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The activity of the Veksler and Baldin Laboratory
of High Energy Physics in 2018 was focused on the
implementation and further development of the NICA
facility (the Nuclotron-NICA, MPD, BM@N and SPD
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projects) and participation in the current research at the
Nuclotron as well as in various experiments at world-
class accelerator centers.

MOST IMPORTANT RESULTS IN THE DEVELOPMENT OF THE NICA COMPLEX

Development of the VBLHEP accelerator complex
in 2018 was aimed at further construction of the NICA
complex systems and elements.

From February to April, the 55th accelerator run at
the basic element of the currently developing NICA
Complex — the superconducting synchrotron Nu-
clotron — was performed at extracted ion beams *2C°™,
40 A 164+ gnd "8Kr26+ [1].

Some important results were achieved during the
Nuclotron run, in particular:

e For the first time, a nonstructural mode of slow
extraction of an accelerated beam from the supercon-
ducting synchrotron was implemented using HF noise
to improve the quality and uniformity of the bunch
(Fig. 1).

e A new source of multicharged ions Krion-6T,
which is essential for the heavy-ion program of the

NICA complex, has worked extremely stably and
reliably.

e For the first time in Russia, krypton ions with
the energy of 3.1 GeV/nucleon were accelerated and
extracted from the ring, the possibility of stable opera-
tion of the Nuclotron with the field of 18 kG level was
demonstrated.

Nuclotron—NICA Project
Civil Construction

The western semi-ring of the collider and the elec-
tron cooling system placement were prepared for the
equipment installation. The construction of the east-
ern semi-ring is in progress. Status of the MPD
Hall preparation complies with the scheduled delivering
and positioning the MPD magnet at the end of 2019.
The SPD Hall reinforced concrete structure is under

Fig. 1. Left part of the spectrum before kicker switching on; right part — after it
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development (80% is ready). The total amount of the
mounted reinforced concrete structures is about 500 t.

Booster

All magnets for the Booster synchrotron were pro-
duced and certified. The assembly of the Booster mag-
netic system was started in September 2018. Two quad-
rants out of four were equipped with dipole magnets at
the end of 2018. Work goes on according to the sched-
ule. Booster commissioning with a beam is expected to
be carried out at the end of 2019.

Construction of the beam transport channel from
the heavy ion linac (HILac) to the Booster was al-
most finished. The design of the Booster—Nuclotron
beam transporting channel was performed during 2018
in close cooperation with the Budker INP and is in the
final stage now. Equipment manufacturing was started.

Collider

During 2018, work on the design of the beam
transporting channels from the Nuclotron to the NICA
collider rings was performed under the contract with
SigmaPhi Group (France), equipment manufacturing
was started.

Fabrication of two RF stations of the system re-
sponsible for the injection to the collider is in the final
stage. The manufacturing of the collider electron cool-
ing equipment and collider RF stations was also started
in 2018. Five dipole collider magnets were produced
and successfully tested, 20 yokes for the collider dipole
magnets were produced. Pre-serial structural collider
magnet was successfully tested, serial production was
begun. The production of the high-vacuum beam cham-
bers for the collider magnets was started.

NICA Computing Infrastructure

The work on the NICA computing infrastructure
goes on in close cooperation with JINR LIT. In the
scope of this activity, a high-speed network (400 Gb/s)
between LIT and VBLHEP was developed and is under
commissioning now; a new computer cluster with 4 PB
disc space and 4000 CPU cores was put into operation
at VBLHEP.

MPD Setup
MPD Magnet

Work on the construction of the superconducting
(SC) magnet for the Multi-Purpose Detector (MPD)
goes on according to the schedule under the contract
signed with ASG Superconductors S.p.A. (Italy) and
Vitkovice HM (the Czech Republic). In particular, in
2018 magnet yoke control assembly was successfully
performed at Vitkovice HM; magnet cryostat was man-
ufactured and tested; all three modules of the SC coils
were produced; the coil is under assembly now; ni-
trogen screen was manufactured and now is ready for
installation; SC magnet power supply system was pro-
duced and is ready for the delivery to JINR.

Under cooperation with CERN, a machine for the
precise measurement of the magnetic field map in the
TPC location area (design parameters: 8 - 102 points
through the area of 814 mm in diameter with the length
of 3400 mm along the magnet axes) was produced and
will be delivered from CERN to JINR in 2019.

Time Projection Chamber

Time projection chamber (TPC) is the main ele-
ment of the MPD tracking and particle identification
systems. The following works were performed on the
TPC in 2018: the clean room for TPC assembly and
corresponding equipment were established; all main el-
ements of the detector body were delivered to JINR
and are ready for assembly; the TPC HV electrode was
manufactured; the pilot system including 512 channels
for the TPC front-end (FE) electronics based on the
SAMPA chips was produced and successfully tested;
the geometry of the TPC read-out chamber frame boxes
was tested; the development of the LV power supply
was going on in collaboration with BSU (Minsk); two
lasers for the TPC alignment were put into operation;
commissioning of the TPC gas system was started and
is in progress now.

Time of Flight (TOF) System

In 2018, mass production of the MPD TOF system
was started, frame boxes for the detectors and elec-
tronics for the TOF are ready; manufacturing of the
detectors goes on. Base components of the TOF gas
system were produced by the team from the Warsaw
University of Technology.

Fast Forward Detector (FFD)

In 2018, the following results on the FFD system
were achieved:

e The design of the detector and FE electronics in-
stallation around the beam pipe was prepared.

e HV power supply system based on the modules
of Wiener and Iseg was designed.

e Electronics of FFD and trigger were developed
and prototyped.

e The test bench for FFD modules with cosmic
muons was assembled.

e Laser alignment system project was finalized; sys-
tem tests were started.

Electromagnetic Calorimeter

One of the unique high-tech subsystems of the MPD
experiment is the large-scale shashlyk-type electromag-
netic calorimeter with projection geometry. It is re-
quired to produce more than 40 thousand modules and
assemble them into a single cylindrical system, calibrate
them and put into operation. This is a joint project with
Tsinghua University (Beijing). The following results
were achieved:

e The production of all components of the electro-
magnetic calorimeter was established. Almost 50% of

87



scintillation plates (out of 107) and bearing plates (out
of 3-10%) were produced at two plants. The order on
the manufacturing of the lead plates (107 units) was
placed on two plants.

e Two sections of the calorimeter module assembly
were organized at IHEP and Tensor plant (Russia).
They cover the JINR share (25%). The site for the
modules assembly of the China share (75%) was or-
ganized in Beijing as well. The issue of funding is
still open.

o First produced modules were successfully tested.

e Works on the design of the MPD power struc-
ture were performed in Khotkovo (Moscow Region),
the first samples are expected to be ready at the end of
2019.

BM@N Setup

BM@N setup is under permanent extending. In
2018, the central tracker was equipped with three
forward Si strip detectors and six GEM detectors
163 x 45 cm. During the data taking, two types of
TOF detectors, electromagnetic and hadron calorime-
ters, outer tracker, including drift tube planes and cath-
ode strip chamber, detector for the neutron registration,
beam monitoring and trigger detectors were used.

Last year, the BM@N physics program was ex-
tended by “Probing Short-Range Correlations” (SRC).
An international team, which includes physicists from
JINR, Russia, USA, Germany, France and Israel, pre-
pared the setup and provided the first data taking on this
program during the 55th Nuclotron run. Almost 20 TB
(8M events) of data with 4-GeV carbon ion beam and
liquid hydrogen target were obtained. Data analysis is
in progress.

After the SRC run, the equipment was rearranged
for the BM@N heavy ion program, and the run was
continued with argon and krypton beams with kinetic
energy of 3.2 and 2.3 (2.9) GeV, respectively. The mea-
surements were aimed at the detection of inelastic inter-
actions of ion beams with nuclear targets (Al, Cu, Sn,
Pb) to study production of hyperons, strange mesons,
light nucleus fragments, and multigamma states. Ob-
tained statistics composes 200M events. Data analysis
is in progress [2].

MPD and BM@N Common Issues

Two “kick off” meetings were organized in April
and October 2018 to form the BM@N and MPD col-
laborations.

The discussions and presentations at the first meet-
ing were centered around three main topics:

e current status and plans for the MPD and BM@N
experiments, including all subsystems, simulations, ex-
pected performance of the detectors and preparedness
for data analysis;

e current status and schedule of the NICA facility
including the expected machine parameters;
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e procedures to establish and adopt the by-laws of
the collaborations, including the formation of the gov-
erning bodies of the collaborations.

The major aim of the second meeting was to dis-
cuss the present state and work plans for the MPD and
BM@N experiments and elections of governing bod-
ies of the collaborations. M. Kapishin was elected a
BM@N spokesman and A.Maksimchuk — a BM@N
technical coordinator; A. Kisel was elected a spokesman
of the MPD, and V.Golovatiuk becomes an MPD
technical coordinator. The BM@N collaboration was
formed by 216 participants from 17 institutions pre-
sented by 10 countries; MPD, by 436 participants from
26 institutions and 10 countries.

The Protocol to the Cooperation Agreement be-
tween the European Organization for Nuclear Research
(CERN) and the Joint Institute for Nuclear Research
(JINR) concerning the development and provision by
CERN of monolithic pixel detectors, TPC front-end
electronics, and other items for the MPD experiment
at the NICA facility at JINR was signed in 2018.

Silicon Vertex Detector

In 2018, the works on a wide-aperture silicon track-
ing system (STS) of the BM@N facility were continued.
Production line for the STS modules assembly on lay-
outs was fully debugged, and the works on the assembly
of working modules were started.

In December 2018, a test run on the extracted elec-
tron beam with the energy of 100 MeV at the Linac-
200 (JINR) was held. During the run, the operation
of the electronics for the STS of the experiment was
tested. The setup consisted of two test stations based
on double-sided micro-strip silicon sensors measuring
1.5 x 1.5 cm. The thickness of the sensors is 300 um,
the width of the strips is 58 um, the angle between the
strips is 90°. The signal was read out and processed us-
ing STSXYTER v.2.0 and subsequent AFCK and FLIB
blocks based on FPGA modules. As a result of the
run, ~ 200 GB of data for electron energies from 50
to 100 MeV were collected. Based on the data ob-
tained, the following parameters are to be investigated:
cluster sizes that depend on energy, charge collection
efficiency, and signal-to-noise ratio.

Fig. 2. 3D image of a five-layer tracker for MPD of the
“optimal” variant



The run was performed in cooperation with a group
from St. Petersburg State University (under the leader-
ship of V.Zherebchevsky), which performed the study
of monolithic active pixel sensors ALPIDE. These sen-
sors will be used to develop the internal tracker of the
NICA-MPD facility.

Within the project on the development of an internal
tracking system of MPD-ITS, the preliminary design of
the tracker was carried out (Fig.2). A design of the
facility with a thin-walled beryllium ion pipeline and
related devices in the TPC zone was developed.

SPD Setup

The proposed SPD detector is aimed at implemen-
tation of the scientific program presented in LOI, sup-
ported by the PAC for Particle Physics in 2014, and
should meet the following requirements:

e close to 47 geometrical acceptance;

e high-precision (~ 50 ym) and fast vertex detector;

e high-precision (~ 100 pm) and fast tracker;

e good particle ID capabilities;

e efficient muon range system,;

e good electromagnetic calorimeter;

e low material budget over the track paths;

o trigger and DAQ system able to cope with event
rates at luminosity of 1032 (cm-s)~!;

e modularity and easy access to the detector ele-
ments, that makes further reconfiguration and upgrade
of the facility possible.

In 2018, an official project “Conceptual and Tech-
nical Design of the Spin Physics Detector (SPD) at the
NICA Collider” [3] was prepared to be presented for
the approval at the 50th PAC for Particle Physics.

EXPERIMENTS CARRIED OUT AT THE NUCLOTRON

FASA

The kinetic energy spectra of intermediate mass
fragments (2 < Z < 20) have been studied for the data
obtained by the group in 4.4 GeV d + Au collisions [4].
An example of kinetic energy spectra for boron and
neon fragments is shown in Fig.3. The strong differ-
ence between the experimental data and calculated ones
in the framework of the intranuclear cascade (INC) and
statistical multifragmentation model (SMM), which in-

cludes no flow, is seen. It was suggested that this
enhancement is caused by the expansion of the system,
which is assumed to be radial. SMM gives the coor-
dinates Rz and momenta of the fragments with charge
Z in the freeze out volume with radius Rgys. To de-
scribe the experimental data, the radial velocity for each
particle in freeze out volume was added. A homoge-
neous radial expansion was assumed, in which the flow
velocity is a linear function of the particle from the cen-
ter of mass. The velocity Viow(Z) of a particle with
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Fig. 3. Kinetic energy distributions of boron and neon fragments obtained for d (4.4 GeV) + Au collisions at polar angle © = 90°.
Points are experimental data. Solid lines (blue): INC 4+ SMM calculations with radial flow Vo . =0.15¢ (c — light speed) for
boron distribution and V., = 0.08¢ for neon distribution. Dotted lines (green): INC + SMM calculations without radial flow
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a charge Z located on a radius Rz was taken as follows:

R
Viow(Z) = Vf?owfiv

where Vi) is the radial velocity at the surface of the
system. The value of V;) has been adjusted to describe
the measured kinetic energy of fragments. A good
agreement of measured and calculated kinetic energy
spectra including a radial flow was found.

DSS

Within the DSS project, the following important re-
sults were obtained in 2018:

e An upgraded version of the experimental facil-
ity on the internal beam for measuring short-range
nucleon—nucleon correlations in the interaction of light
nuclei was fully put into operation during the 55th run
of the Nuclotron.

e Analysis of experimental data on the angular de-
pendence of the elastic d—p scattering cross section at
the deuteron energies of 1000, 1300 and 1800 MeV
obtained at the internal target was performed.

e Analysis of experimental data on the angular de-
pendences of the deuteron analyzing powers A, A,
and A, of elastic d—p scattering at the deuteron en-
ergies of 400, 700, 800 and 1000 MeV obtained at the
internal target was performed [5].

PARTICIPATION IN EXPERIMENTS AT EXTERNAL ACCELERATORS

Experiments at the Large Hadron Collider
ALICE

New results of femtoscopic correlation functions for
KT K~ pair production in Pb—Pb collisions at 2.76 TeV
per nucleon pair are presented in Fig. 4. One can see the
new Dubna fit (Fig. 4, a) within the FSI model using tra-
ditional parameters of ao(980) (Martin, Achasov) and
free ones for f;(980) with small coupling constant [6].
The data and model agreement is visibly better than for
the fit with all traditional parameters (Fig.4,b). The
new value of fy width ((7.0 £ 2.2) MeV) was obtained
from Dubna fit which corresponds to the one of BESIII
collaboration ((9.5 + 1.1) MeV).

New results were obtained for comparison of the
ALICE femtoscopic data with the EPOS-3 model for

p—Pb collisions at 5.02 TeV [7]. Figure 5,a shows
that the data and model femtoscopic emission source
radii are compatible well at the same centralities but
only with including hadronic cascade rescattering mech-
anism.

New results were obtained with the JINR team par-
ticipation for the .J/v production in ultraperiferal Pb—
Pb collisions at 5.02 TeV. The differential cross section
is shown in Fig.5,b with the theoretical predictions at
different gluon shadowing contributions in nuclei.

The tests of the modules of the PHOS ALICE elec-
tromagnetic calorimeter were performed on the beams
of electrons at PS and SPS CERN accelerators in the
energy range of 1-160 GeV. This study was aimed at
making the optimal choice for the upgrade of photode-
tectors and readout electronics. The goal of the upgrade
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is to provide the calorimeter functioning at the room
temperature without worsening of the energy resolution
and with the improvement of the time resolution. Cur-
rently, PHOS is running at the temperature of —25°C
and has the time resolution of o; = 3—4 ns. A number
of tests performed on the electron beams at CERN with
different SiPMs have shown that it is possible to reach
the time resolution better 500 ps at working temperature
T = +18°C.

ATLAS

In 2018, the ATLAS group members were engaged
in the following activities: experimental data analysis,
simulation of the new process including SUSY particles,
participation in the ATLAS detector upgrade program
for high-luminosity environment at HL-LHC as well as
QCD analysis of the DIS data.

Observation of the Higgs boson decay into a pair
of b quarks, reported at the major international confer-

Fig. 6. The distribution of my;, in data after subtraction of all
backgrounds except for the W Z and ZZ diboson processes,
as obtained with the dijet-mass analysis. The contributions
from all lepton channels, pY. regions and number-of-jets cate-
gories are summed and weighted by their respective S/B,
with S being the total fitted signal and B the total fitted
background in each region. The expected contribution of the
associated W H and ZH production of a SM Higgs boson
with my = 125 GeV is shown scaled by the measured signal
strength (1 = 1.06). The size of the combined statistical and
systematic uncertainties for the fitted background is indicated
by the hatched band

ence ICHEP2018 in Seoul, was announced in CERN
press-release, in communications from the ATLAS col-
laboration, and in many publications at the scientific
centers (including Dubna), as the most significant result
of the ATLAS experiment in 2018 [8].

The ATLAS data corresponding to an integrated lu-
minosity of 79.8 fb~! of proton—proton collisions col-
lected at a centre-of-mass energy of /s = 13 TeV in
Run-2 in 2015-2017 were analyzed. An excess over
the expected background was observed, with a signifi-
cance of 4.9 standard deviations compared with an ex-
pectation of 4.30. The measured signal strength rel-
ative to the SM prediction for my = 125 GeV was
found to be p = 1.06 £0.16(stat.)+0.21 —0.19(syst.).
The invariant mass spectrum of two b jets is presented
in Fig. 6.

ATLAS has already observed all four main produc-
tion modes of the Higgs boson, two of which this year.
These observations mark a new milestone in the study
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of the Higgs boson, as ATLAS transitions from obser-
vations to precise measurements of its properties. Preci-
sion analysis of the H — bb decay for the Higgs boson
produced in association with the vector boson W/Z is
also promising for searches for the new physics beyond
the Standard Model.

CMS

In 2018, the JINR group took part in data taking,
processing and physics analysis of data collected dur-
ing the LHC Run-2 with the proton beams at energy
of 13 TeV and luminosity up to 2.32 - 103* sm=2.s71,
Figure 7 shows the result on the search for new neutral
resonances (both with spin 1 and spin 2) in expected
decays to muon pairs. The model-independent 95% CL
upper limits on cross sections of these processes were
measured, as well as the 95% CL mass limits for these
resonance states were set (Fig.8). The new mass lim-
its are 4.5 and 3.7 TeV for the sequential standard
model (SSM) and the ¥ model of Eg GUT, respec-
tively; for the Randall-Sundrum model with the cou-
pling ¢ = 0.01-0.1, masses less than 2.00—4.01 TeV
are excluded; for a simplified dark matter model with
the exchange of a mediator particle in the s-channel, the
mediator mass is excluded for less than 1.8 and 4 TeV,
for vector and axial-vector coupling constants, respec-
tively [9]. Moreover, the results on the dependence of
the muon momentum resolution on the momentum us-
ing two muon tracks produced by cosmic muons were
obtained [10].

In 2018, the analysis of the high-multiplicity events
(leptons, photons, and jets with pr > 50 GeV/c) was

completed with the first Run-2 data (L = 35.9 fb—1).
The model-independent 95% CL limits on the product
of the cross section and the acceptance of a new physics
signal in these final states are set for the different cat-
egories of events with multiplicity N > 11 and for the
St value of 1.5—8.0 TeV. Semiclassical black holes
and string balls with masses as high as 7.2—10.2 TeV
are excluded for the value of the fundamental Planck
mass Mp of 7.5-10 TeV/c2.

Experiments at the CERN Super Proton Syn-
chrotron

COMPASS

In 2018, the COMPASS collaboration performed an
additional data taking on the Drell-Yan measurements
program using a polarized hydrogen target and a pion
beam with energy 160 GeV.

The K~ over K' multiplicity ratio was measured
in deep-inelastic scattering, for the first time for kaons
carrying a large z fraction of the virtual-photon en-
ergy [11]. The data were obtained by the COMPASS
collaboration using a 160 GeV muon beam and an
isoscalar °LiD target. Kaons are identified in the mo-
mentum range from 12 to 40 GeV/c, thereby restricting
the range in Bjorken-z to 0.01 < z < 0.40. The z-
dependence of the multiplicity ratio is studied for z >
0.75 (Figs.9 and 10). For large z values, z > 0.8, the
results contradict expectations obtained using the for-
malism of (next-to-) leading order perturbative quantum
chromodynamics. This may imply that cross-section
factorization or/and universality of (kaon) fragmenta-

m(utu), GeV

Fig. 7. The invariant mass spectrum of dimuon events. The
data of 2016 at 13 TeV are used. The points with error bars
represent the observed yield. The histograms represent the
expectations from the SM processes
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tion functions do not hold. Our studies suggest that
within this formalism an additional correction may be
required, which takes into account the phase space
available for hadronization.

For the first time, COMPASS has performed the
measurements of exclusive single-photon muoproduc-
tion on the proton using 160 GeV/c polarized ™ and
1~ beams of the CERN SPS impinging on a liquid hy-
drogen target. One has determined the dependence of
the average of the measured p and p~ cross sections
for deeply virtual Compton scattering on the squared
four-momentum transfer ¢ from the initial to the final
proton. The slope B of the t-dependence is fitted with a
single exponential function for range 0.1—2 (GeV/c)?.
This result can be converted into an average trans-
verse extension of partons in the proton, for the av-
erage virtuality of the photon (Q?) = 1.8 (GeV/c)?
and the average value of the Bjorken variable equal to
xpj = 0.056 [12].

NAG61/SHINE

In 2018, NA61/SHINE detected the first prelimi-
nary indication of critical point observation (Fig.11).
Intermittency signal in protons is expected to increase
close to the critical point. At the critical point, a local
power law dependence of fluctuations is expected. Pre-
liminary results from the data analysis of Be + Be and
Ar + Sc collisions could be the first possible evidence of
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Fig. 10. The K~ /K™ multiplicity ratio presented as a func-
tion of =

critical point at Ar+ Sc, while there is no signal in
Be + Be data.

NA62

The search for heavy neutral lepton production in
K™ decays has been performed on the basis of NA62
data collected in 2015 [13]. Upper limits in the range
from 10~7 to 1075 have been set on the squared mix-
ing matrix element |Ue4|? and |U,4|* for heavy neu-
trino masses in the ranges 170-448 MeV/c? and 250—
373 MeV/c?, respectively.
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Fig. 11. Top: factorial moments F>(M) of identified protons in Ar+ Sc collisions at 1504 GeV/c for data (black) and mixed
events (red). Bottom: background subtracted factorial moment A F» (M) exhibits a power law behavior predicted for the systems

being in the vicinity to the critical point. This could be the first evidence of critical point signal in the NA61/SHINE

The final paper on the K.3 and K3 semilep-
tonic decays form factors based on the NA48/2 data
is published [14]. A measurement of the form fac-
tors of charged kaon semileptonic decays is presented,
based on 4.4 -10° K.3 and 2.3 - 105 K3 decays col-
lected in 2004 by the NA48/2 experiment. The re-
sults are obtained with the improved precision in com-
parison to earlier measurements. The combination of
measurements in both semileptonic modes is also pre-
sented.

The final paper on the results of the NA48/2 analy-
sis of the rare decay K* — nt7%te~, which had
not been observed earlier, was published [15]. Results
are based on 1.7 - 10! K, decays recorded in 2003-
2004. A sample of 4919 candidates with 4.9% back-
ground contamination allows determining the branch-
ing ratio BR = (4.24 £+ 0.14) - 1075, The study of
the kinematic space shows the evidence for a structure-
dependent contribution in agreement with predictions
based on chiral perturbation theory (ChPT). Several P-
and C'P-violating asymmetries are also evaluated.

The first NA62 result on the search for K+ — 7t v
decay based on small subsample of the data collected
in 2016 (corresponding to 1.21 - 10! K+ decays) has
been published [16] (Fig. 12). The single event sensitiv-
ity is 3.15-107!% which corresponds to 0.267 Standard
Model events. One signal candidate is observed, while
the expected background is 0.152 events.
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Fig. 12. The first NA62 result on the search for K+ — 7t ui
decay based on small subsample of the data collected in 2016
(corresponding to 1.21 - 10** K+ decays)

The analysis of NA48/2 data in order to investigate
the rare decay KSO, which has never been observed
earlier, is in progress. The events selection for back-
ground suppression is developed, the first estimation of
branching fraction is in agreement with the available
theoretical ChPT prediction.

NA64

The main objective of the NA64 experiment is the
search for physics beyond the SM, namely, the search



for a light dark photon (A’) and other signs of the dark
sector.

In 2018, during two runs at the SPS CERN channel,
a test run (April 2018) and a data taking one (May—
June 2018), six stations of straw detectors (12 double-
layer cameras with the size of 200 x 200 mm) were
tested and functioned successfully. JINR staff took part
in the installation and dismantling of the equipment,
maintenance of straw detectors as experts, work in data
taking shifts and on-line analysis of the collected data.
During the run, 2- 10! events were collected in the in-
visible mode and 3-10'C in the visible one, data analysis
goes on.

In 2018, the collaboration completed the analysis,
and the data of 2016 and 2017 on the search for a
signal of the dark photon in the invisible decay mode
were published. Summary statistics of them amounted
to ~ 10!, but no candidate signal that corresponds to
the signature of a dark photon was detected [17].

In 2017 the run was partially devoted to the search
for a new hypothetical X boson with the mass of
16.7 MeV, the existence of which could explain the
result on the anomalous production of eTe™ pairs in
the decay of the excited state of 8Be* obtained in the
ATOMKI experiment, 5.4-10'0 events were taken. The
hypothetical boson was not detected, the data obtained
allowed to significantly increase the constraint on the
probability of its production, complementing the results
of other research groups [18] (Fig. 13).

In 2018, the experiment got a permanent experi-
mental zone at CERN on the H4 channel, preparatory
works on its arrangement were started.

Experiments at the Relativistic Heavy Ion Col-
lider, BNL

STAR

In 2018, the STAR collaboration reported a new
physics phenomenon which had been predicted by the
JINR group.

e To study the chiral magnetic effect, a run was con-
ducted and statistics was collected on the isobar nuclei
Zr-96 and Ru-96 at the energy of 200 GeV.
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