Quarks and Hadron

Spectroscopy — Lecture IV

Daniel Watts
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University of Edinburgh

Main points of Lecture Il

* Real photons - transverse or circular polarisation & Tﬁ%

» Virtual photons (electron scattering) additionally z/
have longitudinal polarisation

» Only in past decade or so have we had
photon/electron beams and detector systems
of sufficient quality to attempt many important
measurements

» Elastic electron scattering
Charge and magnetic scattering gives
information on charge and magnetic form
factors (G, G,;) — but need to disentangle!
Can separate using Rosenbluth technique but
method fails at high Q?

Solution at higher Q? — Use polarisation transfer
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Nucleon excited states (resonances)

' Structure of complex systems: Analysis of excitation energy spectra
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Lattice QCD progress

5.J. Dong et al., Kentucky, GWU, JLab, Adelaide, hep-ph/0306199
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High energies — perturbative methods m," (GeV?)
Low energies -- More complicated

« Lattice QCD is one approach — but need calculations for light quark masses !
« Significant progress - basic calculations of masses of ground and

excited states.

« Full lattice calculations of reactions some way off!! Effective degrees of
freedom often employed to interpret data

Even New QCD interpretations based on holographic dual of
QCD give predictions for the nucleon spectruml!
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Constituent quark model - ground.stote octets.
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(Perhaps surprisingly!) constituent
quarks seem to be a reasonably
effective d.o.f to describe the
nucleon! Bare quarks must somehow
be dressed by gluons and virtual sea
quarks to make up constituent quarks.
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excilecd states

Bare quark masses
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Missing resonances
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Very important to more firmly b
establish the nucleon excitation 280
spectrum
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Present knowledge of the spectrum
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Nucleon excited states

» Most current research exploits advances in EM beam facilities — use
meson photoproduction to study the excitation spectrum e.g.

Y+N—> N*>N+n

» Resonances have short lifetimes - therefore broad widths (AEAt ~ h)

hotoproduction cross-section on the proton
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Multipole amplitudes in meson photoproduction

Cast hadron current matrix elements as a multipole expansion of the
Chew, Goldberger, Low and Nambu (CGLN) amplitudes

Multipole amplitudes characterised by the angular momentum quantum
Numbers of the initial YN and final meson-baryon system

Multipole amplitudes E.L. M. E,M -electric or magnetic multipoles

. | - orbital angular momentum of
2
function of Q?, W only I - isospin (see this as well in some papers!)
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Multipole amplitudes

E.I. M. E, M -electric or magnetic multipoles
| - orbital angular momentum of produced &
I - isospin
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E2/M1 ratio of the p—A transition
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Double polarisation observables in meson

photoproduction
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Polarisation observables

Polarised targets at Mainz,
‘wses Bonn and Jlab

Longitudinal
Transverse in future ??

Recoil polarisation
for Crystal Ball
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Cx double-polarisation observable
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Partial wave
Analyses of
World's data

Poor description of new =
double polarisation . o,
data highlight \ f

how resonances and U =

coupling to photons ad Y I F 1

not well constrained =

by presently ks
available data

Also look in other decay channels to find sensitivity to resonances that
may not strongly decay into Nx
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D13
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= — “evidence" of
’ missing D13
resonance!
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Also Nn production - Only couple to I=1/2 resonances
Also Nw, N¢ — Missing resonances prefer to decay to vector mesons?

Mart & Benhold, Phys. Rev. C 61 012201(R) (1999)

Nucleon resonance properties
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Magnetic moments of nucleon resonances

Magnetic moments - reflect spatial distribution and dynamics of components
of nucleon (u=iA). Familiar for nucleons (and nuclei)

“p =27 l’lN
p‘n =-19 H’N

*  Average of quark spins and the quark currents - elegant test of various
theoretical models of the strucfure of the hadron

+ Long lived particles - can measure precession in a B field
BUT nucleon resonances are short lived - How can we measure their maghetic

moments?
X Theery  (jua+/pw) Feferences
Magnetic moment TCQCD 22204 TM. Alisv o7 al, Plys. Rev D 62, 053012 (2000).
measurements would be QCDSR  2.19£050 BL.Iofe, Nucl, Phys. B188, 317 (1981);
sensitive to the various EX. Lee, Phys. Rev. T (57), 1801 (1398).

Latt. 246+ 031 DE Leinweber er ol , Phys. Rev. D 46, 3067 (1992).

theoretical descriptions ¥PT 21202 MDX Butler sral, Phys. Rev. D 49, 3459 (1994).

of the nucleon ROQM 238 F. Schlumpf, Phiys. Rev. D 48, 4478 (1993).
e.g. Predictions for NOM 273 K. Hikasa et al,, Phys. Rev. D 45, 51 (1992).
A(1232) ¥Q5M 219 H.C. Kim er al., Phys. Rev. D §7, 2858 (1998),

yB 0.73 5.T Hong and DB Min, nuel-th/9909004.




Magnetic moment of the 1st excited state of proton (A*)

Internal decay Recoiling nucleon
A—AY
Access to u(A)

Proton excited

Photon Proton state (4)
Y+p— A —> A'Y’ y Meson (n,m ..)
— pro

Magnetic moment of the 1st excited state of proton (A*)

+ Resonances can radiatively decay back to themselves at a
lower mass! This transition rate tells you about the magnetic
moment.

+  The yp— A*(1232) — pn® reaction cross sections and
polarisation observables sensitive to this quantity.

Crystal Ball at Mainz - Ideal detector system to
catch the decay photon (y) from the A(1232)
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A(1232) detected from pn° (or nn*) decay
Main A(1232) experiment ran at MAMI in 2005
5,1(1535) measurement planned next

pP(Y,p)n%y to measure (AY)

+ x100 in statistics
* measure y beam polarisation observables
* Both pn? and ntt* decay of A*
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Magnetic moment of A*(1232): Pilot measurement

w13 £ = 350 mey TAPS detectors only
vp — m°p ¥y data

PRL 89 (2002) 272001
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