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You are here

Smooth on-going 2024 data-taking 

excellent performance in prompt data 

more than 50 notes on detector performance since last LHCC

48 results made public since last LHCC 

18 searches for new particles 

18 precision SM & Higgs physics (*) 

9 heavy ion physics  

3 tools & generators

Upgrade project continues to progress on all fronts 

many items in full production & preparing for assembly and integration

(*) 3 new results from Run 3

HL-LHC

Run 3

Run 2

Physics communication:  21 briefings, news for LHCP and ICHEP

Past

Present

https://cds.cern.ch/collection/CMS%20Detector%20Performance%20Summaries?ln=en
https://cms.cern/tags/physics-briefing
https://cms.cern/news/cms-lhcp-2024
https://cms.cern/news/cms-ichep-2024


Physics with Run 2

Past
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CMS a probe for Quantum Entanglement

LHC high-energies allow large 
production of   events 

allow SM test and new opportunities 
for QM tests at high energies 

Probe entanglement via spin 
correlation matrix  

from fit to two decay products angles 

mtt~400 GeV:  
spin transmitted to leptons, higher eff at 
threshold, dominated by time-like events 

high mtt:  
higher BR, higher mtt resolution 
dominated by space-like events

tt̄

tt̄ → blνblν

tt̄ → blνbjj

 gg → tt̄  qq̄ → tt̄
 space-like events

time-like events

D measurement

full matrix

CMS-TOP-23-001 CMS-TOP-23-007

Entanglement observed with 
high significance

https://arxiv.org/abs/2406.03976
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-23-007
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CMS energy frontier: searches at the TeV scale

SM open questions drive searches for 
new physics, eg. additional scalar 
resonances  

Search for high-mass scalars (up to 
3TeV) decaying to   

addressing claims for new boson in 
650-680 GeV (based on ATLAS data)  

4l final state: good energy resolution of 
electrons and muons  

enhanced sensitivity by 2D approach: 
invariant mass m4l vs matrix element 
discriminant   

model-independent analysis: parametric 
approach to describe processes 

Results compatible with SM 

ZZ → 4l

Dkin
bkg

No excess observed in 650-680 GeV

CMS-HIG-24-002
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Figure 7: The M
reco
4` and D

kin
bkg distributions with the full Run 2 dataset, for backgrounds and ob-

served data. The distributions for backgrounds are extracted from the statistical model, with all
nuisance parameters at their best-fit values (post-fit). The top left plot shows the distribution of
M

reco
4` ; the top right plot shows the distribution of D

kin
bkg; the bottom plot shows the distribution

of M
reco
4` in bins of D

kin
bkg.

as a background, and at 200 GeV due to the fact that most of the backgrounds are concentrated
there. The limits for the VBF production mechanism is lower than the ones for ggF because in
the VBF-tagged category the backgrounds are much lower and the signal-to-background ratio
is higher. The results with fVBF floating are mostly similar to the results of pure ggF production,
with the fitted value of fVBF close to 0.

In the majority of the mass points, the observed results are within the ±2 standard deviation
band. The local p-value [72] is computed as a function of MX, shown in Figure 9. The local
significance goes above 2 s at around 138, 176, 240, 280 and 360 GeV, and reaches the maximum
of 3.02 s at 137.8 GeV. The global significance, considering the look-elsewhere effect [73], is
estimated to be 1.85 s.

Finite width assumptions are also tested, with GX fixed at 1 GeV, 10 GeV or 100 GeV. The
results are shown in Figure 10. From NWA to 1 GeV width assumption, the limits get lower
at low masses mainly because of the off-shell production present above 200 GeV where the
signal efficiency is much higher (especially for signals below 200 GeV), as well as thanks to the
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Figure 7: The M
reco
4` and D

kin
bkg distributions with the full Run 2 dataset, for backgrounds and ob-

served data. The distributions for backgrounds are extracted from the statistical model, with all
nuisance parameters at their best-fit values (post-fit). The top left plot shows the distribution of
M

reco
4` ; the top right plot shows the distribution of D

kin
bkg; the bottom plot shows the distribution

of M
reco
4` in bins of D

kin
bkg.

as a background, and at 200 GeV due to the fact that most of the backgrounds are concentrated
there. The limits for the VBF production mechanism is lower than the ones for ggF because in
the VBF-tagged category the backgrounds are much lower and the signal-to-background ratio
is higher. The results with fVBF floating are mostly similar to the results of pure ggF production,
with the fitted value of fVBF close to 0.

In the majority of the mass points, the observed results are within the ±2 standard deviation
band. The local p-value [72] is computed as a function of MX, shown in Figure 9. The local
significance goes above 2 s at around 138, 176, 240, 280 and 360 GeV, and reaches the maximum
of 3.02 s at 137.8 GeV. The global significance, considering the look-elsewhere effect [73], is
estimated to be 1.85 s.

Finite width assumptions are also tested, with GX fixed at 1 GeV, 10 GeV or 100 GeV. The
results are shown in Figure 10. From NWA to 1 GeV width assumption, the limits get lower
at low masses mainly because of the off-shell production present above 200 GeV where the
signal efficiency is much higher (especially for signals below 200 GeV), as well as thanks to the

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-24-002/
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First statistical combination of CMS 
SUSY searches with full Run 2 data  

Interpretation in terms of 19-parameter 

realization of phenomenological MSSM 
(pMSSM)  

highlight interesting or uncovered regions as 
roadmap for future searches  

demonstrate complementarity of search 
program 

Gives us a big picture:  

evaluate models fraction surviving CMS 
constraints out of all models (surviving probability)

lightest electroweakino gluino

bottom squark

5. Results 11
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Figure 2: Marginalized prior and posterior density (left), survival probability (center), and up-
per quantiles of the BF (right) for the third generation squarks (top two), gluino (third row), and
lightest colored superpartner (lower) masses. The posterior density is obtained assuming the
nominal cross section (black) as well as the up (purple) and down (red) cross section variations.

observations from direct-detection experiments heavily disfavor more mixed LSP states due to
their comparatively large DM-nucleon cross section; these points feature mass differences be-
tween the wino and Higgsino-dominated states of order 100 GeV. Within the natural DM subset

top squark

Light EWkinos still allowed 

Colored superpartners are heavily 
disfavored with masses below 800 GeV

CMS energy frontier: searches at the TeV scale

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-24-004/index.html
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CMS intensity frontier: Higgs boson physics

Combination of fiducial differential Higgs production cross 
section 

combination across various final state (WW, ZZ, 𝛾𝛾, 𝜏𝜏)  
(all production modes considered) 

most precise determination of Higgs boson cross section as a function 
of quantities eg. Higgs boson pT 

Higgs differential production cross section as complementary 
probe to new physics  

modified couplings could appear as distortions in the spectra 

Limits for each Wilson coefficient 
ci in terms of the energy scale Λ 
for different assumptions of ci

Result interpreted in terms of SM Effective 
Field Theory

 7CMS-HIG-23-013

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-013/index.html
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Probing Quark-Gluon-Plasma interaction with jets emerging from collisions 

new tools to improve our understanding of QGP dynamics

CMS as heavy ion experiment: probing QGP

Jet studies  

provide complementary observable to 
understand energy loss mechanisms in QGP 

energy-energy correlators measured in PbPb 
collisions for first time 

Energy-energy correlators 
PbPb to pp ratio compared 

to predictions with 
different loos mechanism

𝛾+jet studies  

decorrelation of jet axis from photon momentum, 
sensitive to large-angle scattering effects in QGP  

photon transparent to QGP, while jet interacts

CMS-HIN-23-004 CMS-HIN-21-019

7. Results 15
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Figure 7: The PbPb to pp ratio of energy-energy correlators in 120 < pT,jet < 140 GeV bin for
p

ch
T > 1 GeV (top row), p

ch
T > 2 GeV (bottom row), n = 1 (left column), and n = 2 (right

column). Hybrid model [72] predictions with three different wake settings are shown. In the
lower panels the uncertainties in the data are plotted in bands around 1.

Jet axis decorrelation 
PbPb to pp ratio 

compared to predictions

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-23-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-21-019/index.html


Performances and Physics with Run 3

Present
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Run3 data taking and processing

Run 3 data taking 

~63 fb-1 good for physics in 2022+2023 

already recorded ~90 fb-1 out of 95 fb-1 delivered in 2024 
Run 3 already surpassed luminosity from Run 2,  
still >4 weeks of pp running to go! 

working towards fully AI-based Data Quality Monitoring 
Data Certification (done in parallel with human-based one) 

will allow to recover even more Data for analyses!

Run 3 data processing 

Tier-0 continued to perform well during 2024 

CMS effectively extended Tier-0 processing capacity to include Run 2 HLT Cloud resources at Point 5 and Tier-1 

heterogeneous software and HPC opportunistic resources 

continues efforts to incorporate GPUs into workflows

- ~93% of the delivered data are collected (same as Run 2)  
- above 94% of collected data good for physics (higher than 

Run 2)
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Level-1 Trigger 

Stable operations throughout 2024 

collecting pp collision data up to 115 kHz 

recording up to 64 simultaneous collisions/event (2.5x CMS design, 45% 
of HL-LHC)  

Associated data losses at a record low 

lumi losses at ‰ level even when counting the ones correlated with 
other subsystems 

Good performance of all standard Level-1 Trigger Objects 

Level-1 scouting  

data vs simulation comparison of reconstructed Z invariant mass using 
Level-1 muons and electrons/photons 

work ongoing in defining new streams for Level-1 Trigger scouting to be 
used in physics analyses in 2025

Level-1 scouting already showing potential 
for physics measurement!
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High-Level Trigger

Smooth data-taking at HLT 

average HLT rates: ~2 kHz Promptly reconstructed, ~5 kHz 
Parked data, ~27 kHz HLT-Scouting 

CPU usage under control 

+20% processing power after new nodes deployment in June 
2024 

Heterogeneous (CPU+GPU) software  

GPU-enabled reconstruction (Pixel, ECAL, HCAL, 
PFClustering) has been ported to the Alpaka portability library 

Stable physics performance of HLT reconstruction in 
2024
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Beam Radiation Instr. & Luminosity 

Scans in 
order of time

Correction on calibration 
constant (visible cross 

section σvis)

Agreement between different 
instantaneous luminosity 

measurement vs time

Overall smooth data taking in 2024 

Preliminary 2023 luminosity calibration out: 1.28% precision, best ever preliminary!

6 independently calibrated luminometers 

cross-detector stability 0.71% uncertainty 

cross-detector linearity 0.59% uncertainty

Excellent compatibility with 
independent measurement (in green) 

beam shape related 0.67% uncertainty
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Tracker

  

Strips operations largely smooth   
● Approx 96% good detector fraction

● Detector lowered to -25 C during TS1 to mitigate 
leakage currents

● S/N, hit efficiency, etc continues to be good   
– Evolving as expected w/ increasing lumi

Tracker

Two recent cooling issues      
● Site-wide power glitch in June : stopped primary chiller and 

both strip cooling plants (SS1/2) 
– Restart complicated by high humidity in bulkhead region

● SS2 stopped in Aug → issue with motor’s electrical 
connections
– Rapid repair, connection box replaced during early morning interfill 

by EN-CV (thanks!)

– SS1/2 pumps will be replaced during YETS

  

Pixels also generally performing well  
● 96% (BPix), 98% (FPix) channels operational

● Good cluster charge, hit efficiency, etc   

● Performance evolving as expected w/ increasing lumi
– BPix Layer-1 replacement stable, biasing now at 500 V

● Following a few “one-off” issues with isolated impact 

Tracker

Many developments for Tracker alignment     
● Improved prompt calibration, including Z mass constraints
● Adopting a “Rolling Calibration” approach for deploying 

high quality prompt alignment conditions
● Exact solution method (Lapack) used for data/MC 

reprocessing
– Excellent performance, will soon be deployed for prompt 

  

Pixels also generally performing well  
● 96% (BPix), 98% (FPix) channels operational

● Good cluster charge, hit efficiency, etc   

● Performance evolving as expected w/ increasing lumi
– BPix Layer-1 replacement stable, biasing now at 500 V

● Following a few “one-off” issues with isolated impact 

Tracker

Many developments for Tracker alignment     
● Improved prompt calibration, including Z mass constraints
● Adopting a “Rolling Calibration” approach for deploying 

high quality prompt alignment conditions
● Exact solution method (Lapack) used for data/MC 

reprocessing
– Excellent performance, will soon be deployed for prompt 

Pixels: 96%(BPix), 98%(FPix) operational channels  

good performances: cluster charge, hit efficiency, etc. 

Barrel Layer 1 replaced in LS2, condition stabilized 

Strips: ~96% good detector fraction 

temp to -25 C during TS1 to mitigate leakage currents 
sign/noise, hit efficiency, etc continues to be good

Tracker alignments: many developments

improved prompt calibration, including Z mass constraint 

deploy high quality prompt alignment condition with “Rolling Calibration” 

exact solution method (Lapack) used for data/MC reprocessing 

excellent performance, soon be deployed for prompt 

Pixels Strips

Recent cooling issues  

- June site-wide power glitch: stopped primary chiller and both strip cooling plants (SS1/2) → recovered 

- SS2 stopped in Aug: issue with motor’s electrical connections  
Rapid repair, connection box replaced during weekend interfill by EN-CV   

- more thoroughly repair/replace during YETS

Thank you!

D
P

-2024-071

https://cds.cern.ch/record/2905835/files/
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Tracker

  

Strips operations largely smooth   
● Approx 96% good detector fraction

● Detector lowered to -25 C during TS1 to mitigate 
leakage currents

● S/N, hit efficiency, etc continues to be good   
– Evolving as expected w/ increasing lumi

Tracker

Two recent cooling issues      
● Site-wide power glitch in June : stopped primary chiller and 

both strip cooling plants (SS1/2) 
– Restart complicated by high humidity in bulkhead region

● SS2 stopped in Aug → issue with motor’s electrical 
connections
– Rapid repair, connection box replaced during early morning interfill 

by EN-CV (thanks!)

– SS1/2 pumps will be replaced during YETS

  

Pixels also generally performing well  
● 96% (BPix), 98% (FPix) channels operational

● Good cluster charge, hit efficiency, etc   

● Performance evolving as expected w/ increasing lumi
– BPix Layer-1 replacement stable, biasing now at 500 V

● Following a few “one-off” issues with isolated impact 

Tracker

Many developments for Tracker alignment     
● Improved prompt calibration, including Z mass constraints
● Adopting a “Rolling Calibration” approach for deploying 

high quality prompt alignment conditions
● Exact solution method (Lapack) used for data/MC 

reprocessing
– Excellent performance, will soon be deployed for prompt 

  

Pixels also generally performing well  
● 96% (BPix), 98% (FPix) channels operational

● Good cluster charge, hit efficiency, etc   

● Performance evolving as expected w/ increasing lumi
– BPix Layer-1 replacement stable, biasing now at 500 V

● Following a few “one-off” issues with isolated impact 

Tracker

Many developments for Tracker alignment     
● Improved prompt calibration, including Z mass constraints
● Adopting a “Rolling Calibration” approach for deploying 

high quality prompt alignment conditions
● Exact solution method (Lapack) used for data/MC 

reprocessing
– Excellent performance, will soon be deployed for prompt 

Pixels: 96%(BPix), 98%(FPix) operational channels  

good performances: cluster charge, hit efficiency, etc. 

Barrel Layer 1 replaced in LS2, condition stabilized 

Strips: ~96% good detector fraction 

temp to -25 C during TS1 to mitigate leakage currents 
sign/noise, hit efficiency, etc continues to be good

Tracker alignments: many developments

improved prompt calibration, including Z mass constraint 

deploy high quality prompt alignment condition with “Rolling Calibration” 

exact solution method (Lapack) used for data/MC reprocessing 

excellent performance, soon be deployed for prompt 

Pixels Strips

Recent cooling issues  

- June site-wide power glitch: stopped primary chiller and both strip cooling plants (SS1/2) → recovered 

- SS2 stopped in Aug: issue with motor’s electrical connections  
Rapid repair, connection box replaced during weekend interfill by EN-CV   

- more thoroughly repair/replace during YETS

Thank you!

D
P

-2024-071

https://cds.cern.ch/record/2905835/files/
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Electromagnetic Calorimeter 

Operations generally smooth 
despite challenging conditions with high rate and PU 

Detector Performance  

Calibrations:  

new regional calibration deployed in prompt, per crystal calibration also prepared 

continuous effort in improving automatization (eg. transparency updates) 

prompt performances similar to re-reco Run 2

Recent public results: ECAL Run 2 
Performance, published in JINST

just published in 
JINST 19 P09004

L1/HLT transparency updates in 2022

18

Transparency updates at 
L1/HLT once-per-LHC fill

D
P

-2024-021

https://iopscience.iop.org/article/10.1088/1748-0221/19/09/P09004
http://cms.cern.ch/iCMS/jsp/openfile.jsp?type=DP&year=2024&files=DP2024_021.pdf
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Hadronic Calorimeter 

Smooth participation in 2024 operations ongoing

automatic recovery mechanism for solving minor issues related to bad data errors in place 

new Laser box operational for first time since winter, being tuned to provide uniform and strong pulse in all sub-
sections of HCAL 

Significant progress on detector performance 

framework for automatic pedestal updates fully tested and operational allows to deploy updated pedestals 
every couple of days 

conditions for data and MC simulation updated regularly for achieving best performance in physics analyses 

The Zero Degree Calorimeter system is getting ready for the heavy ion Run 

on February 1st baked out incident affecting ZDC: reparation and improvements successful! 

ZDC now integrated in global run and DQM successfully displaying ZDC data
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Muon system

Smooth running 

minor contribution to luminosity loss (~4%) 

Stable performance over time and with 
instantaneous luminosity increases  

Improved GE1/1 performance  

thanks to the High Voltage and electronics 
calibration performed earlier this year

Drift Tubes 
<efficiency> 

above  99%

Resistive plate 
chambers 

<efficiency> ~ 95%

Cathode strip chambers 
<efficiency> above 98%

GE 1/1  
<efficiency> ~ 94%

DT segment efficiency in 
Run 3 (2022, 2023, 2024) 

Barrel RPC efficiency in 
Run 3 (2022, 2023, 2024) 

and Run 2 (2018)

CSC active channel in 
Run 3

GE1/1 efficiency in 2024 
(first detector from  
Phase 2 in CMS) 

GE 1/1

Cathode strip 
chambers

Resistive plate 
chambers

Drift Tubes
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Objects performance in Run 3 

19

Electron ID tuning - MVA electron ID

Receiver Operating Characteristic (ROC) curves of Run3 MVA-based electron IDs for barrel (left) and endcaps (right) on training and 
testing datasets with two different categories of isolations. 

The two dots in each plot represent the performance of Run2 IDs on Run2 samples for the two recommended  working points in Run2.

A BDT-based (XGBoost) multivariate optimization is performed to discriminate background electrons from signal ones, 
aiming at maximal background rejection for specific signal efficiencies.
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Photon ID tuning - MVA photon ID
A BDT-based multivariate optimization is performed to discriminate background photons from signal ones, 

aiming at maximal background rejection for specific signal efficiencies.
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Receiver Operating Characteristic (ROC) curves showing the Run3 MVA-based ID performance for barrel (left) 
and endcap (right) photons, compared to the corresponding Run2 MVA ID performance.
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Figure 14: Evolution of the 
light- (udsg, yellow bars) 
and c-jet (red bars) 
rejection for a fixed b-jet 
identification efficiency of 
70% for taggers from Run 1 
to Run 3. The BvsAll 
discriminator is used to 
derive all numbers.

Stable physics performance during 
Run 3 data taking 

Well understood precision objects: 
high quality prompt calibration & 
reconstruction → (new with Run 3)

AI solutions to improve performance eg. 
jet tagging  

b-tagging revolution from rule-based to 
graph-nets and transformers 

extended to multiple kinds of jets (also 𝜏h) 

combined with flavor-aware jet energy and 
resolution estimation

Electrons, Photons

Jets

Electrons Photons

Jets

Bkg discrimination 
for 70% efficient b 

tagging 

DP-2024-052 DP-2024-066

https://cds.cern.ch/record/2904365
https://cds.cern.ch/record/2904702
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Objects performance in Run 3 

19

Electron ID tuning - MVA electron ID

Receiver Operating Characteristic (ROC) curves of Run3 MVA-based electron IDs for barrel (left) and endcaps (right) on training and 
testing datasets with two different categories of isolations. 

The two dots in each plot represent the performance of Run2 IDs on Run2 samples for the two recommended  working points in Run2.

A BDT-based (XGBoost) multivariate optimization is performed to discriminate background electrons from signal ones, 
aiming at maximal background rejection for specific signal efficiencies.
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Photon ID tuning - MVA photon ID
A BDT-based multivariate optimization is performed to discriminate background photons from signal ones, 

aiming at maximal background rejection for specific signal efficiencies.
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Figure 14: Evolution of the 
light- (udsg, yellow bars) 
and c-jet (red bars) 
rejection for a fixed b-jet 
identification efficiency of 
70% for taggers from Run 1 
to Run 3. The BvsAll 
discriminator is used to 
derive all numbers.

Stable physics performance during 
Run 3 data taking 

Well understood precision objects: 
high quality prompt calibration & 
reconstruction → (new with Run 3)

AI solutions to improve performance eg. 
jet tagging  

b-tagging revolution from rule-based to 
graph-nets and transformers 

extended to multiple kinds of jets (also 𝜏h) 

combined with flavor-aware jet energy and 
resolution estimation

Electrons, Photons

Jets

Electrons Photons

Jets

Bkg discrimination 
for 70% efficient b 

tagging 

DP-2024-052 DP-2024-066

https://cds.cern.ch/record/2904365
https://cds.cern.ch/record/2904702
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CMS intensity frontier: Higgs boson physics

New cross section measurements 
at 13.6 TeV for different Higgs 
decays 

 : 

𝛾 mismodeling in simulation non-
negligible source of systematic, eg. 
per-photon energy resolution 
estimate σE 

AI method (normalizing flow) 
introduced to correct simulation of 
σE (𝛾) with data control samples  

  

low branching ratio clean four lepton 
signature, large signal-to-bkg ratio

H → γγ

H → ZZ(4l)

12

Figure 2: Measured inclusive fiducial H ! ZZ ! 4` cross section in the various final states at
13.6 TeV. In the upper plot, the acceptance and theoretical uncertainties in the differential bins
are calculated using the gg ! H predictions from two different generators normalized to next-
to-next-to-next-to-leading order (N3LO). The subdominant component of the signal (VBF +
VH + tt̄H) is denoted as xH and is fixed to the SM prediction. The measured cross sections are
compared with the gg ! H predictions from POWHEG (blue) and NNLOPS (dark red). The
hatched areas correspond to the systematic uncertainties in the theoretical predictions. Black
points represent the measured fiducial cross sections in each bin, black error bars the total
uncertainty in each measurement, red boxes the systematic uncertainties. The lower panel
displays the ratios of the measured cross sections and of the predictions from NNLOPS to the
POWHEG theoretical predictions.

10. Summary 11

Figure 1: Postfit reconstructed distribution of the m4` invariant mass in the m4` > 70 GeV
mass range (left), and in the zoomed 105 < m4` < 165 GeV mass range (right). The colored
histograms depict the signal contribution (red histogram) and the background contributions.
The black points with errors represent the data.

Table 4: The measured inclusive fiducial cross section and the corresponding uncertainties for
different final states at mH = 125.38 GeV.

sf id (fb)
2e2µ (fb) 1.63+0.37

�0.33(stat.)+0.14
�0.12(syst.)

4µ (fb) 0.46+0.18
�0.15(stat.)+0.03

�0.02(syst.)
4e (fb) 0.83+0.34

�0.29(stat.)+0.16
�0.10(syst.)

Inclusive (fb) 2.94+0.53
�0.49(stat.)+0.29

�0.22(syst.)

definition of these observables is similar to the reconstructed-level: they are defined as the pT

and rapidity of the sum of the four momenta of the four leptons that constitute the ZZ candi-
date. The differential distributions of the expected and observed cross sections in differential
bins of pT(H) are shown in the upper plot of Figure 5, while the lower plot shows the measure-
ment as a function of |y(H)|.

10 Summary
This note presents the first measurement of the differential fiducial cross section in the 4` final
state using the first Run 3 data collected with the CMS detector at the increased center-of-mass
energy of

p
s = 13.6 TeV. The H ! ZZ ! 4` inclusive fiducial cross section is measured

to be 2.94+0.53
�0.49(stat.)+0.29

�0.22(syst.) fb, in good agreement with the SM expectation of 3.09+0.27
�0.24 fb.

The differential fiducial cross section is also measured in bins of the transverse momentum and
absolute value of the rapidity of the H boson. The results are compared with the SM predictions
and the theoretical uncertainties are evaluated. All results are found to be consistent with the
SM expectations within uncertainties in the considered phase space.

9. Results 17

Table 2: Magnitude of the systematic uncertainties in the inclusive fiducial cross section mea-
surement. The magnitude for the uncertainty from the photon energy scale and resolution is
extracted from a fit with the corresponding group of nuisance parameters frozen to their best-fit
values with the other nuisance parameters at their best-fit values and performing a subtraction
in quadrature. The magnitudes of the other sources of systematic uncertainty are obtained by
varying the corresponding nuisance parameter by one standard deviation, keeping the other
nuisance parameters at their best-fit values.

Systematic uncertainty Magnitude
Photon energy scale and resolution group +5.8%/ � 4.9%
Category migration from energy resolution +3.5%/ � 3.9%
Integrated luminosity ±1.4%
Photon preselection efficiency ±1.4%
Energy scale non-linearity +0.8%/ � 1.6%
Photon identification efficiency ±1.0%
Pileup reweighting ±0.8%
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Figure 6: Diphoton invariant mass distribution in the inclusive fiducial measurement, weighted
by S/(S + B) for the different mass resolution categories for illustration purposes. The mgg

histogram is shown together with the signal+background fit (red line) and the background-
only component (dashed line). In the lower panel, the signal component is shown, estimated
by subtracting the background component from the signal+background fit. The green (yellow)
bands indicate the ±1s (±2s) uncertainties in the background component. They are derived
from pseudoexperiments using the best-fit background function from the signal+background
fit.

Fiducial cross sections are measured in differential bins of the observables introduced in Sec-
tion 6. The results for p

H
T , |yH|, and Njets are presented in Fig. 7, 8, and 9, respectively. They

are compared to various theoretical predictions. The acceptances in the differential bins are
calculated using the ggH predictions from three different generators normalized to next-to-
next-to-next-to-leading order (N3LO) [6, 37]. The three predictions are taken from the MAD-
GRAPH5 aMC@NLO simulation, with and without NNLOPS reweighting, and from the POWHEG

 σfid = 2.94 ± 11(stat) ± 6(sys)fb  σfid = 2.94+0.53
−0.49(stat)+0.29

−0.22(sys)fb

Consistent with  

SM expectations

CMS-HIG-24-013CMS-HIG-23-014

Run 3

Inclusive, differential cross section Inclusive, differential cross section

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-24-013/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-014/index.html
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CMS intensity frontier: Standard Model physics

CMS-SMP-24-005

Diboson production WZ 

large event yields, high purity in multileptonic final states 

sensitivity to variations in the SM trilinear gauge couplings 

Use of new training for lepton ID MVA based on Run 3 
simulation 

further separate prompt and non-prompt contributions

 σ = 55.4 ± 1.2(stat) ± 1.4(sys) ± 0.1(th)fb

The relative uncertainty is competitive with 
Run 2!

Run 3

Inclusive cross section pp→WZ

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-005/
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CMS Parking: Search for rare charm decays

First Run 3 results with double 
muon parking trigger 

double-muon trigger for flavor & CP 
violation program (low pT) 
  

First BR(D0 → μ+μ ) CMS result 

new physics predict decay rate 
enhancements 

use cascade decays of  , 
, allows for 2D fit of mD0 

and Δm, improves the background 
rejection 

branching fraction estimated wrt 
normalization channel 
 ,  

D*+ → D0π+

D0 → μ+μ−

D*+ → D0π+ D0 → π+π−

Run 3

Most sensitive measurement to date 
 

Improved by 35% over previous best limit
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Figure 4: The profile likelihood scan as a function of D0 ! µ+µ� decay branching fraction.

10 Summary
The measurement of the branching fraction (B) of the D0 ! µ+µ� decay, based on a data set of
proton-proton collisions at

p
s = 13.6 TeV collected by the CMS experiment corresponding to

an integrated luminosity of 64.5 fb�1, has been presented. The branching fraction is measured
using the cascade decay D⇤+ ! D0p+, D0 ! µ+µ� with the D0 ! p+p� decay mode as the
normalization channel, considering both prompt and non-prompt D0 meson production.

No significant excess above the background expectation was observed and an upper limit on
the branching fraction has been set to be:

B(D0 ! µ+µ�) < 2.6 ⇥ 10�9 at 95% CL. (9)

The obtained value of D0 ! µ+µ� branching fraction is found to be B(D0 ! µ+µ�) =
(1.0 ± 0.9)⇥ 10�9.

The measurement is the most sensitive to date, representing a 35% improvement over the cur-
rent best measurement [23]. This measurement provides the most stringent limit on flavor-
changing neutral currents in the charm sector, setting additional constraints on new physics
models that modify the decay branching fraction of D0 ! µ+µ�.

The analysis is the first measurement at CMS using the newly developed low-mass double
muon parking trigger [24]. It also marks the first publication on the D0 ! µ+µ� branching
fraction measurement at CMS, made possible by the enriched dimuon events collected by this
innovative trigger.

References
[1] CMS Collaboration, “Angular analysis of the decay B0 ! K⇤0µ+µ� from pp collisions atp

s = 8 TeV”, Physics Letters B 753 (2016) 424,
doi:10.1016/j.physletb.2015.12.020, arXiv:1507.08126.

[2] CMS Collaboration, “Measurement of angular parameters from the decay
B0 ! K⇤0µ+µ� in proton-proton collisions at

p
s = 8 TeV”, Physics Letters B 781 (2018)

517, doi:10.1016/j.physletb.2018.04.030, arXiv:1710.02846.

CMS-BPH-23-008

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-23-008/index.html
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CMS Scouting: Low pT taus reconstruction

New physics at low masses? → traditional data acquisition requires high thresholds for manageable     
                                                     trigger rates

2.3 Observation of Z ! tt decays 7

To illustrate the discrimination of TauNet for signal versus background, we show the distribu-181

tion of TauNet for background and the simulated standard model Z boson in Figure 3. To max-182

imize sensitivity to ditau resonances, the selection criteria below are applied after the TauNet183

score is determined.184

• Selection criteria:185

• th pT > 20 GeV186

• Muon pT > 20 GeV187

• µ isolation score > 0.9188

• Transverse mass < 100 GeV [8]189

• (ZetaMet � 0.85 ⇥ ZetaVis) > �25 GeV [8]190

2.3 Observation of Z ! tt decays191
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Figure 4: Z ! tµth visible invariant mass (mvis) boson peak shown using the Scouting th object
on 2022 and 2023 data. The L1 trigger seeds used to collect this data required either a 30 GeV
e/g object, a single jet with pT greater than 180 GeV, or an HT greater than 360 GeV. Quality
cuts are made to ensure that objects/quantities firing the L1 triggers are present. The extracted
Z ! tt cross section is 1835 ± 63 pb, within one sigma of the expected cross section of 1886
pb [7]. The QCD background is estimated by subtracting the same-sign components of all
simulated backgrounds from the same-sign data component.

The 2022 and 2023 Scouting L1 seed menus did not include th or single µ triggers [15]. There-192

Parking Stream  

kept in raw format until extra computing resources are available  

trigger menu extended to cover topics beyond flavor physics: 
bb+X, Vector Boson Fusion, LLP triggers

Observation of Z → 𝜏μ𝜏h process with 

expected cross section using Scouting data.  
Confirms successful 𝜏h identification and 

reconstruction

Scouting Stream  

reduced event information (only HLT reco objets) 

excellent HLT online reconstruction, ~ offline-like resolution  

in Run 3 generalized to all objets: photons, electrons, hadrons, taus 

Scouting taus 

adapts standard reconstruction for low pT 𝜏h using HLT objects 

pT  ~5 GeV compared to ~20 GeV in standard offline reconstruction 

 24CMS-NOTE-2024-006

https://cds.cern.ch/record/2905110?ln=en


HGCAL: first pair-build of 
HD full modules 

(two-module-tray production 
quantum) 

OT: 2S Module  
Kick-off Campaign 

DAQ-800 first (and 
last) prototype

ME0 prototype stack (6 
layers) for test beam

BRIL: FBCM 
mockup and ASIC

BTL: Module 
QA/QC stand

CMS Upgrade
HL-LHC



 Deborah Pinna - UW  11 September 2024                                 26

CMS bold innovative beautiful upgrade
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Many items in production
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The Barrel Timing Layer tracker support tube

Barrel Timing Support Tube was successfully shipped from 
California to Purdue in May  

Accident in June during delivery from Purdue to Chicago 
O’Hare airport (~150 miles) en route to CERN 

Support tube back at Purdue since July for assessment  

experts panel involved: mechanical/aeronautic engineering at 
Purdue, the vendor, CERN EP-Detect&Techn, etc  
laser scans, metrology, non-destructive testing 
ultrasound scanning of entire support tube with ~1 cm2 windows  

Only a few minor defects found! 

no apparent show-stoppers  

Final evaluation (load testing) now on-going  

fitness-for-purpose to be determined though comparison with 
finite element analysis

  

● BTST was successfully shipped from California to Purdue in May 

● Accident in June during delivery from Purdue to Chicago 

O’Hare airport  (~150 miles) en route to CERN 

● BTST back at Purdue since July for assessment 

– Experts panel involved: mechanical/aeronautic engineering at 

Purdue, the vendor, CERN EP-DT, ect

– Laser scans, metrology, non-destructive testing

– Ultrasound scanning of the entire BTST with ~1 cm2 windows

● Only a few minor defects found

– Mostly related to manufacturing, not to the incident

– No apparent show-stoppers 

● Final evaluation (load testing) now on-going

– Fitness-for-purpose to be determined though comparison

with finite element analysis 

Tracker : BTST

  

● BTST was successfully shipped from California to Purdue in May 

● Accident in June during delivery from Purdue to Chicago 

O’Hare airport  (~150 miles) en route to CERN 

● BTST back at Purdue since July for assessment 

– Experts panel involved: mechanical/aeronautic engineering at 

Purdue, the vendor, CERN EP-DT, ect

– Laser scans, metrology, non-destructive testing

– Ultrasound scanning of the entire BTST with ~1 cm2 windows

● Only a few minor defects found

– Mostly related to manufacturing, not to the incident

– No apparent show-stoppers 

● Final evaluation (load testing) now on-going

– Fitness-for-purpose to be determined though comparison

with finite element analysis 

Tracker : BTST
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Many more items in production

Outer Tracker: MAPSA (Macropixel Subassembly) = sensor + ASICs
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Recent Highlights
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CMS intensity frontier: measurement of  W boson mass

You are here

No spoilers Stay tuned for next week’s LHC Seminar!

https://indico.cern.ch/event/1441575/
https://indico.cern.ch/event/1441575/
https://indico.cern.ch/event/1441575/
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https://indico.cern.ch/event/1441575/
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https://indico.cern.ch/event/1441575/
https://indico.cern.ch/event/1441575/
https://indico.cern.ch/event/1441575/
https://indico.cern.ch/event/1441575/
https://indico.cern.ch/event/1441575/
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Summary

CMS is many experiments at once: intensity and energy frontier, flavor and heavy ion 
experiment, …  

cutting edge results on all fronts of collider physics: Higgs, Electroweak, QCD, Top, Flavor, Heavy Ions, and 
search for new physics 

We are pushing the detector performance beyond design limits rethinking the way we operate it 

e.g., with novel data taking strategies 

smooth on-going 2024 data-taking and excellent performance of physics objects 

CMS is a technology driver: reconstruction on GPUs, real-time analysis, AI applications, …  

good understanding and calibration of the physics objects, and these innovations allow to move boundaries of 
what assumed to be possible!  

A major upgrade is ahead, that will extend our physics reach even further!  

upgrade project continues to progress on all fronts 

many items in full production & preparing for assembly and integration

Thanks to LHC for 

outstanding continuous effort 

in delivering Run 3 data!



Thank you!
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Upgrade: progress on all fronts

You are here


