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Scientific program of the theme consists in investigation of interactions of
particles and light nuclei at intermediate energies aiming to determine the
symmetries and the interaction dynamics.

In 2016, the theme included three projects and four activities which are
realized at the facilities in Russia (Dubna, Gatchina, Protvino), Germany
(Jillich, Mainz), Switzerland (PSI) and Japan (J-PARC):

Name Status Project leader(s) | Terms of
realization
GDH&SPASCHARM | Project Yu.Usov 2011-2019
A Kovalik
SPRING Project A Kulikov 2010-2016
COMET Project Z.Tsamalaidze 2014-2016
TRITON Activity D.Demin
(Project in 2011-2015)
MEG-PEN Activity N.Kuchinsky
(Project in 2007-2015)
MUON Activity V.Duginov
T.Mamedov
PAINUC Activity N.Russakovich
G.Piragino

Works on the theme are carrying out in collaboration with the Institutes of
Russia, Belarus, Bulgaria, Canada, Croatia, Czech Republic, France, Georgia,
Germany, Italy, Japan, Kazakhstan, Netherland, Poland, Romania, Switzerland
and USA.

The results for each project and activity are briefly presented below.

1 Project GDH&SPASCHARM

Physics content of the project is study of the nucleon spin structure in strong
and electromagnetic interactions. Experimental part is based on use of the
solid state polarized targets which development, production and maintenance
are under responsibility of the JINR group. Both longitudinal and transverse
polarizations can be provided for proton and deuteron targets.

The members of the JINR group are world experts in solid state polarized
targets and produced several high quality targets for experiments at different
European accelerators.

The project covers two spin physics topics:

1) measurement of the spin-dependent asymmetries using the frozen-spin proton-
deuteron target and Crystal Ball detector at the microtron MAMI (Mainz),



the polarized photon energies being up to 1.5 GeV; experimental verification
of the Gerasimov-Drell-Hearn (GDH) sum rule;

2) study of single- and double-spin asymmetries in the production of light
resonances and charmonium at the 7~-beam of the Protvino accelerator inclu-
ding determination of the gluon contribution into the proton spin.

Puc. 1: The new dilution refrigerator for the Crystal Ball Frozen Spin Target.

In 2014-2016 there were about ten production runs with use of the Dubna-
Mainz polarized target at the polarized photon beam of MAMI C accelerator.
In these runs proton polarization was kept not less than 70%, the relaxation
time being about 1500 hours. The measurements have led, in particular, to the
following results:
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Puc. 2: Proton spin polarizability obtained from the measurement of the Compton
scattering asymmetry.

e The Compton scattering asymmetries in the A(1232) resonance region
have been measured using circularly/linearly polarized photon beam and longi-
tudinally /transversely polarized proton target (Fig. 2). The world first experi-
mental values were extracted for all four proton spin polarizabilities - fundamen-
tal structure constants describing the proton spin response to the changing
electromagnetic field.



e The double polarization observable £ and the helicity dependent cross
sections o/ and o3/, were measured for 7 photoproduction from quasifree
protons and neutrons (Fig.3).

e In the framework of the complete experiment in meson photoproduction
the first data on target and beam-target asymmetries for the vp — 79np
reaction at photon energies from 1050 to 1450 MeV have been obtained.

e Differential cross sections for the vp — 7°p reaction have been measured
with the A2 tagged-photon facility up to the center-of-mass energy 1.9 GeV.
The new results, obtained with a fine energy and angular binning, increase the
existing quantity of 7° photoproduction data by one half. Owing to unpreceden-
ted statistical accuracy and full angular coverage, the results are sensitive to
high partial-wave amplitudes.
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Puc. 3: Double polarization observable E for vp — pn and yn — nn. Gray shaded
areas: systematic uncertainties.

e The data on the neutron detection efficiency in Nal crystals of the Crystal
Ball detector were obtained from study of a single 7° photoproduction on
deuterium using the tagged photon beam. The results were obtained up to a
neutron energy of 400 MeV.

e A proposal has been suggested for the extraction of polarized halo antipro-
tons from the storage ring of the FAIR facility by means of a bent silicon crystal
and magnetic septum, for experiments with a solid polarized target. For the

typical 10 cm target the calculated luminosity equals ~ 103%cm=2¢71.

In the SPASCHARM sub-project many works on instrumentation have
been done: test of the magnet of the polarized target, some modifications of
the target itself, study of new electronics and of the detector performance. With
a modified polarized target a high proton polarization of 80% was achieved.

The plans for 2017-2019 include:
- Experimental verification of the sum rule Gerasimov-Drell-Hearn on quasi-
free neutron with polarized photon beams at MAMI, Mainz (up to 1.5 GeV)
and at ELSA, Bonn (up to 3 GeV). In the experiments it is planned to use the
existing polarized target Dubna-Mainz (based on butanol and D-butanol) and
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a new polarized target Dubna-Bonn, which is planned to be commissioned in
2017-2018.

- Precise measurement of scalar and vector (spin) polarizabilities of the proton.
For measurement of the Compton scattering at energies below the threshold
of m%-meson production, the active polarized target Dubna-Mainz based on
scintillation plastic (polystyrene) will be used, which is planned to be commis-
sioned in 2018.

- Carrying out the research of the photoproduction of pseudoscalar mesons
under the "full experiment program". This is an extensive program including
measuring of up to eight polarization observables for each partial channel of
the photoproduction in a wide range of energies and angles. In the first phase
of the program it is planned to measure one- and two-spin observables T, F,
E, G for the reactions (v, 7°), (v, 27%), (v, n), (7,7') et al. at the energies up to
1.5 GeV.

- Testing of new materials to be used in frozen-type targets and investigations
for further improvement of the target characteristics.

The recent papers (2014-2016) on the project are listed in [1-11]|. At the
44th meeting of the PAC for Nuclear Physics the GDH&SPASCHARM project
has been extended to 2017-2019.

2 Project SPRING

Project SPRING (Spin Physics at hadron storage RINGs) is realized at accele-
rator COSY in Jiilich providing proton and deuteron beams up to 3.7 GeV/c
momenta. The project includes three parts. The major JINR contribution has
been done in investigation of the nucleon-nucleon interaction dynamics with
the setup ANKE (Fig.4) using polarized /unpolarized proton and deuteron
beams and polarized /unpolarized hydrogen or deuterium jet targets. Another
part is investigation of the spin filtering process proposed by the PAX collabo-
ration as a method to polarize an antiproton beam at FAIR in GSI. Finally, the
third part, which was added only recently, is preparation for the experiment on
search for permanent electric dipole moment of a deuteron. All three parts are
united by similar approaches to polarization measurements and the methods
to analyze polarization data.

In research at ANKE a large attention was given to processes of the NN
interaction with formation of a 1Sy proton pair, {pp}s, (diprotons) in the final
state of the reaction. Such processes are kinematically similar to well-studied
reactions with final deuterons but allow more clear interpretation due to a
simpler spin structure of the diproton. This field of research has been suggested
by the JINR physicists and the corresponding experiments have been done with
their decisive or very large participation. Study of reactions with formation of
the diprotons makes high demands to the setup performance because a high
resolution of the apparatus is required and cross sections are much smaller than



in the case of deuterons. For this reason at the energies above 300-400 MeV
there were no such measurements before studies at ANKE.
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Puc. 4: Experimental setup ANKE at COSY.

The following results were obtained at ANKE in the recent years with the
leading role of JINR:

e Near-threshold pion production using single and double polarization mea-
surements. First, the differential cross section and vector analyzing power have
been measured in reactions of 353 MeV polarized proton beam with unpolarized
cluster jet hydrogen and deuterium targets [12,13|: pp — {pp}s7° and pn —
{pp}s7~. This allowed to make partial wave analysis and to extract the complex
amplitudes of the processes.

e Then the studies of spin observables were carried out in a double polarized
mode, i.e. with use of a polarized deuteron beam and a polarized hydrogen
target [14]. In the quasi-free reaction 77y — {pp}s7~ at 353 MeV per nucleon
the spin correlation coefficients A,,, A,, and the vector analyzing power A,
have been measured (Fig.5). Combined partial wave analysis of these data
together with our previous single polarization data has led to three different
acceptable solutions. Resolving of this ambiguity is only possible by measuring
the spin correlation coefficient A,, using a longitudinally polarized beam.

e Coherent pion production in proton-deuteron collisions [15]. Values of
the proton analysing power in the pd — 3Her®/>Hn" reactions at 350-360
MeV per nucleon were obtained by using a polarized proton beam incident on
a deuterium cluster-jet target and with a polarized deuteron beam incident on
a target cell filled with polarized hydrogen (Fig.6). In addition, first data were
obtained for the deuteron vector analysing power and the deuteron-proton spin
correlations.

e The measurements of the differential cross section and the first measure-
ment of the analyzing power A, in the A(1232) excitation energy region of
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Puc. 5: Differential cross section (a) and proton analyzing power A, (b) in the
process 7ip — {pp}sm~ at the deuteron beam energy 353 MeV per nucleon.
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Puc. 6: Transverse spin correlation coefficients Cy, and Cy, in the dp — 3Hen¥ and
dp —3 Hrnt reactions at 363 MeV per nucleon



the reaction pp — {pp}s7° have been done. The analysis resulted in a direct
manifestation of two two-baryon resonance-like states with J = 2= and 0~
and an invariant mass of 2.2GeV/c? [16].

e The transverse spin correlations A,, and A,, in the np — dr reaction
have been measured for the first time in quasi-free kinematics using a polarized
deuteron beam incident on a polarized hydrogen cell target at the neutron
energies close to 353 MeV and 600 MeV [17]. The results, in particular, cover
the small-angle region, which was largely absent from previous data.

e The proton analyzing power in pp elastic scattering at small angles has
been measured at 796 MeV and five other beam energies between 1.6 and
2.4 GeV using a polarized proton beam [18]. At the higher energies within
this region the data lie well above the predictions of the SAID solution at
small angles. An updated phase shift analysis that uses the ANKE results
together with the world data has led to a much better description of these new
measurements.

e The charge exchange of vector polarized deuterons on a polarized hydrogen
target has been studied in a high statistics experiment at a deuteron beam
energy of T, = 726 MeV [19]. The results lend broad support to the current
neutron-proton partial-wave solution.

Very large contribution has been done also to the following studies:

e The differential cross section for pp elastic scattering has been measured
[20] at a beam energies from 1.0 to 2.8 GeV for small centre-of-mass angles
in the range from 12° — 16° to 25° — 30° depending on energy. The achieved
precision in the overall normalization is typically 3%.

e For reaction dp — {pp}sn at the deuteron energies 1.2, 1.6, 1.8 and
2.27GeV the differential cross section and two tensor analyzing powers, A,
and A,,, have been measured [21]. At 1.2 and 2.27 GeV the hydrogen target
was also polarized what allowed to measure the spin correlation parameters
Cyr and Cyy. The obtained results essentially complement the neutron-proton
part of the SAID data base.

e For the same dp — {pp}sn reaction at 1.6, 1.8 and 2.27 GeV excitation
of the A(1232) isobar was studied [22].

e The vector and tensor analyzing powers, A, and A,,, of the pcf — n{pp}s
charge-exchange reaction have been measured at a beam energy of 600 MeV by
using an unpolarized proton beam incident on an internal storage cell target
filled with polarized deuterium [23].

Due to termination of COSY operation for hadron physics, in the ANKE-
related part there will be no new measurements but a lot of data has been
collected during the past years which we are planning to analyze. ANKE plus
COSY is a unique complex for spin studies at intermediate energies and one
has to extract as much as possible physics information from the data which
cannot be obtained anywhere else.



Experiments at ANKE were a good basis for professional development of
the JINR scientists. For the whole period of the ANKE operation there were
prepared 6 diploma and 3 PhD theses, 2 more PhD theses are in the final stage
of preparation, ANKE results were partly used in 3 doctoral theses. Twice
the series of the ANKE papers were awarded the first prize of the Dzelepov
Laboratory of Nuclear Problems.

In the PAX-related part of SPRING, the experiments on spin filtering at
COSY have been done aiming to prove the method to polarize the beam. The
initially unpolarized proton beam was circulating through the PAX polarized
storage cell hydrogen target. Polarization arising in the beam was then measured
at the ANKE position through detection of asymmetries in scattering of the
beam particles off the unpolarized deuterium cluster jet target of ANKE. The
measured effective polarizing cross section was found to be in a good agreement
with the calculated value, thus confirming a good understanding of the spin
filtering effect [24,25].

Another result was obtained [26] in re-analysis of the data on the beam
depolarization which disproved another competitive method to polarize the
beam by spin transfer from electrons to protons. New analysis has set even
more strong confirmation of the previous conclusion about ineffectiveness of
this method, thus leaving the proposed in PAX spin filtering method to be the
only one capable to create a polarized antiproton beam in a storage ring.

Further plan for the PAX-related part of SPRING consists in study of the
spin filtering with building-up a longitudinal polarization where a larger effect
is expected. This measurement may become possible after implementation of
the Siberian snake which has been produced and delivered to COSY.

The third part of SPRING is participation in the experiment at COSY on
search for electric dipole moment (EDM) of charged particles. This experiment
is of fundamental importance because observation of a sizable EDM would
mean manifestation of so-called "new physics" beyond the Standard Model.

EDM, if exists, would exibit itself by generation of polarization in originally
unpolarized beam of a dedicated storage ring. This polarization would have
a tiny size but may accumulate, therefore very high demands are made to
accelerator performance in terms of beam lifetime, polarization lifetime and
other beam parameters.

In 2015-2016 the JINR physicists participated in experiments aiming to
obtain the desired beam properties. First, the method of continious determina-
tion of the spin tune in storage rings was developed [27]. Then it was demonstra-
ted that a polarization lifetime of the order of 1000 second can be reached [28].
These results open the way for further progress in preparations for the EDM
search.

We do not apply for extension of the project but we are planning to continue
it as an activity within the theme. The main content of this activity will
be analysis of the ANKE data and participation in the experiment on EDM



search..
The recent papers (2012-2016) related to SPRING are listed in [12-39].

3 Project COMET

The project aims at a search for neutrino-less muon-to-electron conversion,
u- + N(A, Z) — e + N(A, Z). This charged-lepton-flavor violation process
is considered today as a very important and sensitive test for so-called "new
physics" beyond the Standard Model. For this purpose a high intensity muon
beam with a special muon transport system will be created at J-PARC together
with a dedicated detector system. In COMET it is planned to reach a record
single event sensitivity B(u=N — e~ N) at the level of 1071 — 107!7 what
is 4 orders of magnitude exceeds the highest precision attained in experiment
SINDRUM-IT in PSI.

The COMET experiment will be realized in two phases. The purpose of
Phase-1 is testing the innovative technologies of the superconductive muon
transport system, studying different background processes in real beam condi-
tions and searching for u — e conversion with an intermediate sensitivity which
will be 2 orders of magnitude better than the present one.

Phase-1 is currently under preparation. A shorter muon transport system,
less beam power and a different detector arrangement will be used at this
stage. This is a necessary step before transfer to Phase-2 where a challenging
extremely high sensitivity is required.

Project COMET in JINR has started in 2014. JINR physicists fulfilled
numerous simulation studies which contributed a lot in TDR of the experiment.
At the present stage of the setup creation, the JINR COMET group has two
important tasks related with development and construction of the straw tracker
and of the electromagnetic calorimeter. The JINR group is responsible for
production of all straw tubes for the tracker and for testing of crystals (LYSO
type) for the electromagnetic calorimeter.

The walls of the straw tubes have to be as thin as possible in order to
minimize multiple scattering which is essential at the electron energies of
about 100 MeV. For this reason the R&D has been done and the production
technology was properly tuned. As a result, reliable manufacturing of the
20 i thick tubes and 9.8 mm diameter was attained (Fig.1), while only 36 u
tubes could be produced before. In 2015 the JINR group has produced a full
set of 2500 tubes (Fig.7) needed for Phase-I, thereby completely fulfilling its
obligations. Starting from 2017, the JINR physicists will take part in assembling
and testing the straw tracker.

The next step ahead consists in R&D for production of even thinner walls
and smaller diameter tubes, 12 1 and 5 mm, respectively, because this is required
for the Phase-2 of the experiment. It is planned to fulful R&D at the site of
the Dzhelepov Laboratory of Nuclear Problems (previous straws have been
produced by the DLNP manpower but using the facility of the VBLHEP).
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Puc. 7: Straw tubes of 20 1 wall thickness.
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Another JINR task is testing of the LYSO crystals which are the best
choice for obtaining high energy resolution of the electromagnetic calorimeter
near 105MeV, the latter is the electron energy in the y — e conversion. The
first portion of crystals (50 pieces) has been inspected at the test facility in
JINR and then used for construction of a first calorimeter prototype. The
prototype has been tested with an electron beam in Japan together with
the other type crystals (GSO). The beam test data were analyzed in Japan
and JINR independently and produced the same conclusion about a better
performance of the LYSO crystals. This has led to decision of the COMET
collaboration to use the LYSO crystals in the experiment.

A new facility for test of crystals has been arranged in DLNP in 2015
with improved parameters (Fig.8). It will be used for test of all crystals, the
number of crystals will be more than two thousand at Phase-2. Investigation
of the crystal parameters is currently under way.

The JINR group participates also in engineering design works and in simu-
lations concerning the detector performance.

Proposal to extend project COMET to 2017-2019 will be submitted at the
46th meeting of PAC for particle physics in January 2017.

The papers related to the project are listed in [40-47].

4 Experiment TRITON

This experiment [48] continues the program of muon catalysis, the summary of
mu-atomic and mu-molecular processes caused by negative muon in hydrogen
isotope mixture (H, D, T).

The rates of the muon catalyzed fusion reactions d-+d, p+d and t+t have
been measured in many previous experiments, and they turned out to be in a
good agreement with theory. This is not the case for the p+t fusion rates

ptp — *Hep + v+ 19.82 MeV (1)
pti — *Hep +19.81 MeV (2)
ptu— *Hep+et +e +18.79MeV  (3).

There was only one experiment on p+t fusion (at PSI), and it has shown that
the experimental yield of reaction (1) exceeds theoretical value 8 times and
that of (2) even much more — several hundred times. Reaction (3) was not
detected at all.

In order to clarify the problem, in project TRITON all three reaction
channels are measured simultaneously using the setup shown in Fig.9.

The experiment is carrying out at the LNP JINR Phasotron with a liquid
hydrogen/tritium target of 50 cc volume at 1% (0.1%) tritium concentration.
The target has been produced (by the contract with VNIIEF, Sarov, Russia)
and a full-scale test of the target filled with liquid hydrogen has been done in
LNP. There were several technical runs at Phasotron which allowed to achieve
the required parameters of the muon beam and to test all the detectors and
the data acquisition system in real beam conditions.
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Puc. 9: Experimental setup of the TRITON experiment.

In May and November 2016 there were two successful physics runs. In
the first run, with 1% tritium concentration in the target, two already known
reaction channels with emission of single gammas (1) and muons (2) were
observed. For the first time the channel (3) with emission of e*e™-pairs was
detected, and an indication was obtained to discovery of a new channel with
emission of two gamma-quanta,

ptp — Hep + v+ + 19,82 MeV. (4)

This impressive result has led to recommendation of the 44th PAC meeting
to undertake an additional run for further exploration of the subject.

In November run the experiment was done with reduced to 0.1% tritium
concentration, and using two detector geometries. Existence of the reaction
channel with emission of two gammas has been confirmed. Preliminary analysis
of data with different concentration also confirmed the predictions (of PSI,
1993) about the dependence of the yield of channels (1,2) on the tritium
concentration.

The measurements with different detector geometries revealed the presence
of an angular correlation in emission of eTe -pairs, and, on the hand, the
absence of such correlation in the channel (4) with emission of two gamma-
quanta (Fig.10).

The activity on TRITON will be continued in order to fulfill a detailed
analysis of the obtained data and to extract physics information about the
muon catalyzed fusion reaction p-t.

The recent papers related to TRITON are listed in [47-51].

5 Experiment MEG-PEN

The goal of the activity is study of rare decays @ — ev and yu — ey with
the best up to date precision. The experiment is realized by the international
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Puc. 10: Spectrum of two gammas at different detector geometries.

collaboration at the Paul Sherrer Institute (PSI).

Calculations of the relative probability of the 7 — erv decay (PEN sub-
project) in the Standard Model reached a precision of 1 - 10~%. Meanwhile,
the experimental precision is more than one order of magnitude worse. The
measurements in PSI were carried out using the PIBETA detector. JINR has
made a large contribution in this experimental setup: cylindrical proportional
chambers with electronics, pure Csl crystals for the calorimeter. Some later
especially for this experiment a new mini-TPC chamber has been develo-
ped [52] and implemented in the detector by the JINR physicists. Works on
instrumentation received further development in [53,54]

Collection of statistics for this process is finished, and JINR participates in
analysis of data (Fig.11). There were detected about 23 million decays m — ev,
more than 1.5-10%7 — u — e decays as well as a great amount of radiative
muon and pion decays. The expected total error including both statistics and
systematics for m1 — ev will be §B/B < 5- 107" as originally planned. The
results of the data processing will be available in 2017.

In the MEG part of the project a search is carrying out for the decay p — e~y
forbidden in the Standard Model. This decay, as well as other charged lepton
flavor violation processes, is considered as a very important and sensitive test
for a new physics beyond the SM.

Two important results have been obtained concerning the background in
the ;1 — ey search: measurement of the muon beam polarization [55] and
measurement of the radiative decay of polarized muons, u — evvy [56].
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The data analysis for the lepton flavor violating decay ™ — e™v based on
the full dataset collected in the MEG experiment in the period 2009-2013 and
totalling 7.5 - 10** stopped muons on target has been finished. No significant
excess of events is observed and a new upper limit on the branching ratio of
this decay, B(u™ — ety) < 4.2-107'3 (90% confidence level), is established
[57] which represents the most stringent limit on the existence of this decay to
date. The new measured upper limit improves the previous result [58] of the
same group by a factor 1.4.

A big upgrade of the setup, MEG-II, is going on with the aim to reach in
2018-2020 the upper limit of the ;1 — ey decay 4-5-10~* what is about one
order of magnitude better than the current value.

These works will continue as the activity within the theme.

The recent papers related to MEG-PEN are listed in [52-58|.

6 Experiment PAINUC

Experiment PAINUC studies the pion-nucleus interactions at the Phasotron
of DLNP JINR using the technique of self-shunted streamer chambers. A
remarkable feature of this device is a possibility to detect tracks of very low
energy particles. For example, with helium as a working gas in the chamber,
the track length of a proton with an energy of only 1.3 MeV (or 5.0 MeV for
a-particle) exceeds 20 cm. The technique of self-shunted streamer chambers
was developed about 30 years ago in the LNP JINR together with the Turin
section of INFN for investigation of pion elastic scattering on helium nuclei.
The analysis is in progress. As an interim result, it is stated that in interac-
tions at 106 MeV no angular correlation is observed in three-prong events
between the two strongly-ionizing secondaries, and distribution of their total
momentum is consistent with total disintegration of the helium nucleus (Fig.12).
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7 Experiment MUON

In this experiment muons and muon-based methods are applied for the tasks
of the condensed matter physics. The scientific program includes study of the
superfine interactions in semiconductors, of magnetic fluids and other compo-
unds with unusual magnetic characteristics.

Using polarized negative muons there was studied the behaviour of acceptor
centers in diamonds produced by the method of chemical vapor deposition. In
particular, the muon spin relaxation rates have been measured for different
semiconductor structures and the temperature dependence of the spin relaxa-
tion velocity of negative muons was investigated.

The probabilities of finding the positive muon in various states in synthetic
single crystal and polycrystalline diamond were studied. In the ITa-type single-
crystal sample at 150 K the relative contributions of the diamagnetic muon,
‘normal’, and ‘anomalous’ muonium have been measured.

There was continued the study of systems with magnetic nanoparticles in
the SR experiment performed in Gatchina. Comparison of the muon behaviour
in ferroliquids of different composition and different concentration of the magne-
tic particles was done. It was shown that the shift of the muon precession
frequency as a function of the external magnetic field (Fig.13) is described by
the Langevin function typical for paramagnetic magnetization. The magnetic
properties of ferroliquids depend on the history of a sample: was it cooled in a
magnetic field or without it.

It is planned in the frame of the MUON activity to study the behavior of
the shallow acceptor impurities in different semiconductors (Ge, Si, diamonds)

16



T T T T T T
0 LA T o
L A fi ..-Q"',II‘I'” ¢ =
-0.001 | ."'P"+ -
| +."-"* Carbon N
+ . D6:CVD .
-0.002 | ++ .
-0.003 [ “ﬁ -
_0.004 | -
1 1 1 1 1 1
0 50 100 150 200 250 300
15 K

Puc. 13: The precession frequency shift of the negative muon spin measured in the
synthetic diamond sample D6 and in the graphite sample at the magnetic field of
14 kOe.

and to continue a study of the local magnetic fields in the samples with the
magnetic nanoclusters.
The recent papers related to MUON are listed in [59-63].

8 Conclusion

A lot of new results was obtained in the frame of the theme 1101 "Physics of
light mesons" using the experimental facilities at different intermediate energy
accelerators. The results have been published in the world leading journals and
presented at international conferences. Some analyses still have to be finalized.
In order to complete most of activities, we apply for extension of the theme
for 1 year, till the end 2017.

Theme leader

A Kulikov
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