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The reaction v p — 7%y’ p has been measured with the TAPS calorime-
ter at the Mainz microtron facility. This reaction channel provides access
to the static magnetic moment of the AT (1232) resonance. Preliminary
energy differential cross sections are presented and compared to recent cal-
culations of the v p — 7%y’ p reaction.

PACS numbers: 13.40.Em, 14.20.Gk, 25.20.Lj

1. Introduction

The static properties of baryons like magnetic moments or polarizabili-
ties carry valuable information about the baryonic structure. In particular,
they provide an important testing ground for QCD based calculations in the
confinement region. It is generally assumed that the AT(1232) resonance
has a similar quark structure as the proton, except that the spins couple to
J = 3/2 instead of J =1/2 as for the proton.

However, due to its short lifetime it is experimentally very difficult to
investigate the internal structure of the A resonance. In general very little
experimental information is available outside the ground state SU(3) octet.
Table I shows predictions of different calculations for A in comparison to
the experimental status.

Kondratyuk and Ponomarev [7] proposed a method to investigate the
static electromagnetic structure of the A isobar. Figure 1 shows an energy
level diagram with the proton (nucleon) as the ground state and the A as
the first excited state. The A structure can be probed by exciting the proton
with a photon to a A, which subsequently emits a real photon followed by
the decay into a nucleon and a pion. Spin and parity conservation requires
that the lowest order electromagnetic transition is magnetic dipole (M1)
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Predictions of different quark models for g in comparison to

status (PDG2000).
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TABLE 1

the experimental

pa++ /BN prat /BN prao/pN pa-/uN
PDG2000 [1] 3.7-7.5 — —
SU@): pa = Qa pp 5.58 2.79 0 —2.79
RQM [2] 4.76 2.38 0 ~2.38
lattice QCD [3] 49406  2.5+0.3 0 —2.5+0.3
\PT [4] 40404 21402 —0.1740.04 —2.254+0.25
YQSM [5] 4.73 2.19 ~0.35 ~2.90
LCQSR [6] 44408 22404 0.0 ~2.240.4

radiation. This A — A" amplitude is proportional to 4+ and was recently
investigated in [8,9]. The next allowed multipole is the higher order electric
quadrupole (E2) transition, but this contribution is generally assumed to be
small [18].

Therefore, the measurement of the reaction v p — 7%y’ p provides access
to a+. Unfortunately, the final state 7%y’ p can result from several reaction
processes (compare figure 2). The advantage of the reaction v p — 7%y’ p
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Fig.2. Left: diagram with an amplitude sensitive to pa+. Middle: a A-resonant
bremsstrahlung diagram and (right hand side) a Born diagram as an example for
other possible processes which also lead to the 7%’ p final state.

is that there are only heavy particles, A and proton, contributing to the
bremsstrahlung radiation. Consequently the bremsstrahlung contributions
are of the same order as the interesting A — A~/ transition. In addition the
dominance of the resonant reaction process of the reaction v p — 7% p leads
to the assumption that the background Born contributions are playing a
minor role which makes the extraction of u+ easier. The reaction channel
v p — wty’'n is in that sense less favorable for extracting the magnetic
moment of the AT isobar. In summary, a consistent theoretical description
of all contributing processes is crucial for extracting pa+.

The magnetic moment of the AT isobar was extracted in a similar way
from the reaction 77 p — 7' p. Two measurements at the University of
California (UCLA) [11] and Schweizerisches Institut fiir Nuklearforschung
(SIN, todays name PSI) [12] have been performed and as a result of many
theoretical analyses of these data the Particle Data Group [1] quotes a range
of 3.7-7.5 un for pp++.

2. Experimental setup and analysis methods

The reaction v p — 7%y’ p was measured at the electron accelerator
Mainz Microtron (MAMI) [13,14] using the Glasgow tagged photon facility
[15] and the photon spectrometer TAPS [16]. A quasi monochromatic photon
beam was produced via bremsstrahlung tagging. The photon energy range
covered was 205-820 MeV with an average energy resolution of 2 MeV. The
TAPS detector consisted of six blocks each with 62 hexagonally shaped BaFs
crystals arranged in an 8 x8 matrix and a forward wall with 138 BaF4 crystals
arranged in a 11x14 rectangle. The six blocks were located in a horizontal
plane around the target at angles of £54°, £103° and +153° with respect
to the beam axis. Their distance to the target was 55 cm and the distance
of the forward wall was 60 cm. This setup covered ~ 38% of the full solid
angle. All BaFy modules were equipped with 5 mm thick plastic detectors
for the identification of charged particles. The liquid hydrogen target was
10 c¢m long with a diameter of 3 cm.
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The reaction was exclusively measured, 4.e. the four-momenta of all par-
ticles in the final state were measured. The 7 mesons were detected via
their two photon decay channel and identified in a standard invariant mass
analysis using the measured photon energies and angles as input. For the
data shown in the talk, the two 7¥ decay photons and the third photon in the
final state were distinguished by using the 7° invariant mass as a selection
criterion. The two photons with an invariant mass closest to the 7 mass
were assigned to be the decay photons. The protons were identified using
the excellent time resolution of the TAPS detector. The characteristic time
of flight dependence on the energy of the proton and a pulse shape analysis
were sufficient to obtain a very clean proton signal.

Exploiting the kinematic overdetermination of the reaction, further kine-
matic checks were performed. Special attention had to be paid to the 270
production as a possible background channel. This arises from the limited
coverage of the full solid angle since one of the four 27° decay photons might
have escaped undetected. In a first step, the conservation of the total mo-
mentum in the three Cartesian directions was checked, respectively. After
that a missing mass analysis was performed to discriminate a possible 270
contamination. The following missing mass was calculated:

MI%IiSS = ((EWO + Ep) - (Ebeam + mp))2 - ((ﬁwo +ﬁp) - (ﬁbeam))ga (1)
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Fig.3. Left: missing energy of the 7° p in the final state. The peak near 0.02 GeV?
originated from 27° production and was cut away. For the peak at 0 GeV? the
energy balance of the reaction was checked (right hand side). Right: energy balance
for the reaction v p — 7%y’ p. The dashed and dotted lines show the corresponding
simulated line-shapes using GEANTS3.
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where E 0, piro, Ep, P denotes the energy and momenta of the 7° and proton
in the final state and m,, the proton mass. The resulting distribution (figure 3
left hand side) allowed an efficient discrimination of the 27" background.
A Monte Carlo simulation using GEANTS3 [17] of the 27° and 7%/ reactions
reproduced the line-shape of the measured data. As the final kinematic check
the energy balance was calculated to test energy conservation

Epa = (Ebeam + mp) - (Ewo + Ep + E’y’) . (2)

The notation is the same as in Eq. (1). Figure 3 right hand side shows the
resulting clean identification of the v p — 7%y’ p reaction channel.

The cross section can be deduced from the rate of the 7%'p events di-
vided by the number of hydrogen atoms per cm?, the photon beam flux,
the branching ratio of 7° into two photons and the detector and analysis
efficiency. The detector acceptance and analysis efficiency were calculated
performing a Monte Carlo simulation using the GEANT3 code. For this
purpose figure 4 shows the comparison between the energy distribution of
the photon 4/ and the 7° meson. The phase-space assumption is in clear con-
tradiction to the data, whereas the calculation [18] shows a nice agreement
of spectral form. Therefore, the efficiency is calculated using the calcula-
tion [18] to simulate the particles in the final state.

> 60 B B B L B S % 60; T T T T T T T 3
2 i 325<E,<475MeV = H 325<E <475MeV 1
(o] F L J
s 20 2 50 .
c L S L J
=) L L 4
Q Q [ ]
© 40: ° a0l ol .
30| S Uhe 2 ]
¥ 3of" il A -
[ i K :"I '.. 1
20 ST i ]
r 20j . Sy ]
10F i 1
b 10 - .
ok r Jf hnt 1;_::._ b

L 0(; “‘1(‘30““23)_3%

0 50 100 150 200

E, / MeV E,/MeV

Fig.4. Comparison of the E. (left-hand side) and the E o (right-hand side).
Energies between the data (points) and two GEANT3 simulations in the lab frame.
The dashed dotted line shows pure phase-space and the solid line distributions
according to the calculation [18].
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3. Preliminary results and conclusion

The measured differential cross sections for the reaction v p — 70/ p
are shown in figure 5 for two different incident photon beam energies. Since
the data analysis is not finished yet, only preliminary cross sections are
presented.
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Fig.5. Preliminary energy differential cross section for two incident photon beam
energies. The solid line shows the Drechsel, Vanderhaeghen calculation [18] which
includes the bremsstrahlung diagrams (A resonant and non-resonant Born terms).
The calculation is shown for a value of ua+ = 3un.

The first series of calculations, only including the resonant A — A~/
process, were done by Machavariani, Faessler, Buchmann [8] and Drechsel,
Vanderhaeghen et al. [9]. Both groups use the effective Lagrangian formal-
ism and the latter one in addition a quark model approach to describe the
reaction. Since these calculations are incomplete, they cannot reproduce the
measured cross sections.

Recently Drechsel and Vanderhaeghen [18]| extended their calculation
and included bremsstrahlung diagrams (resonant A and non-resonant Born
diagrams) as exemplarily indicated in figure 2. This calculation is shown
in comparison to the preliminary data and a favorable agreement can be
stated.

In conclusion, the possibility of measuring the reaction v p — 7%’ p
has been demonstrated. Further investigations have to be made in order
to explore the accuracy of the AT magnetic moment that can be extracted
from the present data set.
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As an outlook, the current studies call for a dedicated experiment using
a 4w detector with a high luminosity photon beam in order to measure the
reaction v p — 7%y’ p with high statistical precision. Special kinematical
regions for the cross section do/(dE, df2, df2;) promise a higher sensitivity
to pa+ [18]. The same holds for measuring the photon asymmetry using
a linearly polarized photon beam. Such an experiment is being prepared for
the Crystal Ball detector at the Mainz Microtron accelerator facility [19].
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