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CMS description

The Compact Muon Solenoid
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In 2022 CMS is celebrating 30 years. CMS was born with
this letter of intent 05/10/1992
This will be the central topic during the next CMS week
(next week)
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CMS description

The LHC
We will Not to repeat what the LHC is. Just, few points with the latest news,
Novemeber 2022:

Record energy with Pb ions: 6.8 TeV/Z

Record peak luminosity with protons: > 2.5× 1034

Record stored energy per beam: ≈ 400 MJ

Record peak loss rate during Quench Test (still without quench): ≈
700 kW
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CMS description

The Compact Muon Solenoid

CMS is one of the two general purposes experiments of the Large Hadron Collider LHC,
The biggest and most powerful proton/ion accelerator in history.

Yesterday morning at 6:00am CET, LHC dumped the last beam for 2022/Run-3. LHC has
delivered ≈40 fb−1 so far. This third campaign of data collection has started in July 2022 and
is expected to last 4 years.
Only 10% of the expected integrated luminosity for the full life of the LHC has been
seen by the experiments
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CMS description

Goals of CMS

Take a “photo” of every LHC pp/HI collision, every 25 ns
Then, try to understand fundamental laws of physics

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

Fig: 4µ final state topology or..

A Higgs boson with a given probability
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CMS data flow and Trigger

How data flows in CMS
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CMS data flow and Trigger

The L1 Trigger and Online Software
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CMS data flow and Trigger

The L1 Trigger and Online Software
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CMS data flow and Trigger

The L1 Trigger and Online Software
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CMS data flow and Trigger

L1 Monitoring Software

prometheus-backend

prometheus.io

grafana-frontend

grafana.com
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Physics results

What do we do with these data? We do physics!

≈1200 publications

http://cms-results.web.cern.ch/cms-results/public-results/publications-vs-time/ by CMS

covering a very wide range of particle physics and detector performance/technology. Among those the first experimental observation of

the famous Higgs Boson (together with ATLAS).
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Physics results

The Higgs Boson was observed in 2012. We are celebrating 10 years!

CMS Nature publication:A portrait of the Higgs boson by the CMS
experiment ten years after the discovery https:
//www.nature.com/articles/s41586-022-04892-x

The Higgs Boson is not only a new observed particle. It is a tool for new
discoveries.

mH = 125.38 ± 0.14 GeV (0.11%!)
Coupling to charm quarks has been also observed. Unthinkable for an
Hadron collider experiment some years ago!

Small but very interesting deviations from the SM observed in some
couplings.

We have the tool. We need to keep studying in depth the Higgs Boson →
HL-LHC
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Physics results

Some Hoints

Looking for more Higgses:

H → τ τ 3.1 σ excess, @ mϕ ≈ 95 GeV , CMS-HIG-21-001
H → W W 3.8 σ excess, @ mH ≈ 650 GeV , CMS-PAS-HIG-20-016
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Physics results

CMS Physics results combined

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined
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Physics results

CMS Physics results, x-sections summary

1.0e-01 1.0e+01 1.0e+03 1.0e+05 1.0e+07 1.0e+09

 [fb]

El
ec

tr
ow

ea
k

SMP-15-011Z 13 TeV (Z) = 5.6e+07 fb  2 fb 1
PRL 112 (2014) 191802Z 8 TeV (Z) = 3.4e+07 fb  18 pb 1
JHEP 10 (2011) 132Z 7 TeV (Z) = 2.9e+07 fb  36 pb 1
SMP-15-004W 13 TeV (W) = 1.8e+08 fb  43 pb 1
PRL 112 (2014) 191802W 8 TeV (W) = 1.1e+08 fb  18 pb 1
JHEP 10 (2011) 132W 7 TeV (W) = 9.5e+07 fb  36 pb 1

CMS preliminary 18 pb 1 - 138 fb 1 (7,8,13,13.6 TeV)
Overview of CMS cross section results

September 2022Measured cross sections and exclusion limits at 95% C.L.
See here for all cross section summary plots

Inner colored bars statistical uncertainty, outer narrow bars statistical+systematic uncertainty
Light colored bars: 7 TeV, Medium: 8 TeV, Dark: 13 TeV, Darkest: 13.6 TeV, Black bars: theory prediction
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EPJC 81 (2021) 200ZZ 13 TeV (ZZ) = 1.7e+04 fb  137 fb 1
PLB 740 (2015) 250ZZ 8 TeV (ZZ) = 7.7e+03 fb  20 fb 1
JHEP 01 (2013) 063ZZ 7 TeV (ZZ) = 6.2e+03 fb  5 fb 1
Submitted to JHEPWZ 13 TeV (WZ) = 5.1e+04 fb  137 fb 1
EPJC 77 (2017) 236WZ 8 TeV (WZ) = 2.4e+04 fb  20 fb 1
EPJC 77 (2017) 236WZ 7 TeV (WZ) = 2e+04 fb  5 fb 1
PRD 102 092001 (2020)WW 13 TeV (WW) = 1.2e+05 fb  36 fb 1
EPJC 76 (2016) 401WW 8 TeV (WW) = 6e+04 fb  19 fb 1
EPJC 73 (2013) 2610WW 7 TeV (WW) = 5.2e+04 fb  5 fb 1
JHEP 04 (2015) 164Z 8 TeV (Z ) = 1.9e+05 fb  20 fb 1
PRD 89 (2014) 092005Z 7 TeV (Z ) = 1.6e+05 fb  5 fb 1
PRL 126 252002 (2021)W 13 TeV (W ) = 1.4e+05 fb  137 fb 1
PRD 89 (2014) 092005W 7 TeV (W ) = 3.4e+05 fb  5 fb 1
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JHEP 10 (2021) 174Z 13 TeV (Z ) = 5.4 fb  19 fb 1
JHEP 10 (2017) 072Z 8 TeV (Z ) = 13 fb  19 fb 1
JHEP 10 (2021) 174W 13 TeV (W ) = 14 fb  19 fb 1
JHEP 10 (2017) 072W 8 TeV (W ) = 4.9 fb  19 fb 1
PRD 90 032008 (2014)WV 8 TeV (WV ) < 3.1e+02 fb  19 fb 1
PRL 125 151802 (2020)ZZZ 13 TeV (ZZZ) < 2e+02 fb  137 fb 1
PRL 125 151802 (2020)WZZ 13 TeV (WZZ) = 2e+02 fb  137 fb 1
PRL 125 151802 (2020)WWZ 13 TeV (WWZ) = 3e+02 fb  137 fb 1
PRL 125 151802 (2020)WWW 13 TeV (WWW) = 5.9e+02 fb  137 fb 1
PRL 125 151802 (2020)VVV 13 TeV (VVV) = 1e+03 fb  137 fb 1
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PLB 812 (2020) 135992EW qqZZ 13 TeV (EW qqZZ) = 0.33 fb  137 fb 1
PLB 809 (2020) 135710EW qqWZ 13 TeV (EW qqWZ) = 1.8 fb  137 fb 1
PRD 104 072001 (2021)EW qqZ 13 TeV (EW qqZ ) = 5.2 fb  137 fb 1
PLB 770 (2017) 380EW qqZ 8 TeV (EW qqZ ) = 1.9 fb  20 fb 1
PRL 120 081801 (2018)EW ss WW 13 TeV (EW ss WW) = 4 fb  137 fb 1
PRL 114 051801 (2015)EW ss WW 8 TeV (EW ss WW) = 4 fb  19 fb 1
Submitted to PLBEW os WW 13 TeV (EW os WW) = 10 fb  138 fb 1
SMP-21-011EW qqW 13 TeV (EW qqW ) = 19 fb  138 fb 1
JHEP 06 (2017) 106EW qqW 8 TeV (EW qqW ) = 11 fb  20 fb 1
JHEP 08 (2016) 119ex. WW8 TeV (ex. WW) = 22 fb  20 fb 1
Submitted to PLBEW WV 13 TeV (EW WV) = 1.9e+03 fb  138 fb 1
EPJC 78 (2018) 589VBF Z 13 TeV (VBF Z) = 5.3e+02 fb  36 fb 1
EPJC 75 (2015) 66VBF Z 8 TeV (VBF Z) = 1.7e+02 fb  20 fb 1
JHEP 10 (2013) 101VBF Z 7 TeV (VBF Z) = 1.5e+02 fb  5 fb 1
EPJC 80 (2020) 43VBF W 13 TeV (VBF W) = 6.2e+03 fb  36 fb 1
JHEP 11 (2016) 147VBF W 8 TeV (VBF W) = 4.2e+02 fb  19 fb 1
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EPJC 80 (2020) 75tttt 13 TeV (tttt) = 13 fb  137 fb 1
TOP-21-011ttW 13 TeV (ttW) = 8.7e+02 fb  138 fb 1
JHEP 01 (2016) 096ttW 8 TeV (ttW) = 3.8e+02 fb  20 fb 1
PRL 121 221802 (2018)t 13 TeV (t ) = 1.1e+03 fb  36 fb 1
JHEP 03 (2020) 056ttZ 13 TeV (ttZ) = 9.5e+02 fb  78 fb 1
JHEP 01 (2016) 096ttZ 8 TeV (ttZ) = 2.4e+02 fb  20 fb 1
PRL 110 (2013) 172002ttZ 7 TeV (ttZ) = 2.8e+02 fb  5 fb 1
Submitted to JHEPtZq 13 TeV (tZq) = 8.7e+02 fb  138 fb 1
JHEP 07 (2017) 003tZq 8 TeV (tZq) = 2.9e+02 fb  20 fb 1
Submitted to JHEPtt 13 TeV (tt ) = 1.2e+03 fb  138 fb 1
JHEP 10 (2017) 006tt 8 TeV (tt ) = 3.5e+03 fb  20 fb 1
JHEP 09 (2016) 027ts ch 8 TeV (ts ch) = 1.3e+04 fb  20 fb 1
JHEP 10 (2018) 117tW 13 TeV (tW) = 6.3e+04 fb  36 fb 1
PRL 112 (2014) 231802tW 8 TeV (tW) = 2.3e+04 fb  20 fb 1
PRL 110 (2013) 022003tW 7 TeV (tW) = 1.6e+04 fb  5 fb 1
PLB 72 (2017) 752tt ch 13 TeV (tt ch) = 2.3e+05 fb  2 fb 1
JHEP 06 (2014) 090tt ch 8 TeV (tt ch) = 8.4e+04 fb  5 fb 1
JHEP 12 (2012) 035tt ch 7 TeV (tt ch) = 6.7e+04 fb  2 fb 1
TOP-22-012tt 13.6 TeV (tt) = 8.9e+05 fb  1 fb 1
Accepted by PRDtt 13 TeV (tt) = 7.9e+05 fb  137 fb 1
JHEP 08 (2016) 029tt 8 TeV (tt) = 2.4e+05 fb  20 fb 1
JHEP 08 (2016) 029tt 7 TeV (tt) = 1.7e+05 fb  5 fb 1
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Nature 607 60-68 (2022)HH 13 TeV (HH) < 1.1e+02 fb  138 fb 1
Nature 607 60-68 (2022)tH 13 TeV (tH) = 5.4e+02 fb  138 fb 1
Nature 607 60-68 (2022)ttH 13 TeV (ttH) = 4.8e+02 fb  138 fb 1
EPJC 75 (2015) 212ttH 8 TeV (ttH) = 4.2e+02 fb  20 fb 1
Nature 607 60-68 (2022)ZH 13 TeV (ZH) = 1.1e+03 fb  138 fb 1
Nature 607 60-68 (2022)WH 13 TeV (WH) = 2e+03 fb  138 fb 1
EPJC 75 (2015) 212VH 8 TeV (VH) = 1.1e+03 fb  20 fb 1
Nature 607 60-68 (2022)VBF qqH 13 TeV (VBF qqH) = 3e+03 fb  138 fb 1
EPJC 75 (2015) 212VBF qqH 8 TeV (VBF qqH) = 1.6e+03 fb  20 fb 1
EPJC 75 (2015) 212VBF qqH 7 TeV (VBF qqH) = 2.2e+03 fb  5 fb 1
Nature 607 60-68 (2022)ggH 13 TeV (ggH) = 4.7e+04 fb  139 fb 1
EPJC 75 (2015) 212ggH 8 TeV (ggH) = 1.5e+04 fb  20 fb 1
EPJC 75 (2015) 212ggH 7 TeV (ggH) = 1.6e+04 fb  5 fb 1

BSM CMS Physics will be
covered on Thursday by Andrés
Florez.
Clickable chart
https://twiki.cern.ch/
twiki/pub/CMSPublic/
PhysicsResultsCombined/
CMSCrossSectionSummaryBarChart.
pdf
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Physics results

CMS Physics results, t for top

The top quark is the most massive elementary particle we have discovered so far.
“Several top masses” have been measured with unprecedented precision by CMS check our
physics briefing: 1, 2]

Direct measurement with 5D fit,
constraining jet uncertainty from W peak:
mt = 171.77 ± 0.38 GeV (0.22%!)
Measurement from tt+jet cross section:
mpole

t = 172.94 ± 1.37 GeV

Measurement of mass distribution and mt in
hadronic decay to boosted jets:
mt = 172.76 ± 0.81 GeV
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Phase-2 upgrade

CMS and the Phase-2 upgrade
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Phase-2 upgrade

CMS and the Phase-2 upgrade
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Conclusions

Conclusions

The LHC is performing very well. Several new records broken this year.

CMS is ready for the rest of Run-3. 2022 data taking has finished with ≈ 40 fb−1 delivered.

After ten years of the discovery, Higgs physics is still very interesting (including some of the
tensions).

CMS subdetectors are performing as expected.

Preparing for HL-LHC: a lot of new detectors to finalize, prototype, build and test
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Conclusions

Backup

Backup

Camilo Carrillo (Imperial College/CERN) CMS Status and Perspectives 29/11/22 21 / 22



Conclusions

CMS Quadrant
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