Measuring the distribution of nucleons
IN nuclel_using photon beams
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Talk outline

. Coherent pion photoproduction (Crystal Ball & TAPS at MAMI) —
Accurate measurement of matter distribution in 2%8Pb.

Positive pion photoproduction (Ge6 at Lund) - investigation of halo
nuclel, nucleon resonances in ground state of nuclel.
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Present situation & proposed experiments

P

* Proton scattering
Seminal analysis by Hoffman for all data (0.3 - 1 GeV).
Ar,, (?%®Pb) = -0.02 —»0.5fm

e Pickup reactions.

Recent analysis of p and n pickup gave Ar,,~0.5fm for
208pb

o

« Antiprotonic atoms
Ar,,~ 0.15fm for 2%8Pp,

» Parity violating electron scattering
Accepted proposal at Jefferson Lab (USA) - 1 month beam
for 298Ph, Expected accuracy +0.06fm




Coherent pion photoproduction
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Sensitivity to matter distribution

* Expect characteristic
diffraction pattern in 0,

e Minima shift with Ey — occur at
sameq = P,-P,

e Sengitivity to p,, in 18 minima
0.07 fm/degree

¢ ~0.3° — ~x 0.02fm

«Significant advancesin theory
In recent years
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Pion — Nucleus Interactions

® Diffraction pattern distorted due to
effects of n-A interactions (FSI)

» Optical potential constructed from
pi-N amplitude in p space

e Intermediate A aso included
(important at higher P, )

» Accurately describes wealth of
A(rm,m/) data

e If AFSI) ~ 10%
AB_~ (0.07)x(+29)x0.1 = +0.014 fm

» Each q occurrsfor different Pr at
different incident Ey — check
predicted FSl effects
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Present situation — A(y,t9)A

» Accuracy of previous measurements
bedevilled by problems due to small
segmented detector systems

. Coherent ¢ has large systematic uncertainties
m | (up to 40%) in cross section magnitude

Cannot attempt to extract info. on matter form
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Systematics in ° determination
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Previous measurements pushed TAPS
capabilities

e_=~3%, sharply 6_ dependent
Systematic errors in reconstructed T_

Complicated fitting procedure —
' stematic errors



Crystal Ball & TAPS at Mainz

Photon tagger

" Crystal Ball

* Neutral mesons (n0—2y n—2y)

» Hadrons (Gla/Edin PID) p, n, n+

* Low energy decay vy




Glasgow Photon Tagger @ MAMI

« Magnetic spectrometer
* AE,~2MeV
e Flux 108vyst







Crystal Ball
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Crystal Ball electronics

o Complete overhaul for use at Mainz
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CBTAPS Detection efficiency
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T7t reconstruction

T, (incident — CB response (mean}) (MeV)

a8 -
0.6 |—
a4 [

a2 [

— - —

20

Pion angle (degrees)

40 60 80 100 120 140

160 180

|sotropic layout of crystals& TAPSIn
singleblock — better 6_,T_
reconstruction

T_ - little dependence on 6_

T_only usesratio y energies improve
with kinematic fits?



CB@MAMI: Nuclear decay photons
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Nuclear decay photons—"rea” data

_TAzMyPhysics | .
JJ e « ~3hours of test datawith
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Max- L aboratory

®* Sited in Lund, Sweden Edinburgh HpGe array, Si strip

i

* Provides intense tagged y beam
up to 250 MeV energy

Shielding
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Hal o_nucl eon distributions

Edinburgh
N Ge6 array

» Ge6 and Si strip detector array — unique
system to measure charged photopion
production to discrete residual nuclear states.
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 Learn about nucleon wavefunction in final
state nucleus

0 30 60 90 120 150 180

0, (deg)




Resonances 1n the nucleus

® What fraction of the nuclear ground state
involves nucleons in an excited state from
previous collisions ?

egp+p— AT +n?

» Ge6@L und %0(y,prn*)1°C — select
J=3/2+ fina state (4.78 MeV) to
emphasi ze contribution from pre-existing A
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Conclusion

New experiments should give new insights into distribution of
nucleons in nuclel

Future;

1) Further programme of matter distribution measurements
depending on success of pilot experiment.

2) Use coherent nt® photoproduction from #“He to search for certain
classes of exotic hybrid mesons (12 GeV beam@Jlab)



