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Abstract. Coherent photoproduction of n7-mesons from the deuteron has been measured from threshold up
to E, = 750 MeV using the photon spectrometer TAPS at the tagged photon facility at the Mainz microtron
MAMI. For the first time, differential coherent cross-sections have been deduced from the coincident
detection of the n-meson and the recoil deuteron. A missing-energy analysis was used for the suppression
of background events so that a very clean identification of coherent n-photoproduction was achieved. The
resulting cross-sections agree with previous experimental results except for angles around 90° in the ~vd
c.m. system where they are smaller. They are compared to various model calculations.

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

reactions

1 Introduction

The structure of the nucleon and its excited states is one
of the central issues of non-perturbative Quantum Chro-
modynamics. Meson photoproduction has emerged as an
excellent tool for experimental investigations providing
detailed resonance properties which are the ideal testing
ground for modern hadron models. One of the major diffi-
culties for the experimental study of excited nucleon states
is that they are closely spaced and, due to their hadronic
decay channels, have large widths which result in a sig-
nificant overlap. Furthermore non-resonant background
contributions like nucleon Born terms or vector meson
exchange complicate the interpretation of photoproduc-
tion reactions. However, there are a few cases where, due
to the different couplings of the resonances to the initial
photon-nucleon state and the final nucleon-meson states,
certain resonances strongly dominate photoproduction re-
actions. The best-known example is the dominance of the
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low-lying P33(1232) A resonance in 7°-photoproduction.
In the so-called second resonance region which comprises
the Pi1(1440), D13(1520) and S11(1535) resonances the
largest contribution to pion photoproduction comes from
the excitation of the Di3 due to the large photon cou-
pling. On the other hand, n-photoproduction in this en-
ergy range proceeds almost exclusively via the excitation
of the Sy; resonance [1,2]. The decay branching ratio of
this resonance into N7 is approximately 50% [3] while
for the D13 it is less than 1% [4]. Eta-photoproduction is
therefore the best reaction for the study of the Si; reso-
nance on the free nucleon [1] and in nuclear matter [5,6].
The negligible contribution of the P;; and D;3 resonances
to n-photoproduction is easily understood since these de-
cays must proceed via n-nucleon pairs with relative orbital
angular momenta of [ = 1,2 which are strongly suppressed
close to threshold. However, it is not understood why the
contribution of the S11(1650) is also very small.
Eta-photoproduction from the proton has been used
to determine the basic properties of the Si1(1535) res-
onance, such as its mass, width and in particular
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the electromagnetic helicity amplitude A} /2 [1,2]. The

isospin structure of the electromagnetic excitation of the
S11(1535) resonance was investigated in experiments on
n-photoproduction from the deuteron [7,8]. Quasi-free 7-
photoproduction from the deuteron can be used to deduce
the cross-section of the n(y,n)n reaction. However, the
complete isospin decomposition requires in addition the
measurement of coherent photoproduction from an isospin
I = 0 nucleus. Since the excitation of the S7; resonance
via the Ey; multipole involves a spin-flip transition, the
I =0, J =1 deuteron is the ideal target nucleus for this
purpose. The isospin composition can be deduced from
these measurements via

b~ A7)y + AT pl” =47 )%, (1)
~ |A§/2 - A‘f/2|2 |A /2|2 (2)
~ AT, (3)

where Aj /2 denotes the isoscalar and A} /2 the isovector

amplitude.

While quark models and results from pion photo-
production predicted a dominant isovector component
of the S11(1535) excitation, an early experiment found
a large coherent n-production cross-section from the
deuteron [9], requiring a large isoscalar contribution.
More recent experiments found the cross-section to be
much lower [7,8] and extracted A$ 2 < AY /2> @S quark
models have predicted. Furthermore, from inclusive and
exclusive measurements of quasi-free n-photoproduction
from the deuteron and *He, a cross-section ratio of
| A} /2| /|A /2|2 = on/op = 0.66 has been deduced [7,8,

10]. Taking into account the small coherent cross-section
from the deuteron, a ratio of A3 /2|/|A1/2| = 0.09 was

extracted in [7,8].
On the other hand, models reproducing the mea-

sured cross-section of coherent n-photoproduction from
the deuteron [11,12] require |Aj /2\/|A1/2| = 0.22-0.26, a

value in conflict with the experimental result above (cf.
sect. 3). This discrepancy motivated further studies of co-
herent photoproduction of n-mesons from the deuteron.
Ritz et al. [13] recently suggested that the problem is due
to contributions from hadronic rescattering which give rise
to a complex, energy-dependent phase relation between
the extracted amplitudes. They deduce from a fit of their
model to the data A? = (120.0 —i66.1) x 1073 GeV~1/2,

1/2 =
A}y = = (—114.0 — i1.7) x 1073 GeV~1/2 which are consis-

tent with |A} /2| /|A /2|2~066 and | A3 /2|/|A11)/2| ~ 0.25.

2 Experimental setup and analysis methods

Coherent photoproduction of 7-mesons has been measured
at the Glasgow tagged photon facility [14] at the Mainz
microtron MAMI [15,16] using the photon spectrometer
TAPS. A quasi-monochromatic photon beam of energies
up to 818 MeV was produced via bremsstrahlung tagging.
The TAPS detector [17,18] consisted of 6 blocks each with
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Fig. 1. Missing energy of both detected particles calculated
according to egs. (4) and (5). The peak corresponding to co-
herent events is marked with an arrow.

64 hexagonal cross-section BaFy crystals and a forward
detector with 120 BaFs crystals. The 6 blocks were lo-
cated in a horizontal plane around the target at angles of
+50°, £100°, and +150° with respect to the beam axis.
The forward detector covered a polar angular range of
5° < # < 20°. This setup subtended ~ 30% of the full
solid angle. All BaFs modules were equipped with 5 mm
thick plastic detectors for the identification of charged par-
ticles. The target was a 10 cm long, 4 cm diameter, liquid-
deuterium filled cell. A detailed description of the setup is
given in [10].

Eta-mesons were detected via their two-photon decay
channel and identified in a standard invariant-mass anal-
ysis using the measured photon energies and angles as in-
put. An invariant-mass resolution of ~ 60 MeV (FWHM)
was achieved for the 7 signal. The photons were identified
by time-of-flight and pulse-shape analysis, while deuteron
identification relied on energy and energy loss informa-
tion from the plastic and BaF5 scintillators (see [10] for
details). A missing-energy analysis which utilises the kine-
matical overdetermination of the reaction was performed
to obtain clear identification of coherent events. The dif-
ference of the c.m. energies of both the 1 (E;) and the
deuteron (E}) was calculated for this purpose from initial
and final-state kinematic quantities as follows:

Ed

miss

E’?

miss

= E:ik (E’Y’ md) - Eé (Elliab’ plab) (4)
= E}(Ey,ma) — Ef(EX",pi") (5)

where I, denotes the incident photon beam energy, mgqg
the deuteron mass, Elab and plab the measured energies
and momenta of deuteron and np-meson. The resulting two-
dimensional missing-energy distribution (see fig. 1) allows
a very efficient discrimination of the signal from remaining
background. The peak at zero (marked with an arrow),
which is clearly separated from the background, corre-
sponds to the coherent events.

The acceptance of TAPS for n-meson decays into two
photons in the energy range of interest covers the full po-
lar angle of the -mesons. However, for the deuteron there
are regions where the particle escapes detection. Figure 2
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Fig. 2. Simulated acceptance for coherent n-production in
TAPS. The boundaries correspond to the borders of the
forward detector and the minimum energy required for the
deuteron to be detected. The efficiency ranges from 1.5 to 2.8%.

shows the acceptance of TAPS for coherent events as a
function of photon beam energy and n polar angle in the
c.m. system. The boundaries are determined by the angu-
lar range covered by the forward detector (5° < 6 < 20°)
and the minimum kinetic energy required for the detection
of the deuterons (Fyin, > 40 MeV).

3 Results

The measured differential cross-sections for coherent 7-
photoproduction from the deuteron are summarized in
figs. 3 and 4. The results of the measurements performed
at ELSA [8] with the AMADEUS and PHOENICS detec-
tors are shown for comparison.

The identification of coherent n-production in all previ-
ous experiments relied completely on a missing-mass anal-
ysis of the detected deuterons. The n-mesons were not
identified via their invariant mass which increased count-
ing statistics through the inclusion of the n — 37 de-
cay channels. By contrast, the TAPS experiment detected
deuterons and n-mesons in coincidence. This improves
substantially the suppression of background, in particu-
lar from double w°-production.

The resulting differential cross-section for the back-
ward angle bins shows a rise at production threshold,
falling off again above 675 MeV photon energy. The com-
parison of the differential cross-sections around 6} = 90°,
measured by the different experiments, shows that the
TAPS result is about 50% lower than that of PHOEN-
ICS (fig. 3). However, both results could be consistent
within the statistical uncertainties. The difference to the
AMADEUS data near threshold is much larger. The low-
est part of fig. 3 shows the angular range of 0.62 <
cos < 0.93, which is not covered by the TAPS accep-
tance. Fix and Arenhével [11] have compared their calcu-
lations with the PHOENICS data in this angular region.
Using |As|/|As + Ay| = 0.09 (cf. sect. 1), the magnitude
of the measured cross-section is not reproduced. Instead a
ratio of 0.26 is needed to fit the data. In the region around
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Fig. 3. Excitation function for coherent photoproduction from
the deuteron measured with TAPS (® the horizontal error bars
indicate the width of the incident photon energy bins) for dif-
ferent angular regions in comparison with experimental data
from PHOENICS (O) and AMADEUS (A) [8]. The PHOEN-
ICS data for backward angles correspond to slightly different
angular bins than the TAPS data (—1,—06; —0.6, —0.2). The
lowest plot shows the forward region, where TAPS has no ac-
ceptance. Calculations of Fix and Arenhével [11] for various
values of |A§/2|/\A11’/2\ (solid line: 0.26, dashed line: 0.09) and
Ritz and Arenhovel [13] (dotted line) are compared to the data.

R °T
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0, = 90°, the model describes the TAPS data only with
the same large value of the amplitude ratio. The calcula-
tion of Ritz et al. [13] agrees with the TAPS and PHOEN-
ICS data quite reasonably except for the lowest incident
photon energies at backward angles.

The situation is similar for the 7 angular distribu-
tions. Figure 4 shows the coherent 7 angular distribu-
tions in the photon deuteron c.m. system for different
ranges of the incident photon energy. The data are com-
pared to a calculation of Kamalov et al. [12]. This model
uses the coupled-channel method in plane-wave (PWIA)
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Fig. 4. Angular distributions of coherent n-mesons produced
from the deuteron for different photon beam energy regions
(® TAPS, O PHOENIX, horizontal error bars represent the
angular bin width). Calculations are PWIA (dashed line) and
DWIA (solid line) from Kamalov et al. [12] for [A7 ,|/|A7 ,| =
0.22 and from Ritz et al. [13] (dotted line).

and distorted-wave (DWIA) impulse approximations. The
model predictions agree with the data within the statisti-
cal uncertainty assuming |Aq|/|4s + Av| = 0.22. With the
exception of the lowest incident photon energy, the calcu-
lation of Ritz et al. [13] is in similar agreement with the
data.

4 Conclusion

Coherent n-photoproduction from the deuteron has been
measured by coincident registration of the recoil deuteron
and the m-meson which very efficiently suppresses pos-
sible background contributions. The cross-sections agree
for most kinematical regimes with the results from a pre-
vious experiment [8] but they are smaller in the angu-
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lar range around 90° in particular when compared to
the AMADEUS data. Calculations in the framework of
different models are in reasonable agreement with the
data when the contribution of the isoscalar amplitude is
choosen in the range [A] ,|/|A] ), + A | ~ 0.22-0.25.
This relatively large isoscalar contribution can be recon-
ciled with the measured proton/neutron cross-section ra-
tio [A},[?/|A} > = on/op ~ 0.66 if rescattering con-
tributions give rise to a large relative phase between the
proton and neutron amplitudes [13]. However, the inter-
pretation of the d(v,n)d reaction involves the isospin com-
position of the Si; excitation and, at the same time,
the correct treatment of nuclear effects such as meson
rescattering contributions. The best way to disentangle
these aspects is the investigation of the coherent process
for nuclei with different quantum numbers which act as
spin/isospin filters. Particularly interesting is a compari-
son of the I = 0, J = 1 deuteron to the I = J = 1/2 nu-
cleus 3He. In the latter case, as in the process on the free
nucleon, the reaction is dominated by the large isovector,
spin-flip amplitude. Consequently, relatively large cross-
sections are expected and the reaction is ideally suited to
test the model treatment of the FSI effects. This reaction
has been measured in a very recent experiment with TAPS
at MAMI and the data are currently under analysis.
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