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Talk Outline

* Nuclear (pY photoproduction

Coherent - Accurate Matter form factors b
Neutron skins of stable nuclei (neutron stars) &

Incoherent - Transition matter form factors
Forward look

* Nucleon p° photoproduction

Edinburgh recoll polarimeter
Complete measurement
Nucleon excitation spectrum




Why measure the matter form factor?

* Our knowledge of the shape of stable nuclei is presently incomplete
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e.g. 2°8Pb RMS charge radius accuracy < 0.001 fm
RMS neutron radius accuracy ~0.2 fm !!

Horowitz et al. PRC63 025501 (2001)
Piekarewicz et al. NPA 778 (2006)



Matter form factor and neutron stars

Thick neutron skin
Low transition density in neutron star
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Proton fraction as a
function of density in neutron star
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Coherent pion photoproduction

Photon probe

Interaction well understood p® meson — produced with

~equal probability on
protons AND neutrons.

Select reactions which leave
nucleus in ground state

Reconstruct p°
from p® ZZydecay

e Angular distribution of p° PWIA contains the matter form factor

s = (s/m?)A%(q, 2(Eq Gy ) |F, ()" sinq

« pO final state interactions - use latest complex optical potentials tuned to p-A
scattering data. Corrections modest at low pion momenta
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208Pp : Momentum transfer distributions
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with complex optical potential
Dreschel NPA 660 (1999)



208Ph: Simple correction for distortion

 Full “model independent” analysis in progress

e For first preliminary assessment

1) Carry out simple correction of g shift using the theory
2) Analyse corrected minima - fit with Bessel n.

E4=200-220 MeV
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208Pp neutron skin — preliminary assessment
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» See effects of a neutron skin of ~0.1 fm !! (preliminary)
* More detailed analysis in progress to reduce and assess systematics

» Future measurement - skin development across isotopic chain?



Incoherent nuclear p° photoproduction
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Alignment of recoiling '%C nucleus

___sin?(2a) distribution
Passed through
Detector acceptance

;;{@
fo
Counts [arb. Units]

Alpha (deg)
e Strong sin?(2a) distribution for 4.4 MeV photons

« 2*to O* transition from aligned residual nucleus
» Degree of alignment - new experimental observable!! ﬂ



Transition matter form factors

Takaki Dhole model ( NPa 443 p570 (1985))
Full calculation

--- Without D-N interaction

..... Tryasuchev (Phys At.Nuc. 70 827 (2007)

qu

Next steps for decay gwork:
° 160’ 40Ca

* Neutron rich nuclei - multiproton knockout
* Hypernuclei?

CM Tarbert, DP Watts et. al., Phys. Rev. Lett (2008)



Excitation spectrum of nucleon

* Nucleon: 3 light quarks existing in a sea of
virtual gluons and qq pairs

» Excitation spectrum  fundamental information on
iInteractions/dynamics of constituents.
Underpins understanding of the NN force
 Predicted by various theories using different approaches)
Constituent quark models (e.g. Capstick & Roberts, FSU)
Lattice QCD (faSt developing) (e.g. Jefferson Lab, Morningstar)

Conformal holographic dual of QCD (e.g. Brodsky, sLAC)

e But ... Experimental determination of spectrum is poor



Mass

(MeV)
Not predicted by quark
D45(1940) models but is by Ads/QCD!
Only 1*!
Narrow P,(1670)
resonance?
S;5,(1620)
S,1(1650) Mass = 1650+100 MeV
S,,(1535) P35(1600)
D,5(1520) _ _
Inconsistent with all @ models?
P1,(1440) EM coupling opposite sign
P43(1232) t =350 £100 MeV

51(938)



Polarisation observables

s just one of 16 observables in pseudo scalar meson photoproduction
« Complete measurement requires 8 well chosen observables
» Only possible with double polarisation measurements

Longitudinally polarised proton target
Transversely polarised

N

g+ N +m

Linear
Polarisation

Recoil polarimeter — Provide 4 additional
observables to enable the first complete
measurement

Circular
olarisation

Fully constrain the reaction amplitudes




The Edinburgh nucleon polarimeter — test prototype



Results from 1 st test of polarimeter
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Azimuthal Scattering Angle []

n(qff) =0, ({1I+A(Q)[P,cos(f )—P,sin(f )]

Number of nucleons \
scattered In the

direction q,f x and y (transverse) components
of nucleon polarisation

Polar angle distribution
for unpolarised nucleons Analysing power of

scatterer



Analysis of test data — p(g,@)p C,

First measurement of beam helicity transfer in resonance region

* 1000 hour production beamtime later this year
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* New high quality p® photoproduction data will give valuable
and timely constraints on the structure of the nucleus and the
nucleon



