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Outline
• Experimental details
• Charm mixing & CPV
• Direct CPV in multi-body charm decays
• Rare charm decays
• Prospects & outlook

Up-to-date LHCb charm results can be found at
https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/Summary_Charm.html
More than 90 papers and counting!
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LHCb as a charm factory
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Charm mixing & CPV
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NP if CPV found?
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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 cancel
detector/production asymmetries in 𝐷0→ 𝐾+𝐾−:

• Combination with Run1 & ΔACP results yields:

[PRL 131 (2023) 091802]
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𝐷0 − 𝐷0 oscillation in 𝐷0→ 𝐾0
𝑆𝜋+𝜋−

• Run2 prompt (SL) datasets with ~31M (3.7M)
candidates

• Bin-flip method: model-independent approach, no
need for modeling of Dalitz-plot efficiency & decay
amplitudes

[PRL 127 (2021) 111801]
[PRD 108 (2023) 052005]
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𝐷0 − 𝐷0 oscillation in 𝐷0→ 𝐾0
𝑆𝜋+𝜋−

[PRL 127 (2021) 111801]
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𝐷0 − 𝐷0 oscillation in 𝐷0→ 𝐾0
𝑆𝜋+𝜋−

[PRL 127 (2021) 111801]
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[PRD 108 (2023) 052005]



Direct CPV in 3-body D decays
• In multi-body decays, strong phase δ vary across the phase
space

• Locally enhanced CPV effects possible due to interference
• Already observed in chameless 3-body 𝐵+ decays by LHCb [see e.g.
PRD 108 (2023) 012008]

• Recent model-independent searches for direct CPV on Dalitz-
plot planes of:
• D+

(s)→ 𝐾−𝐾+𝐾+ [JHEP 07 (2023) 067]
• 𝐷0→ 𝜋+𝜋−𝜋0 [JHEP 09 (2023) 129]
• 𝐷0 → 𝐾0

𝑆𝐾±𝜋∓ [arXiv:2310.19397]
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All dominated by
CS/DCS amplitudes

https://doi.org/10.1103/PhysRevD.108.012008


Direct CPV in D+
(s)→ 𝐾−𝐾+𝐾+

• Run 2 (5.6 fb-1) data
• Binned method:

• 𝑆𝑖
𝐶𝑃 follows standard normal distribution if no

CPV

• Validation with CF decays D+
s → 𝐾−𝐾+𝜋+

and 𝐷+→ 𝐾−𝜋+𝜋+

• Measured p-values 13.3% (31.6%) for D+
s

(𝐷+) decays
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[JHEP 07 (2023) 067]

ϕK amplitudes

Nsig(𝐷+
𝑠 ):

~0.97 M
Nsig(𝐷+):
~1.27 M

Adaptive binning with improved sensitivity
to S-wave/P-wave interference effects
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[JHEP 07 (2023) 067]
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Direct CPV in 𝐷0→ 𝜋+𝜋−𝜋0

• Dominated by 𝐷0 → 𝜌±𝜋∓ amplitudes
• Could be related to recent evidence of CPV in 𝐷0 → 𝜋+𝜋−

• Run 2 (6 fb-1) data with D0 from D*+ and tagged by 𝜋+
𝑠

• Unbinned energy test method by comparing weighted
distance between pairs in phase space:

• Null hypothesis from permulations of T-values with
randomized tags

• Validation with CF decay 𝐷0→ 𝐾−𝜋+𝜋0

• Measured p-value 62%: no hint for CPV!
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[JHEP 09 (2023) 129]



Direct CPV in 𝐷0 → 𝐾0
𝑆𝐾±𝜋∓

• Dominated by SCS amplitudes including
𝐷0→ 𝐾∗∓𝐾±/𝐾∗0𝐾0

𝑆
• Run 2 (5.4 fb-1) data with D0 from D*+ and
tagged by 𝜋+

𝑠

• Unbinned energy test method as in 𝐷0→
𝜋+𝜋−𝜋0

• Control modes: 𝐷0→ 𝐾−𝜋+𝜋+𝜋−/𝐾0
𝑆𝜋+𝜋−

• Measured p-values 70% (66%) for 𝐷0 →
𝐾0

𝑆𝐾−𝜋+ (𝐷0 → 𝐾0
𝑆𝐾+𝜋+): no hint for CPV!
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[arXiv:2310.19397]
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Hadronic decays with 𝜋0/η
Requiring 𝜂(′) → 𝜋𝜋𝛾 JHEP 04 (2023) 081 Requiring 𝜋0/𝜂 → 𝑒𝑒𝛾 JHEP 06 (2021) 019

No CPV found
Almost 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


Overview of rare charm decays @ LHCb

[PRL 131 (2023) 041804]

[PRL 128 (2022) 221801] 17



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



Search for 𝐷∗0→ 𝜇+𝜇− in B decay
• Leptonic D* decays offer a complementary
approach to constraining Wilson coefficients

• Highly suppressed in SM: BF ~10-18
• Search in the decay chain of 𝐵− →

𝐷∗0(→ 𝜇+𝜇−)𝜋−

• Normalization channel: 𝐵− → 𝐽/𝜓(→ 𝜇+𝜇−)𝐾−

• First search:

EPJC 83 (2023) 666
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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 results
consistent with SM
No CPV found
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Run3 and beyond...

Mixing & CPV

Rare decays

21
A new detector & no hw drigger: expecting benefits to ACP
measurements in hadronic channels, esp. for those with at least one KS



Summary
• LHCb is in fact a charm factory and has the world’s largest sample of
charm decays

• High statistics and superb detector performance allow for high precision
measurements 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, stay tuned!
• For example, semileptonic D0 decays, dielectron channels, radiative
charm decays, charm baryons, ...

• Run3 for LHCb has started, expecting fruitful years to come...
• Synergy across different experiments on charm physics: BESIII, BELLE(II),
future STCF, ...
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