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Up-to-date LHCb charm results can be found athttps://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/Summary_Charm.htmlMore than 90 papers and counting! 2

https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/Summary_Charm.html


LHCb as a charm factory
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Charm mixing & CPV

4



5



6



Observation of charm CPV
[PRL 122 (2019) 211803]
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Observation of charm CPV
[PRL 122 (2019) 211803]
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CPV in 𝐷0→ 𝐾+𝐾−/ 𝜋+𝜋−
• Using Run 2 (5.6 fb-1) data with ~70M 𝐷0→ 𝐾+𝐾−
candidates

• Combination of two methods using Cabibbo-favored (no CPV) 𝐷0/𝐷+/𝐷+𝑠 decays to canceldetector/production asymmetries in 𝐷0→ 𝐾+𝐾−:
• Combination with Run1 & ΔACP results yields:

[arXiv:2209.03179, submitted to PRL]
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𝐷0 − 𝐷0 oscillation in 𝐷0→ 𝐾0𝑆𝜋+𝜋−
• Run2 prompt (SL) datasets with ~31M (3.7M)candidates
• Bin-flip method: model-independent approach, noneed for modeling of Dalitz-plot efficiency & decayamplitudes

[PRL 127 (2021) 111801][arXiv:2208.06512]
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http://arxiv.org/abs/2208.06512


𝐷0 − 𝐷0 oscillation in 𝐷0→ 𝐾0𝑆𝜋+𝜋−
[PRL 127 (2021) 111801]

11



Overview of rare charm decays @ LHCb
[PRL 131 (2023) 041804]

[PRL 128 (2022) 221801] 12



Search for D0 → μ+μ−
[PRL 131 (2023) 041804]
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Final result:



CPV & angular analysis of 𝐷0→ ℎℎ𝜇+𝜇−
• Rarest charm meson decays observed,dominated by resonant contributions
• First full angular analysis with 9 fb-1 data
• 𝐷0 selected from flavor specific 𝐷∗+→ 𝐷0𝜋+

PRL 128 (2022) 221801

All resultsconsistent with SMNo CPV found
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Search for 𝐷+(𝑠)→ ℎ±ℓ+ℓ(′)∓ decays
• 25 decays, LFV & LNV included
• Analysis based on 2016 1.6 fb-1 dataset
• Normalized with 𝐷+(𝑠) → 𝜙 ℓℓ 𝜋+
• No signal observed, BF limits are set down to 𝒪(10−8)
• Results improve the prior world’s best by up to a factorof 500

JHEP 06 (2021) 44

Regions dominatedby resonances indilepton massspectrum are vetoed 15



Amplitude analyses in hadronic decays

𝐷+→ 𝜋−𝜋+𝜋+: ~600 K

JHEP 07 (2023) 204JHEP 06 (2023) 044

𝐷+𝑠 → 𝜋−𝜋+𝜋+: ~700 K

PRD 108 (2023) 012023

𝛬+𝑐 → 𝑝𝐾−𝜋+: ~400 K
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https://doi.org/10.1007/JHEP07(2023)204
https://doi.org/10.1007/JHEP06(2023)044
https://doi.org/10.1103/PhysRevD.108.012023


Hadronic decays with 𝜋0/η
Requiring 𝜂(′) → 𝜋𝜋𝛾 JHEP 04 (2023) 081 Requiring 𝜋0/𝜂 → 𝑒𝑒𝛾 JHEP 06 (2021) 019

No CPV foundAlmost all are world’s best!
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https://doi.org/10.1007/JHEP04(2023)081
https://doi.org/10.1007/JHEP06(2021)019


Spectroscopy & charm hadron properties

Observation of Ξ++𝑐𝑐 andstudy of its properties,production, decay modes

PRL 119 (2017) 112001PRL 121 (2018) 052002PRL 121 (2018) 162002
......

Observation of 5+2 𝛺0𝑐 states

PRL 118 (2017) 182001
arXiv:2302.04733 (accepted by PRL)

Establishment of charmed-hadron lifetime hierarchy:

Science Bulletin 67 (2022) 479PRD 100 (2019) 032001PRL 121 (2018) 092003
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https://doi.org/10.1103/PhysRevLett.119.112001
https://doi.org/10.1103/PhysRevLett.121.052002
https://doi.org/10.1103/PhysRevLett.121.052002
https://doi.org/10.1103/PhysRevLett.121.052002
https://doi.org/10.1103/PhysRevLett.121.052002
https://doi.org/10.1103/PhysRevLett.121.052002
https://doi.org/10.1103/PhysRevLett.121.162002
https://doi.org/10.1103/PhysRevLett.121.162002
https://doi.org/10.1103/PhysRevLett.121.162002
https://doi.org/10.1103/PhysRevLett.121.162002
https://doi.org/10.1103/PhysRevLett.118.182001
http://arxiv.org/abs/2302.04733
http://arxiv.org/abs/2302.04733
http://arxiv.org/abs/2302.04733
http://arxiv.org/abs/2302.04733
https://doi.org/10.1016/j.scib.2021.11.022
https://doi.org/10.1103/PhysRevD.100.032001
https://doi.org/10.1103/PhysRevD.100.032001
https://doi.org/10.1103/PhysRevD.100.032001
https://doi.org/10.1103/PhysRevLett.121.092003


Run3 and beyond...

Mixing & CPV
Rare decays
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How CEPC could make impacts in charm physics
• Charm statistics of 300 fb-1 LHCb dataset would be much higherthan CEPC due to high pp → ccX cross-section
• CEPC is exected to be promising for the following measurements:• SL charm hadron decays: full event info + displaced vertices + low mult.• SL decays of 𝛯𝑐𝑐• Radiative charm decays: discrimination power of single photon vs. 𝜋0/𝜂would be the key• 𝐷0 → 𝑉 ℎ+ℎ− + 𝑖𝑛𝑣𝑖𝑠𝑖𝑏𝑙𝑒(𝜈𝜈,  𝛾′, 𝑒𝑡𝑐.)

• Di-electron channels• Time-dependent study of D0 decays with at least one 𝜋0/𝜂 in the finalstate, e.g., time-dependent amplitude analysis of 𝐷0→ 𝐾𝜋𝜋0/𝜋𝜋𝜋0
20



Summary
• LHCb is in fact a charm factory and has the world’s largest sample ofcharm decays
• High statistics and superb detector performance allow for high precisionmeasurements on charm CP, rare decays, etc.• Observations of charm CPV, difference in D0 mass eigenstates, etc.
• Still more charm results in the pipeline with full Run1+2 data, staytuned!

• For example, semileptonic D0 decays, dielectron channels, charm baryons, ...
• Run3 for LHCb has started
• Experiences from LHCb in charm physics would be extremely valuablefor future CEPC

21



22



23



24

7 × 1014
3 × 1014
1 × 1014
1 × 1014
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