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Outline
● CMS Status and Run-3 startup
● Highlights from recent physics results
● Future prospects
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What’s new since Run-2
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Run-3: all systems go
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Run 3: first beams, first physics

Detector alignment with 
cosmics and early 900 
GeV collisions

Run3 luminosity 
measurement
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effect of 
alignment

Reconstruction 
of D* peak in

D*→D0πs
       ↳Kπ 

physics briefing!

https://cds.cern.ch/record/2813999?ln=en
https://twiki.cern.ch/twiki/bin/view/CMSPublic/LumiPublicResults#Run_3_annual_charts_of_luminosit
https://cms.cern/news/fitting-together-silicon-tracker
https://cms.cern/news/fitting-together-silicon-tracker


Physics Highlights
(from Run-2)
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Precisely measuring “all” top masses
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● Direct measurement with 5D fit constraining jet 
uncertainty from W peak

○
● Measurement from tt+jet cross section

○  

● Measurement of mass distribution and mt in 
hadronic decay to boosted jets

○ mt = 172.76 ± 0.81 GeV 
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TOP-21-008

TOP-21-012

TOP-20-008

physics briefing!

physics briefing!

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-21-008
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-21-012/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-008
https://cms.cern/news/jet-cones-top-flavour
https://cms.cern/news/jet-cones-top-flavour
https://cms.cern/news/cms-collaboration-measures-mass-top-quark-unparalleled-accuracy
https://cms.cern/news/cms-collaboration-measures-mass-top-quark-unparalleled-accuracy


Ten years since Higgs boson discovery

● Combination of multiple results fitting for coupling modifiers 
● Combination of HH results for the three most sensitive channels (4b, 2b2τ, 2b2γ)

○ Reaching ~3x SM sensitivity, expect SM sensitivity with HL-LHC
● See our Nature paper for more details and Chiara’s talk tomorrow
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physics briefing!

https://cms.cern/news/higgs-boson-turns-10-results-cms-experiment
https://cms.cern/news/higgs-boson-turns-10-results-cms-experiment


● Coupling to charm is extremely challenging to be measured at SM value
● CMS developed new charm tagging techniques for resolved and boosted jets
● current analyses (VH and boosted-ggH) sensitive to NP that would increase the 

coupling to charm (~10x SM sensitivity)
● Calibration candle is the Z→cc decay

Higgs coupling to charm 
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HIG-21-008

HIG-21-012

+

Bonus:
Both analyses 
observed the Z→cc 
decay with > 5σ 

gg->gZ(cc):
μZ=

VH

ggH

physics briefing!

https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-008/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-012/
https://cms.cern/news/increased-confidence-higgs-boson-coupling-charm-quark
https://cms.cern/news/increased-confidence-higgs-boson-coupling-charm-quark


PLB

New physics searches with Higgs 
● Search for resonances (X)  decaing to H/Y(bb)H(ɣɣ)
● Excess at (125,90) with 650 GeV heavy resonance mass

○ 3.8𝛔 local, 2.8𝛔 global
● Interesting pair of numbers (caveat: cherry picking here, do 

not attempt back of the envelope combinations) 
○ H→𝜏𝜏      90-100 GeV excess: 3.1𝛔 local, 2.7𝛔 global
○ H→WW  650 GeV excess: 3.8𝛔 local, 2.6𝛔 global
○ H→ɣɣ     95 GeV excess: 2.8𝛔 local, 1.3𝛔 global

● Stay tuned for more Run-2 and Run-3 analyses

10

HIG-21-011

HIG-21-001 HIG-20-016

New@ICHEP 

https://www.sciencedirect.com/science/article/pii/S0370269319302904?via%3Dihub
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-001/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-016/


Exploiting the Precision Proton Spectrometer

● One or both protons can survive intact after an LHC interaction
● Deviation from LHC orbit allows to measurement momentum loss
● Knowing proton momentum allows to close the event kinematics
● Paper on calibration of the PPS (timing and alignment) recently published by 

CMS and TOTEM collaborations
● Physics calibration comparing di-lepton events independent reconstruction via 

PPS and in the central CMS detector
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Both protons 
remaining 
intact

only one proton 
remaining intact

physics briefing

PRO-21-001

https://cms.cern/news/protons-do-not-break-lhc
https://cms.cern/news/protons-do-not-break-lhc
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/PRO-21-001/


LHC: the Large pHoton Collider

● Exploiting PPS or Heavy Ion runs we can use LHC 
as a photon-photon collider!

● Multiple results from direct search for new physics to 
limits on anomalous couplings obtained with this 
techniques in the past months
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EXO-19-009 EXO-21-007SMP-21-014TOP-21-007

physics briefing!

HIN-21-009

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-19-009
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-007
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-21-014/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-21-007
https://cms.cern/news/using-light-make-cousins-electron
https://cms.cern/news/using-light-make-cousins-electron
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-21-009/index.html


LHC: the Large gauge Bosons Collider 

● LHC can also be used as a gauge bosons collider to study 
Vector Boson Scattering/Fusion processes

○ CMS reports observation of W+gamma EW production
● Pure electroweak processes
● Charateristic signature of 2 jets with large mjj and rapidity gap
● Access to anomalous tri/quadrilinear couplings 13

Other EWK 
processes 

QCD production of 
W𝛄+2jets

physics briefing!

SMP-21-011

https://cms.cern/news/lhc-w-photon-collider
https://cms.cern/news/lhc-w-photon-collider
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-21-011/


Measurement of W+charm production

● Final state with leptonic decay of W
● Tagging charm jet with secondary vertex or muon in jet
● This new measurements will allow to strongly constrained 

the s quark PDF
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SMP-21-005

New@ICHEP 

Most precise analysis of 
W+c production Expect 
significant improvements 
with respect to  8 TeV 
analysis  

8 TeV 8 TeV8 TeV

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-21-005/
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-18-013/
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-18-013/


Direct search for new physics: Vector-like quarks

● Resonances of b/t quarks with 
vector bosons 

●
● Recent results in both single 

production and pair production
●

●

15

B2G-21-007

B2G-20-011

New@ICHEP 

Exclusion limits computed as a 
function of the branching 
fractions rather than for fixed 
values in order to be less model 
dependent

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-21-007
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-20-011/


SUSY: compressed stop decays

● Δm < mW ⇒ four body decay allowed
○ Jet + missing energy + soft leptons

● Trained BDT for different Δm hypotheses 
● Slight excess (2.5σ local) at low Δm
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SUS-21-003

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-21-003/


Searches related to b-anomalies with τ
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● Final states with 𝝉+𝝂, 𝝉+b and 𝝉𝝉 are investigated
● Good probe of models related to b-anomalies (e.g. leptoquark)
● Sensitivity approaching the “preferred” region from b-anomalies 

in some LQ models
● Some sizeable excess in non-resonant 𝝉𝝉 final state (seen by two 

different analyses)

 𝝉+𝝂

𝝉+b + 𝝉𝝉
𝝉𝝉

New@ICHEP 

EXO-21-009

EXO-19-016

HIG-21-001

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-009/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-19-016/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-001/


Full Run 2 result on Bs→μμ

● Updated results with full Run-2 luminosity
● Most precise single experiment measurement to date

○ Highly compatible with SM prediction
● Most precise measurement of lifetime
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physics briefing!

..if you missed the parallel
Dedicated CERN 
Seminar on July 26th

BPH-21-006

CMS-PAS-BPH-20-003 
LHCb-CONF-2020-002 
ATLAS-CONF-2020-049

New@ICHEP 

https://cms.cern/news/new-study-rare-b-meson-decays-two-muons
https://cms.cern/news/new-study-rare-b-meson-decays-two-muons
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-006
https://cds.cern.ch/record/2727216?ln=it
https://cds.cern.ch/record/2727216?ln=it
https://cds.cern.ch/record/2727216?ln=it


J/ψ J/ψ resonances

● Study spectrum of J/psi pairs mass
● Three clear peaks visible
● Central one compatible with LHCb 

X(6900)
● Fit model including interference to 

be finalized
● The three resonances are 

compatible with some recent 
predictions of tetraquarks states 
around the X(6900)
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5.7σ 9.4σ
4.1σ

New@ICHEP 

BPH-21-003

https://www.sciencedirect.com/science/article/pii/S2095927320305685?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2095927320305685?via%3Dihub
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-003


Triple J/ψ and WW Double Parton Scattering
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physics briefing!

BPH-21-004

physics briefing!

SMP-21-013

https://cms.cern/news/two-collisions-price-one
https://cms.cern/news/two-collisions-price-one
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-21-004/index.html
https://cms.cern/news/trio-jps-particles-one-go
https://cms.cern/news/trio-jps-particles-one-go
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-21-013/index.html


Pinning down the Standard Model of Heavy Ion collisions
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HIN-21-008

Nuclear modification factor

HIN-21-007

HIN-21-011
HIN-20-003b-jet 

shapes

Δr = angular distance from jet axis

HIN-21-012

Initial state & flow with 
higher-order cumulants

Sequential suppressionAzimuthal anisotropy: 
improved heavy flavor v2

Flavor dependence of jet-medium interactions
2-particle BEC & Levy parameters

HIN-21-007

First observation 
of Y(3S) in PbPb

HIN-21-010

Interaction region shape 
evolves with centrality

Hydrodynamic evolution

BEC: Bose - Einstein correlations

Correlator using 2-particle cumulant

HIN-21-017

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-21-008/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-21-007/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-21-011/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-20-003/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-21-012/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-21-007/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-21-010/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-21-017/


More results 
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EXO-21-010

EXO-21-018

B2G-21-004

EXO-19-006

Tracker alignment

Run3 HLT track reco Fractionally charged long lived Leptonic resonances in V+X

Paired di-jet

Vector-like leptons

Computer assisted DQM

Photon resolution 
with graph NN

https://cds.cern.ch/record/2813999?ln=en
https://cds.cern.ch/record/2814111?ln=en
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-21-010/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-018/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-21-004
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-19-006/
https://cds.cern.ch/record/2812026?ln=en
https://cds.cern.ch/record/2814001?ln=it


Future prospects
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Short term future

● (secret revealed) we are working on a W mass analysis: W-like Z mass at end of Run-1, W-helicity paper in Run-2, … 
● Run-2 data analysis is not over (not just W mass!)
● Exciting new things with Run-3 data: new triggers deployed, scouting (high rate trigger-objects analysis) and parking (opportunistic reco)
● Pushing the limits of scientific computing:  > 1 billion fully-simulated (GEN to RECO) events produced every week, ubiquitous Machine 

Learning applications, streamlining the analysis process, heterogeneous computing (GPU in use at HLT for Run-3)
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Longer term future

25

Tracker https://cds.cern.ch/record/2272264
• Si-Strip and Pixels increased granularity
• Design for tracking in L1-Trigger
• Extended coverage to η ≃ 3.8

L1-Trigger    HLT/DAQ 
https://cds.cern.ch/record/2714892
https://cds.cern.ch/record/2759072
• Tracks in L1-Trigger at 40 MHz 
• PFlow selection 750 kHz L1 output 
• HLT output 7.5 kHz
• 40 MHz data scouting

Calorimeter Endcap
https://cds.cern.ch/record/2293646 
• 3D showers and precise timing
• Si, Scint+SiPM in Pb/W-SS

Barrel Calorimeters 
https://cds.cern.ch/record/2283187
• ECAL crystal granularity readout at 40 MHz 

with precise timing for e/γ at 30 GeV
• ECAL and HCAL new Back-End boards 

Beam Radiation Instr. and Luminosity
http://cds.cern.ch/record/2759074
• Bunch-by-bunch luminosity measurement: 

1% offline, 2% online

MIP Timing Detector 
https://cds.cern.ch/record/2667167
Precision timing with:

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

Muon systems
https://cds.cern.ch/record/2283189
• DT & CSC new FE/BE readout 
• RPC back-end electronics
• New GEM/RPC 1.6 < η < 2.4
• Extended coverage  to η ≃ 3

https://cds.cern.ch/record/2272264/files/CMS-TDR-014.pdf
https://cds.cern.ch/record/2714892
https://cds.cern.ch/record/2759072
https://cds.cern.ch/record/2293646
https://cds.cern.ch/record/2283187
http://cds.cern.ch/record/2759074
https://cds.cern.ch/record/2667167
https://cds.cern.ch/record/2283189


Phase 2 Upgrade in a few pictures

BTL IT; 100x25 μm sensor 
cells everywhereHGCAL partial sensors



● CMS is ready to take Run-3 data 
● Run-2 is a fantastic dataset many analyses still 

ongoing, CMS keep publishing ~80 analysis per year
● “If at the end of Run-2 you will see no 3 sigma 

deviations, you will never discover anything new, until 
at least HL-LHC” (anonymous)

○ => multiple 2-3 sigma tensions, it will be fun understanding what 
they are (Bad background models? Statistical fluctuations? New 
physics?) 

● Direct access to models explaining b-anomalies
● Ten years after discovery, Higgs physics still very 

interesting (including some of the tensions)
● Preparing for HL-LHC: a lot of new detectors to 

finalize, prototype, build and test

Conclusions
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clickable summary plot

https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsCombined/CMSCrossSectionSummaryBarChart.pdf

