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LHCb detector Run 1 + 2
→ General purpose detector in forward region with a special focus on heavy flavour physics

→ Successful operation in Run 1 (2010-2012) and 2 (2015-2018), upgraded for Run 3 (2022-2025)  

   

 
 

Magnet 
● Bending power: 4 Tm
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Luminosity and data
→ Successful operation in Run 1 and Run 2

→ Annual data-taking efficiency above 90 %

→ Various  collision systems:
→ pp, p-Pb, Pb-Pb, SMOG (fixed target-like)

→ Recorded substantial amount of data
→ Run 1: ~ 3 fb-1

→ Run 2: ~ 6 fb-1

→ Largest recorded sample of charmed hadrons
→ σ(pp -> ccX, 7 TeV) ~ 1.4 mb 
→ σ(pp -> ccX, 13 TeV) ~ 2.4 mb

→ LHCb is the most efficient for charged decay modes and 
decays with muons

→ Increasing amount of studies involving neutral particles 
such as π0 and gamma

JHEP 05 074 (2017) 
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Production modes and asymmetries
→ LHCb has an access to both promptly produced charm and secondary production from b-decays

→ Prompt production: higher signal yield, lower purity
→ From-b production: lower signal yield, better discriminating of combinatorial background

→ Due to the nature of LHC as pp collider, particles and antiparticles are not produced equally
→ Must be treated accordingly in order not to bias any CPV observables
→ Using a known values, extracting via suitable control channel, ...

→ Detection asymmetries
→ Different interaction cross-section between the detector material and particles / antiparticles 
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Charm physics at LHCb
→ Very broad physics programme in Charm sector, can be divided into three main categories:

→ CPV studies 
→ Production measurements
→ Rare decays

→ Predominantly focusing on charmed mesons, however number of analyses with baryons is increasing

→ All results available at public LHCb webpage

→ Due to a limited time this talk will focus only on selected set of some (very) recent results

→ Selected CPV results:
→ Search for CP violation in D(s)

+ -> K-K+K+ decays 
[2303.04062]

→ Measurement of the time-integrated CP 
asymmetry in D0 -> K-K+ decays [2209.03179]

→ Selected rare charm decays:
→ Search for D*(2007)0 -> µ+µ- in B- -> π−µ+µ-

[2304.01981]

→ Search for rare decays of D0 mesons into two 
muons [2212.11203]

→ Selected production measurements:
→ Observation of new Ωc

0 states decaying to the 
Ξc

+K- final state [2302.04733]

→ Proposed naming convention for exotic states 
[2206.15233v1]

http://cern.ch/lhcbproject/Publications/LHCbProjectPublic/Summary_all.html
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CP violation studies 
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Search for CP violation in D(s)
+ -> K−K+K+ decays 

→ Search for a direct CP violation using 2016-2018 data based on model-independent binned method

→ First search for CP violation in DCS D+ -> K−K+K+  and CS Ds
+ -> K−K+K+  at LHCb

→ 0.97 million and 1.27 million promptly produced Ds
+ and D+ decays, respectively

→ Dalitz plot of D(s)
+ and D(s)

- are compared in bins and significance of difference between D(s)
+ and D(s)

-  is 
computed

→ Two schemes: 21 and 50 bins; significance calculated as:

→ Obtained results show no CP violation for both binning schemes

→ First analysis in a series of studies focusing on three-body D(s)
+ decays

D+Ds
+ D+Ds

+

arXiv: 2303.04062
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Time-integrated CP asymmetry in D0 -> K−K+ decays
→ Based on 2016-2018 data, D0 tagged from the promptly produced D*+

→ Time-integrated CP asymmetry is defined as:

→ Complex method to cancel experimental asymmetries applied, depending on set of CF modes
→ CD+ procedure (used in Run 1) uses D*+ -> D0(-> K-π+)π+ , D+ → K-π+π+, D+-> K0π+

→ CDs+ procedure (new for Run 2) uses D*+ -> D0(-> K-π+)π+, Ds
+ -> φ(-> K-K+)π+, Ds

+ -> K0 K+

arXiv: 2209.03179
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Time-integrated CP asymmetry in D0 -> K−K+ decays
→ Invariant mass plots

→ Modes used in CD+ method (left) and CDs+ method (right)

 

→ Reduction factors correspond to the statistical power of each 
data sample after weighting

→ Large reduction in case of different phase space between 
various decay modes 

arXiv: 2209.03179
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Time-integrated CP asymmetry in D0 -> K−K+ decays
→ Systematic uncertainties well under the 

control and below statistic uncertainty 

→ Dominated by the fit model and kinematic 
weighting procedure

→ Fit model evaluated by generating 
pseudoexperiments according to the baseline 
fit models (Johnson Su + Gaussian) and fitting 
alternative models to those samples

→ Asymmetry due to neutral kaon evaluated by 
a separate sample decaying outside VELO

arXiv: 2209.03179
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Time-integrated CP asymmetry in D0 -> K−K+ decays
→ Obtained results:

→ When combined with previous LHCb 
measurements of ΔACP:

→ Which is the first evidence for CPV in a single 
charm-meson decay as 3.8σ

→ Additionally this implies U-spin symmetry 
violation at level of 2.7σ

arXiv: 2209.03179
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Rare decays
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Search for D*(2007)0 -> µ+µ- in B- -> π−µ+µ- decays
→ Decays of B mesons don’t have to be used only for the tagging D*+/D0 mesons but can be utilized in 

searches for rare decays of D mesons as well

→ V -> µ+µ- decays probe same operators as pseudo-scalar decays, but not helicity suppressed

→ Predicted BR 10−19, expected LHCb sensitivity with a full data-set: 10-8

→ Not possible to observe but still can rule out several BSM models

→ Using B- -> J/ψK- as the control channel resulting Branching fraction can be computed as:

arXiv: 2304.01981
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Search for D*(2007)0 -> µ+µ- in B- -> π−µ+µ- decays
→ Signal fit to B- -> D*0 (μ+μ-)π-  is performed as 2D unbinned fit to the m(μ+μ-) and m(π-μ+μ-) distributions

→ Four components included: signal B- -> D*0π- , non-resonant B- -> μ+μ-π-  decays, misidentified           
B- -> μ+μ-K- decays and combinatorial background.

→ Upper limit set as:  

arXiv: 2304.01981
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Search for rare decays of D0 mesons into two muons
→ FCNC c -> ull transition, mediated through a short-distance, BF ~ 10 -18, a long-distance, BF < 10-13, 

contributions

→ Possible enhancements from BSM models

→ Previous LHCb results based on Run 1 data: B(D0-> µ+µ-) < 7.6 × 10−9 at 95% CL

→ New analysis based on full Run 1 + Run 2 dataset

→ D0 -> Kπ and ππ used as a control channel

arXiv: 2212.11203
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Search for rare decays of D0 mesons into two muons
→ Final fit to the data:

→ Signal yield: 79 ± 45

→ Upper limit set as

arXiv: 2212.11203
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Spectroscopy 
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Observation of new Ωc
0 states decaying to the Ξc

+K− final 
state

→ In 2017 LHCb studied Ξc
+K− spectrum up to 3450 MeV using 3.3 fb-1 of data [PRL 118 (2017) 182001]

→ Five new Ωc
0 states observed:

→ Ωc(3000)0, Ωc(3050)0, Ωc(3066)0, Ωc(3090)0, Ωc(3119)0

→ Hint on another broad structure around 3200 and 3300 MeV

arXiv: 2302.04733
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Observation of new Ωc
0 states decaying to the Ξc

+K− final 
state

→ New states can be described by heavy quark effective theory

→ However large difference in predictions for masses and quantum numbers diverges in different 
models

→ lattice quantum chromodynamics predicts invariant-mass spectrum with D or F–wave excited 
states [PRL 119 042001]

→ baryon-meson molecular (quasi-bound) states interpretation for Ωc(3050)0 and  Ωc(3090)0 [PRD 
97 (2018) 094035 , EPJ. A54 (2018) 64, Few Body Syst. 61 (2020) 34]

→ interpretation as pentaquark states [PRD96 (2017) 034012, CTP 73 (2021) 035201]

→ New study is based on a full LHCb data-set of 9 fb-1

→ Data are split into two samples contained previously analysed data (3.3 fb -1) and newly added 2016-
2018 data (5.7 fb-1)

→ Higher instantaneous luminosity and improved trigger result into five times large data set
→ Dedicated selection and BDT training per sample

→ BDT trained with a special focus not to favour any particular excited state

→ Ωc(X)0 candidates are described by S-wave relativistic Breit–Wigner functions convolved with a 
Gaussian resolution function

arXiv: 2302.04733
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Observation of new Ωc
0 states decaying to the Ξc

+K− final 
state

→ In total 7 states are reported, including two new states Ωc(3185)0  and Ωc(3327)0 

→ Several checks performed to confirm the existence of new states:
→ Splitting data into subsamples based on data-taking conditions, charge combination (Ξc

+K-        
or Ξc

-K+) and different kinematic regions of pT(K-) and pT(Ξc
+)

arXiv: 2302.04733
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Proposed naming convention for exotic states
→ A new exotic hadron naming convention proposed: 2206.15233v1

→ Following properties:
→ T for tetraquark, P for pentaquark
→ superscript: based on existing symbols, to indicate isospin, parity and G-parity
→ subscript: heavy quark content 

arXiv: 2206.15233v1
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Start of LHCb Run 3



2023/04/09 Charm physics at LHCb 23

Prospects for LHCb Run 3
→ Claimed prospects for LHCb Run 3

CERN-LHCC-2012-007 / 
LHCb-TDR-12
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Start of LHCb Run 3
→ First data of the upgraded LHCb already 

recorded in 2022

→ New tracker detectors and upgraded 
electronic of remaining detectors

→ Fully software trigger is especially beneficial 
for hadronic decays and allows to record 
larger statistics while keeping efficiency 
similar to Run 2

→ LHCb is getting ready for a nominal Run 3 
data taking

LHCb-FIGURE-2023-002
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Thank you for the attention
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Spare slides
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Time-integrated CP asymmetry in D0 -> K−K+ decays
→ Based on 2016-2018 data, tagged from promptly produced D*

→ Time-integrated CP asymmetry is defined as:

→ Complex method to cancel experimental asymmetries applied, depending on set of CF modes
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Search for D*(2007)0 -> µ+µ- in B- -> π−µ+µ- decays
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Observation of new Ωc
0 states decaying to the Ξc

+K− final 
state

→ New study is based on a full LHCb data-set of 9 fb-1

→ Data are split into two samples contained previously analysed data (3.3 fb -1) and newly added 2016-
2018 data (5.7 fb-1)

→ Higher instantaneous luminosity and improved result result into five times large data set
→ Dedicated selection and BDT for both samples

→ BDT trained with a special focus not to favour any particular excited state

→ To improve the mass resolution, the variable m(Ξc
+K−) is defined as the difference between the 

invariant mass of the Ωc(X)0 and Ξc
+ candidates

→ Ωc(X)0 candidates are described S-wave relativistic Breit–Wigner functions convolved with a Gaussian
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Trigger strategies
→ Luminosity of 2x1033 cm-2s-1, √s = 13.6 TeV, visible collisions per bunch μ ~ 5

→ Almost all events will produce heavy quarks (b, c) 

→ Hard constrains: Bandwidth [GB/s] ≈ Accept Rate [kHz]  Event size [kB]⨉

A. Cerri LHCP2022

https://indico.cern.ch/event/1109611/timetable/?view=standard#745-trigger-upgrades-at-lhc-ex
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Prospects for LHCb Run 3
→ Luminosity of 2x1033 cm-2s-1, √s = 13.6 TeV, visible collisions per bunch μ ~ 5

→ New tracker detectors, upgraded electronics, fully software trigger, ...

→ A new detector at LHC
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→ Real-Time Analysis – efficient decision about data in the full online mode

→ Keeping only a signal and suppress any unnecessary information about event

→ Continuous readout, full software trigger at visible collision rate of 30 MHz

LHCb Upgrade I
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VELO incident
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VELO incident
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