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CMS operations during the 
pandemic

• Shift Leader and Technical Shifter in the control room fulfilling safety rules 

• DAQ, Trigger, and DQM shifter operating remotely 

• Subdetector experts in PT5 only if nedeed

• Waiting for second elevator replacement before restarting public 
underground visits  on Oct 4 2021 at the earliest
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Focus on Pixel installation

Pixel refurbishment 
completed: New 
Layer 1, DCDC 
converters, 
module exchange
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Pixel refurbishment 
completed: New 
Layer 1, DCDC 
converters module 
exchange

6/2

3/28

Lowering BPix onto installation 
platform and insertion

6/21 6/29

FPix installation and CERN Live Event

7/5

PLT/BCM installation
Tracker bulkheads closed 

7/10

Cold checkout performed 
successfully at -22C

Focus on Pixel installation
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Beam Radiation Instrumentation & 
Luminosity (BRIL)

 

- BCML2 beam loss 
New: sapphire & pCVD diamond sensors 

- Beam Halo Monitor  
New: XDAQ software 

- BPTX (~175 m) Timing/trigger 
New: oscilloscope upgrade  

- Trigger µ-scouting luminosity (L1 muons) 
New: Phase-2 BRIL firmware 

- REMUS, LHC RadMon 
New: more radiation monitors 

Many Run 2 systems upgraded with new 
components

4/28
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Beam Radiation Instrumentation & 
Luminosity (BRIL)

 

- BCML2 beam loss 
New: sapphire & pCVD diamond sensors 

- Beam Halo Monitor  
New: XDAQ software 

- BPTX (~175 m) Timing/trigger 
New: oscilloscope upgrade  

- Trigger µ-scouting luminosity (L1 muons) 
New: Phase-2 BRIL firmware 

- REMUS, LHC RadMon 
New: more radiation monitors 

Many Run 2 systems upgraded with new 
components

Completely rebuilt and optimised for Run 3 

- BCM1F luminosity,  beam-induced background 
- BCML1 beam loss 
- Pixel Luminosity Telescope luminosity 

• All BRIL systems installed, being commissioned to be ready for the 
October LHC beam test!
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Latest from Point 5

Start CMS closing operations

New magnet diffusion 
vacuum pumps 
commissioned

• Ready for data taking by beginning of Oct.

Magnet starts cooling down

8/17

8/23

8/31

5/28
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Summer 2021 data taking
•Extensive cosmic data taking performed during summer:   
    
    Cosmic Run at Zero Tesla (CRUZET) and Cosmic Ray data at Four Tesla (CRAFT)  
    Crucial for CMS commissioning and used to analyse, calibrate, and align detectors

• CRUZET started on July 12th: many centrally organized and 
local activities 

• CRAFT to begin in early October, after magnet commissioning

• All subsystems running without major problems. Several tests 
ongoing to improve stability of the system. 

6/28
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CRUZET: Detector highlights 

• ECAL: new features being tested extensively 
- Upgrade control and safety system  
- Improved algos for spikes rejections at L1 
- Corrosion issue found in preshower cooling system. Refurbishment 

campaign underway

Calorimeters

Muon Systems

7/28

• GEM: collect stats and  commissioning 
- Replacement of 2 GE chambers in one endcap 

(VTRx baked to monitor RSSI drifts) 
- Continuous monitoring of chambers “not 

configuring” / “in error during run” 
- Good progress in the GEM-Encap Muon Track 

Finder L1 integration and commissioning
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CRUZET: Pixel alignment

• BPix and FPix  participated in global cosmic ray data-taking, collecting 
3.5 M events

• Performed initial track-based alignment 

8/28

• Pixel working nicely after re-installation
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GPU deployment @HLT

• Now integrated necessary code to run GPU algorithms in standard release  

- currently two out of 
153 nodes are 
equipped with an 
NVIDIA T4 GPU 

- ability to run same 
config on CPU only 
and CPU+GPU nodes

9/28

•System commissioned and GPU enabled menus run routinely at PT5 

ECAL & HCAL HLT  local 
reconstruction run on GPU

• Completed the upgrade of infrastructure to deploy GPU based menus at PT5

• Previously CMS has demonstrated ECAL, HCAL and pixel local reco 
offloaded to GPUs ( ~25-30% of the menu)
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Computing operations and 
data processing
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Release and production plan 
until mid 2022

10/28

• CMSSW 12_0_0 is the first Python 3 only release
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Simulation and Re-Processing

• Simulation production: 
>50B unique Run II MC events produced in past year 
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Simulation and Re-Processing

• Simulation production: 
>50B unique Run 2 MC events produced in past year 

• Analysis Run II data re-processing: data nearly complete, MC 85%, B-
parking recently submitted 

• Physics Object Group Run III samples starting now 

11/28
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High Performance Computing

• Excellent usage of HPC, steadily 
increasing 

• HCP Average capacity tripled in 
the first 7 months of 2021 relative 
to 2020 

• Using full CPU capacity at disposal, boosted 
by High Performance Computers 

• Legacy Monte Carlo generation dominating 
the job mixture 

12/28
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Physics analyses 
and publications
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Major 2021 summer conferences
6/6

26/7

23/8

52 talks (plenary and parallel) - 25 posters - 15 New Results

53 talks (plenary and parallel) - 35 posters - 26 New Results

25 talks (plenary and parallel) - 4 New Results
13/28
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Many physics briefings were presented since last LHCC, for the LHCP, EPS, and 
SUSY conferences:  link here

Physics communications

14/28

https://cms.cern/tags/physics-briefing
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Summer 2021 publication activity 
TOP

HIG

SMP

BPH

15/28
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EXO

SUS

HIN

15/28

Summer 2021 publication activity 
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Measurement of the Z invisible width
• Z invisible width extracted from ratio of measured cross sections of Z(vv)

+jets to Z(ll )+jets: 

CMS-PAS-SMP-18-014

• Single most precise direct measurement of the Z invisible width 
• Similar to combined LEP result

16/28

http://cds.cern.ch/record/2775364?ln=en
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CP violation in semileptonic top pair events 
•Measure asymmetry of 4 T-odd observables which if CPT is conserved are also 
odd under CP transformation  
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• All measures asymmetries consistent 
with 0 indicating no CPV 

CMS-PAS-TOP-20-005

• Lepton + jets final states

• Top candidates reconstructed 
w/ a χ2 sorting algorithm

•Factor 3 reduced uncertainties w.r.t. 
8 TeV result

https://arxiv.org/abs/1511.01464
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-005/index.html
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 Observation of triple J/ψ production  
• Golden channel for double (DPS) and triple parton scattering (TPS)  

•σ(pp → 3J/ψ X) = 272 ± 118 (stat) ± 16 (syst) fb  

•σeff,DPS = 2.7 ± 1.2 (exp)+1.5 (theo) mb

 Select 6𝜇 events consistent with 3 J/ψ decays 

CMS-PAS-BPH-21-004
18/28

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-004/index.html
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Heavy resonance X → HH  

- Deep neural network used to tag boosted Higgs decays and 
categorize events
- Signal extracted from a 2D fit to Higgs and X reconstructed masses

CMS-PAS-B2G-20-004
mH mX

CMS-PAS-B2G-20-007

• X → HH → 4b one pair boosted and other boosted or resolved
• X → HH → bbWW and X → HH → bb𝜏𝜏 with one b-pair boosted

http://cds.cern.ch/record/2777083?ln=en
http://cds.cern.ch/record/2777173?ln=en
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Heavy resonance X → HH  

• X → HH → 4b one pair boosted and other boosted or resolved
• X → HH → bbWW and X → HH → bb𝜏𝜏 with one b-pair boosted

• Sensitivity improved about 6-14 times w.r.t. 2016 only analysis
CMS-PAS-B2G-20-004 CMS-PAS-B2G-20-007
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Three W bosons resonances

CMS-PAS-B2G-21-002

• New resonances decay via a 
scalar radion R: WKK→WR→WWW

• Resolved & Merged fully hadronic 
decays

CMS-PAS-B2G-20-001
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-21-002/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-20-001/index.html
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Three W bosons resonances

CMS-PAS-B2G-21-002

• Resolved & Merged fully hadronic 
decays

• New resonances decay via a 
scalar radion R: WKK→WR→WWW
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-21-002/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-20-001/index.html
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•  

Non conventional physics

19/28
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Long lived Heavy Neutral Leptons
• HNL mix with SM neutrinos 
• Small masses + small mixing → long-lived  HNL

• Trigger on prompt l to enable sensitivity to low-
momentum displaced l  

Constrain HNL neutrino mixing parameter 
values as a function of HNL mass  

CMS-PAS-EXO-20-009
22/28

http://cds.cern.ch/record/2777047?ln=en
http://cds.cern.ch/record/2777047?ln=en
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Phase 2 Activities
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Barrel Calorimeters  
• ECAL readout at 40 MHz w/ 

precise timing at 30 GeV 
• ECAL/HCAL new back-end boards 

Muon systems 
• DT/CSC new FE/BE readout  
• RPC back-end electronics 
• New GEM/RPC 1.6 < η < 2.4 
• Extended  to η ≃ 3

Tracker  
• Si-Strip/Pixels increased 

granularity 
• Tracking in L1-Trigger 
• Extended coverage to η ≃ 3.8

Endcap Calorimeter 
• 3D showers + precise timing 
• Si, Scint+SiPM in Pb/W-SS

MIP Timing Detector 
• Precision timing with: 

- Barrel layer: Crystals + SiPMs 
- Endcap layer: Low Gain 
Avalanche Diodes

L1-Trigger  
• Tracks in L1-Trigger at 40 MHz  
• PFlow selection 750 kHz L1

CMS Upgrade overview

https://cds.cern.ch/record/2283187
https://cds.cern.ch/record/2283189
https://cds.cern.ch/record/2272264
https://cds.cern.ch/record/2293646
https://cds.cern.ch/record/2667167
https://cds.cern.ch/record/2714892
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Latest Upgrade TDRs

HLT/DAQ  
• HLT output 7.5 kHz

Beam Radiation Instr. and Luminosity 
• Bunch-by-bunch luminosity 

measurement: 1% offline, 2% online

24/28

https://cds.cern.ch/record/2283193
http://cds.cern.ch/record/002706512
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Submitted mid-end June  
Final Review end of August

https://cds.cern.ch/record/2283193
http://cds.cern.ch/record/002706512
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Phase-2 BRIL Upgrade

• Bunch by bunch 
luminosity 

<1% offline 
<2% real-time

25/28
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• Online Monitoring of:  
- radiation environment

• Bunch by bunch 
luminosity 

<1% offline 
<2% real-time
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Phase-2 BRIL Upgrade
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• Online Monitoring of:  
- radiation environment

- beam induced 
background

• Bunch by bunch 
luminosity 

<1% offline 
<2% real-time
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Phase-2 BRIL Upgrade
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• Online Monitoring of:  

• Beam abort trigger

• Timing 

- radiation environment

- beam induced 
background

• Bunch by bunch 
luminosity 

<1% offline 
<2% real-time

25/28

Phase-2 BRIL Upgrade
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Phase-2 DAQ baseline

26/28
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Phase-2 DAQ Parameters

26/28
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Phase-2 HLT  Realistic Menu 

27/28

• Implemented in 
CMSSW 

•Operation with 
very similar 
thresholds as in 
Phase-1 
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Phase-2 HLT  Realistic Menu 

• Workable systems in Run4 and Run5 within interim 
TDR budget, using GPUs and a 1.6-4x code 
improvement in the next 10 years

27/28

• Implemented in 
CMSSW 

•Operation with 
very similar 
thresholds as in 
Phase-1 

W/ GPU
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Conclusions

We are excited to re-start data taking beginning of 2022!

•Successful summer data taking at PT5: 
- Pixel alignment 
- GPU integration @ HLT

• Two new upgrade  TDRs:  
- BRIL TDR : possibility of < 1% uncertainty on integrated luminosity  
- DAQ/HLT TDR : preserves same trigger thresholds throughout running

• Long Shutdown 2 on schedule:  
- Succesfull pixel installation  
- Magnet cooling down smoothly 

• 45 New physics results (LHCP, EPS, SUSY)  
- From Electroweak measurements to BSM searches

28/28


