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CMS detector and its advantages
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CMS detector
Compact Muon Solenoid

• General-purpose LHC experiment

• Was mainly designed for high-pT physics

– Top and Higgs factory

– Not a dedicated b-factory

• High granularity pixel + strip silicon tracker for excellent 
track, PV and SV measurements

• External muon chambers outside steel return yoke for a 
clean muon detection and pT measurement

• Two level trigger system (hardware + software)
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CMS advantages
✔ Robust muon system 

 Excellent muon resolution and pT range ( 3GeV), low fake rate ≳
 For muons up to 100 GeV 1% pT resolution in barrel, 3% in endcaps

✔ Good vertex reconstruction with high decay time resolution 

 e.g., σt ~ 65 fs for Bs
0  J/ψϕ➜

✔ Large data samples and novel data taking schemes allow for data taking 
despite high pileup

 ~ O(1013) bb pairs produced at Point 5 during Run 2 (geometric 
acceptance not considered)

 Even more in Run3 

✔ Provides results in |η| <2.5

 Complementary to LHCb 2<|η|<5

https://cds.cern.ch/record/1463546

 Bs→µµ event example

https://cds.cern.ch/record/1463546
https://cms.cern/news/new-study-rare-b-meson-decays-two-muons
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Data taking schemes

• Standard DAQ
– L1 trigger(hardware) + HLT(computing) triggers

• Data scouting
– Reduced event size by saving HLT information

– Avoids HLT buffering bottleneck

• Data parking
– Events are saved on tape and reconstructed later

● Especially relevant now with upcoming LS stop

– Avoid reconstruction resources bottleneck

– In 2018 BParking dataset alone ~12B events with about 
1010 b hadrons (10 times more than overall BaBar/Belle 
statistics)

Based on CMS-EXO-23-007

https://arxiv.org/pdf/2403.16134
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Selected CMS highlights



DESY. Page Siegen | CMS experiemntal staus quo | Iakov Andreev, 23.09.2025 8

Test of Lepton Flavor Universality in B->Kℓℓ

• Fulfills the initial goal of BParking dataset – R(K) 
measurement

– Extended ration through J/ψ channel to 
cancel systematics

– Muon final state on tag side, electron on 
probe side

• Despite the huge sample, we still have very low 
statistics – for electron channel only ~20 events in 
low-q region

• Measures R(K)=0.78+0.46
-0.23

– In agreement with SM

• Similar to BaBar precision

CMS-BPH-22-005

https://iopscience.iop.org/article/10.1088/1361-6633/ad4e65/pdf
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B meson production fractions
• Heavily utilizes BParking dataset and tag-and-probe method to get 

decays to hadronic open charm on probe side 

– Charmonium state B→ J/ψK or Bs→ J/ψϕ

– Open charm state B(s)→ π+D(s)

● First time reconstruction in CMS

• Performing measurements in open charm and charmonium channels 
simultaneously

– fd/fu can provide a test of isospin invariance – no significant 
deviation observed

– Still limited by pT>10 GeV 

– Clear plateau in Bs/B+ and Bs/B0 production ratios above 15 GeV
● In agreement with previous results

CMS-BPH-21-007

https://cds.cern.ch/record/2928055?ln=en
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CP violation in B0
s → J/ψφ(1020)

• Performs angular analysis to separate CP 
eigenstates and flavor analysis to resolve Bs 
mixing

• Developed DNN based Bs tagger

• Largest ever effective statistics (27.5k 
events)for a single ϕs measurement 

• Φs  = -2βs= 73 ± 23 ± 7 mrad

• Precision of ϕs is comparable to the world 
most precise measurement by LHCb

• First evidence of CPV in B0
s → J/ψ φ(1020) 

decay (3.2 sigma)

CMS-BPH-23-004

https://arxiv.org/abs/2412.19952


DESY. Page Siegen | CMS experiemntal staus quo | Iakov Andreev, 23.09.2025 11

CP violation in D0->KsKs

• SM predict CPV in D0→KsKs decay at O(1%) level

• Use both prompt D0 and D0 coming from b decays for data

• Using ΔACP between two channels (KsKs and Ksππ) to cancel out 
systematics 

• Results are based on ~2000 events in signal channel

– For comparison ~2M events in Ksππ channel

• First measurement of CP violation in charm in CMS

• Results is consistent with no CPV and with previous results by 
LHCb and Belle

CMS-BPH-23-005

https://link.springer.com/article/10.1140/epjc/s10052-024-13244-0
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Total charm production cross section

• High charm production cross section and high statistics make possible to search 
for rare decays

CMS-BPH-22-007(7 TeV)

• Predicted branching ratio is  around 3x10-13

• Utilizes new Run3 low pT dimuon trigger

–  Run3 BParking analysis, data from 2022-2023

• Tags D0  through D* decay D*+→D0π

• Uses peaking background D0→ππ as normalization channel via zero bias trigger

• No signal observed
– B(D0→µµ)<2.4*10-9 at 95% Conf. level

– 50% improvement w.r.t. to previous LHCb measurement

Search for charm decay in two muons
CMS-BPH-23-008

https://cds.cern.ch/record/2905307?ln=en
https://cds.cern.ch/record/2905689/


DESY. Page Siegen | CMS experiemntal staus quo | Iakov Andreev, 23.09.2025 13

Observation of the Λ0
b → J/ψ Ξ− K+ decay

• CMS very well suited for spectroscopy due to the good SV and 
track resolutions

• Uses channel Λ0
b → ψ(2S)Λ for normalization and for branching 

ratio calculation

– Similar topology – reduced systematics

• Signal is extracted using UML fit 

• 5.8 sigma significance in 46±11 events

CMS-BPH-22-002

https://cds.cern.ch/record/2859356?ln=en
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First full B*  reconstruction
• First full reconstruction of B* meson family through 

radiative decays and photon conversions

• Can detect photons as low as 300MeV

• Photon selection technique was calibrated using 
π0→ 𝛾  decays𝛾

– Measured energy is lower due to 
bremsstrahlung, need scale factors

• Plethora of new measurements

CMS-BPH-24-011

Order of magnitude improvement in precision

https://cds.cern.ch/record/2932695?ln=en
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CMS results on lifetime
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Compilation of CMS results on lifetime
Particle Channel Analysis

B0 J/ψK*(892) BPH-13-008

J/ψKs BPH-13-008

B0
s J/ψππ BPH-13-008

J/ψϕ(1020) BPH-13-008

µµ BPH-16-004
BPH-21-006

J/ψKs BPH-22-001

Λb J/ψΛ BPH-13-008
BPH-11-013

Bc J/ψπ BPH-13-008

https://link.springer.com/article/10.1140/epjc/s10052-018-5929-3
https://link.springer.com/article/10.1140/epjc/s10052-018-5929-3
https://link.springer.com/article/10.1140/epjc/s10052-018-5929-3
https://link.springer.com/article/10.1140/epjc/s10052-018-5929-3
https://link.springer.com/article/10.1007/JHEP04(2020)188
https://www.sciencedirect.com/science/article/pii/S0370269323002897?via%3Dihub
https://link.springer.com/article/10.1007/JHEP10(2024)247
https://link.springer.com/article/10.1140/epjc/s10052-018-5929-3
https://link.springer.com/article/10.1007/JHEP07(2013)163
https://link.springer.com/article/10.1140/epjc/s10052-018-5929-3
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Measurement of the Bs  J/ψ K➜ S effective 
lifetime
CMS-BPH-22-001
Dataset 2016-2018 (140 fb-1)

https://link.springer.com/article/10.1007/JHEP10(2024)247
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Analysis introduction
• Bs mesons are produced as flavor eigenstates but propagate as mass 

eigenstates. If there is no CP mixing these mass states coincide with CP-
eigenstates

• Two eigenstates for Bs have different lifetimes and in that case we can 
extract mass eigenstates rates asymmetry using observable λ 

• Result of this analysis is a measurement of Bs effective lifetime τ in CP 
odd final stake J/ψ KS in CMS Run2 dataset

• Analysis uses J/ψ KS invariant mass and proper decay time to extract 
effective lifetime

– B0→ J/ψ KS is used as control channel

where

Coefficients in untagged decay rates
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Effective lifetime predictions

• Effective lifetime can be defined and expressed as 

• Using the latest measurements and assuming SM (AΔΓ = 0.94 ± 
0.07, τBs = 1.520 ± 0.005 ps, ΔΓ = 0.084 ± 0.005 ps−1)

– τ(J/ψ KS)SM=1.62 ± 0.02 ps

– τ(J/ψ KS)=1.75 ± 0.12 ± 0.07 ps – result from LHCb

Average lifetime

Normalized decay width difference
ys=τBs ΔΓ/2

https://www.sciencedirect.com/science/article/pii/S0550321313002319?via%3Dihub
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Fit and results
• The effective lifetime is measured with a 2D 

Unbinned Maximum Likelihood (UML) fit to the 
invariant mass and proper decay time. The decay 
time uncertainty is used as a conditional parameter

– Both B0 and Bs signals are fitted

– Control channel is used for validation of 
measurement components

• Results (using 727 ± 35 Bs signal candidates):

– τ(J/ψ KS) = 1.59 ± 0.07 (stat) ± 0.03 (syst) ps 

• Good agreement with world average value in control 
channel B0

• The measured value is in agreement with the SM 
prediction, compatible with the previous LHCb 
results at 2.1σ and is twice more precise
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Measurement of the Bs➜µµ decay 
properties
CMS-BPH-21-006
Dataset 2016-2018 (140 fb-1)

https://www.sciencedirect.com/science/article/pii/S0370269323002897?via%3Dihub
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Analysis introduction
• B(s)→µµ are strongly suppressed in SM (FCNC and Helicity)

– Theoretically very easy to calculate and experimentally has a very 
clean signature

• Some hints of deviation from SM have been observed in b→s ll processes 

• Bs→µµ is CP even therefore only Bs,H lifetime is measured without CP 
violation

– Any significant deviation from the expected value will hint at BSM 
physics

• SM expectations are very small – need high statistics

• Normalization to well known decay channels B→J/ψK and B→J/ψϕ

– Cancellation on systematics

– No reliance on bb production cross section

https://link.springer.com/article/10.1140/epjc/s10052-021-09725-1
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Event selection
• Use control channels B→J/ψK and B→J/ψϕ

• Dimuon trigger with tight quality tracks and a valid secondary vertex

• Decay vertex of b meson – done via kinematic refit of muon tracks with SV 
constraints

• Backgrounds

– Charmless hadronic two body decays – negligible after selection

– Combinatorial BB events → MVA reduction

– Partially reconstructed semileptonic decays → MVA reduction

• 16 fit categories – 4 years X 2 BDT bins X 2 eta regions
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MVA analysis

• Uses several weak discrimination variables with a BDT (XGBoost)

– Pointing angles (2D and 3D) 
● Suppressing all non-two-body backgrounds

– Quality and displacement of SV
● Suppressing combinatorial background

– Particle isolation
● Suppressing semileptonic decays

• Trained on MC and signal sidebands

– Validated on B→J/ψ K events
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Branching fractions

• 2D UML fit to dimuon mass and its uncertainty

• Two strategies for normalization

– J/ψK – relies on knowledge fs/fu (derived from LHCb measurement )

– J/ψϕ  – adds higher systematics (additional kaon)

• All UML fit results are comparable with SM predictions

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.032005
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Lifetime measurement

• 3D UML fit to dimuon mass, its uncertainty and decay time

• Efficiency is derived by simulations and corrected using J/ψ K 
control channel to mitigate MVA bias

• Combinatorial background distribution is derived from sidebands

• Main systematic due to the correlation between MVA and decay 
time

• Good agreement with SM

• Need more data to be able to discriminate between mass 
eigenstates
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Projections for the future
CMS-FTR-18-013 and CMS-BPH-25-001 

https://cds.cern.ch/record/2905689/
https://arxiv.org/pdf/2503.24346
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HL-LHC plan

We are here
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HL-LHC and CMS upgrade
• HL-LHC will feature significantly more collisions 

both in terms of instantaneous (5x1034 cm-2 s-1) 
and integrated luminosity (3000fb-1)

• Improvements and/or replacement of several 
key systems: calorimeters, muon systems, 
tracker

• New MIP timing detector

• Muon will increase coverage to |η|<3 and tracks 
to |η|<4

• Enhanced timing and granularity will enable 
better purity in low momentum electrons and 
muons and will also allow for triggers on 
hadronic final states 



DESY. Page Siegen | CMS experiemntal staus quo | Iakov Andreev, 23.09.2025 30

Future measurements

• We expect future triggers to be no worse that the existing 
ones

• Also assumed that benefits from detector upgrades will at 
the very least compensate for the increased pile up

• Still a lot of projects that can be done with Run3 data

– CMS B-physics program was revitalized in the last ~7 
years – only in the late Run2

– Plethora of results and updates can be expected from 
Run3 studies

• Concrete calculations were performed only for a 
handful of results – we can expect the same order effects in 
majority of other results

 Current experimental uncertainties for several 
variables and expected sensitivity for them by 
the early 2040

B0 and Bs mass distributions in Phase 2 scenario

CMS-FTR-18-013 and CMS-BPH-25-001 

https://arxiv.org/pdf/2503.24346
https://cds.cern.ch/record/2650545
https://cds.cern.ch/record/2905689/
https://arxiv.org/pdf/2503.24346
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Summary

• Despite not being a b-factory CMS is capable of producing cutting edge 
measurements in beauty and charm physics 

– This became possible with new trigger strategies and refined flavor tagging

• Can compete with dedicated experiments in wide range of possible topics

• Lifetime Bs→µµ is currently the most precise measurement of this value to date

–

• Lifetime Bs→J/ψ KS  measurement is also the most precise measurement of this 
value

–

• Run 3 takes full advantage of revised trigger strategies developed in 2018 

– Expect a wide range of exciting results from us!



Thank you



Backup slides
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CP violation in B0
s → J/ψφ(1020)

• Performs angular analysis to separate CP eigenstates and flavor 
analysis to resolve Bs mixing

• Developed DNN based Bs tagger

– Tagging efficiency 55.9%

– Dilution power 10%

– Tagging power 5.6%

• Largest ever effective statistics (27.5k events)for a single ϕs 
measurement 

• Precision of ϕs is comparable to the world most precise measurement 
by LHCb

• First evidence of CPV in B0
s → J/ψ φ(1020) decay (3.2 sigma)

CMS-BPH-23-004

https://arxiv.org/abs/2412.19952
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Event selection and efficiencies

• Trigger: J/ψ→µµ candidate with dimuon pT>20(25) GeV for 2016(2017/2018)

• Offline KS  π+π- selection:➜
– Displaced by >15σ from the beamline and >5σ from the Bs vertex

– Invariant mass within 70 MeV from world-average value

• Background sources

– Λ  pπ- suppressed with constraints on the decay kinematics➜
– B0  ➜ J/ψ KS – control channel, irreducible

– B0  ➜ J/ψ K*0 -negligible, suppressed by displacement requirement

– Combinatorial: suppressed with dedicated BDT selection using variables with 
minimal correlation to the proper decay time

• Time efficiency is measured in simulations for Bs and B0

– Modeled via 



Contact

Deutsches Elektronen-
Synchrotron DESY

www.desy.de

Iakov Andreev
CMS
iakov.andreev@cern.ch
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