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JINR Participation in CMS

Over 30 years up to 2024 JINR actively took part in

the CMS project within RDMS Collaboration bringing

together physicists from more than twenty institutes

from Russia and Member States of JINR

Today: JINR + Armenia, Georgia, Uzbekistan (DMS)

The role of RDMS in the creation of the CMS 

detector is very significant:

Ádesign, construction, operation and upgrade of the  

detectors for the CMS endcap region 

Ámaintaining the efficient operation of the CMS 

detector and participating in experimental data taking

Ácarrying out the CMS physics research program 

Since the construction period the main contribution

of JINR was focused on subsystems of:

ÁEndcap Hadron Calorimeter (HCAL)

ÁForward Muon Station (ME1/1)

Armenia 
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Endcap Hadron  
Calorimeter, HE 

Parts of the HE-YE1 

Interface System

Full responsibility for design, construction

and commissioning of the CMS Hadron

Endcap calorimeter.

Endcapnosewith brassabsorberplatesand

scintillator megatiles were designed, built,

testedandinstalledbyRDMSgroups.

ÅMechanicaldesignbyNIKIET

Å Brass absorber plates were rolled in IZHORA

of St. Petersburg, machined and pre-assembled

in MZOR of Minsk 

ÅScintillatormegatilesmachinedatKharkov,

assembledandtestedinProtvino

JINR (Dubna), IHEP (Protvino)

In cooperation with NC PHEP (Minsk),
NIKIET (Moscow), KIPT and Single Crystal
Institute (Kharkov)

Brass cartridge cases
Machining HE 

sectors at MZOR Pre-assembly of HE disks at Minsk

Rolling plates at 
Krasny Vyborzhets
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Endcap Hadron  Calorimeter Installation at CERN

Parts of the HE-YE1 

Interface System

The HE installation was done by RDMS group with leadership of Vitali Kaftanov(ITEP)
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Forward Muon 
Station ME1/1 

JINR (Dubna) in cooperation with 

NC PHEP (Minsk), and INRNE 

(Sofia, Bulgaria)

ÅFull responsibility in design,

construction, installation,

commissioning, maintenance

and operation of ME1/1

detectors

Å76 cathode strip chambers

with precise spatial and

excellent timing resolution

manufactured in Dubna and

delivered to CERN and

installed in CMS
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RDMS physicists, engineers and technicians in SX5

March 2005

RDMS Participation in CMS Assembly and Installation 

RDMS Assembly Team in UX5

ÁRDMS team carried out most important mechanical work during CMS

assembly including installation of detectors and services

ÁThousands of electrical and optical cables were laid
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The CMS Detector assembled on the surface, tested, 

downloaded and reassembled in the underground hall 

YE1 disks with  Inner Endcaps - the most complicated 

area CMS integration includes all detectors built by RDMS.

January 9, 2007

YE-1 downloading to the shaft ïthe heaviest endcap disk (1270 tons) The CMS Detector ready for collisions
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JINR Team in CMS as of today

Composition:

Á87 Participants: 60 from JINR and 27 from JINR member-states (DMS)

Á9 young researchers: 6 PhD Students from JINR, 3 PhD Students from DMS.

Á28 authors (M&O 2026): 20 paid by JINR (18 from JINR and 2 from Armenia, ANSL)

+ 8 unpaid: 6 PhD St. (5-JINR, 1- Armenia, ANSL) + 2 Emeritus

+1 author expected from Uzbekistan (in the process of registration)

Obligations:

īDetectors maintenance and operation

īParticipation in CMS upgrade

īParticipation in physics analysis and software

development

īJINR Tier-1 and Tier-2 centers robust operation

īExperimental Physics responsibilities (EPR),

due for an author is 4.0 months tasks (including

shifts)

CMS duties executed by JINR physicists:

īHCAL Technical Coordination 

īCMS data managers for Tier-1 and Tier-2 sites.

īParticipation in Analysis  Review  Committee  (ARC) 

and Institutional publication review (IR)

īMembers of institution and  collaboration boards
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Linst = 2.1×1034 cmī2sī1 Liinst = 5×1034 cmī2sī1

We are here



JINR contribution to CMS Phase-1 Upgrade

The Task of Phase-1 upgrade: to ensure reliable work of detectors in the LHC

design operation mode at the energy of 13.6 TeV and instantaneous luminosity

up to 2ʭ1034ʩʤ-2ʩ-1

- Phase-1 upgrade completed during 2 periods of the LHC 

long shutdown LS1(2012-2014) and LS2 (2018-2020)

- JINR contribute to the Muon Endcap and HCAL subsystems
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Upgrade of the Endcap Muon system

Inner 

rings 

stations

: 

ME1/1, 

ME2/1, 

ME3/1,

ME4/1

Total 

180 

CSCs 

Å180 chambers of inner rings  were upgraded 

with the new electronics to sustain HL-LHC 

conditions

Å72 ME1/1 CSCs were equipped with the 

new on-chamber cooling systems.

ME1/1 CSC  installation CSC upgrade infrastructure

Å72 ME1/1 were disassembled, refurbished, 

testedand reinstalled

ÅNew digital FE boards (DCFEBs)installed 

on the ME1/1station - minimize dead time

Å3 DCFEBs insteadof 1 at the bottom part 

of CSCs  to restore the triggerup to ɖ =2.4 

Major part of CSC Phase-2 upgrade completed in LS2. 

LS2 period - CSC electronics was replaced on detectors of the inner rings Endcap stations 

LS1 periodðupgrade of the front-end electronics with the new digital cathode readout boards (DCFEBs)

CSC test stand
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Upgrade of the Hadron Calorimeter, HCAL 

HCAL upgrades during LS1, LS2 periods 

Á Hybrid photodetectors(HPD) replaced with new silicon 

multipliers (SiPM)

- 3 times higher photon detection efficiency, 200 times higher gain

- Increase dynamic range, rate capability, sub-ns timing, muon ID

Á Finer depth segmentation 4 in barrel, up to 7 in endcap

- Number of channels increase by factor ~2.5

- Depth dependent calibration

Commissioning of HCAL electronics

Barrel upgraded for RUN 3 (2023)Endcap upgrade before 2018

Á New front-end and back-end electronics 

- increase Particle Flow capability and 1-level trigger

- Enable new triggers (e. g. long lived particles)

- Better timing information (0.5ns resolution)

- Encoding an energy value into 8 bits instead of 6 bits

- Increase a bandwidth of data transfer from 1.6 Gbit/s to 4.8 Gbit/s 
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The Phase-2 upgrade will be done in the LS3 long shutdown (2026-2030)

JINR will contribute in High Granularity Calorimeter (HGCal) project

īDesign and construction of the HGCAL silicon and scintillator cassettes test facility

īDevelopment of the HGCAL LV power supply system prototype  

JINR will Participate in the Endcap Muon system upgrade

īCSC maintenance and install new HV, LV and optical cables 

īDesign and construction of the new ME1/1 Patch Panel

īDesign and construction of tooling for ME1/1 CSC assembly and installation

īCSC longevity study and searches for eco friendly gas mixtures R&D

The Task of Phase-2 upgrade: to ensure reliable work of detectors in the High Luminosity

LHC operation mode (HL-LHC) at the energy of 13.6 TeV and instantaneous luminosity up

to 5³1034ʩm-2ʩ-1

JINR contribution to CMS Phase-2 Upgrade
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Key Parameters: 

ÁHGCAL covers 1.5 <|ɖ|< 3.0

Á~215 tones per endcap

ÁFull system maintained at -30oC 

Á~620 m2 of Si sensors in ~26000 modules 

Á~6M Si channels, 0.6 or 1.2 cm2 cell size 

Á~370 m2 of scintillators in 3700 boards

Á~240k scint. channels, 4-30 cm2 sell size 

ÁPower at end of HL-LHC: ~125 kW per endcap

High Granularity Calorimeter (HGCal) 

Electromagnetic calorimeter (CE-E): Si, Cu & CuW& Pb absorbers, 26 layers, 27.7 X0 & ~1.5 ɚ

Hadronic calorimeter (CE-H): Si & scintillator, steel absorbers, 21 layers, ~8.5 ɚ

ÅHGCal will replace the present Endcap Calorimeters (HCAL, ECAL and Preshower

ÅInstallation during next Long Shutdown (LS3) of LHC (lowering Q3 2027)

Active elements: 

ÁHexagonal modules based on Si sensors in CE-E and high-radiation region of CE-H 

ÁñCassettesò: multiple modules mounted on cooling plates with electronics and absorbers

ÁScintillating tiles with on-tile SiPMreadout in low-radiation regions of CE-H



HGCal Main Active Elements (Cassettes)
Cassettes: 30- or 60-degree segments, integrating module and ancillary 

electronics on a copper cooling plate

3 different sensors thickness: 300um, 200um and 120um 

to optimize radiation hardness in the range from 5x1013n/cm2

for the Silicon-Scintillator cassettes (CE-H) up to 1x1016n/cm2

- the inner radius of the all-silicon cassettes
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Preshower+ECAL(Ǽ~3)

10161 MeVneutron/cm2



Setup for HGCal Cassettes Testing 

Plan to have the test facility ready for operation this year 

Test setup includes:

ÁRacks for cassettes 

(inside cold rooms)  

ÁSupporting frames for cassettes 

ÁScintillation trigger planes 

(on top and bottom of rooms)

ÁReadout electronics  

Commissioning of the scintillation trigger planes 2 Cold rooms were assembled at SX5 CERN 

Cassette on the supporting frame
ÁPlaneefficiencyof~98%.

Á1planetimeresolution~0.9ns.

ÁTimeresolutionof2planes~3ns.

Á Triggers frequency in the fourfold coincidence mode: 130-160 Hz

- corresponds to ~3000 triggers per 1cm2 in 10 days

- matches with the simulation: 10 days cassettes test cycle

required minimum 1000 triggers per 1cm2

ů1 plane~0.9 ns 

ů2 plane~2.4 ns 
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Preparation to the Phase-2 ME1/1 CSC Upgrade in LS3

ÁPatch Panel redesigned to fit more rigid 

envelope for endcap detectors cables and services 

in the CMS Phase-2 configuration

V80% parts for 36ME1/1 PP have been constructed 

Á2 loading machines for extraction and installation of 

ME1/1 CSCs were constructed

Á6 different clamps for Forward and Backward CSCs

17

Loading  machine

ÁTransport cart designed for ME1/1 CSCs transportation

Clamps 

During LS3 period all 72 ME1/1 CSC will be extracted 

to perform maintenance works with detectors and 

on-chamber electronics

ÁCables on YE1 disk (LV, HV and optical) and services 

(gas and water pipes) will be replaced

ÁTooling for CSC extraction and installation will be 

renewed 

ME1/1 PP 3d model



Á Cathode Strip Chamber Longevity Study @ GIF++

No aging effects observed so far

Irradiation setup: ME1/1 and ME2/1 CSCs exposed with the 12 TBq 137Cs gamma source 

at the GIF++ Facility (HV-ON on 4 layers and HV-OFF on 2 layers kept as reference)

CSCs spatial resolution as a function of the accumulated charge

2023 Test Beam at GIF++

137Cs

ME1/1
ME2/1

ME CSCs irradiation setup at GIF++ 

Á Study of the CSC Parameters with new gas mixtures (Mini CSCs 30 x 30 cm2 were constructed )

Motivation:CSC use CF4 to protect anode wire from Si deposits, but itôs Global Warning Potential 

(GWP) is too high: ~ 7000 x CO2

Cathode Strip Chamber Performance Study @ HL-LHC
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JINR in WLCG/CMS Computing

ÁJINR grid Tier-1 and Tier-2 centers extensively

used for processing and storing CMS data,

ensuring 100% availability and reliability of

services

ÁMore than 2.1 billion events were successfully

processed by JINR Tier-1 in 2024

ÁThe JINR Tier-1 is ranked the second place among

all Tier-1 world centers for CMS (with 18.0%)

Events processed by Tier-1 world centers Completed jobs ratio by JINR 

Tier-2 center 

More than 1.2 million CMS jobs, above 

all Monte-Carlo production and analysis
Resources pledged in 2025
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Experimental Data

CMS Data Quality Information: https://twiki.cern.ch/twiki/bin/view/CMSPublic/DataQuality

ÁCMS Dataset RUN2

V ~163.55 fb-1 of proton-proton collisions @ 13 TeV is delivered

V 151.78 fb-1 is recorded by CMS (data-taking efficiency ~93% )

ÁCMS Dataset RUN3 (2022 - sept 2025)

V273.62 fb-1 is already delivered @ 13.6 TeV during the RUN3 

V251.61 fb-1 is recorded by CMS (data-taking efficiency ~92% )

ÁBy the end of RUN3 Expected

ü ~260 fb-1 @ 13.6 TeV (~450 fb-1 total for RUN 2/3)

ü pPb and PbPb runs 
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Summary of proton-proton collisions since 2015 (Run 2 + Run 3)

ÁInteractions per crossing (pileup) for Run 2 and 3

àPUð= 59 for 2025

https://twiki.cern.ch/twiki/bin/view/CMSPublic/DataQuality


JINR Activity in the CMS Physics Analysis

Searching for Physics Beyond the Standard Model

Á Channels with a pair of leptons (extended gauge models, scenarios with additional spatial dimensions, models 

with dark matter, testing of lepton universality, search for LFV processes, etc.)

Á Channels with a pair of leptons/b-quarks and missing transverse energy ET 

(dark matter, extended Higgs sector)

Á Multiple jet/lepton/photon production (microscopic black hole scenarios)

Testing the predictions of the Standard Model (EWK and QCD processes)

Á Precision measurements of the characteristics of the Drell-Yan process 

(cross-sections, angular characteristics)

Á Discovery and study of the properties of the Higgs boson (4l, 2b)

Á Study of the characteristics of QCD jets (cross-sections, fragmentation functions, etc.) 

Á B-physics

Heavy Ion Physics

Á Multiple particle production

Algorithms and Software

Á Development of algorithms for high-momentum muons reconstruction. Muon hit reconstruction and segment 

builder
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Searches for Heavy Resonances

New Physics (Z¡/ZKK/GKK) contributions to SM processes

Dileptons, full RUN2 data

RS1 graviton

Zô boson

Lepton flavor universality

JHEP 07 (2021) 208 PLB 826 (2022) 136888

Wg, full RUN2 data

Benchmark heavyscalar (vector) triplet bosons with masses 

between 0.75 (1.15) and 1.40 (1.36) TeV are excludedat 95% CL
22

https://link.springer.com/article/10.1007/JHEP07(2021)208


Dark Matter Searches in Dijets+Dileptons
We consider a model that assumes the existence of a single DM particle that interacts with the 

SM particles through a spin-1 mediator, which can be either a vector or axial-vector boson.

Á vector mediator with small couplings to leptons, gDM = 1.0, gq = 0.1, gl = 0.01

Á axial-vector mediator with equal couplings to quark and leptons: gDM = 1.0, gq = gl= 0.1 gqgq

V/VA

CMS physics results from 

the first decade of LHC data

Physics Report, 1115, 1-772 

(17 April 2025)
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Long-lived Particles with Dimuons (Displaced Dimuons)

Á a proper lifetime cŰ0 is greater than or 

comparable to the characteristic size of 

the (sub)detectors

Long-lived particles (LLP) may have 

decay lengths up to several meters

Ý traveling through the inner detector 

layers without leaving any trace 

New (unconventional) topologies! Ex., dark photon and long-lived 

neutralinos decays

Dark photon

SM Higgs boson 

mixes with the dark-

sector Higgs boson

LLP neutralinos 

decays

RPV

JHEP05 (2024) 047

The first RUN3 results
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