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‣Proton & heavy ions collider 

‣27 km circumference 

‣Up to 13.6 TeV of energy available at  

‣Host of 4 large experiments                       
(   ( + several others) 

‣ATLAS 

‣CMS 

‣LHCb 

‣ALICE

s



Experimental setup: LHC

3Andrea Malara IIHE annual meeting

‣Proton & heavy ions collider 

‣27 km circumference 

‣Up to 13.6 TeV of energy available at  

‣Host of 4 large experiments                       
(   ( + several others) 

‣ATLAS 

‣CMS 

‣LHCb 

‣ALICE

s



‣Proton & heavy ions collider 

‣27 km circumference 

‣Up to 13.6 TeV of energy available at  

‣Host of 4 large experiments                       
(   ( + several others) 

‣ATLAS 

‣CMS 

‣LHCb 

‣ALICE

s

Experimental setup: LHC

4Andrea Malara IIHE annual meeting



‣Proton-proton collider 

‣27 km circumference 

‣Up to 13.6 TeV of energy available at  

‣Host of 4 large experiments                       
(   ( + several others) 

‣ATLAS 

‣CMS 

‣LHCb 

‣ALICE

s

Experimental setup: LHC

5Andrea Malara IIHE annual meeting



HL-LHC 

LHC and CMS
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We are here

Run 3Run 2
13 TeV 13.6 TeV

See next talks for more info on the upgrade for HL-LHC
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Recipe for the universe: Exploring the fundamental structure of things!!

Taken from Symmetry 

https://www.symmetrymagazine.org/article/whats-up-with-the-w-boson-mass


20/11/2024, 11:26CMS Physics Timeline

Page 1 of 1https://cms-results.web.cern.ch/cms-results/public-results/publications-vs-time/

Show all  Total  Exotica  Standard Model  Supersymmetry  Higgs  Top  Heavy Ions

B and Quarkonia  Forward and Soft QCD  Beyond 2 Generations  Detector Performance

1332 collider data papers submitted as of 2024-11-05
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Run1-Run2 (Mostly)

 101410−1

‣CMS is many experiments at once
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Figure 6: Expected and observed exclusion limits (95% CL, in the asymptotic approximation)
on the product of the production cross section and branching fraction into two photons for an
additional SM-like Higgs boson, for the ggH plus ttH (top left) and VBF plus VH (top right)
processes, and assuming 100% production via the VBF (bottom left) and VH (bottom right)
processes, from the analysis of the combined data from 2016, 2017, and 2018. The inner and
outer bands indicate the regions containing the distribution of limits located within ±1 and 2s,
respectively, of the expectation under the background-only hypothesis.

of 95.4 GeV with a local (global) significance of 2.9 (1.3) standard deviations. This is the first
search for new resonances in the diphoton final state in this mass range based on all LHC data
collected at a center-of-mass energy of 13 TeV.

References
[1] S. L. Glashow, “Partial-symmetries of weak interactions”, Nucl. Phys. 22 (1961) 579,

doi:10.1016/0029-5582(61)90469-2.
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Figure 13: The top plot shows the expected and observed 95% CL upper limit on s(pp ! X !
YH)B(Y ! gg) for the low-mass X ! Y(gg)H(tt) search. The dashed and solid black lines
represent the expected and observed limits, respectively. The green and yellow bands represent
the one and two standard deviations for the expected limit, respectively. Limits are scaled by
orders of 10, labeled in the plot, depending on mX (left) or mY (right). The bottom plot shows
the observed upper limits in the 2D (mX,mY) plane. The values of the limits are shown by the
colour scale. The red-hatched region indicates masses for which the observed limits are below
the maximally allowed limits in the NMSSM taken from Ref. [83].

5

5 Analysis strategy
Natural variables for the two searches are derived from the properties of the production pro-
cesses. The two dijet resonances XX have equal mass, so one-dimensional (1D) distributions of
the average dijet mass mjj = (m1 +m2)/2 can be used to search for the nonresonant production
of this pair. Resonant pair production, Y → XX, additionally produces a localized excess in a
second variable, the four-jet mass m4j, clearly visible in the two-dimensional (2D) distribution
of mjj vs. m4j.

Figure 2 shows the 2D distribution of the observed data for m4j vs. mjj. Near m4j ↑ 8 TeV and
mjj ↑ 2 TeV we observe two events, candidates for a resonant signal. For comparison, Fig. 2
also shows the 68 and 95% probability contours of the signal, respectively, from a simulation of
our benchmark model of resonant pair production, for a diquark of mass 8.4 TeV and a vector-
like quark mass of 2.1 TeV. The challenge in evaluating the significance of this signal, or any
signal, is to understand the background. Perturbative QCD predictions of multijet production
have too many theoretical uncertainties to reliably model this background. We instead use an
approach that does not rely on simulation, by fitting a smooth background parameterization
function to the observed data. We do this with a set of 1D distributions that span the 2D space.
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Figure 2: Numbers of events observed (color scale) within bins of the four-jet mass and the av-
erage mass of the two dijets. The dotted and dashed curves show the 68% and 95% probability
contours, respectively, from a signal simulation of a diquark with a mass of 8.4 TeV, decaying
to a pair of vector-like quarks, each with a mass of 2.1 TeV.

The seemingly natural approach of binning the search would be to construct the set of 1D
distributions of the observed number of events as a function of m4j, in bins of mjj, or vice versa.
However, Fig. 2 shows that due to correlations between those two variables this approach
would introduce sculpting of the distributions, which would limit the range of new particle
masses we could search for. Hence, we define a new dimensionless variable, α = mjj/m4j,
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7

aforementioned effect at a trijet mass of 721 GeV. The upper limits are compared to predictions
for RPV gluinos, RPV top squarks and mass degenerate RPV higgsinos [53]. The trijet searches
exclude RPV gluinos with mass between 70 GeV and 1.7 TeV, extending to both lower and
higher mass compared to the existing exclusions between 0.2 and 1.5 TeV at 95% CL [18]. The
boosted dijet resonance search excludes RPV top squarks with masses between 70 and 200 GeV
at 95% CL, extending to lower mass and yielding higher sensitivity [23]. Finally, the boosted
trijet resonance search sets the first limits on mass degenerate RPV higgsinos, excluding masses
between 70 and 75 GeV and between 95 and 105 GeV at 95% CL.

Figure 4: Observed limits (points) and expected limits (dashes) on the product of cross sec-
tion (s), branching fraction (B), and acceptance (A) for pair produced merged three quark
resonances (left), pair produced merged two quark resonances (middle), and pair produced
resolved three quark resonances (right). The vertical lines on the resolved three quark reso-
nance limits (right) indicate the different search mass regions. The variations at the one and
two standard deviation levels in the expected limits (shaded bands) are also shown. Limits are
compared to predictions for three signals of pair production of R-parity violating resonances:
gluinos (red in left and right), mass degenerate higgsinos (blue in left), and top squarks (red in
middle).

A search has been performed for pair-produced multijet resonances, where the jets in the final
state can be either merged or individually resolved. This search observes the hadronic decays
of standard model resonances, such as the top quark and W, Z bosons. New, additional res-
onances were not observed, with the largest effect seen for a resonance mass of 768 GeV, but
with a local significance below 3 standard deviations. This search extends the previous limits
on R-parity violating models of top squarks and gluinos, and sets the first limits on R-parity
violating mass-degenerate, prompt, and hadronically decaying higgsinos.
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Figure 3: Postfit distributions of S
MET
T for the combined 2016–2018 data set after a simultaneous

fit of the background and vector LQ signal to the data. The last bin includes the overflow. The
eµ (top), ωτh (center), and τhτh (bottom) channels in the 0b (left) and →1b (right) categories
are shown. The fitted signal distribution for the total vector LQ signal (red line) with a mass
of 2000 GeV, λ = 2.5, and ε = 1 is overlaid. In each distribution, the lower panel shows the
ratio of the data (black markers) or the sum of the postfit signal and background (red line) to the
postfit background. The hatched band indicates the total postfit uncertainty in the background.
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CP violation in Bs
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H coupling to vector bosons
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Shifters and Detector responsibilities
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Nordin

Tracker

DPS on 
- L1 trigger 
- MET trigger

DPS = Detector 
performance summary

See Gilles’s talk

Former 
Muon Upgrade Coordinator

Isabelle

Donya

DPS on tracker performance 

https://cds.cern.ch/record/2853675/files/DP2023_007.pdf
https://cds.cern.ch/record/2916532/files/DP2024_101.pdf
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DPS = Detector 
performance summary
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20/11/2024, 11:26CMS Physics Timeline

Page 1 of 1https://cms-results.web.cern.ch/cms-results/public-results/publications-vs-time/

Show all  Total  Exotica  Standard Model  Supersymmetry  Higgs  Top  Heavy Ions

B and Quarkonia  Forward and Soft QCD  Beyond 2 Generations  Detector Performance

1332 collider data papers submitted as of 2024-11-05
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Charting the Drell-Yan process: differential cross section measurement 

‣Precise test of the standard model 

‣Important input to parton distribution functions and gluon resummation 

‣Recent publication with 2016 data ( ) Eur. Phys. J. C 83, 628 (2023) 

‣Ongoing efforts: 

‣Full Run2 data 

‣Scouting data (Run2 + Run3) 

‣Single -> multi-dimensional fit
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1.3 Challenges and solutions 5

trigger algorithms and increase both the event size and the computational load from the event
reconstruction.

The data-scouting and data-parking strategies [14] overcome two of the main limitations in the
CMS data acquisition chain, namely the finite bandwidth available to write data to permanent
storage and the finite ability to promptly process (i.e., reconstruct) the data as they are recorded.
These two techniques are illustrated schematically in Fig. 1 for a representative year of data
taking. Data scouting is a novel concept that CMS first prototyped in 2011 at the end of Run 1,
used throughout Run 2 [15], and developed substantially for Run 3. Data parking is novel at
the LHC, borrowing from a frequently used strategy by fixed-target experiments in which raw
data are recorded and subsequently processed for analysis much later in time.

Level 1 
Trigger

Coarse reconstruction, 
limited detector systems
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Data reconstructed and stored on disk

Data flow for a typical 2018 data-taking scenario 

Prompt offline 
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Figure 1: A schematic view of the typical Run 2 data flow during 2018 showing the data acqui-
sition strategy with scouting and parking data streams, along with the standard data stream. A
value of Linst = 1.2 → 1034cm↑2s↑1 over a typical 2018 fill, corresponding to an average pileup
of 38, is considered.

The data-scouting strategy enhances sensitivity to low-energy physics processes by signifi-
cantly lowering the HLT thresholds and storing a reduced event content on disk. Events re-
constructed at the HLT are selected based on the kinematic quantities of their reconstructed
objects using looser trigger thresholds than those applied in the standard trigger paths. For
each event passing these looser selections, only high-level physics objects (such as jets or lep-
tons) reconstructed at the HLT are stored on disk. No raw data from detector channels are
stored for later offline analysis. These dedicated data samples are then used offline to perform
physics analysis. The excellent performance of the HLT online reconstruction, which closely
approximates the performance of the standard offline reconstruction, is the basis of the success
of this strategy.

The data-parking strategy also lowers the thresholds used by the trigger algorithms, thereby
increasing the experimental acceptance to low-mass physics processes. The event collection
rate is thus substantially increased, potentially beyond the capacity of the computational re-
sources available to promptly reconstruct the events as they are acquired. In this case, the data
parking stream is transferred, unprocessed, to tape storage and is kept in a raw format un-
til sufficient computational resources are available for the events to be reconstructed, such as
between data-taking periods.
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trigger algorithms and increase both the event size and the computational load from the event
reconstruction.
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rate is thus substantially increased, potentially beyond the capacity of the computational re-
sources available to promptly reconstruct the events as they are acquired. In this case, the data
parking stream is transferred, unprocessed, to tape storage and is kept in a raw format un-
til sufficient computational resources are available for the events to be reconstructed, such as
between data-taking periods.
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The tale of two leptons 

‣Looking for new particles in the tail of DY process 

‣Bump hunt search 

‣Ongoing efforts: 

‣Focus on new Run3 data 

‣Improve sensitivity with new targeted categories Franco
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Exploring the Charm-Higgs Coupling 

‣Large inter-university project (iBOF) 

‣VUB/UGent/UAntwerp
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Exploring the Charm-Higgs Coupling 

‣Large inter-university project (iBOF) 

‣VUB/UGent/UAntwerp 
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Exploring the Charm-Higgs Coupling 

‣Large inter-university project (iBOF) 

‣VUB/UGent/UAntwerp 

‣Several analyses sensitive to this vertex 

‣  

‣  

‣  

‣Measurements  searches 

‣SM/BSM/EFT  

‣ML as common thread 

‣Improved techniques  

‣Crucial aspect of the project 

‣IIHE has a key role in ML development 
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Exotic Higgs decays 

‣Higgs boson in the Standard Model 

‣good compatibility between observations and predictions 

‣upper bound on Higgs boson decays to new particles is  

‣… still room for exotic Higgs decays 

‣  
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‣Excellent mass resolution 

‣Looking at displaced and prompt signatures
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VBF signatures and how to find them 

‣Long-standing effort for  

‣Worked on full Run2-data until 2y ago 

‣Already analysing Run3 data 

‣Focus on VBF production mode
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VBF signatures and how to find them 

‣Long-standing effort for  

‣Worked on full Run2-data until 2y ago 

‣Already analysing Run3 data 

‣Focus on VBF production mode 

‣Development with ML 

‣Tagging production mode (first time in CMS) 

‣Strong synergy between ULB and VUB
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VBF signatures and how to find them 

‣Search for photon + dark-photon 

‣Focus on Run3 data 

‣Complementary to  search 

‣Investigating ggF production too 

‣First time at LHC 

‣Potentially feasible thanks to newly developed triggers
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A glimpse of IIHE’s impactful 
contributions to CMS 
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DPS = Detector 
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DPS = Detector 
performance summary

Heavy-flavor jet tagging in CMS Uttiya Sarkar on behalf of the CMS collaboration

Figure 1: Evolution of the b-tagging performance for jet flavor identification algorithms used in CMS from
Run 1 to Run 3. Left plot shows the increase in tagging performance follows the progression in machine
learning whereas the right plot shows that the light- (udsg, yellow bars) and c-jet (red bars) rejection for a
fixed b-jet identification e!ciency of 70% for taggers from Run 1 to Run 3.

To evaluate the performance of b-jets and c-jets, several discriminators—such as BvsAll,
BvsL, CvL, and CvB—are defined based on the probability of identifying di"erent jet types. These
transformations allow discriminating specifically between bottom (b), charm (c), strange (s), light
(ud), and gluon jets. The definitions are:

BvsAll = prob(b) / [1-prob(b)],
BvsL = prob(b) / [prob(b) + prob(udsg)],
CvsL = prob(c) / [prob(c) + prob(udsg)], and
CvsB = prob(c) / [prob(c) + prob(b)]

For s and 𝐿𝐿 tagging, a broader classification is used, defined as:
svsX = [prob(s)] / [prob(s) + prob(X)]

𝐿𝐿vsX = [prob(𝐿𝐿)] / [prob(𝐿𝐿) + prob(X)]
where X is any other jet type.

3. UParT

UParT is based on the ParticleTransformer architecture [12] specifically designed for AK4
jets (anti-𝑀𝑀 jets with a cone radius of 0.4). It integrates heavy-flavor identification with flavor-
aware jet energy regression and jet energy resolution estimation in a comprehensive manner. The
model introduces pairwise interaction features between jet constituents and secondary vertices,
enhancing its capability to capture complex internal jet relationships. A key advancement in
UParT is the use of a novel Adversarial Training approach. This enables the model to learn from
input feature distortions, significantly improving its robustness against mismodeling in simulations.
Furthermore, UParT preserves feature importance mapping through adversarial attack gradients,
highlighting critical features for jet classification, ensuring both high performance and robustness
in heavy-flavor tagging.

3
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HH resonant production
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Vector-like quark‣CMS is many experiments at once 

‣Precision physics 
Standard Model physics 
Top and B quark physics 
Higgs physics 

‣BSM physics 
Heavy resonances 
Exotica -> dark-sectors, new 
signatures, … 

‣Competitive among experiments 
Previous colliders (LEP, Tevatron) 
At the LHC (ATLAS, LHCb, Alice, …) 

‣Complementary to many others 
B-factories (Belle II, Babar) 
Dark matter and neutrino experiments
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VBF signatures and how to find them 

‣Search for photon + dark-photon 

‣Focus on Run3 data 

‣Complementary to  search 

‣Investigating ggF production too 

‣First time at LHC 

‣Potentially feasible thanks to newly developed trigger
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Exploring the Charm-Higgs Coupling 
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