densities at b = O(M 1)

7T
{ Governed by chiral dynamics:
— Universal, model-independent

Calculable in chiral EFT

. Strikman, CW 10; Granados, CW 13
chiral
component
b [/ My,

Dominant at b 2 2 fm

e Many interesting insights

“Yukawa tail” ~ 6_2M”b, rich structure

B
= Relation between spin-independent
3 and -dependent densities p2(b) < p1(b)
AN
5 Space—time picture of chiral dynamics
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Transverse densities: N — A, N*
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e Transition densities N — A, N*
(N*[JT(B)IN) ~ pRen(b)
Spin components

Empirical densities extracted

from transition form factors
Carlson, Vanderhaeghen 09; Tiator et al. 11

e Resonance structure in QCD

Polarization effects: Spin—orbit
interactions, deformation

Comparison of N and N™:
More central or more peripheral?

Lattice QCD results
Alexandrou et al. 09

Effective models: Quark orbital
angular momentum Lorce, Pasquini et al.



Transverse densities: Pion from ete™
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s | ] Precise data on |F|?, phase from fits/theory
O 1F - Bruch, Khodjamirian, Kuhn 04. Also CLEO 05+
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Singular charge density at center of pion:
Small-size qq configurations

Dual to vector meson exchange

.................... dual T P, P

partonic structure meson exchange




Hard exclusive processes: New probes

e QCD factorization Q% — oo, t fixed
Ji 96; Radyushkin 96; Collins, Frankfurt, Strikman 96

@ GPDs universal, process—independent

Form factor of light—front momentum density

(N'|$(0)...9(2)|N) at z° = 0

QCD operator: Renormalization, non-pert. methods, lattice

__—="7 f(xD) e Uses of hard exclusive processes

given £ = x1 = x2: Nucleon tomography

—— xP” Transverse densities of partons with
F:b .
| Burkardt 00, Diehl 02

New operators for structure and spectroscopy:

Quark spin, flavor, C—parity; gluons
///

<«— changes with x

[ Experimental progra ms
HERMES, COMPASS, JLab 12 GeV, EIC — Talks Tuesday



Hard exclusive processes: Gluons with J/v, ¢

e Gluon imaging with J/v and ¢

~1
Jy & x < 10 HERA, COMPASS, EIC

Ye=vll X z > 0.2 JLab 12 GeV ¢

\ i / gluons Fundamental interest: Gluonic size,

input for pp@LHC, saturation models

e [ntrinsic strangeness at large =?
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e Spectroscopy: N™* excitation
with I = 0 filter



Hard exclusive processes: Transversity with 7,7

do/dt (z°) [nb/GeV)’]

Goloskokov, Kroll 11. Data CLAS 6 GeV Kubarovsky et al.
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e Quark helicity flip in pion WF

Chiral symmetry breaking in QCD

Dominates o7 at W ~ few GeV
Goldstein Liuti 08, Goloskokov, Kroll 11. Higher W non-flip

Probes quark transversity GPD
cf. transversity in SIDIS, Drell-Yan

JLab 12 GeV « ", ¥, n program

e Spectroscopy: N* and A excitation
with quark helicity flip

Meson as spin filter

Strangeness with K'Y



Summary

e Light-front/partonic view reveals composite structure of relativistic systems

e Transverse densities offer new insight into hadron and resonance structure

Directly accessible from low—t elastic/transition form factors

Projections of QCD quark densities

e Hard exclusive processes provide new operators

Defined through QCD factorization: Renormalization, non-perturbative methods

Use for resonance excitation!

e Extensions and applications

Exotic meson identification through Q? scaling: ¢d vs. q3g, qqdq
Constituent counting rules. Brodsky, Lepage 80

+

Short-range resonance structure in e" e : v v — 27 (res), 37 (res)

Polyakov 994-. Many possibilities!



