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New physics results 
since last LHCC

2024 pp & PbPb data taking

Upgrade status



W mass measurement
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CERN press release

Major, long-awaited, news 
since the last LHCC

CMS-PAS-SMP-23-002

mW = 80360.2 ± 9.9 MeV
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New results since last LHCC
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SMP-23-002 Measurement of the W boson mass 
HIG-23-015 Measurement of differental ttH cross sections in multilepton final state
HIG-23-016 Constraints on SMEFT from VH, H➔bb 
SMP-24-007 The strong coupling constant and its running from inclusive jet production
SMP-24-003 Combined EFT interpretation 
HIG-20-011 Combined measurements of di-Higgs production
HIG-22-013 Search for A/H➔tt 
HIG-20-012 Search for X➔HY➔4b 
HIG-23-011 Search for γH production 
SUS-24-002 Search for light pseudoscalars in H➔aa➔4τ/2τ2μ  
MLG-24-002 Wasserstein normalized autoencoder
HIN-23-006 Evidence for medium response to hard probes with Z-hadron correlations
HIN-24-003 Measurement of D0 photoproduction in heavy-ion collisions
HIN-24-011 Measurement of τ g-2 in ultraperipheral PbPb collisions
HIN-24-008 Jet shapes based on two-particle angular correlations in PbPb collisions
HIN-24-010 Search for medium-induced jet axis decorrelations with inclusive jets in PbPb collisions
HIN-23-010 Search for jet quenching using transverse momentum balance in pPb collisions
HIN-23-009 Bjorken-x evolution of gluon fields via J/ψ photoproduction in PbPb collisions

18 new physics results and 39 new DPS notes since the last LHCC

Results highlighted in blue: discussed today

Measurement

Combination (measurements)

Search
Tools

Heavy-ion physics

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-23-002/index.html
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αs and its running from inclusive jet combination
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5. Results 9

Figure 4: The value of aS(mZ) obtained in this analysis (red marker), compared to a selection
of recent results obtained by using different methods (black markers) with their uncertainties
(horizontal error bars). Also, the PDG world average is shown (shaded band).

previous determinations from hadron colliders, particularly with the CMS result based on a224

subset of the same data [5] and a dijet measurement at 13 TeV [35]. It also aligns well with the225

ATLAS measurement from the Sudakov peak of the Z-boson pT [36] and transverse energy-226

energy correlations in multijet events [37], as well as the CDF result from the Z-boson pT227

distribution [38]. Finally, the result agrees well with PDG category average of the global228

PDF fits [39], with the estimate from lattice QCD [40], and with the PDG world average of229

aS(mZ) = 0.1180 ± 0.0009 [39], as shown in Fig. 4. Applying alternative possible scenarios for230

the correlations of JES uncertainties between the data sets, mentioned in Section 2, resulted in231

a maximum shift in aS(mZ) of 0.41%, considered negligible compared to the fit uncertainty of232

0.8% and the total uncertainty of 1.3%.233

Following the same approach, the value of aS in five different ranges of µr = pT is extracted,234

illustrating the running of the strong coupling, aS(µr) at NNLO. For this purpose, the CMS235

measurements of inclusive jet production are split into exclusive ranges of individual jet pT.236

In each independent pT range, the PDFs and aS(mZ) are extracted simultaneously. The values237

of aS(mZ) obtained in each individual fit are evolved as aS(µr) using the five-loop five-flavour238

renormalization group equation (RGE) encoded in CRUNDEC [41] version 0.5.2. The same RGE239

is used to obtain the corresponding uncertainties. The fit, model, scale, and parametrization240

uncertainties are computed as in case of Eq. (3). In the estimate of the scale uncertainty, only241

variations in µf are considered, because the µr dependence is probed in this study. In each pT242

range, µr is calculated at NNLO QCD as a cross section-weighted average hpTi. Results are243

summarised in Table 3 and shown in Fig. 5, where the values of aS(µr) are compared to the244

evolution of the world average of aS(mZ) performed at five-loop order in QCD using CRUN-245

DEC [41].246
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Prog. Theor. Exp. Phys. 083C01 (2023 update)            : World average

 NLO   NNLL    NNLO

Vector
boson

tt
Jets

Reference  (TeV)s Observable

CMS )
Z

(MsαSummary of 

Incl. jets  
2.76 TeV 

Analysis at NNLO in QCD, simultaneous extraction of αs & PDFs

Most precise measurement of αs from jet cross sections 

CMS-PAS-SMP-24-007

αs(mZ) = 0.1176 +0.0016
-0.0014

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-007/index.html


Combined EFT interpretation of Higgs, EW, strong, and top measurements
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Figure 11: Constraints on individual WCs, for the hybrid fit including the ttX analysis. The constraints for each Wilson coefficient are
obtained keeping the other coefficients fixed to 0. The lower panel shows the contribution of different input measurements to the total
constraints. Note that the constraints are scaled by powers of 10 to ensure the constraints on all 64 WCs can be visualized on the same
y-axis scale.

Global EFT effort, correlating different sectors. First combination across physics analysis 
groups. Combined interpretation of H➔γγ, tt, ttX, WW, Wγ, Z➔νν and inclusive jet production 
measurements + EWPO from LEP+SLC.   


Constraints on 64 WCs individually 
(42 linear combinations of  
WCs constrained  
simultaneously) ➔ gain from  
complementarity of different 
measurements 

Weaker constraint

CMS-PAS-SMP-24-003

Four-quark operator, constraint multiplied by 
100. Constrained by jet measurements

two-lepton-two quark operator, constrained 
by Wγ, Z➔νν and WW 

Stronger constraint

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-003/index.html


Combined EFT interpretation of Higgs, EW, strong, and top measurements
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Global EFT effort, correlating different sectors. First combination across physics analysis 
groups. Combined interpretation of H➔γγ, tt, ttX, WW, Wγ, Z➔νν and inclusive jet production 
measurements + EWPO from LEP+SLC.   
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Energy scales upward of 100 TeV probed, depending on Wilson coefficient and assumed coupling 


CMS-PAS-SMP-24-003

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-003/index.html
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Combined di-Higgs measurements
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Combined di-Higgs measurement using Run 2 inputs in 8 HH decay channels 
• Observed (expected) 95% CL upper limit on HH production: 3.5 x SM σ (2.5x SM σ)

• Constraint on Higgs self-coupling: -1.4 < κλ < 6.4 (95% CL)

1 10 100
Theory
σ HH) / →(pp σ95% CL limit on 

Obs. (Exp.): 95 (54)
γγ

-W+W

Obs. (Exp.): 33 (41)
ZZ, 4lbb

Obs. (Exp.): 31 (26)

-τ+τγγ

Obs. (Exp.): 22 (20)
Multilepton

Obs. (Exp.): 16 (18)

-W+Wbb

Obs. (Exp.): 8.4 (5.6)
γγbb

Obs. (Exp.): 3.4 (5.3)

-τ+τbb

Obs. (Exp.): 7.5 (4.3)
bbbb

Obs. (Exp.): 3.5 (2.5)
Combined

Observed          68% expected   
Median expected 95% expected   
                                              

CMS Preliminary
 = 12Vκ = Vκ = tκ = λκ

 (13 TeV)-1138 fb

CMS-PAS-HIG-20-011

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-011/index.html
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Combined di-Higgs measurement using Run 2 inputs in 8 HH decay channels 
• Observed (expected) 95% CL upper limit on HH production: 3.5 x SM σ (2.5x SM σ)

• Constraint on Higgs self-coupling: -1.4 < κλ < 6.4 (95% CL)
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CMS-PAS-HIG-20-011

Includes projections for high-luminosity LHC

S1: Run 2 systematic 
uncertainties

S2: Uncertainties scaled down 
until a lower limit is reached


S2 @ 3000 fb-1: 50% 
uncertainty on κλ at 68% CL
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Search for A/H➔  tt̄
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• Excess (> 5 s.d.)  
- consistent with pseudoscalar A or ηt,  
- not with a scalar H 

• Measure ηt cross section: 7.1 pb   (±11%) 
- using tt + tW MC at NLO (NLO QCD+NLO QED corrections) 
- NRQCD prediction for singlet toponium: 6.4 pb 
  
Further theoretical input needed 
- esp. a more complete calculation of toponium 

20

A/H → tt̄

8. Results 21

CMSPreliminary 138 fb�1 (13 TeV) CMSPreliminary 138 fb�1 (13 TeV)

CMSPreliminary 138 fb�1 (13 TeV) CMSPreliminary 138 fb�1 (13 TeV)

CMSPreliminary 138 fb�1 (13 TeV) CMSPreliminary 138 fb�1 (13 TeV)

Figure 6: Model-independent constraints on gAtt as a function of the A mass for relative widths
of 1, 2, 5, 10, 18, and 25%. The observed constraints are indicated by the blue shaded area.
The inner green band and the outer yellow band indicate the regions containing 68 and 95%,
respectively, of the distribution of constraints expected under the background-only hypothesis.
The unphysical region of phase space in which the partial width GA!tt becomes larger than the
A total width is indicated by the hatched line.

26

CMSPreliminary 138 fb�1 (13 TeV) CMSPreliminary 138 fb�1 (13 TeV)

CMSPreliminary 138 fb�1 (13 TeV) CMSPreliminary 138 fb�1 (13 TeV)

CMSPreliminary 138 fb�1 (13 TeV) CMSPreliminary 138 fb�1 (13 TeV)

Figure 10: Model-independent constraints on gAtt as a function of the A mass for relative
widths of 1, 2, 5, 10, 18, and 25%. The observed constraints are indicated by the blue shaded
area. The inner green band and the outer yellow band indicate the regions containing 68 and
95%, respectively, of the distribution of constraints expected under the background-only hy-
pothesis. The unphysical region of phase space in which the partial width GA!tt becomes
larger than the A total width is indicated by the hatched line.

   ηt -freely floating

26.09.2024 Search for heavy scalar or pseudoscalar states in tt events at CMS | Laurids Jeppe 7

Modeling: tt bound state e�ects
■ No particle level calculation available for tt bound state effects

■ Use simplified model: ηt   (PRD 104 (2021) 3)

▫ Generic spin-0, color-singlet state ηt

▫ Couplings to gluons and tops (pseudoscalar)

▫ Fit mass and width from NRQCD:

▫ Restrict to
to not influence tt continuum

■ Result: very similar signature as low-mass A  

EPJC 60 (2009) 375-386

Same angular distributions expected for A and ηt 

Use spin correlation observables => 
sensitivity to pseudoscalar A→tt̄ 

Observe excess at the tt̄ threshold: 
independent analyses: ℓℓ and ℓ+jets

HIG-22-013

PRD 104 (2021) 034023

Spin correlation observables used to 
distinguish between 0+ and 0- hypotheses 

Test A, H, and ηt (pseudoscalar  bound 
state) hypotheses 

tt̄

Excess observed in  threshold region 
significance > 5σ

pseudoscalar hypothesis favoured, σηt = 7.1 pb, 11% uncertainty

tt̄

    Andreas B. Meyer                                                                                         Physics Highlights                                                                                     FSP-CMS Meeting 27 Sep 2024, Aachen                             
,   

20

Figure 5: Observed and expected mtt distribution in chel and chan bins, shown for the `` channel
summed over lepton flavors and analysis eras. Notations as in Fig. 3.

in agreement with the theory prediction of 6.43 pb [20].671

The pulls and impacts (as defined in Ref. [90]) of the nuisance parameters with the highest672

impact on the h t cross section are shown in Fig. 8. The dominant contributions arise from673

modeling uncertainties, particularly those affecting the mtt threshold region. The correlation674

matrix between the h t signal strength and the nuisance parameters is shown in Fig. 9. There is675

some anticorrelation between the h t signal strength and the top quark Yukawa coupling, as also676

shown by the corresponding nuisance parameter impact. This is because both effects induce677

an enhancement in the tt threshold region. However, the degeneracy is mild as the shape678

effects of the top quark Yukawa coupling do not vary strongly as a function of the angular679

observables employed in this analysis. For h t , in contrast, the pseudoscalar nature results in a680

strong angular dependence of the predicted signal contribution, in particular on chel.681

The ratio of observed to the postfit predicted distributions is shown in the fourth panels of682

Figs. 3–5. By adding the h t signal contribution to the pQCD-only SM background model, good683

agreement with the observed data is achieved.684

A/H → tt̄

18

Use spin correlation observables => 
sensitivity to pseudoscalar A→tt̄ 
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Modeling: tt bound state e�ects
■ No particle level calculation available for tt bound state effects

■ Use simplified model: ηt   (PRD 104 (2021) 3)

▫ Generic spin-0, color-singlet state ηt

▫ Couplings to gluons and tops (pseudoscalar)

▫ Fit mass and width from NRQCD:

▫ Restrict to
to not influence tt continuum

■ Result: very similar signature as low-mass A  

EPJC 60 (2009) 375-386
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Figure 5: Observed and expected mtt distribution in chel and chan bins, shown for the `` channel
summed over lepton flavors and analysis eras. Notations as in Fig. 3.

in agreement with the theory prediction of 6.43 pb [20].671

The pulls and impacts (as defined in Ref. [90]) of the nuisance parameters with the highest672

impact on the h t cross section are shown in Fig. 8. The dominant contributions arise from673

modeling uncertainties, particularly those affecting the mtt threshold region. The correlation674

matrix between the h t signal strength and the nuisance parameters is shown in Fig. 9. There is675

some anticorrelation between the h t signal strength and the top quark Yukawa coupling, as also676

shown by the corresponding nuisance parameter impact. This is because both effects induce677

an enhancement in the tt threshold region. However, the degeneracy is mild as the shape678

effects of the top quark Yukawa coupling do not vary strongly as a function of the angular679

observables employed in this analysis. For h t , in contrast, the pseudoscalar nature results in a680

strong angular dependence of the predicted signal contribution, in particular on chel.681

The ratio of observed to the postfit predicted distributions is shown in the fourth panels of682

Figs. 3–5. By adding the h t signal contribution to the pQCD-only SM background model, good683

agreement with the observed data is achieved.684

The same excess was previously seen in entanglement measurements  

Observe excess at the tt̄ threshold: 
independent analyses: ℓℓ and ℓ+jets

HIG-22-013

 bound state 
at threshold
tt̄

CMS-PAS-HIG-22-013

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-22-013/index.html


Unveiling the medium response with Z-hadron correlations

11

First measurement of the Z-hadron two-particle correlation function in bins of hadron pT 
Focus: charged hadrons associated with the Z boson, study possible medium-induced modifications

New information about the correlation between hard and soft particles in heavy-ion collisions 

First evidence of a negative QGP wake produced by a fast-moving parton

CMS-PAS-HIN-23-006

Charged hadron spectra vs 
Δφch,Z

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-23-006/index.html


D0 photoproduction in UPC, measured in 0nXn events with a rapidity gap 

12

6

direct and resolved-photon events is considered to account for differences in the relative abun-
dance of the two classes of signal events in MC and data, contributing 1–5%. An analogous
systematic uncertainty is included to account for differences in the prompt and nonprompt frac-
tions fprompt. This uncertainty is evaluated by reweighting the MC-based efficiency for prompt
and nonprompt D0 mesons according to the fprompt value extracted in data. The extraction
is performed by exploiting the difference in the distributions of the D0 distance of closest ap-
proach, defined as the three-dimensional D0 decay length multiplied by the sine of the pointing
angle, for prompt and nonprompt D0 mesons. The uncertainty is found to be about 5% across
all the intervals of pT and y. The efficiency can depend on the spectral shape of D0 mesons in
pT and y, as well as the multiplicity distribution of events. The MC samples are reweighted to
two alternative spectral shapes, one based on fixed-order + next-to-leading-log (FONLL) and
the other based on data after accounting for EMD. Multiplicity is also reweighted to data. All
these variations to the D0 efficiency from spectral shape and multiplicity reweighting result
in a systematic uncertainty of 7% or less. The uncertainty due to the D0 trigger efficiency is
found to be about 20% in pT bins where the jet trigger is used. The systematic uncertainty
in the hadron tracking efficiency (2.3% per track) is taken from the analysis of pp datataking
taken in 2022–2023 with comparable conditions to those of the present data [45]. The system-
atic uncertainty associated with the branching fraction is 0.76% [41], and the uncertainty on the
integrated luminosity is 5%. All systematic uncertainties are treated as symmetric. The total
systematic uncertainty on the cross section measurement is computed as the sum in quadrature
of the different contributions mentioned above, and is found to range from about 25 to 45%.
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Figure 1: Examples of D0 meson candidate invariant mass distributions in 0nXn events. (Left)
Invariant mass distribution for D0 mesons with 2 < pT < 5 GeV and �1 < y < 1. (Right)
Invariant mass distribution of D0 mesons with 5 < pT < 8 GeV and 0 < y < 1. The fit template
is described in the text.

6 Results
In Fig. 2, the corrected yields of D0 mesons measured in Xn0n events are presented as a function
of the D0 rapidity, in intervals of D0

pT. The results are obtained as the sum of the cross section
measured in Xn0n events, and the y-reflected cross section measured in 0nXn events. Forward
(positive) rapidities correspond to the low-x events while backward (negative) rapidities are
sensitive to the higher-x region. The measurements are compared to the prediction for prompt
D0 mesons of a FONLL calculation [46], which were computed using the EPPS21 parametriza-
tion for the lead nuclear PDFs [37]. The FONLL predictions were generated for a charm quark
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Figure 2: Cross section of D0 meson production for gN (Xn0n combined with rapidity reflected
0nXn) events compared with the FONLL predictions with EPSS21 nuclear PDF parametriza-
tion [37]. The black boxes represent the systematic uncertainty on the data. The light blue solid
band indicates the scale uncertainty on the FONLL calculation, while the hatched dark blue
band represents the nPDF uncertainty. The 5.05% global uncertainty is the combined uncer-
tainty due to the integrated luminosity and D0 branching ratio.
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Experimental strategy

no neutrons 
in the ZDC (0n)

Fully-reconstructed D0 → K- π+

Rapidity gap in the 
direction of outgoing photon

at least one neutron 
in the ZDC (Xn)

c

g
c̄

Observable: double-differential cross-section dσ/dpTdy in Xn0n events with rapidity gap on the photon-going side
→ sample dominated by non-diffractive photoproduction

→ the measurement includes both prompt and non-prompt D0, and does not separate between resolved and direct photoproduction

Rapidity gap in the direction of 
the outgoing photon

Fully reconstructed 
D0 → K−π+

Measured cross section as a 
function of D0 pT and y

CMS-PAS-HIN-24-003

First measurement of this process 

Run 3 data collected in 2023

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-24-003/index.html


Measurement of τ g-2 in UPC

13

1. Introduction 1

1 Introduction
In numerous, stringent measurements of quantum observables, the standard model (SM) has
been remarkably successful in its predictions. For example, the anomalous magnetic moment
of the electron (ae := (g� 2)e/2) represents the sum of higher order corrections to that expected
from this spin-1/2 particle due to its interaction with electromagnetic, weak, and hadronic
fields. The experimental measurement [1] and theoretical calculations [2, 3] of ae agree to a
precision of 10 significant figures, making it the most accurate prediction verified in the history
of physics.

Although the SM has been remarkably successful, there are both theoretical and experimental
reasons that it cannot be the ultimate fundamental theory of nature. This includes its failure
to provide a candidate for the dark matter in the universe. Recently, precise measurements of
the anomalous magnetic moment of the muon have shown evidence of deviations from the SM
prediction by up to 5.1 standard deviations, depending on the chosen theoretical calculation of
the SM prediction [4]. Should a deviation in the anomalous magnetic moment be observed, it
would mean that unknown interactions beyond the SM are modifying the expected value. The
tau lepton is more sensitive to modifications from the SM to its anomalous magnetic moment
(at ) due to its larger mass. Given the short lifetime of tau particles, at cannot be measured di-
rectly through its precession. The best current measurement of at by the CMS Collaboration [5]
is many orders of magnitude less precise than that of the electron and muon. However, most
theories of beyond-SM physics expect orders of magnitude larger deviations of the anomalous
magnetic moment for tau leptons than for electrons and muons. This motivates methods to
improve the at measurement, as presented here.

The measurement of at from photo-produced tau-lepton pairs benefits from the factor of Z
4

cross section enhancement in PbPb interactions (Z = 82 for Pb ions) as compared to proton-
proton or electron-positron collisions. Photoproduction is prominent in ultraperipheral colli-
sions (UPCs), which occur when the impact parameter of the passing Pb ions is larger than
twice their radius. Figure 1 shows the Feynman diagram of PbPb ! Pb(?)(gg ! t+t�)Pb(?),
in which quasireal photons (q2 ! 0) emitted from the Pb ions produce a pair of almost back-
to-back tau leptons. Variations of at in the gt+t� vertices modify both the rate of ditau pro-
duction and the kinematics of the tau leptons, and can therefore be used to constrain at .

�
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Figure 1: Feynman diagram of the PbPb ! Pb(?)(gg ! t+t�)Pb(?). The star in Pb? indicates
the possible excitation of the lead ion.

The first observation of this process [6] by CMS was achieved using a 0.4 nb�1 dataset of PbPb
collisions at the center-of-mass energy of 5.02 TeV per nucleon recorded in 2015, and in the
decay channel shown in Fig. 1, and its charge conjugate, referred to as µ+3prong, in which
“prong” refers to the charged pions in the hadronic tau-lepton decay. The analysis presented

Using 4 ττ decay channels, cross section information 
and kinematic distributions to determine g-2


μ+3-prong τ decay channel  
(used in first observation of 
this process)

6. Summary 7

and more than a factor of four improvement over the previous CMS measurement using PbPb
collisions.

Figure 5: Breakdown of the 68% and 95% limits on at in the four considered decay channels
and the combined result, compared to a set of best previous measurements.

Moreover, this study provides the best measurement of the gg ! t+t� cross section, with
s(gg ! t+t�) = 447+16

�11 (stat+sys) µb. The fiducial phase space used in this analysis is sig-
nificantly larger than the one from the previous CMS measurement [6] with the same colliding
system. Given the higher signal efficiency in this study due to more relaxed kinematic require-
ments, a larger fiducial phase space is needed to fully contain the signal events passing these
kinematic requirements.

6 Summary
We report the best measurement of the gg ! t+t� fiducial cross section, s(gg ! t+t�) =
447+16

�11 (stat+sys) µb, using a data sample of PbPb collisions at a center-of-mass energy per nu-
cleon pair of

p
s

NN
= 5.02 TeV. The precision is partly made possible by the high signal ef-

ficiency obtained with relaxed requirements on the transverse momenta of the visible decay
products of the tau lepton with respect to other measurements. We also report a measurement
of at = �35+18

�10 (stat+sys) ⇥ 10�3. This result represents more than a factor of four decrease
in uncertainty on the limits of at as compared to the previous CMS measurement with the
same colliding system. This is due to a factor of four increase in luminosity, the inclusion of

Uncertainty more 
than 4x smaller

CMS-PAS-HIN-24-011

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-24-011/index.html


2024 Data taking
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2024 pp data taking
• Smooth data taking during the last part of the pp run - 92.3% data taking efficiency by lumi


• Levelled at PU 62-64 during the year

• 3-6% deadtime

• 105-115 kHz of L1 trigger rate

• Measures needed to control rate/dead time caused by ECAL  

noise evolution

15

Luminosity:  
Delivered: 122.8 fb-1 
Recorded: 113.3 fb-1 (92.3%) 
Certified for phys: 109.1 fb-1 
(96.3%)

Public luminosity figures

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


Tracker
• Smooth operation of pixel and strip detectors at the 

end of pp running  

• Minor data-taking issues have been addressed 
without further problem 

• Strip detector:

• Current limit reached for 13 HV channels 


• Excessive leakage currents from radiation damage, but rate so far in 
line with expectations


• Pixel detector:

• HV raised to 550V in September (degraded charge 

collection efficiency)

• Layer 1 auto-masking rates stable at ~5% 

16

CMS-DP-2024/101 
Signal-to-noise ratio in 
strip tracker well above 
10, and will stay like this 
until 500 fb-1

https://cds.cern.ch/record/2916532/files/DP2024_101.pdf


ECAL
• Smooth operations in 2024


• Regular pedestal checks, mitigate effect of APD noise

• HI operations going well; zero suppression threshold adjusted


• Dead time under control after taking 
mitigating actions 

• Conditions being prepared to guarantee 
smooth operation in 2025 
• e.g. raising zero suppression thresholds


• Detector performance activities

• Progress with calibration, alignment and simulation conditions

17



HCAL
• Smooth HCAL operation through the end of pp data taking 

• Effective automatic recovery for minor issues 
• HBHE SiPM annealing during MD before pp reference run

• New pedestals w/ cosmics, more suitable for HI data

• New laser signal strength aligned between different HCAL sections


• Progress on detector performance 
• Pedestals, zero-suppression thresholds updated  

automatically every 5-7 days 

• Regular data and MC condition updates ➔ best  

performance in physics analyses


• ZDC system successfully repaired after  
the accident at the beginning of the year 
• Installed and commissioned at the end of  

pp run 

• Much progress on ZDC-related software,  

geometry, and conditions implementations
18



Muon systems
• Smooth operation of the muon system


• Smooth data certification 


• Stable performance over time

19

CSC Spatial resolution measured with 
2018 (Run 2) and 2024 (Run 3) pp 
collisions (CMS-DP-2024/093)

DT phi hit efficiency measured in Run 3 
CMS-DP-2024/106

2024GE1/1 improvements: 
• Time res: ~15 ➔ 12 ns

• GE1/1 successfully 

included in Level-1  
trigger



PPS
• PPS roman pots included for ~all high-lumi fills in 

2024 
• >100 fb-1 collected, Run 3 data set > Run 2 data set

• No operation during HI run: detector extracted for EOY 

maintenance


• Timing performance in 2024 
• 47 ps/proton resolution (low-PU calibration run)

• Efficiency losses from polarization at high PU partly mitigated

• Work ongoing to improve in 2025


• Tracking performance in 2024 
• Vertical movement system used to mitigate non-uniform radiation 

damage (shifting every 10fb-1)

• PPS tracking information in HLT for the first time in 2024

20
Preparing for vertical crossing angle change (requires rotation) in 2025

Vertex resolution from PPS 
proton timing

CMS-DP-2024/118



L1 trigger
• Stable operations of CMS L1 trigger, good 

performance until end of pp run

• Per-mille level data losses associated with L1T, best 

so far


• After commissioning, CICADA enabled for 
physics data-taking at end of 2024 pp run 
• Calorimeter-based AI anomaly-detection algorithm


• New trigger menus 2024 pp reference and HI 
runs deployed in time 

• Four new DPS notes for CHEP conference

21

Measurement of the high-multiplicity muon 
detector shower trigger efficiency in CSC station 
ring ME2/2

CMS-DP-2024-099

HLT threshold

https://cds.cern.ch/record/2916194?ln=en


High-level trigger
• Smooth pp data-taking at HLT throughout 

2024 
• Average rates: ~2kHz prompt, ~5kHz parking, ~26 kHz HLT 

scouting

• Heterogeneous (CPU+GPU) reco software used at HLT 

ported to Alpaka portability library

• CPU usage under control (DP note on HLT throughput and 

power consumption)


• Dedicated trigger menus deployed for pp 
reference and PbPb run, no data-taking 
issues


• Preparations for 2025 trigger menus 
starting

22

Average HLT processing time per 
event on 2024 pp data (CMS-
DP-2024-082)

https://cds.cern.ch/record/2914421
https://cds.cern.ch/record/2914421
https://cds.cern.ch/record/2914421


Heavy-ion data taking

23



pp reference run

24

Very efficient pp reference run at 5.36 TeV and smooth VdM session 

Long fills starting at PU=8 and then decaying to PU 1-2

For CMS, half the fill duration would have been optimal


520 pb-1 delivered to CMS, 92.3% efficiency (~480 pb-1 recorded )

mμμ spectrum in 
pp reference run



2024 PbPb run
• Ion setup started November 4th - first stable 

beams on Wednesday November 6th


• VdM sessions successfully completed


• Current status: 1.32 nb-1 delivered,1.16 nb-1 
recorded by CMS

25
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Improved DAQ data flow for PbPb run
• During HI run, CMS 

collecting data at up to 
32 GB/s (up from max. 
20 GB/s) ; HLT output 
divided into two streams 
(Lustre, SSD)


• Only SSD to EOS 
during fill. In interfill: 
Lustre read and sent to 
EOS


• Continuous writing to 
EOS (+tape) with 
constant ~15 GB/s rate 

• All PbPb minimum-
bias data recorded

26

Write to SSD and then to EOS

Write to Lustre, 
keep at P5

Point 5 storage

EOS activity
Read from Lustre and write to EOS



PbPb performance in 2024

27

2023

0 2000 4000 6000 8000 10000 12000 14000

ZDC Offline Energy Sum (GeV)
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: 0.59 GeVσ: 2.67 GeV, µZDC Plus 1n,  

: 0.65 GeVσ: 2.73 GeV, µZDC Minus 1n,  
: 0.93 GeVσ: 5.36 GeV, µZDC Plus 2n,  

: 0.90 GeVσ: 5.57 GeV, µZDC Minus 2n,  
: 1.05 GeVσ: 8.15 GeV, µZDC Plus 3n,  
: 1.81 GeVσ: 8.09 GeV µZDC Minus 3n,  

ZDC Plus + Combined Fit
ZDC Minus + Combined Fit

Preliminary CMS 2024 PbPb (5.36 TeV)

Zero Bias

2024

Much better ZDC performance 
compared with 2023 

Minimum-bias trigger efficiency 
significantly improved

mμμ performance in ultra-
peripheral collisions
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B-tagging performance in 2023 PbPb data

28

Significantly improved b-jet tagging performance in Run 3 (2023) PbPb collisions compared with Run 2

CMS-DP-2024-088

Run 2 algorithm   (BDT-based)

Run 3 algorithm  (particle transformer)

https://cds.cern.ch/record/2915245?ln=en


YETS 24-25

29

Muon system upgrade 
and maintenance

Cooling manifold installation

Many activities planned 
during the 24-25 YETS

Pixel fiber inspection at patch 
panels outside detector volume

BCM1F cooling circuit

BCM1F double sensors

Replacement of BCM1F, PLT, 
BCML luminosity detectors at -Z 

Retesting and reintegration of 
spare modules produced during 
LS2 ongoing to be ready for 
installation in January



CMS upgrade
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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 
https://cds.cern.ch/record/2714892
• Tracks in L1-Trigger at 40 MHz 
• Particle Flow selection
• 750 kHz L1 output 
• 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
• Beam abort & timing
• Beam-induced background
• Bunch-by-bunch luminosity:  

1% offline, 2% online
• Neutron and mixed-field radiation  

monitors

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

DAQ & High-Level Trigger 
https://cds.cern.ch/record/2759072
• Full optical readout
• Heterogenous architecture
• 60 TB/s event network
• 7.5 kHz HLT output
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CMS upgrade overview

https://cds.cern.ch/record/2272264/files/CMS-TDR-014.pdf
https://cds.cern.ch/record/2714892
https://cds.cern.ch/record/2714892
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
https://cds.cern.ch/record/2759072


News on global ASIC - lpGBT
• Two separate issues discovered in lpGBTv1 ASIC during larger scale system testing


• Stuck at power-up (1%, different population depending on environment)

• Control through optical link fails (≥1%, can be identified with testing + selecting)


• Work ongoing  
• Radiation campaign with v1 to guarantee no detrimental evolution (change, but no increase in 

population)

• Bug-free submission (lpGBTv2): Submission happened, expect substantial amount early summer
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CMS applauds CERN Microelectronics for the fast pace 
CMS continues large-scale testing with lpGBTv1 and is assessing the risk of using v1 rather than v2  

This will decrease our schedule float
Subsystem Total #

Inner Tracker 4k on electronics boards ‘portcards’
Outer Tracker 14k on hybrids, integral part to every module
HGCAL 26k on electronic boards ‘engines’, integral part of cassette
BCAL 14k on upper electronics boards ‘FE’, ECAL single layer
BTL 1k board manufacture complete with v1, but lpGBT redundant, single layer
ETL 4k on electronics boards ‘readout board’, integral part of dee
ME0 2k on optoboard situated on modules, integral part of stack
DT 1k OBDTs
BRIL 130 On FBCM optoboards

A plan is in place for 
handling the issue in 
all affected 
subdetectors



BTL: 1st production tray assembled

1st ME0 production stack

Steady production of  

all BTL and ME0 

ingredients and structures
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pre-production cooling plate QC

This marks the official starting date of the 
HGCAL structure assembly in Pakistan 34

end-flange wedge

HGCAL 
mechanics in 
production

Production OT DEE

BTST load test after 

transport incident 

– All OK

OT: Tilted TBPS Rings

IT : Carbon foam cured 
to carbon fiber sheets

IT: Bent Titanium pipes 

Tracker mechanics 
in production



HGCAL and Tracker  
in production 

HGCAL Cast Scintillator Tiles HGCAL Molded Tile production

TBPS plank integration test

HGCAL: Gantry tooling at NTU  
ready for pre-production of full-HD

IT: High Density Interface

HGCAL SiPMs

2S modules

lpGBT here

lpGBT here
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• Barrel Timing Layer, GEM ME0, CSC, DTs in production

• Endcap Timing Layer: final ASICS & sensor in hand. Progress on electronics

• L1 Trigger: Boards ready for production, waiting for SAMTEC Firefly12

• Barrel Calorimeter all designs ready, ASICs boards, etc. Prod start 2025

• Tracker: All component procurements have been launched. Module production started

• HGCAL: more designs finished since last LHCC - not all done YET.  

Many parts in full production. Waiting eagerly for HGROC3c from packaging stage.

• Module Assembly centres ready and eagerly waiting for parts


• BRIL: Successful testbeam, learnt a lot: first neutron monitor demonstrator at P5

• Next complex steps: Module assembly and structure integration

36BRIL Beam Radiation Instrumentation Luminosity

HGCAL LD 
Hexaboards 
pre-production

HGCAL

ETL:
6” wafer, 
21 LGADs 

ETL:
8” wafer, 
40 LGADs 

TetraBall 
Demonstrator at P5

lpGBT here

ETROC2Upgrade status overview



Summary
• Many new physics results released by CMS since the last LHCC 
• 18 new searches, measurements, and combinations; using pp, pPb, PbPb 

data


• Generally smooth 2024 pp data taking with good availability of the 
detectors 
• 92.3% data-taking efficiency; 113.3 fb-1 recorded by CMS


• Heavy-ion data taking off to a very good start 

• Progress on upgrades 
• Many items in production

• lpGBTv1 ASIC issues affecting schedule float 
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FlashSim performance
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Z(μμ)H(bb) VBF H➔μμ 

CMS-DP-2024-080

https://cds.cern.ch/record/2913372?ln=en


Offline software & computing
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Simulating HGCAL with ML 
• Full simulation of HGCAL: twice as slow as current calo

• Use of CaloDiffusion model (Phys. Rev. D 108 (2023) 

072014) with adjustments for HGCAL to generate 
calorimeter showers


• Preliminary results: good agreement in several variables

Improving fast simulation results 
• CMS FastSim: simplified geometry, fast particle propagation and tracking, 

analytical interaction models

• Apply ML to FastSim to get better agreement with full simulation


• Use same scale factors for both simulations; large MC samples simulated 
10x faster


• Prototype in place for Run 3 production



GE1/1 time resolution
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CMS-DP-2024/120
• Significant improvement in GE1/1 

time resolution (~15 ➔ ~12 ns) 

• New FPGA firmware for on-
chamber electronics, 
suppressing inter-readout-strip 
crosstalk

Collision runs, GEM hits matched to muon track w/ 
pT>10 GeV, with standard FW, new FW, and emulation 
of the new FW



Successful VdM scans for ppRef and PbPb
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Essentially identical programs lasting about 6 hours were run for both ppRef and PbPb

ppRef Example Fit PbPb Example Fit



   
 Inner Cylinder Pack at QC

This marks the official starting date of 
the HGACL structure assembly in 
PakistanAbsorber plate machining on track

HGCAL 
mechanics 

 in production
pre-production cooling plate QC

end-flange wedge

This marks the official starting date of the 
HGCAL structure assembly in Pakistan 42

Combination of 

this slide and 

the next in body 

as some of the 

HGCAL pictures 

were already 

shown in the 

last LHCC 

presentation



OT: TB2S Wheels

OT: Tilted TBPS Rings
IT : Carbon foam cured 
to carbon fiber sheets

IT: Bent Titanium pipes 

BTST load test after 
transport incident 
– All OK

Tracker mechanics 
in production 

Production OT DEE
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