JINR Participation in the CMS project

Report on Theme CMS ˗ Compact Muon Solenoid at the LHC

(02-0-1083-2009/2019)

In 2019 the JINR group has taken part in data processing and physics analysis of data collected during the LHC Run 2 (2015-2018) with the proton beams at energy of 13 TeV and a luminosity up to 2.14×1034 sm-2 s-1.  Dimuon pair production has been explored [1-8] with fully reconstructed event data, corresponding to an integrated luminosity up to 140 fb-1. Work has also been done to prepare a study of the multiple production of hard particles [9] with an integrated luminosity of up to 300 fb-1. Such statistics is expected in 2023 for the end of the LHC Run 3. JINR physicists have contributed significantly to the main results: 
1. A search is performed for a narrow resonance decaying to a pair of muons (fig. 1, left) [1]. No significant deviation from the Standard Model (SM) predictions is observed with respect to the expectation from the standard model backgrounds. The 95% С.L. upper limits are set on the production cross section of this process (fig. 1, right) [1].
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Fig. 1. Left – The invariant mass distribution of pairs of muons observed at √s = 13 TeV in data (black dots with statistical error bars) and expected from the SM processes (stacked histograms) [1]. Right – The upper limits at 95% CL on the product of production cross section and branching fraction for a spin-1 resonance, relative to the product of production cross section and branching fraction of a Z boson, for the dimuon channel [1]. The shaded bands correspond to the 68 and 95% quantiles for the expected limits. Theoretical predictions for the spin-1 Z′SSM and Z′ψ resonances are shown for comparison. 
2. Lower limits are set on the masses of various hypothetical particles. A Z′SSM (Z′ψ) particle, arising in the sequential standard model (superstring-inspired model) is excluded below a mass of 4.89 (4.29) TeV at 95% confidence level [1].

3. For the Arkani-Hamed, Dimopoulos, and Dvali model of large extra dimensions, the first results in the dilepton final state at 13 TeV are reported, and values of the ultraviolet cutoff parameters ΛT and MS are excluded: ΛT below 6.8 TeV and MS below 8.1–5.4 TeV for the number of extra dimensions n=2–7 (fig. 2, left) [2]. For a class of fermion contact interaction models, lower limits ranging from 20 to 32 TeV are set on the characteristic compositeness scale Λ.
4. A search for exotic decays of the Higgs boson to a pair of light pseudoscalar particles a1 is performed under the hypothesis that one of the pseudoscalars decays to a pair of opposite sign muons and the other decays to b-quark pair [3,4]. No statistically significant excess is observed with respect to the SM backgrounds in the search region for pseudoscalar masses from 20 GeV to half of the Higgs boson mass. Upper limits at 95% confidence level are set on the product of the production cross section and branching fraction, ranging from 5 to 33 fb, depending on the pseudoscalar mass. Corresponding limits on the branching fraction, assuming the SM prediction for σh, are (1-7)×10-4. 
5. Measurements of the differential cross section for the Drell-Yan process, based on proton-proton collision data at a centre-of-mass energy of 13 TeV, collected by the CMS experiment, are presented (fig. 2, right). The cross section measurements are presented as a function of dilepton invariant mass in the range 15 to 3000 GeV, and compared with the perturbative predictions of the standard model [5]. These result confirms the theoretical calculations within SM. The measured differential cross sections are in good agreement with the previous one at √s = 8 TeV and consistent with studies of angular characteristics of muons produced in this process [6,7].
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Fig. 2. Left – Exclusion limits at 95% CL on the UV cutoff for the muon channel in the GRW (ΛT), Hewett, and HLZ (MS) conventions for the ADD model at √s = 13 TeV [9]. Lower limits for the HLZ scheme are given depending on the number of extra dimensions n. The results are compared to previous ones from CMS at √s = 8 TeV. Right – The differential Drell-Yan cross section measured for the combination of the two channels and as predicted by the NNLO theoretical calculation of FEWZ. The ratio between the data and the theoretical prediction is presented in the bottom panel [5]. 

6. The program of taking into account the two-loop radiative corrections of final state including the hard bremsstrahlung for Drell-Yan process in experiment CMS LHC is developed [8]. The numerical estimations for forward-backward asymmetry in dimuon production performed in various rapidity ranges and different PDF sets for center-of-mass energy 7 TeV are in agreement with CERN LHC RUN1 experimental data.

7. Preparations for the LHC Run 3 have begun to study multiple production of hard particles, the cross sections of microscopic black holes production and other objects are calculated depending on the fundamental scale of gravity and the number of extra dimensions [9].
8. Measurements of the multiplicity were performed for charged particles inside jets from events with two jets. Results confirmed the suppression of gluon jets in the region of the relatively small transverse momenta of the jets observed in 2018.
In addition, works were carried out to study the characteristics of high-pT muons [10], to improve muon reconstruction algorithms [11], and to study the characteristics of muon stations.

In 2019, during the long-term technical shutdown of the LHC (Long Stop, LS2), the JINR group continued to actively participate in the upgrade of the CMS detector systems. 
During the CMS Phase-1 Upgrade, the front-end electronics of Hadron Barrel (HB) calorimeter were replaced with new ones. The replacement of the Hadron Calorimeter (HCAL) readout electronics system includes both the replacement of the multi-channel hybrid photodiode (HPD) with a new silicon photomultiplier (SiPM) and all front-end electronics components. The JINR group has created a test-stand for long-term burn-in tests of readout electronics components using SiPMs for HB calorimeter. The test-stand infrastructure was fully prepared, namely water-cooling system of the readout modules, low voltage power supply system, SiPMs bias voltage supply system, fiber optic communication system of the readout electronics, as well the crates with the data acquisition and trigger systems, control and data recording. The new readout electronics system was installed on CMS detector. 144 readout modules were replaced, 36 calibration modules and 72 clock and control modules.

In the framework of the CMS Phase-2 Upgrade the JINR physicists participate in the Cathode Strip Cambers (CSC) electronics upgrade in four muon stations ME1/1, ME2/1, ME3/1 and ME4/1 focusing on the following tasks: 120 new Low Voltage Distribution boards (LVDB-5) and the test stand for LVDB5(7) boards have been designed and constructed, the 120 reference voltage cables have been manufactured, assembly, installation and commissioning of the inner endcap muon chambers have been completed. In total, 180 chambers to be replaced from the CMS, moved to the surface laboratory, refurbished with the new electronics, tested and finally reinstalled in the experimental cavern. 72 new cooling circuits were manufactured for ME1/1 chambers. 


The JINR group actively participated in research and development (R&D) works for the Phase-2 Upgrade of the CMS Endcap Calorimeter to operate at a high-luminosity LHC (HL−LHC). A prototype of the endcap hadron calorimeter module has been designed and constructed for operation with integrated luminosity up to 3000 fb-1. The configuration of the new high-granular calorimeter (HGCAL) was also optimized; software for simulation and reconstruction of jets and detector optimization continued to be developed. The Addendum to the Memorandum of Understanding for Collaboration in the Construction of the CMS Detector is signed in October 2019.

In total, in 2019 JINR physicists contributed to the five CMS public papers submitted in scientific journals [2,3,5,10,12], two CMS notes [1,4], one public work on theoretical calculations [8], and five papers in conference proceedings [6,7,9,11,13,14,15]. The total list of publications within the CMS Collaboration in 2098 includes 157 papers. 13 talks were given by JINR physicists for the CMS project in 2019 at the international conferences. In 2019, one master's and one doctoral theses   were defended.
In 2020 the works will be focussed to search for signals of new physics in the channel with two muons and studies of Drell-Yan process. All data of LHC Run 2 will be used. The analysis and interpretation of the results of searches will be extended both tо the model of low-energy multidimensional gravity (RS1) and to the scenario with dark matter candidate. In addition, the precision check-up of programs READY with modern codes (FEWZ, READY, SANC etc.) of taking into account the radiative corrections to differential cross sections and to forward-backward asymmetry for Drell-Yan process. In 2020, measurements of the mean charged multiplicity on jets and the gluon jet fractions in various jet samples will also be extended to the LHC Run 2 data. The detailed plans of physics analysis is given in the Table 1. The participation of JINR physicists in the framework of the JINR obligations in the CMS Upgarde of the endcap muon system and the endcap hadron calorimeter system will be continued.  Research and development (R&D) work for CMS Upgrade Phase 2 for HL–LHC are also foreseen.  The project on participation of the JINR team in the Phase-2 CMS Upgrade in preparation. 
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1. The Project-plan of JINR Participation in research physics program with the CMS detector

	
	Task
	Participants
	FTE
	2020
	2021
	2022
	2023

	1
	Search for physics beyond the standard model in dilepton mass spectra in proton-proton collisions (gauge bosons, extra dimensions, new higgs states, dark matter candidates)
	PhD А. Lanev (JINR), 

PhD S. Shmatov (JINR) 

PhD St. I. Zhizhin (JINR) 


	0,7

0,2

1,0
	CMS Paper with full Run 2 Data

(~150 fb-1)
	
	CMS Note with a half of Run 3 Data
	CMS Note with full Run 3 Data

 (~300 fb-1)

	2
	Measurement of the differential Drell-Yan cross section in proton-proton collisions
	PhD А. Lanev (JINR), 

PhD S. Shmatov (JINR)
	0,3

0,2


	
	CMS Paper with full Run 2 Data

(~150 fb-1)
	
	CMS Note with Run 3 Data

	3
	Forward-backward asymmetry of Drell-Yan lepton pairs in pp collisions


	PhD I. Gorbunov (JINR) 

M.Sc. T. Nechaeva (Minsk)


	0,4

1,0
	CMS PAS/Paper with full Run 2 Data (~150 fb-1)


	CMS Note for

low and high-mass region with Run 2 Data
	CMS Paper for

low and high-mass region with Run 2 Data
	to be defined

	4
	Angular coefficients of Z bosons produced in pp collisions as a function of transverse momentum and rapidity


	Prof. O. Teryev (JINR)

PhD I. Gorbunov (JINR) 

PhD S. Shmatov (JINR)

PhD St. V. Shalaev (JINR) 
	0,1

0,4

0,2

1,0
	CMS Note with Run 2 Data
	CMS PAS/Paper with full Run 2 Data (~150 fb-1)


	CMS PAS/Paper with Run 2 Data for Z+jet
	Summary CMS Paper

	5
	Search for physics beyond the standard model in processes with fermion flavor violation
	PhD M. Savina (JINR)

PhD S. Shmatov (JINR)

PhD St. D. Seitova (JINR) 
	1,0

0,2

1,0
	Estimations of the CMS performance
	Paper with MC data


	to be defined

	6
	Search for Higgs to bbbar decay in Vector-Boson-Fusion Higgs production process
	PhD A. Tumasyan (ANSL, Erevan)

PhD St. V. Aloyan (ANSL, Erevan) 
	1,0

1,0
	Trigger development for LHC Run 3
	CMS Note with

Run 2 Data
	Analysis strategy development for Run 3
	CMS Note with

Run 3 Data

	7
	Measurements of the multiplicity in quark and gluon jets and fractions of gluon jets 


	PhD S. Shulga (JINR)

PhD St. D. Budkovsky (JINR)

M.Sc. M. Gavrilenko (JINR)
	1,0

1,0

0,8
	CMS Note with Run 1 Data 

for dijet
	CMS Note with 

Run 2 Data 

for dijet
	CMS Note with

Run 2 Data 

for gamma+jet
	CMS PAS/Paper

	8
	Radiative corrections to the Drell-Yan processes
	Prof. V. Zykunov (JINR), 
M.Sc. M. Bugaevskaya (Minsk)


	1,0

0,5
	AFB estimations for Run 2
	Angular coefficients estimations 

for Run 2
	Estimations for Run 3
	to be defined

	9
	Development of algorithms for the muon hit reconstruction and segment builder
	PhD V. Palchik (JINR) 

M.Sc. N. Voytishin (JINR)
	0,5

0,5
	
	
	
	

	10
	Study of Higgs to tau leptons decay in Vector-Boson-Fusion Higgs production process to optimize transverse segmentation of endcap hadron calorimeter
	PhD V. Alexakhin (JINR)
	1,0
	
	to be defined

	
	Total
	2 Prof, 6 PhD, 5 PhD St., 4 M.Sc.
	16
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