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Different structures observed for proton and neutron data
Neutron has different resonance contributions

Neutron targets more difficult due to Fermi motion, FSI
Database requires more data

Isospin decompositions of el. mag. transition amplitudes needs
neutron measurements




Resonance Contributions

1.6 1.8

o

e
- -
-

palE S

1400 1600

W [MeV]

1800

Dieterle et al., Dieterle et al., Werthmiuiller et al.,
PRL112,142001 EPJ A51142 PRL111,232001



Narrow Structure seeninn

Photoproduction

W =1.66 GeV

* Seen by A2, GRAAL, CBELSA/
TAPS, and Sendai collaborations

* Different properties compared
to other nucleon resonances
(T ~150 MeV)

* Various explanations:
interference of known
resonances, coupled channel
effects, or new narrow
resonance

* Input from polarization
observables necessary to
identify quantum numbers
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Another look at nn
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Experimental Bias
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* Most results from N scattering: photoproduction
* Elm. excitation isospin dependent: neutron
* Resonances broad and overlapping: n meson



Polarization Observables
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* A complete experiment?
* 4 single observables
* Double observables

* Extracted based on beam, target, and recoil
polarization

* Not all observables are independent from each other



Mainz Microtron - MAMI

* Located at University of
Mainz, Germany

* LINAC (3.97 MeV)

* Racetrack microtrons
(855 meV)

* Harmonic double sided
microtron (up to 1.6 GeV)
* Linear beam

Injector Therm, Source
Linac + Pol. Source

* Circular beam



Crystal Ball/TAPS

* Crystal Ball: 672 Nal
crystals

20°< 6 <160°
* TAPS: 312 BaF,, 72 PbWO,
5°<0<20°

* PID: 24 EJ-204 plastic
scintillators

* Vetoes: 384 EJ-204 plastic
scintillators

Nal(Tl)
MWPC

PID

Ban



Target Materials
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Liquid Hydrogen ~ 10 cm
Liquid Deuterium ~ 10 cm

Carbon foam target ~2 cm



Measuring Quasifree Nucleons Bound in

Deuteron

* Kinematics modified by Fermi motion leads tc

* Possible influences of meson-nucleon and nucleon-nucleon FSI on cross
sections

* Solutions?

* Typical neutron detection efficiencies are low, kinematics defined
without measurement of recoil neutron energy

* Initial state: incident photon and deuteron at rest
Final state: meson, participant and spectator nucleon
Leads to four constraints from energy/momentum conservation

* Comparison of quasifree production oﬁ protons and production off free
protons to study FSI effects =




Extraction of E, 0,,, and O3,

circularly polarized beam
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Extraction of T and F

A\, Y denote target polarization state
1 do¢—doto
PTPcirc d0'_¢ T d0-+¢

+, - denote photon helicity state

Fcosp =

2 methods to extract:

« Normalize with deuterium target (needs * Oisthe angle between target
flux and efficiency correction) polarization plane and production
* Normalize with D-Butanol/H-Butanol target plane
(no flux or efficiency correction, but uses * @’isthe angle between target
dilution factor) polarization plane and normal to

production plane
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Angular Asymmetries for nN
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Legendre Coeﬁiuents for nN

S nte e sign
| _ofP,andS, are
i more similar to
the measured
data than the
predictions
without the
addition of a
narrow P, state
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Angular Asymmetries for t°N
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Angular Asymmetries for t°N
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Angular Asymmetries for Quasifree
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Angular Asymmetries for 1t°n
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Total Cross Section for t°N
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Legendre Coefficients
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Third
resonance
region gives
large signal for
neutron, and
indicates 1=3/2
partial waves
are more
stable
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E and g, for m°m°n
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E and gy, for m°nt°p
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®E version 1

®E version 2
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F for t°mt°p
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* Database for neutrons is extremely sparse, ata
required, but is coming

* New data will help to analyze N* properties

* Neutron measurements more difficult due to FSI and
Fermi motion and require more time

* Channels investigated so far seem to have FSI effects less
important for polarization observables than for cross
sections

* Many upcoming results being prepared for publication,
some already published
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