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LHCb charm results since 
HFCPV2021

● Charm mixing & CPV
– Mixing parameters in D0→h-h+ [Phys. Rev. D105 (2022) 092013]
– Mixing parameters in B→D0(→KS

0π+π-)μ- νμX [arXiv:2208.06512]
– For CP-only results (ACP(h+h-), etc.), please see Jiesheng’s talk

● Amplitude analyses of 3-body charm hadron decays
– D+→π+π+π- [arXiv:2208.03300], Ds

+→π+π+π- [arXiv:2209.09840]
– Λc

+→pK-π+ [arXiv:2208.03261]
● Rare decays

– D0→μ+μ+ [LHCb-PAPER-2022-029]
● For other recent charm results (Ξcc

++ related, etc.):
https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/Summary_Charm.html

https://indico.ihep.ac.cn/event/11988/contributions/15184/attachments/7169/8115/LHCb_CHARM_LSun_20211107.pdf
https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/Summary_Charm.html
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LHCb as a Charm factory

 LHCb acceptance: 2 < η < 5 (forward region)
 Large  production cross-section

 More than 1 billion D0→K-π+ collected by LHCb between 2011 and 2018
 Run2: Turbo stream from online reconstruction 

[Comput. Phys. Commun. 208 (2016) 35] 
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D0 production at LHCb
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D0 flavor tagging at LHCb



6

Mixing in neural D system
• Charm mixing – a well established fact
• Mass eigenstates are related to their flavor eigenstates via 
  |D1,2> ≡ p|D0> ± q|D0>, with |q|2 + |p|2 ≡ 1
• Mixing parameters based on the mass and width differences:
  x ≡ (m2 - m1)/Γ, y ≡ (Γ2 - Γ1)/2Γ, with D0 decay width Γ ≡ (Γ2 + Γ1)/2

D0 D0
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Mixing parameters in D0→h-h+

● Measuring the lifetime ratios of 2-body D0 decays allows 
to constrain y

●                obtained by fitting to decay-time ratios:

● Using full 6 fb-1 Run2 data, D0 from prompt                
decays

● Biggest challenge: Equalizing time-dependent 
efficiencies in Rf(t)

[Phys. Rev. D105 (2022) 092013]

70 M

18 M

6 M
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Mixing parameters in D0→h-h+
[Phys. Rev. D105 (2022) 092013]
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Mixing parameters in                           
● Using Run2 (5.4 fb-1) data, D0 from B decays & tagged by muon charge
● Complementary to prompt analysis [PRL 127 (2021) 111801], lower statistics (3.7 M 

vs. 31 M), but capable at small D0 decay times
● Bin-flip method: model-independent approach, no need for modeling of 

Dalitz-plot efficiency & decay amplitudes
● Data binned in Dalitz-plot regions ±b, binning scheme chosen to have 

almost constant strong-phase differences between D0 and D0 amplitudes

[arXiv:2208.06512]
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Mixing parameters in                           
[arXiv:2208.06512]

Compatible results for prompt & SL
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New combinations on charm mixing 
● With respect to last ones, improvement of y by 40% thanks to new                  result
● δD

Kπ≠180º @ 3.6σ → Evidence of U-spin symmetry breaking
– External inputs including BESIII measurement on strong-phase difference [EPJC 82 (2022) 1009]

[LHCb-CONF-2022-003]

Please see 
Shunan’s talk in 
the morning on γ 
combination

https://link.springer.com/article/10.1007/JHEP12(2021)141
https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-CONF-2022-003.html
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New combinations on charm mixing 
● With respect to last ones, improvement of y by 40% thanks to new                  result
● δD

Kπ≠180º @ 3.6σ → Evidence of U-spin symmetry breaking
– External inputs including BESIII measurement on strong-phase difference [EPJC 82 (2022) 1009]

[LHCb-CONF-2022-003]

https://link.springer.com/article/10.1007/JHEP12(2021)141
https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-CONF-2022-003.html
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Amplitude analysis of D(s)
+→π-π+π+

Statistics >50x prior measurements from 
e+e- experiments & higher signal purity 
(BABAR/CLEO-c/BESIII)

f0(980)?

[arXiv:2208.03300, arXiv:2209.09840]
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Amplitude analysis of D(s)
+→π-π+π+

[arXiv:2208.03300, arXiv:2209.09840]

● D+→π-π+π+

● Ds
+→π-π+π+

Also 
new!
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S-wave of D(s)
+→π-π+π+

[arXiv:2208.03300, arXiv:2209.09840]

MIPWA results:
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Amplitude analysis of Λc
+→pK-π+
[arXiv:2208.03262, accepted by PRD]

~30% used

Λc
+ from b-hadron decays

Decay orientation angles 
in the lab system
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Λc
+ polarization measurement

[arXiv:2208.03262, accepted by PRD]

 Measured polarization P components
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Polarimeter vector field of Λc
+→pK-π+

[LHCb-PAPER-2022-044]

Important inputs for analyses involving Λc
+ [Details]

https://indico.jlab.org/event/600/contributions/10964/attachments/8674/12523/2022.11.16_Polarimetry_talk_FDSA2022_at_JLab.pdf
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Searching for D0→μ-μ+

● FCNC & helicity suppression
● Predictions:

 
● Full Run1+2 analysis (9 fb-1), D0 from prompt
● Normalization channel: 
● 2D simultaneous fits in 

3 BDT bins per run:

● Preliminary result: 

[LHCb-PAPER-2022-029]

Improvement of more a factor of two!

Peaking mostly from 
π/μ misID
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Summary & outlook
● LHCb is in fact a charm factory and has the world’s largest samples of 

charm hadronic decays
● High statistics and superb detector performance allow for high precision 

measurements on charm mixing & CP, amplitude analyses, rare decays, 
etc.

● Still more charm results in the pipeline with full Run1+2 data, stay tuned!
– More CPV observables, dielectron modes, SL decays, radiative, etc.

● Longer term: Run3 has started
● Synergy with BESIII important for mixing & CPV in the charm sector
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[Phys. Rev. D105 (2022) 092013]
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[LHCb-CONF-2022-003]

https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-CONF-2022-003.html


24

[arXiv:2208.03300]
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[arXiv:2209.09840]
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https://agenda.infn.it/event/31703/contributions/174556/attachments/97096/133948/2nd_SELDOM_workshop_CharmAmAn.pdf
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