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	The ALICE is a multipurpose experiment to study the interactions of heavy ions, which was created to study the physics of the strongly interacting matter and the quark-gluon plasma in nucleus – nucleus collisions at the LHC. Currently, more than 1,800 specialists from 174 institutes from 42 countries are participating in this experiment.
The main efforts of the JINR group in the data analysis and the physical simulation were focused on the study of femtoscopic (due to Bose-Einstein and final state interaction) correlations, the production light vector mesons in ultra-peripheral Pb-Pb collisions and the production of heavy quarkonia. In addition, the JINR group continued to participate in the maintenance and development of the GRID-ALICE analysis at JINR and in modernization of photon spectrometer of the setup.

Section I. Femtoscopic correlation study. 

Section I.1. Introduction
	It is believed that a compressed, highly interacting system resulting from a collision is subject to longitudinal and transverse expansion. Experimentally, such an expansion can manifest itself through Bose-Einstein correlations for pairs of identical particles or through correlations of pairs of non-identical particles due to strong interactions in the final state.
	During 2017-2019, the JINR group carried out a number of different types of analysis of femtoscopic correlations of charged kaons (KchKch) in pp, p-Pb and Pb-Pb collisions at energies of 13 TeV, 2.76 TeV and 5.02 TeV (per pair of nucleons), respectively. Experience gained in previous years on methodological studies (the selection of individual particles and pairs, the identification of kaons and consideration of a background) and various Monte-Carlo event generators were used. The dependences of the femtoscopic radii on the event multiplicity (centrality) and the pair transverse momentum (kT) were studied, a comparison was made with particles of other types and predictions of theoretical models. Part of the results was presented at international conferences and published, according to some other results, research is continuing. These results will be discussed in more detail in sections I.2-I.4.


Section I.2. Study of correlations of non-identical kaon (K+K-) pairs in Pb-Pb collisions at the energy of 2.76 TeV (per pair of nucleons).
	After finishing the femtoscopic three-dimensional (3-D) analysis of identical charged kaon (K±K±) pairs in Pb-Pb collisions at the energy of 2.76 TeV and publishing the obtained results [1],
the JINR group focused on a detailed analysis of K+K- femtoscopic correlations. The study is performed in the framework of the model describing the final-state interactions proposed by R. Lednitsky and V. Lyuboshits [2]. As before, special attention was paid to the most accurate measurement of the purity of selected kaons using the methods developed by the JINR group in previous studies.
The purity of single kaons and kaon pairs is shown in Fig.1.
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Fig.1. (Left): Purity of an identified kaon as a function of its momentum shown in three centrality bins; (right): purity of an identified pair of kaons as a function of the pair transverse momentum (kT).
The correlation function of K+K- pairs was determined experimentally by the well-known ratio C(p1, p2) = A(p1, p2)/B(p1, p2), where two-particle distributions A and B were obtained for pairs of kaons from the same and from different events (mixing), respectively. In 1-D analysis, C (p1, p2) is presented depending on
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where q = p1-p2 and q0 = E1-E2. A typical correlation function is shown in Fig. 2 where the blue points show the experimental data and the red curve is the result of the approximation in the model using the formula
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Fig.2. Correlation function of K+K- pairs as a function of qinv for Pb-Pb collisions. The blue points are present the experimental data, the red curve is the result of the model fit.



The fit function presented above was discussed in the detail in [1]. Here it should be noted that CsFSI determines contributions of f0 and a0 mesons, and Cφ-direct and Сφ – contributions of φ mesons, which are produced at the quark-gluon stage and at the hadron interaction stage, respectively. The following parameters are supposed to be free: the radius of the K+K- emitting source, the mass of the f0 meson, the coupling constants for the f0 → K+K-, f0 → ππ channels and the fraction of the contributions N1, N2. The remaining values were taken from previous studies. The values of the f0 mass and width were obtained from the approximation and are 972 ± 3 MeV/c2 and 40 ± 5 MeV, respectively, which corresponds to the PDG values. The values of N1 and N2 were 0.8 and 0.2, respectively.
Figure 3 shows the radii of the emitting source (Rinv) depending on the transverse momentum of the K+K- pair (kT) in three different multiplicity classes. The results are compared with those obtained for pairs of identical kaons (K±K±).
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Fig.3. Invariant radius of the source as a function of the pair transverse momentum in Pb-Pb collisions in three event multiplicity classes. The results for К+К- (К±К±) are shown by empty (full) points.


As seen from Fig.3, the radii for non-identical and identical kaon pairs coincide with each other and decrease with increasing multiplicity and kT, which is in agreement with predictions of hydrodynamic models. The results were reported at the XX GDRE International Workshop in Nantes (Nantes, France, July 2018) and at the CERN Workshop (February 13, 2019).


Section I.3. The study of identical charged kaon femtoscopic correlations in p-Pb collisions at 5.02 TeV (per nucleon pair).
[bookmark: translation]	The kaon femtoscopic correlations were studied for the first time in proton-nucleus (p-A) collisions, that is in p-Pb at 5.02 TeV. The main goal is to compare the size of the emitting source created in p-A collisions to that in pp and Pb-Pb collisions. Similar comparison for pion correlations showed that the radius of the source in p-Pb collisions is closer to that created in pp collisions than in Pb-Pb collisions, which can be an indication of weakness/absence of collective effects in emitting sources in p-Pb collisions and disfavors models with large initial size or strong collective expansion at low multiplicities. The limited Run 1 data sample for p-Pb collisions allowed performing a one-dimensional analysis only, which is almost finished and the publication of the results is in the final stage of preparation. The correlation function was defined as described in Section 1.2 and was fit with the formula [3], 
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where N is a normalization coefficient, K describes the Coulomb interaction of radius r, D accounts for background effects, and λ is a correlation strength. An example correlation function together with the fit and the background function is shown in Fig.4. The pair transverse momentum (kT) range and the centrality bin in which the presented correlation function was obtained are also indicated in the figure. The radii Rinv extracted from the fit of the correlation function (full points) are shown for two kT and three multiplicity classes in Fig.5.
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Fig.4. К±К± correlation function
  versus qinv. The red points show the
  experimental data, the red line
  presents the fit with [3] and the black
  empty points present the background
  function.
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    Fig.5. Experimental K±К± invariant
         radii (Rinv) versus kT for three
    multiplicity classes and compare with
    the EPOS model predictions with and
     without the hadronic cascade phase.


Figure 5 shows that the obtained radii increase with increasing multiplicity and decrease with increasing kT, especially at high multiplicities. This is a typical behavior of Rinv in Pb-Pb collisions where it is explained by the existence of collective effects in emitting sources created in collisions. This similarity of the behavior of radii in p-Pb and Pb-Pb collisions could indicate the collective expansion of the emitting source created in systems with relatively small number of nucleons (like p-Pb). In addition, as seen from Fig.5, the EPOS model results (open points) reproduce the experimental radii behavior if the hadronic cascade (UrQMD) phase is taken into account (EPOS w/ casc). Figure 6 compares Rinv as a function of the measured charged-particle multiplicity density in pp, p-Pb and Pb-Pb collisions at similar kT. 
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   Fig.6. Comparison of femtoscopic radii, as a
     function of the measured charged-particle
   multiplicity density, for various collision
                            systems.

As seen from Fig.6, the radii in pp and p-Pb collisions coincide at the same multiplicity. However, the radii in p-Pb and Pb-Pb collisions were obtained in very different ranges of multiplicity and cannot be compared at the same Nch. The obtained results were presented at the XII WPCF (June 2017, Amsterdam), at the ALICE Physics Forum (16.03.2018, CERN) and at the ALICE femto meeting (30.01.2019, CERN). The analysis of the Run 2 data has been started.

Conclusions for section I and plans for 2020-2022.
The main conclusions of the above results are as follows:
–  A new 1-dimension femtoscopic correlation analysis was performed for pairs of non-identical K+ and K- kaons produced in Pb-Pb interactions at the energy √sNN =2.76 TeV). Much attention was paid to the most accurate measurement of the purity of selected kaons using the method developed in the JINR group.
When describing the experimental results in the model of particle interaction in the final state R. Lednitsky and V. Lyuboshits, a new special choice of model parameters was used (in collaboration with R. Lednitsky). The radius of the kaon source, mass of the f0 meson, coupling constants
for the channels f0 → K K-, f0 → ππ and the ratio of different mechanisms of φ meson production are free. As a result of these studies, it was shown that the radii of sources for non-identical and identical kaon pairs coincide in magnitude with the same dependencies on centrality of events and the transverse momentum of the pair. This result is consistent with the predictions of hydrodynamic models.
–  For the first time in the world, an experimental study of femtoscopic correlations of kaon pairs in
p-Pb (as in other p-A) collisions was performed. It was found that the sizes of the source of kaon emission coincided with the sizes obtained for the pp collisions with the same multiplicities of events, which differs from the results of the correlation study for pion pairs. An interesting question of the comparison with Pb-Pb collision is still open due to lack statistics.
It was also shown that the experimental results are consistent with the predictions of the EPOS hydrodynamic model, taking into account the cascade model at the hadron interactions  in the final state.

The following researches are planned for 2020-2022:
–  In 2020, it is planned to complete a 1-D analysis of femtoscopic correlations for kaon pairs in p-Pb and Pb-Pb collisions at energies of 5.02 and 2.76 TeV per pair of nucleons accordingly with the preparation and release of publications.
–  To produce a 3-D analysis of femtoscopic correlations of kaon pairs in p-Pb and Pb-Pb stockings at energies of 5.02 TeV (per pair of nucleons) at the maximum statistics obtained at the 2nd stage of LHC operation (Run-2), respectively, 160 million and 78 million events.
–  To compare the obtained results with the results of other experiments and predictions of various theoretical models: e.g., HKM, EPOS, QGSM, DPMJET.
–  To produce 1-D analysis of femtoscopic correlations for identical kaon pairs in pp collisions at 13 TeV with selection of spherical and jet events. Check an indication in the absence of a dependence of Rinv on kT pairs for spherical events, observed in the ALICE experiment for charged pions [3].
–  To investigate 1-D femtoscopic correlations for non-identical K+K- pairs in p-Pb collisions at 5.02 TeV.
–  In 2022, it is planned to study the possibilities of analyzing the femtoscopic correlations of pairs of φ mesons in pp interactions at 13 TeV on simulated and real events.

Chapter II. Study of quarkonia (J/) production in dimuon decay mode. 
    The physics program of ALICE includes studies of the charmonia (J/, S)) and bottomonia ( family) production in p-p, p-Pb and Pb-Pb collisions. An important part of these studies is the development of MC generators for the simulation of different processes. Smbat Grigoryan, member of the ALICE JINR group, is one of the responsibles for the creation and work of the generators of heavy flavor hadrons and quarkonia in dimuon decay mode. The previously developed and continuously updated generators are used to analyze the high energy and large statistics data obtained during Run-2. A detailed results are obtained on the determination of the nuclear modification factor (RAA) for ϒ(1S) and ϒ(2S) production in Pb-Pb collisions at 5.02 TeV [9]. The value of  RAA is defined by the expression
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where Nϒ — number of ϒ with dimuon decay,  BRϒ→ — branching fraction of these decays, (A)ϒ — acceptance and detector efficiency factor,  N-MB . Fnorm — normalization factor, ррϒ — cross section in the pp collisions, ТАА — nuclear overlap factor. 
The integrated quantities RAA for ϒ(1S) and ϒ(2S) are equal to 0.37 ± 0.02 and 0.1 ± 0.4, which indicate a stronger nuclear suppression of quarkonia states with increase of their mass. The Fig.7. shows the nuclear modification factor (RAA) for ϒ(1S) produced in Pb-Pb collisions at 5.02 TeV versus the number of participant nucleons Npart and comparison with the theoretical models. One can see that the models describe qualitatively and somewhat quantitatively the experimental results.
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   Fig.7. Nuclear modification factor (RAA) for
          ϒ(1S) produced in Pb-Pb collisions 
   at 5.02TeV versus the number of participant
      nucleons Npart and comparison with the
                    theoretical models.

The ALICE JINR group proposed a new thermal model based on the Tsallis-distribution [11] and the Blast-wave model [12]. The model description and the results of its predictions are reported at the CNFP-2017 (Crete) conference and published in [13]. The new model describes well  the production spectra of pions and quarkonia (J/ψ, Υ)  in pp collisions in a wide range of energies (5 GeV — 13 TeV). The main formula to compute the particle spectra is the following:
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where  V0 and R0 are the volume and transverse radius of the fireball with temperature T, q the Tsallis-distribution parameter,  the chemical potential, r the gamma factor of the transverse flow,  g=2J+1 the particle spin factor, =1(-1) for bosons (fermions), Px(a) the Legendre function. The choice of all the parameter values is described in detail in [13]. Figs 8-10 represent the experimental data and model calculations of quarkonia differential cross sections. It is seen that the model describes well the experimental spectra.
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Fig.8. Differential cross section of J/ψ                           Fig.9. Differential cross section of ψ(2S)
production in рр collisions at different                           production in рр collisions at 7 TeV in
energies. Curves are the results of the                            different experiments. Curves are the results 
model fits.                                                                       of the model fits.
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                                                                                   Fig.10. Differential cross section of ϒ(1S) 
                                                                                   production in рр collisions depending on the
                                                                                   energy. Curves are the results of the model fits.
                                                                                   
                                                                                                                                                                                                                                                            
Conclusions for section II and plans for 2020-2022.
   Event generators and software for analysis of heavy quarkonia production, developed with
the participation of the JINR group, provided new results which include  the nuclear modification
factors for ϒ (1s) and ϒ (2s) in Pb-Pb collisions at 5.02 TeV. The obtained values agree qualitatively
and partly quantitatively with the prediction of theoretical models.
   The JINR-ALICE group proposed a new thermal model based on the Tsallis distribution and the
Blast-wave model. The model describes the spectra of the resulting pions and
quarkonia (J/ψ, Υ) in p-p collisions in a wide energy range (5 GeV - 13 TeV) and can be used to
analyze the experimental results.
Plans for 2020-2022:   
– take part in maintenance and updating of the software for quarkonia production and the generator
of hadrons with heavy flavors, using the latest results of LHC experiments and new theoretical
developments;
– work on the interpretation of results on quarkonia production in p-p, Pb-Pb and p-Pb collisions;
– prepare a version of the phenomenological thermal model based on Tsallis distributions to
describe of experimental data for various hadrons (from pions to quarkonia) formed in p-A and A-A
collisions.

Section III. Study of ultra-peripheral heavy-ion collisions.

    Ultra-relativistic heavy ions are the source of a strong (~Z2) electromagnetic field – a flux of quasi-real photons in the framework of the Weizsäcker-Williams approach [15]. In the case of large (> sum of radii) the impact parameters of the colliding ions, interactions are called ultra-peripheral collisions (UPC). In such interactions a photoproduction of vector mesons can occur — the photon of the field of one nucleus fluctuates into a bound quark-antiquark pair, which is then elastically scattered on the other nucleus through the exchange of pomeron. During 2017-2019, the JINR-ALICE group participated in studies of the production of the single vector mesons (photon-pomeron interactions) J/ψ and ρ0 in Pb-Pb ultra-peripheral collisions at energy of 5.02 TeV (per pair of nucleons). A process can proceed on the nucleus as a whole (coherent photoproduction) or on the nucleon of a nucleus (incoherent process). 
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Fig.11. Distribution of μ+μ- invariant mass. The curves          Fig.12. Comparison of differential
represent different contributions (see text).                     cross section of the coherent J/ψ production
                                                                                              with predictions of various models.

Figure 11 shows the invariant mass distribution of μ+μ- pairs detected at large rapidities (the muon arm of the setup). The high statistics collected during the Run2 LHC allowed us to study the J/ψ with high accuracy and observe the heavier state ψ(2s) as well. The black curve is the result of fitting the experimental data using the convolution of two functions: Crystal-Ball [16] (green) and continuum background (red). The blue curve is the result of fitting the ψ(2s) function by the Breit-Wigner. Figure 12 shows the differential cross section for coherent J/ψ рождения production as a function of the rapidity in comparison with theoretical models [17–21] with different levels of gluon shadowing in a nuclear medium. The main conclusion - the best description is achieved with a moderate gluon shadowing. 
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Fig.13. Distribution of di-pion invariant mass.           Fig.14. Differential cross section compared to
Curves show various contributions (see text).                                    model predictions.

Figure 13 shows the distribution of the π+π- invariant mass at the central rapidities, where the peak from ρ0 stands out also very well. The red curve shows the sum of the resonance contributions (Breit-Wigner, green), directly produced pion pairs (yellow), interference of  ρ0 with directly produced pion pairs (blue), reflections from ω decays (purple). In Figure 14, the differential cross section of coherent ρ0 production is compared to the predictions of theoretical models [17,18,22,23]. 
The shown results were presented at the EPS-HEP, 2017 (Venice, Italy) conference and at ALICE workshops. Planned publications are in preparation.
Figure 15 shows a preliminary result on the invariant mass distribution of four pions with zero net charge. The fitted mass (1511±9 MeV/c2) and width (315±14 MeV) of the observed peak indicate  production of ρ0 (1450) with PDG values of mass and width of 1465±25 MeV/c2 and 400±60 MeV, respectively. This preliminary analysis is planned to extend by a significant increase in statistics of the data taken in 2018.
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	Fig.15. The invariant mass of four 	pions with zero net charge.





Conclusions for section III and plans for 2020–2022.
	Using the large statistics of 2015-2018 data, the differential cross section for coherent J/ψ production in Pb-Pb ultra-peripheral collisions at energy of 5.02 TeV was measured. The experimental data are described by theoretical models with a moderate gluon shadowing.
	The differential cross section for coherent ρ0 photoproduction was measured in ultra-peripheral Pb-Pb collisions with the data collected in 2015 at energy of 5.02 TeV. The agreement of experimental results with the prediction of a number of theoretical models is found.
	A preliminary result obtained in the analysis of four pion final state expresses ρ0(1450) resonance production and a detailed study of the characteristics of the observed resonance on the full statistics is planned.
Plans for 2020 – 2022:
– complete the study of the coherent J/ψ production (with maximal statistics) and ρ0 (on statistics of 2015) in Pb-Pb collisions at 5.02 TeV with the preparation and release of publications;
– with whole statistics of Pb-Pb data at 5.02 TeV, analyze the coherent and incoherent photoproduction of ρ0 and the incoherent photoproduction of J/ψ;
– carry out the analysis of the four-pion events to measure parameters of ρ0 (1450) resonance;
– measure the photoproduction cross section of ρ0 in p-Pb collisions at 5.02 TeV and compare it with the results of experiments at the HERA collider;
– start analysis of the pair production of vector mesons in two-photon interactions with an emphasis on the search for ρ0+J/ψ states.
Section IV. Maintenance and development of the ALICE-GRID system at JINR
	In the period from 2017–2019, software, computing nodes and data storage systems were updated at JINR, as well as testing of new software xrootd, EOS, CVMFS.
Figure 16 shows the relative contributions of Russian institutions to the number of calculated tasks in the GRID system in 2018. It shows that among second-level computer centers (tier-2), JINR takes the leading position (15.8%). The total contribution of Russian centers to ALICE-GRID is 5.7%, as can be seen from Fig.17. In addition to the current works of A.O. Kondratyev carried out the JIRA system administration work and the development of the jalien module for communication with the central ALICE services, through the Java websocket.
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Fig.16. The relative contributions of Russian institutions to the number of calculated tasks in the GRID system in 2018 (from a total contribution of 5.7% to ALICE-GRID).
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Fig.17. The relative contributions of all institutions to the number of calculated tasks in the ALICE-GRID system in 2018.

Plans for 2020-2022:
- maintenance the GRID structure of the ALICE experiment in JINR, transition to new software, regular replacement of obsolete computing nodes and storage systems by new ones;
- participation in the implementation of the project on the use of supercomputer capacity and in the development of other GRID technologies in ALICE;
- support for stable functioning of the local cluster.
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other types of scientific activities.

- election of L. Malinina as the ALICE convenor in the femtoscopy research group;
- participation of L. Malinina (head), K. Mikhaylov (head), E. Rogochaya in internal review committees for ALICE publications;
- participation of the JINR group in the institute review committees for ALICE publications;
- duty shifts (~ 80 shifts per year) during the collection of experimental data.
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