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Photoproduction of n-mesons has been measured for several light nu-
clei (*°H, *He, "Li) and photoproduction of nm-pairs was investigated for a
deuteron target. The experiments were done at the tagged photon beam
of the Mainz MAMI accelerator with the Crystal Ball/TAPS electromag-
netic calorimeter. They aimed at two topics: the extraction of cross section
data for the elementary reactions off neutrons and the investigation of the
n-nucleus interactions, in view of n-mesic states. The main results are: the
excitation function for the yn — nn reaction has a very narrow structure
(width around 30 MeV) at final state invariant masses of 1670 MeV. Its na-
ture is not yet understood. For the quasi-free production of nr-pairs, the
analysis of all isospin channels (final states pn7°, nnn°, pnm—, and nynt)
resulted in cross section ratios almost perfectly agreeing in the threshold
region with a dominant contribution from the D33 — 1nPs33(1232) — nn N
decay chain. The measurement of coherent n-production off *He and "Li
nuclei confirmed a strong threshold enhancement accompanied by almost
isotropic angular distributions for the *He nucleus and much smaller de-
viations from PWIA approximations for the 7Li nucleus, supporting the
special role of 3He as a candidate for 7-mesic nucleus formation.
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1. Introduction

Photoproduction of mesons off light nuclei is an important tool for two
different lines of research [1]. It is the only practical approach for the inves-
tigation of the elementary reactions off (quasi-free) neutrons and it can shed
light on meson—nucleus interactions, in particular on the conjectured forma-
tion of mesic nuclei, i.e. quasi-bound states of mesons in nuclei generated
by the strong interaction.

* Presented at the II International Symposium on Mesic Nuclei, Krakéw, Poland,
September 22-25, 2013.
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Both topics have been investigated with quasi-free and coherent pho-
toproduction of mesons off light nuclei at the MAMI accelerator in Mainz
with the Crystal Ball/TAPS experiment. Here, we report the most recent
experimental results for the photoproduction of n-mesons and nm-pairs.

The isospin structure of electromagnetic nucleon-resonance excitations
can only be revealed by the comparison of meson production reactions off
the proton to the corresponding reactions off the neutron. Since free neu-
trons are not available, it is unavoidable to extract the information about the
elementary yn — Nz reactions (N — nucleon, x — any meson or mesons)
from experiments using nuclear targets. Compared to the free vp — Nz
reactions, measured with hydrogen targets, several complications must be
overcome. The simpler ones are of technical nature, arising from the coinci-
dent detection of the recoil nucleons necessary to identify the initial state of
the reaction and to reconstruct completely the reaction kinematics so that
the effects of nuclear Fermi motion can be eliminated. More problematic
are nuclear effects summarized as the final state interactions (FSI) such as
nucleon—nucleon or nucleon—meson rescattering, which can modify reaction
probabilities, angular distributions etc. of the elementary reactions off the
free nucleon for nucleons embedded in a nucleus. Due to these complications,
the experimental program to study meson production reactions off the neu-
tron is still much less developed than the corresponding program for the free
proton, where in addition to total cross sections, angular distributions, and
single polarization observables already first results for double polarization
observables become available.

The technical problems have been basically solved, modern detection sys-
tems like the electromagnetic calorimeters used for the present experiments,
can efficiently identify the recoil nucleons. The measurement of their polar
and azimuthal angles with sufficient experimental resolution is straightfor-
ward in highly segmented detectors. The measurement of kinetic energies
is most of the time only possible for recoil protons. Recoil neutrons do not
deposit well defined amounts of energy that could be related to their ini-
tial kinetic energy, and time-of-flight paths are usually too short to extract
the kinetic energy from timing measurements. However, when deuterons
are used as target nuclei, the measurement of the momenta (and masses) of
the mesons and the angles of the recoil nucleons is already sufficient. The
kinetic energy of the recoil nucleon can then be reconstructed from energy
and momentum conservation [1]. In this way, the effects from nuclear Fermi
motion can be very efficiently eliminated. The nuclear FSI effects, on the
other hand, cannot be eliminated. Here we have three different options. We
can use models that try to reproduce and predict such effects, we can in the
case of the proton compare the results for measurements off the free proton
to the results for protons bound in nuclei (and try to understand this way
under which conditions and for which reaction channels such effects are im-
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portant), and we can compare experimental results for different light nuclei.
Examples for such strategies are the cross sections measurements of 7- [2, 3]
and n’-production [4] off the neutron and the measurement of beam-helicity
asymmetries for 70-pairs off the neutron [5], for which the comparison of free
and quasi-free proton cross sections suggested that nuclear effects are neg-
ligible. A completely different case is single pion production in the nucleon
resonance region, where very significant nuclear effects have been observed
for the yd — ppr~ reaction [6] as well as for the vd — npr® reaction [7].

While on the one hand, FSI effects represent an obstacle for the inves-
tigation of the meson production reactions off neutrons, they offer on the
other hand a unique chance to study meson—nucleus interactions. For long-
lived mesons, like charged pions or kaons, secondary beams can be used
for detailed studies of elastic and inelastic reactions, revealing the relevant
potentials. However, most mesons are short-lived so that their interaction
with nucleons can only be studied in indirect ways, making use of the final-
state interactions (FSI). The general idea is to produce the mesons with
some initial reaction in a nucleus and then study their interaction with the
same nucleus. A very interesting, controversially discussed topic is, whether
quasi-bound states can be formed between nuclei and mesons. Such states
would be an ideal laboratory for the study of the properties of the strong in-
teraction in view of meson—nucleus dynamics. The interaction of low-energy
pions with nucleons is much too weak for the formation of bound states, but
the situation is different for  and possibly also for 7’ mesons.

Photoproduction of n-mesons off the nucleon in the threshold region
is characterized by the strong contribution of the excitation of the s-wave
S11(1535) nucleon resonance [8], which has an ~ 50% branching ratio to
Nn [9]. As a consequence, the nN interaction at low 7-momentum is strong.
Measurements of n-photoproduction off light to heavy nuclei [10, 11] have
revealed a scaling of the production cross section proportional to A/3 (A=
nuclear mass number), indicating strong absorption corresponding to an el-
ementary /N reaction cross section around 30 mb and a mean free path of
~ 2 fm. Based on the approximation of the n/N scattering length, Liu and
Haider [12]| suggested already more than 25 years ago the possible existence
of quasi-bound n-nucleus systems for medium-light nuclei like carbon and
oxygen. More recently, following more precise input data for the scattering
length, interest focused on light nuclei like the helium isotopes. Studied
was, in particular, the threshold behaviour of n-production reactions with
hadronic and electromagnetic probes. Among the possible signatures for
quasi-bound states, there are threshold enhancements of the production re-
actions. The most promising signals have so far been found for the 3He
nucleus, with hadron- [13-17] as well as with photon-induced [18, 19| reac-
tions. Here, we will summarize the most recent results from photoproduction
for ®He and "Li nuclei and future perspectives for the *He nucleus.
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2. Experimental setup

The experiments were done at the Mainz MAMI accelerator [20], deliv-
ering primary electron beams of =~ 1.5 GeV. Bremsstrahlung photons were
produced in thin radiator foils (typically 10 um copper) and tagged with the
upgraded Glasgow magnetic spectrometer [21]. The typical bin width of the
photon beam energy is defined by the geometrical size of the plastic scin-
tillators in the focal plane detector of the tagger. The intrinsic resolution
of the magnetic spectrometer is better by more than an order of magni-
tude. Liquid cryo-targets were used for the measurements with deuterium
and helium, and a solid target was used for lithium. The helium target
cell (cylindrical shape, 3 cm diameter, 5.08 cm length, surface density 0.073
nuclei/barn) was made from mylar, the target cells for the deuterium were
Kapton cylinders (4 cm and 3 cm diameter, respectively 4.72 c¢m length,
surface densities 0.147, 0.231 nuclei/barn). The solid "Li target was 5.4 cm
long (surface density 0.264 nuclei/barn). Contributions from the mylar and
Kapton cells were determined with empty target measurements.

A schematic representation of the detector setup is shown in Fig. 1. It
combined the electromagnetic calorimeters Crystal Ball (CB) [22] and TAPS
[23]. The CB, made of 672 Nal crystals covered the full azimuthal range
for polar angles from 20° to 160°, corresponding to 93% of the full solid
angle. The TAPS detector was configured as a forward wall combining 384
hexagonally shaped BaFs crystals which was placed 1.457 m downstream
from the target and covered polar angles between =~ 5° and 21°.

TAPS

MWPC PID

Fig. 1. Experimental setup combining Crystal Barrel (CB, only lower half shown),
TAPS, and charged-particle identification detectors. Target in the center of the CB,
beam from the lower-right to upper-left corner.
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The Crystal Ball was equipped with an additional Particle Identification
Detector (PID) for the identification of charged particles and all modules of
the TAPS detector had individual plastic scintillators (CPV) in front for the
same purpose.

The trigger conditions were different for the different targets (because
apart from n-production the runs combined data taking for several other
reaction channels). The main trigger components were always a condition
for the analog energy sum of all modules of the CB and conditions on the
multiplicity of hits in the complete calorimeter.

3. Data analysis

The data analysis procedures are described in detail in [19, 24, 25]. The
main steps for all data start with the classification of calorimeter hits as
‘charged’ or ‘neutral’ using the PID and the TAPS CPV. Subsequently, the
pulse-shape analysis for the BaFs modules and a time-of-flight versus en-
ergy analysis complete the identification of photons, neutrons, and protons
in TAPS. A AE—F analysis with PID and CB was used for the identification
of protons and charged pions in the CB. Separation of photons and neutrons
was not directly possible for hits in the CB. Therefore, for events with an
odd number of neutral hits, and no positive identification of a neutral hit
in TAPS as neutron, all neutral hits in the CB were treated as photon and
neutron candidates and the most probable assignment was done with a y?
analysis of the invariant masses of photon pairs (for the hypotheses of 7’-
or n-decays). Different event classes were analyzed for the investigated reac-
tions. All quasi-free production reactions were analyzed in coincidence with
recoil protons, recoil neutrons, and inclusively (i.e. without any condition
for recoil nucleons). Quasi-free n-production was analyzed for the n — 2+
and  — 37° — 67 decays. Thus events with two neutral, three neutral,
two neutral plus one charged, six neutral, seven neutral, and six neutral
plus one charged hit were analyzed. Coherent n-production was analyzed
under the condition that no recoil nucleon was observed, i.e. only events
with exactly two or six neutrals were accepted. The identification of the
mesons was done with standard invariant mass analyses. The separation of
quasi-free and coherent n-production was based on missing mass analyses,
which were also used to eliminate background from 7n-pairs (when the pion
had escaped from detection).

4. Elementary reactions off nucleons

4.1. Photoproduction off n-mesons

Tremendous progress has been made in the study of photoproduction
of m-mesons off protons. Apart from the pion, this is now probably the
best studied final state. Total cross sections and angular distributions have
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been measured at all major tagged photon facilities even with repeated and
improved experiments [26-36]. Also some results for single polarization ob-
servables have been published [31, 37-39] and with electroproduction exper-
iments a large range of Q2 has been explored [40-42]. The current experi-
mental status for photoproduction is summarized in Fig. 2. Shown are the
total cross section and the coefficients of a fit of Legendre polynomials to
the angular distributions
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Fig. 2. Left-hand side: total cross section data of the yp — pn reaction (extracted
from fits of the angular distributions). Data from [26] (TAPS 95), [27] (GRAAL
02), [28] (CLAS 02), [29] (Crystal Barrel 05), [30] (LNS 06), [31] (GRAAL 07), [33]
(Crystal Barrel 09), [34] (CLAS 09), [36] (Crystal Ball 10). Model curves from [43]
(MAID 1), [44] (MAID 2), [45] (BnGn), [46] (SAID). Right-hand side: Legendre
coefficients of the angular distributions. Left column: full energy range, average
over all data except for Ay, for which the data from [33] is shown separately. Central
(right) column: individual data sets for low (high) energy range.

The data from the different measurements are in fairly good agreement.
The absolute normalization of the CLAS 09 data [34] differs at large excita-
tion energies from the other data sets (note that after normalization to Ay
the Legendre coefficients agree with the other data sets). The Ay coefficient
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for the Crystal Barrel 09 data [33] deviates from all other data sets. How-
ever, these data are the only ones which cover the extreme forward angles
to which the A4 coefficient is very sensitive.

All models agree on the strong dominance of the S7;(1535) resonance
in the threshold region and a destructive interference between this state
and the S71(1650). A tiny contribution from the D;3(1525) resonance was
identified in the angular distributions [26] and, in particular, in the photon-
beam asymmetry X' [37, 39]. The corresponding decay branching ratio of
this state into N7 is very small, it amounts only to (0.23 £ 0.04%) [9].

The reaction is much less understood at little higher incident photon
energies. The results from different models do not agree among each other
(compare, for example, the model results for the total cross section in the
insert at the left-hand side of Fig. 2). Even worse, different analyses suggest
different contributions of nucleon resonances. As discussed in [39], in the
BnGn analysis [45] the P;1(1710) makes an almost negligible contribution
while the Py3(1720) is essential to describe the beam asymmetries. On the
other hand, in the ‘Eta-MAID’ model [43] the Pj; is more important than
the Pi3. The shape of the angular distributions changes dramatically for
meson—nucleon invariant masses W between 1.6 and 1.7 GeV (see Fig. 2,
right-hand side, central column).

Quasi-free and coherent photoproduction of n-mesons off light nuclei
(2H [47-50], *He [51, 52]) was in the past mainly studied in the thresh-
old region and used to extract the isospin structure of the electromagnetic
excitation of the S11(1535) resonance. The main result (see Ref. [53] for a
summary) was that the excitation is dominantly of isovector nature with

an 14118/2/1411?/2 = 0.09 £ 0.01 ratio, where A’f/Q is the helicity-1/2 coupling

for the proton and AIIS/2 its isoscalar component. At higher incident photon
energies, models [43] predicted a much larger contribution of the D15(1675)
state in the neutral channel, so that the neutron/proton cross section ra-
tio should rise. However, the experimental finding |2, 3, 54| was a pro-
nounced structure in the nn-excitation function in the W range, where the
angular distributions for the vp — pn undergo the rapid change. The na-
ture of this structure is not yet understood, different scenarios have been
discussed including interferences between the excitations of known nucleon
resonances |55, 56|, coupled channel effects [57, 58], threshold effects from
opening strangeness production [59] but also intrinsically narrow excited
nucleon states [55, 60-62].

The existence of this structure has recently been confirmed with two high
statistics experiments done at the MAMI accelerator using liquid deuterium
and liquid 3He targets [25, 63]. Total cross sections as function of final
state invariant mass W are summarized in Fig. 3. The invariant mass W
was extracted as discussed in |1, 3| so that the effects from nuclear Fermi
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Fig. 3. Quasi-free excitation functions for YN — Nn. Left-hand side: deuteron [63]
and free proton [36] targets; quasi-free proton (squares/blue), free proton
(stars/black), and quasi-free neutron (circles/red). Curves: fits (see the text):
S11 contribution (dash-dotted), phenomenological background (dotted), narrow
structure (dashed), sum of all (solid). Open circles/red: data after subtraction
of S11 and background fit. Center: same for 3He target |25, 63]. Right-hand side:
ratio of neutron/proton excitation functions [3, 25, 63].

motion were removed. The results for the quasi-free reaction off protons
bound in the deuteron [63] are in excellent agreement with free proton data
[36]. This demonstrates the quality of the kinematical reconstruction of the
Fermi motion effects and suggests that re-scattering and other FSI effects are
not important. The data have been fitted with a phenomenological ansatz
adding three Breit-Wigner (BW) curves, one for the dominant Si;(1535)
contribution, one to parameterize other background contributions, and one
to parameterize the narrow structure. The results for the 3He target show
the same structure, although the effects from Fermi smearing are, of course,
much more important. The only difference is that the quasi-free cross sec-
tions from the 3He target are smaller by about 25% than free proton or
quasi-free deuteron data. Thus FSI effects for the 3He target are not neg-
ligible, but do not seem to influence the narrow structure, which appears
very stable independent of the nuclear environment. We thus conclude that
this structure is indeed a genuine feature of the free yn — nn reaction.
From the fits, a most probable position of W = (1670 £ 5) MeV and a
width of I' = (30 & 15) MeV were extracted. When treated like an s-wave
resonance, the corresponding coupling strength \/EA?/2 is approximately

(12.3 4 0.8) x 1073 GeV~'/2. Precise angular distributions extracted from
these experiments are currently under analysis in the framework of reac-
tion models. Data for the target asymmetry 7" and the double polarization
observables ¥ and F' have already been measured and are under analysis.
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4.2. Photoproduction of nmw-pairs

Photoproduction of meson pairs should give access to excited nucleon
states which have no significant decay branching ratios directly to the nu-
cleon ground state but decay preferentially via cascades involving intermedi-
ate excited states. Such behaviour is, in particular, probable for high lying
states in the excitation range of the ‘missing’ nucleon resonances. The best
studied double-meson final state are pion pairs. In particular, double 7°
production has been studied (see e.g. [5, 64, 65]) which has the advantage
that due to the small coupling of photons to neutral pions, non-resonant
background contributions are suppressed.

More recently also the nm final state attracted much interest. Total
cross sections, invariant mass distributions, and also some polarization ob-
servables have been measured for the yp — pr’n reaction [30, 66-72] This
decay channel is very selective. The n-meson is isoscalar, so that nucleon
resonances can only emit it in N* — N® or A* — A®) transitions. The
analysis of the available data [68, 71| suggested a dominant contribution
from the D33(1700)— nP33(1232)— nm N cascade in the threshold region.

As discussed below, in that case, the reaction would be very interest-
ing for the search for n-mesic nuclei because one can expect a significant
contribution from coherent production for target nuclei (e.g. “He) for which
coherent single n-production is strictly forbidden.

When the reaction is indeed dominated by the D33 — nPs3 — nalN
cascade, simple predictions can be made for the cross section ratios of the
different charge states. The electromagnetic helicity couplings for the ex-
citation of A resonances are identical for protons and neutrons, and from
the Clebsch—Gordon coefficients of the different hadronic decays one arrives
immediately at

o (’yp — nwop) =0 ('yn — 777r0n) =20 (fyp — mr*n) =20 (’yn — nﬂfp) ,
2

while for the photoexcitation of an N* resonance the factors 2 would be
1/2 and the cross section ratios for neutron and proton targets could be
anything. Data for all four isospin channels has been measured recently
at MAMI. Preliminary results for total cross sections and their ratios are
summarized in Fig. 4. They are in excellent agreement with the above
expectations for the D33 — P33 — nmN cascade. The absolute scale of the
cross sections for the quasi-free proton bound in the deuteron are suppressed
with respect to the free proton by roughly 25%-30%, so that significant FSI
effects are observed.
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Fig.4. Quasi-free excitation functions for YN — Nnm measured with a deuteron
target. Left-hand side: total cross sections, right-hand side: cross section ratios.
All data preliminary. Model curves from [71, 73].

5. Coherent production off n-mesons off 3He and "Li nuclei

The threshold behaviour of meson production reactions can give impor-
tant clues for the formation of quasi-bound states. The idea is that strongly
attractive meson—nucleus interactions will give rise to threshold enhance-
ments of the production cross section independent of the initial state. The
threshold behaviour of many hadron induced reactions like pp — ppn [74-76],
np — dn [77, 78], pd — n3He [13], dp — n*He [14, 15, 17|, dd — n*He [79)],
dd — n*He [80, 81], and pd — pdn [32] has been studied. Interesting effects
have been found for most of them, but, in particular, the pd — n3He [13] and
dp — n3He reactions [14, 15, 17] show an extremely steep rise at threshold.
And there are also indications [16] that not only the magnitude but also the
phase of the s-wave amplitude of this reaction varies rapidly in the threshold
region.

When these threshold effects are due to strong FSI, they should also ap-
pear in photon induced reactions, which motivated the study of the threshold
behaviour of photoproduction off 7-mesons off light nuclei. The difficulty for
such experiments is that on the one hand breakup reactions, where nucleons
are removed from the incident nucleus, are difficult to interpret because the
final nuclear state is not known and on the other hand, coherent produc-
tion is strongly suppressed by the nuclear form factors and for many nuclei
completely forbidden due to the relevant quantum numbers. As discussed
in Sec. 4.1, n-threshold production is dominated by an isovector, spin-flip
transition. Consequently, only nuclei with spin J # 0 and isospin I # 0 are
promising candidates. For light, stable nuclei, 2He and 7Li fulfil this con-
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dition. The first observation of coherent n-production for the 3He nucleus
was reported in [18]. A strong threshold enhancement was indeed found,
although the statistical quality of the data was limited and the separation of
coherent events and incoherent background was difficult, so that ambiguities
about the exact threshold behaviour persisted.

Recently, the 3He measurement was repeated at the MAMI accelerator
with the CB/TAPS experiment [19], covering almost the full solid angle.
This improved not only the statistical quality of the results, but helped also
for the separation of coherent and breakup reactions (the separation is done
by missing mass analysis, but for an almost 47 covering detector a signif-
icant fraction of the breakup background is already suppressed due to the
detection of the recoil nucleons). An 7Li target was studied with the same
experimental setup. The measured total cross sections are summarized in
Fig. 5 and compared to simple plane-wave-impulse approximations (PWIA).

‘_31 inelastic
F == inel. + p-wave FF
0.2 20 = inel. + full FF
| 5
=
| ©
* 10
0.1
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Fig.5. Total cross section for the v3He — n3He [19] (left-hand side) and the
7v"Li — n7Li [24] (right-hand side) coherent n-production reactions. The light
grey/green triangles for 3He are from [18]. The curves are from PWIA modelling.
For the Li-target, the inelastic contribution (excitation of low lying nuclear state)
is shown separately and calculations using the full elastic form factor or only the
p-wave part are shown. The dotted lines indicate coherent and breakup thresholds.
The inserts show the ratio of data and PWIA prediction, for Li for the full and
p-wave form factor.

The extremely steep rise of the cross section for *He nuclei could be con-
firmed. The somewhat strange dip structure reported from the previous 3He
experiment could be ruled out as an statistical artefact resulting from the
unfavourable signal-to-background ratio in that energy range. On an abso-
lute scale, the cross section for the "Li target is roughly smaller by an order
of magnitude. This is more or less reproduced by the PWIA modelling and
related to the nuclear form factor. Here, one should note that the coherent
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n-production behaves much different than for example coherent 7%-produc-
tion in the A resonance region. In the latter case, going from 3He to "Li,
one looses also an order of magnitude in scale due to the form factor, but
one regains a factor of 5.5 from the A%-term (A = nuclear mass number) in
the PWIA. Since the n-production is so strongly dominated by an isovector
spin-flip, in *He only the odd s; /2 neutron and in "Li only the odd ps /2
proton contributes, so that the A2 factor from the coherent addition of the
amplitudes from all nucleons is lost.

The comparison of the total cross sections to the PWIA modelling high-
lights the special role of the 3He—n system. The rise at threshold is much
steeper than expected from PWIA. Also the behaviour of the angular distri-
butions [19], which are almost isotropic or even slightly backward enhanced
at threshold, is different from PWIA behaviour, where they are forward
peaked due to the form factor influence. On the other hand, the behaviour of
the "Li—n system is much more like expected from PWIA. There is no abrupt
rise at threshold, and the angular distributions [24] are forward peaked.

6. Conclusions and outlook

The photoproduction of n-mesons and nm-pairs has been studied with the
CB/TAPS experiment at MAMI for several light nuclei. The measurements
off the deuteron were motivated as a study of the elementary reactions off
the neutron, and are part of a larger program running at MAMI and ELSA,
covering different final states and more recently also polarization observables.
Among the most interesting results, there is a pronounced narrow structure
in the excitation function of the yn — nn reaction which has also been
confirmed in a measurement using a >He target. The nature of this structure
is not yet understood and new data for the polarization observables T, F,
and F' will further constrain reaction models, which so far can describe the
structure with different scenarios.

Quasi-free production of nm-pairs has been studied for all possible final
states pr®n, na’n, natn, and pr~n off the deuteron. The experimentally
found cross section ratios are almost in perfect agreement with the expec-
tation (see Eq. (2)) for a dominant contribution from a A* — nA — nr N
cascade.

In terms of F'SI effects, single n-production and the production of nm-pairs
behaves differently. For single n-production, no significant nuclear effect is
observed, the quasi-free production cross section for protons bound in the
deuteron agrees with the cross section measured for the free proton. For
nm-pairs a suppression of the order of 30% is observed for production off
quasi-free protons compared to the free proton. For n-production a sup-
pression of roughly 25% of quasi-free production off nucleons bound in *He
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compared to free protons or quasi-free nucleons bound in the deuteron is
observed. The analysis of the quasi-free reactions off 2He nuclei is still under
way.

The study of coherent 7-production off 2He and "Li nuclei has underlined
the special role of the 3He—n system. A very strong threshold enhancement
combined with isotropic or even backward enhanced angular distributions
has been observed for this nucleus, confirming its role as so far best candi-
date for an n-mesic state. The behaviour of the “Li-7 system is much less
spectacular and can be fairly well reproduced with PWTIA modelling.

For the future, it is planned to measure quasi-free and coherent photo-
production of 7%n-pairs of “He. This is the only promising way to search for
‘He n-mesic states in photoproduction reactions since due to its quantum
numbers coherent single 7-photoproduction off “He nuclei is forbidden, but
based on the strong dominance of the A* — nA — nwN cascade in the
threshold region the coherent production of nm-pairs is not forbidden and
kinematics can be selected such that the pion takes away the momentum
and the 7 has a very small momentum relative to the nucleus.

The results summarized in this work are part of the experimental pro-
gram of the A2 Collaboration at MAMI and have been obtained by the Ph.D.
works of A. Kiéser, Y. Maghrbi, F. Pheron, D. Werthmiiller, and L. Wit-
thauer. This work was supported by Schweizerischer Nationalfonds (200020-
132799,121781,117601,113511), Deutsche Forschungsgemeinschaft (SFB 443,
SFB/TR 16), DFG-RFBR (Grant No. 05-02-04014), the UK Science and
Technology Facilities Council, (STFC 57071/1, 50727/1), European Commu-
nity-Research Infrastructure Activity (FP6), the US DOE, US NSF and
NSERC (Canada).
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