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q Participants of Projects
q Motivations, goals and tasks
q Results expected for 2022-2026

ü HGCal
ü Muon System

q Funding for 2022-2026 

Outline

The Report on Completion of the Project “Upgrade of CMS Detector through
2020” for 2013-2020 years was presented at the 54th meeting of the PAC for
Particle Physics, 18 January 2021
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44 participants from JINR
23 participants from JINR member-states

Participants of Project

16 paid and 5 unpaid (4 PhD and 1 emeritus)
authors from JINR

6 paid authors from JINR member-states
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JINR in CMS Collaboration (Tasks)

JINR scientists play active role in the CMS Physics Programme. They contribute actively in 
data taking and processing, data analysis for the purpose of obtaining new physics results in 
the following fields:

ü searches for physics beyond SM with the dimuon final states 
(low-energy gravity, dark matter, extended gauge models, etc )

ü searches for physics beyond SM with missing energy final states 
(extended Higgs sector, dark matter, lepton-flavour violation)

ü studies of Higgs boson properties and search for new scalar 
bosons beyond SM in the lepton decay channels

ü studies of jet multiple production for searches of microscopic 
black holes and other BSM signals

ü studies of muon pair production in Drell-Yan process to test SM 
at new energy scale, measurement of weak mixing angle and 
parton distribution functions (PDF) 

ü jet measurements for studies of hadronization, improvement of 
PDF and QCD coupling precision

Since the beginning of the JINR
Seven-Year Plan in 2017 up to now
JINR physicists contributed in to
ü 13 CMS public paper in scientific

journals (of more than 510 CMS
papers in total)

ü 18 CMS notes with physics analysis
ü 6 CMS operation and upgrade notes
ü 22 paper in referred journals
ü number of papers with CMS results

review and future physics, and
proceedings (35 papers in a total)

ü more 70 talks were given by JINR
physicists for the CMS project at the
international conferences.

Over 25 years JINR has been participated in the CMS experiment at the LHC, starting the very 
beginning of the detector concept development
ü full responsibility within the RDMS Collaboration for the design, construction, commissioning, operation 

of the Endcap Hadron Calorimeters (HE) and First Forward Muon Stations (ME1/1) 
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LHC Schedule
The Large Hadron Collider (LHC) provided proton-proton collisions since 2009
ü During Run 1 (2010–2012) LHC operated at 7 TeV first 2 years, delivering integrated luminosity ≈6 fb−1, 

and in 2012 at 8 TeV, delivering ≈ 23 fb−1 (discovery of the Higgs boson)
ü Run 2 started in 2015 at 13 TeV with instantaneous luminosity 1.7×1034cm−2 s−1, exceeded the design 

value. Physics tasks: detailed studies of the Higgs boson, standard model (SM) processes and searches 
for physics beyond the SM

ü After long shutdown LS3 the HL-LHC operational phase is scheduled to start in 2027. By the 2030 
planned to have instantaneous luminosity 5×1034cm−2 s−1 with integrated luminosity ~3000 fb−1.

we are here… project
completion
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HL-LHC Physics Goals (1)
The main goal of the HL-LHC is to make New Discoveries
ü Detailed study of the Higgs boson to show that it is indeed a SM 

Higgs boson (width, branchings, couplings, rare decays)
ü Looking for new scalar states of extended Higgs sector
ü Wide searches for physics beyond the SM (dark matter candidates, 

supersymmetry, TeV-scale gravity, extended gauge sector, etc.)
ü Precision tests of the SM, including rare processes

Higgs Projections for 300 fb-1 and 3000 fb-1

For  the  Higgs boson, the coupling 
constants to the SM particles will be 
measured with a precision of 5–14% 
and 2–10% given the integrated 
luminosities of 300 and 3000 fb–1 , 
respectively 

New resonances in Hi-mass 
Dilepton States

Dark photons decaying 
to displaced
muons with CMS 

The physics reach of the CMS achievable 
with HL-LHC will be increased, e. g. as
ü for new resonances up to mZ’ ~ 6.2-7 TeV (~ 4.56-5.15 TeV with RUN2 data)
ü dark photon masses (1−30 GeV) and lifetimes (cτ = 0.01−10 m) in the        

context of Dark Supersymmetry models.
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HL-LHC Physics Goals (2)

The LHC could produce many Long Lives Particles (LLP) with MeV - TeV masses that would 
lead to signatures involving displaced vertexes. These states can not be produced anywhere
else, but with existing detectors can not discover (need to be reconstructed without tracker).

The capability of the upgraded detector has to extend the possibility of a dedicated triggering
at Level-1 for displaced objects with a decay length, lifetime, larger than a few centimeters.

HL-LHC physics aims at reactions initiated by vector boson fusion (VBF) and those involving 
boosted objects giving rise to narrow or merged jets (e. g. from hadronic decays of the W and Z 
bosons, the Higgs boson, new Higgs states, and possibly other new particles in the same mass 
range).  A fine lateral and longitudinal granularity of the calorimeter is required for  the 
observation of these narrow jets.



8

HGCal Impact on Physics

Vector Boson Fusion (VBF) jet reconstruction and
tagging efficiency comparing Run 2 (pileup 25) 
simulation to the upgraded Phase-2 detector with
0 and 200 pileup events.

Higgs VBF Production

Electron Selection Efficiency (~100%) Jet response resolution Efficiency to reconstruct the 
primary vertex (PV)



This Technical Proposal presents the upgrades
foreseen to prepare the CMS experiment for the High
Luminosity LHC. In this second phase of the LHC 
physics program, the accelerator will provide to CMS 
an additional integrated luminosity of about
2500 fb−1 over 10 years of operation, starting in 2025. 

According to the Addendums to the Memorandum of 
Understanding for Collaboration in the Construction of the 
CMS Detector, JINR participate in
ü Highly Granularity Calorimeter (HGCal) Project with total 

contribution of 2.2 MCHF
ü upgrade of the Cathode Strip Chambers (CSC) muon chamber 

with total contribution of  76 kCHF
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High-Granularity Calorimeter
HGCal
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HL-LHC Requirements for Calorimeter Systems

HL-LHC integrated luminosity will became 10 times 
more - 3000 fb-1, posing significant challenges to 
radiation tolerance of detectors and pileup

- Fluence ~1016 n/cm2

- Integrated dose ~2 MGy

Dose of ionizing radiation

Fluence (1 MeV equivalent neutrons)

The existing endcap calorimeters, the PbWO4-based electromagnetic calorimeter (EE) and the
plastic scintillator-based hadron calorimeter (HE), were designed for integrated luminosity of 
500 fb−1

The high granularity calorimeter (HGCal) is designed 
to replace the existing endcap calorimeters

Main design requirements for HGCal :
Ø radiation tolerance
Ø dense calorimeter structure to preserve lateral compactness 

in order to simplify two shower separation and the observation 
of narrow jets

Ø longitudinal granularity to provide a good electromagnetic 
energy resolution, pattern recognition and discrimination 
against pileup

Ø time precision measurement of high energy showers
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Structure of the HGCal
Key Parameters (from TDR):
• HGCal covers 1.5 < h < 3.0 (~640 m2 of silicon 

sensors, ~370 m2 of scintillators) 
• full system maintained at -30oC
• 6.1M Si channels, 0.5 or 1.1 cm2 cell size 240k 

scint.-tile channels (h-f)
• data readout from all layers
• trigger readout from alternate layers in CE-E 

and all in CE-H
• ~31000 Si modules (incl. spares)  

Electromagnetic calorimeter (CE-E): Si, 
Cu/CuW/Pb absorbers, 28 layers, 25.5 X0 & ~1.7 l
Hadronic calorimeter (CE-H): Si & scintillator, 
steel absorbers, 22 layers, ~9.5 l (including CE-E)

Active Elements:
• Si sensors (full and partial hexagons) in CE-E 

and high-radiation inner region of CE-H
• SiPM-on-Scintillating tiles in low-radiation 

region of CE-H

Longitudinal structure of the HGCAL consists of 
three types of cassettes: 

• CE-E cassetts, 
• CE-H silicon sensor cassettes
• CE-H mixed silicon/scintillator cassettes. 
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HGCal Active Elements

Silicon sensors in CE-E and CE-H

cooling  
plate

scintillator 
tile modules

silicon 
modules

The active detector is formed into cassettes with cooling plate with silicon and scintillation modules

ü Front-end electronics on the 
modules

ü Readout and control through 
motherboards

ü Powering via DCDC converters 
now located at the front-end

Layer with CE-H mixed 
silicon/scintillator cassettes

Half of mixed silicon-
scintillator cassette
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JINR Responsibility in the HGCal Project

According to the Addendum № 14 to 
the MoU (CERN-MoU-2019-009) JINR 
has contributed to 
ü production of CE-H cooling plates 

(1210 kCHF)
ü purchase of silicon sensors 

(700 kCHF)
ü purchase of SiPM photosensors 

(200 kCHF)

According to the MoU between CMS 
and JINR (CMS-2010-010) JINR
obligations are:
ü production of multi-cassette cold-room 

facility (90 kCHF)
ü testing and diagnostic of CE-H cassette 

in 2022-2025
ü assembly and commission of HGCal in 

2023-2026 

JINR has committed to participated in 
the HGCal project with total 
contribution of 2.2 MCHF in CORE

The  Full Cost of the CMS HGCal Project is 67.127 MCHF
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CE-H Cooling Plates (1)

Production steps:
• Copper sheets quality control
• Copper sheet milling from both sides

- Vacuum table with rotation and 
transportation system

• Tube electroplating
• Tube bending
• Tube/fitting orbital welding 
• Tube and groove tinning
• Ultrasonic cleaning
• Soldering - using preheating table
• Final plate polishing
• Cooling Plates quality control

(geometry, pressure, welding)
• Packaging and transportation

Material:
Oxygen-free copper plates
- thickness 6 mm
- from 1300x900 to 2300x1300
Cooling tube
- 4 mm stainless steel tube
- length from 6m to 13m

milling

tube bending groove tinning
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CE-H Cooling Plates (2)

CE-H cooling plate prototype 1

Plans for late 2021 & early 2022
ütwo adjacent prototypes to test a 60o segment
üsearch for different manufacturers

Plans for mass production
ütender to be held in 2022
ü546 plates to be delivered at CERN in 2022–2024

Two prototypes were produced
ü1st prototype delivered in 2020

−CE-H (Si) plate of minimum size
−simplified geometry
−Iterative surface milling: from 8 mm sheet to 6 mm 

plate
−milling precision cross-checked by FNAL

ü2nd prototype ready in 2021
−CE-H (mixed) plate of maximum size
−using 6-mm copper sheets
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Multi-cassette cold-room facility

µ
Monitor

Cassettes

Cassette's tray CE-H cassette

insert

Testing and diagnostic of dual use multi-cassettes (CE-E and CE-H) 
• Up to 7 cassettes testing in cold environment ( room cooled to -350 C) simultaneously
• The duration of tests of one cassettes batch is ~2 weeks including test with cosmic muons 

To be done: production of multi-cassette cold-room facility (design, mechanical 
assembly, services and cables preparation) 
Development of cosmic test setup, DAQ, trigger and detector control

Will be set up in 2021-2022 and operate in 2022-2025
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HGCal Project Schedule
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Upgrade of the Endcap Muon System
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Motivations/Benefits for Muon Upgrade
The main task of ME CSC Phase 2 upgrade:
modernization of CSC electronics on the inner rings 
Muon stations (Mex/1), where the rates is higher with 
respect to the outer stations 

HL-LHC conditions
Instantaneous luminosity х 5
Integrated luminosity       х 10
Pileup х 5

HL-LHC at detector level
L1 trigger rate х 7.5 
L1 trigger latency        х 10
DAQ bandtwidth х 10

Additional requirements to 
sustain work at high rates
to detectors, readout, DAQ

and trigger electronics. 

Contribution of RDMS-JINR in Muon System upgrade during LS2 period : 
• Design and construction of 120 new Low Voltage Distribution boards (LVDB-5)
• Assembly, installation and commissioning of the 180 inner muon chambers
• Modernization of the ME1/1 cooling system
• Endcap Muon System upgrade infrastructure

During LS2 period MEx/1 ststions: 
ME1/1, ME2/1, 
ME3/1,ME4/1

Total 180 CSCs 



JINR Responsibility in the Muon Upgrade
The  Full Cost of the CMS Muon Upgrade is 21.437 MCHF

Also, JINR group participates in R&D works:
ü CMS CSC ageing study at GIF++

ü study of CSC characteristics in HL-LHC 
conditions with uncorrelated background.

ü study of methods for eliminating the Malter
current in a cathode strip chamber. 

ü participation in the new gas mixture studies

ü development and test of an algorithms for track 
segments reconstruction in the CSC chambers.

According to the Addendums 13 to the MoU 
(CERN-MoU-2019-008) JINR contribute to CORE:
ü upgrade of the CSC electronics (76 kCHF)
ü RPC Upgrade Project (75 kCHF paid by Georgia 

Institutions)
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JINR team participation in LS2 CSC upgrade

ME1/1 installation with Loading Machine

LS2 CSC cosmic test data for both Endcaps are in good agreement

CSC upgrade infrastructure

180 CSC chambers successfully refurbished, reinstalled and commissioned   

On-chamber electronics on MEx/1 chambers upgrade done in LS2 shutdown 
instead of initially planned LS3 due to the LS3 shutdown will be extremely busy
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CSC ageing study R&D at GIF++

Irradiation:
4 inner layers (L2-L5) have HV = on, I layer ~300µA
L1 and L6 lreference layers - (HV=0)
Equivalent to 3ˣHL-LHC of L=3ˣ3000 fb-1

the integrated charge to be:
ME1/1 - 0.33 C/cm 
ME2/1(sect.1) - 0.24 C/cm

ME2/1

ME1/1

Will CSCs survive at HL-LHC of Lint=3000 fb-1?
14 TBq Cs137 source (Eγ = 662 keV)

D2: Total flux ~1.7*107
γ/(s*cm2)

2.4 m

3.3 m

beam

GIF++ Radiation field 
map

Main goals of tests at Gamma Irradiation Facility GiF++ :
1. CSC Ageing study.
2. CSC characteristics degradation with the background rate increase study.
3. Study of methods for Malter current eliminating. 

Longevity tests- monitoring CSC performance:
• Dark rate/currents
• Relative currents
• Strip-strip resistance
• Test beam measurements:
ü Efficiency
ü Spatial resolution
ü Gas gain
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Recent CSC ageing study results
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CSC spatial resolution vs GIF++ Source intensity
for different values of accumulated charge

ME1/1 with the accumulated charge 

ME2/1ME1/1

With the HL LHC conditions 
at L=  5x1034 Hz/cm2 the spatial 

resolution degradation: 
10% for ME1/1 
16%  for ME2/1  

No degradation observed
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Malter currents at CMS and  GIF++

CMS p-p collisions: 
One of the 6 CSC ME1/1 layers shows
a current spike exceeding 30 µA
followed by a long-time discharge. The
current persists even after the LHC
beams are dumped. The other layers
show stable currents around 3 μA.

HV training of the Spare ME1/1 layer 2 
(blue) at GIF++.
The current is produced by Cs-137
gamma source. As soon as the current
disappeared, the voltage is raised
manually by 5-10V. At some point
Malter current disappears and no seen
even at HV=3.0kV.

 

Beam 
dump

Run2
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Upgrade Cost Summary

The  CMS Phase  II  Upgrade  Cost is 285 MCHF in terms of CORE value

The  Phase  II  Upgrade  Common  Fund  is  established  at  the  level  of 
25’000’000 CHF (twenty-five million Swiss Francs)

According to the Addendums to the Memorandum of Understanding for Collaboration 
in the Construction of the CMS Detector, JINR has following commitments in CORE 
(2020-2026):

ü participation in the Highly Granularity Calorimeter (HGCal) Project with total contribution of 
2.2 MCHF

ü upgrade of the Endcap Muon system Cathode Strip Chambers (CSC) with total 
contribution of 76 kCHF (these obligations is nearly fulfilled, have to be accounted)

The payments also needed for:
ü contribution to Upgrade Common Funds of 289,855 kCHF in 2022-2026 (468.855 kCHF is 

in a total, 144.928 kCHF is already accounted for 2020-201)
ü 179 kCHF of operation expenses on technical maintenance of the HGCal in 2022-2026 

according М&O_B

The R&D for Muon System are foreseen for study CSC performance at HL-LHC conditions
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Funding Requested for 2022–2026



We ask VBLHEP Scientific Council to 
support prolongation of our Project

aimed to Upgrade of the CMS Detectors 
ongoing activities for the LHC Phase 2 

(HGCal and Muon System) 
for 2022-2026

Thank you for your attention!!!
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