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Abstract. The helicity dependence of the 49 — pn reaction has been measured for the first time at a
center-of-mass angle #; = 70° in the photon energy range from 780 MeV to 790 MeV. The experiment,
performed at the Mainz microtron MAMI, used a 4w-detector system, a circularly polarized, tagged photon
beam, and a longitudinally polarized frozen-spin target. The helicity 3/2 cross-section is found to be small
and the results for helicity 1/2 agree with predictions from the MAID analysis.

PACS. 13.60.Le Meson production — 14.20.Gk Baryon resonances with .S = 0 — 25.20.Lj Photoproduction

reactions

1 Introduction

Over many years, experimental and theoretical studies of
nucleon resonances have been performed using meson re-
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actions, mainly pion-induced reactions and pion photopro-
duction processes. Recently, a number of experimental and
theoretical advances in the study of 1 photoproduction
have taken place. New experiments have been performed
at MAMI (Mainz) [1], ELSA (Bonn) [2], GRAAL [3],
and JLab [4], while, on the theoretical side, different
models have been developed such as effective Lagrangian
approaches [5,6], coupled-channel calculations [7], gen-
eralized Lee model calculations [8], constituent quark
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models [9], and SU(3) chiral meson-baryon Lagrangian
theories [10,11].

From all these studies it became clear that, near
threshold, the S11(1535)-resonance plays a dominant role
in 7 production that is analogous to the role of the
A(1232)-resonance in pion production, while the contri-
bution of all the other resonances (such as D;3(1520),
S11(1650) or Pi1(1440)) is very small.

As pointed out in refs. [12,13], polarization observ-
ables are a powerful tool to disentangle the contributions
of small resonances in n photoproduction. Data on the
polarized-target asymmetry (from Bonn) and on the po-
larized photon beam asymmetry (from GRAAL) are avail-
able but no double-polarization observable has been mea-
sured up to now. As an introductory step in this study, we
present in this article the first measurement of the helicity-
dependent differential cross-section of the ¥p' — pn reac-
tion near threshold. These data were obtained during the
GDH experiment [14,15] at the Mainz microtron MAMI,
which studied the helicity structure of the exclusive and
inclusive photoproduction cross-sections and their contri-
butions to the Gerasimov-Drell-Hearn sum rule. Since the
S-waves have only helicity 1/2 contributions, a separa-
tion of the helicity 1/2 and 3/2 terms is very interesting
in order to investigate background and higher resonance
contributions.

2 Experimental setup

The experimental setup is described in detail in refs. [14,
16]. Only its main characteristics are briefly reviewed in
the following. The experiment was carried out at the
Glasgow-Mainz tagged-photon facility of the MAMI ac-
celerator in Mainz. Circularly polarized photons were pro-
duced by bremsstrahlung of longitudinally polarized elec-
trons. A strained GaAs photocathode routinely delivered
electrons with a degree of polarization of about 75% [17].
The electron polarization was monitored with a precision
of 3% by means of a Mgller polarimeter. The photon po-
larization was evaluated according to ref. [18]. The photon
energy was determined by the tagging spectrometer hav-
ing an energy resolution of about 2 MeV [19]. The tagging
efficiency was continuously monitored during the data tak-
ing by an eTe™ pair detector installed downstream of the
main hadron detector.

A butanol (C4HygOH) frozen-spin target [20] provided
the polarized protons. The system consisted of a horizon-
tal dilution refrigerator and a superconducting magnet
(22 2.5 T), used in the polarization phase, together with a
microwave system for dynamic nuclear polarization. Dur-
ing the measurement the polarization was maintained in
the frozen-spin mode at a temperature of about 50 mK
and a magnetic field of 0.4 T, supplied by a small super-
conducting holding coil inside the cryostat. The proton
polarization was measured using NMR techniques with a
precision of 1.6%. A maximum polarization close to 88%
and relaxation times in the frozen-spin mode of about
200 h have been regularly achieved.
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Fig. 1. The measured proton kinetic energy (Tproton) is shown
as a function of the proton emission angle in the laboratory
frame (f1ap) for single charged events at E, > 770 MeV. The
dotted and dash-dotted lines show the kinematical region al-
lowed for the pn reaction, respectively at E, = 770 MeV and
E., = 800 MeV; the vertical line corresponds to the acceptance
bound of DAPHNE.

Photoemitted hadrons were registered in a large-
acceptance detector DAPHNE [21]. DAPHNE is a
charged-particle tracking detector covering the full az-
imuthal angular region and polar angles 6., from 21°
to 159°. It consists of three cylindrical multiwire propor-
tional chambers, surrounded by segmented plastic scintil-
lator layers and by a scintillator-absorber sandwich. To
increase the acceptance for the forward angular region,
additional forward detectors, the silicon microstrip de-
tector MIDAS [22], an aerogel Cerenkov counter to sup-
press electromagnetic background, and the annular ring
detector STAR [23] were installed, followed by a forward
scintillator-lead sandwich counter.

3 Data analysis

In this paper, data recorded using the DAPHNE detector
alone are presented.

Events with a single charged track recognized as a pro-
ton were selected in order to identify the pn channel. Due
to this fact, only a small part of the reaction phase space
is accessible, since in the measured photon energy range
(B, < 800 MeV) protons are emitted with a maximum
polar angle of ~ 25° and have enough energy to reach the
detector only for E, > 770 MeV.

Protons were identified using the range method
described in [24]. Its most important feature is the
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Fig. 2. The measured unpolarized excitation function at 6; =
70° for the yp — pn reaction (filled circles) is compared to the
previously published data of ref. [1] (open circles) and ref. [3]
(open triangles). The different style lines show the predictions
of the MAID analysis for four different cases including all reso-
nances (continuous line), S11(1535) only (dashed line), without
D15(1520) (dash-dotted line), without S11(1650)-resonances.
The errors shown are statistical only.

simultaneous use of all of the charged-particle energy
losses in the DAPHNE scintillator layers to discriminate
between protons and 7%, and to determine their kinetic
energies.

In fig. 1 the measured proton kinetic energy is shown as
a function of the proton polar angle for events collected at
E., > 770 MeV using an unpolarized pure-liquid-hydrogen
target. The different regions where events coming from the
pr?, pr®7% and pn reactions show up, can be clearly seen.
The dotted and dash-dotted lines show the kinematical
region allowed for the pn reaction at E, = 770 MeV and
E., = 800 MeV, respectively. Events lying within the two
lines were selected as possibly belonging to the pn chan-
nel. While pn and pn® reactions are clearly separated by
the proton emission angle, events from the pr97® process
extend into the kinematical region of the pn production.

The background originating from the pm°7° reaction
has been evaluated by using a GEANT-based simulation
and the known unpolarized pr?7® cross-section [1,25]. The
amount of this background is about 7% of the total se-
lected events at E, > 770 MeV in the case of the unpo-
larized cross-section.

In fig. 2, the unpolarized excitation function at a
center-of-mass angle 6; = 70° and for E, between
780 MeV and 800 MeV is compared to previously pub-
lished data [1] and the results of the multipole analysis
MAID [26], which includes Born terms, vector meson ex-
change and nucleon resonances. The agreement suggests
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that both the detector response and the analysis method
are well under control.

In the analysis of the data taken using the butanol
target, the background contribution of the reactions on C
and O nuclei could not be fully separated event by event
from the polarized H contribution. However, this back-
ground, coming from spinless nuclei, is not polarization
dependent and cancels when the difference between events
in the 3/2 and 1/2 helicity states is taken. For this rea-
son, only the helicity-dependent differential cross-section
Aoz = (do/df2);/; — (do/df2)3/o can be directly ex-
tracted from the measurement with the butanol target.
In this case, the helicity-dependent pr97® cross-section
results of ref. [27] have been used for the background sub-
traction. The total number of remaining 7 events is 136
at 783 MeV and 111 at 798 MeV.

4 Results and discussion

By using the methods described above, the difference
of the differential cross-sections Aoz = (do/df2);/2 —
(do/df2)s,5 of n photoproduction was determined and is
shown in fig. 3. Using our results of (do/df2)unpor (fig. 2),
(do/d§2)1/ and (do/d§2)s,, were determined separately
according to

(da/dg)l/Q = (da/dQ)unpol + A013/2 )
(dU/dQ)g/Q = (dU/dQ)unpol — AO’13/2.

The results are shown in fig. 3. The errors are sta-
tistical only. The systematic uncertainties contain contri-
butions from charged-particle identification (2.5%), w97
background subtraction (1%), photon flux normalization
(2%), photon polarization (3%), and target polariza-
tion (1.6%), respectively. The addition of these errors in
quadrature leads to a total systematic error of about 6%.
Due to the small acceptance of DAPHNE for detection
of pure pn events and the low statistics only one angular
data point (0; = 70°) for two v energy bins can be given.
In fig. 3 the predictions of the multipole analysis results of
MAID [26] are also shown for four different cases includ-
ing all resonances, for S11(1535) only, or switching off the
D43(1520)- or S11(1650)-resonances.

These first measurements of the helicity-dependent dif-
ferential cross-section (do/df2),/, for the yp — pn re-
action near threshold agree well with the MAID predic-
tions. Also (do/df2)s/, is small as expected for S-wave
dominance near threshold. Clearly, better statistics and
a wider kinematical range are required to disentangle the
small contributions from resonances other than S11(1535).
Analysis of the data from the more forward elements of
the detector system (which is currently in progress) will
extend the proton angle range down to 7.5° and will im-
prove the statistics by a significative factor. In addition,
data has been taken by our collaboration with a different
experimental setup at ELSA (Bonn) which will cover the
photon energy range up to about 1 GeV [28].
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Fig. 3. The measured helicity-dependent differential cross-section for 45— pn. Left: Ao13 = (do/d$2)1/2 — (do/d2);,2. Right:
(do/df2),,; and (do/df2)3/,. Curves as in fig. 2. The errors shown are statistical only.
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