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CPV in charm: state of the art
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❖ CPV in charm observed by LHCb in 2019

➢ ΔACP = ACP(K+K-)-ACP(π+π-) = (-15.4 ± 2.9) x 10-4 (5.3σ)

❖ Then, evidence that this is mainly coming from D0→π+π- decays 

➢ ad
ππ = (23.2 ± 5.2) x 10-4 (3.8σ)

 

PRL122. 211803

PRL131.091802

charm-fitter

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.211803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.091802
https://github.com/tpajero/charm-fitter
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CPV in charm: state of the art 
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❖ Is U-spin a good symmetry?

❖ Measured CPV → 

➢ SM or not? Theoretical interpretation is debated

❖ More data → more precision → clarify physics picture

LHCb-CONF-2024-004

https://cds.cern.ch/record/2905625
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How do we determine ad from ACP measurements?
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see also T.Pajero and 
K.Vos slides @ CKM 2026

https://indico.cern.ch/event/1440982/contributions/6530703/attachments/3138912/5570474/2025-09-19-ckm-wg7.pdf


Giulia Tuci, 17/04/2026                                CPV in charm

How can we measure time-dependent CPV in charm?
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Production asymmetry: initial state pp is not CP symmetric 

Asymmetric detector acceptance + material 
interaction different for particles/antiparticles

π+
π-

D*+

D0

π +tag

h +

h -
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Detection asymmetries
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❖ Correlation between decay-time and momentum induced by trigger requirements

➢ → fakes time-dependent CPV

❖ Weighting of D0 and anti-D0, and π+ and π− momentum distributions to equalise 

kinematics

➢ Procedure validate with control mode: Cabibbo-favoured D0 → K−π+

PRD104072010

https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2020-045.html
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Results
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❖ No sign for time-dependent CPV yet

❖ To extract CP violating phase, precise measurement of mixing parameters is 

needed!

PRD104072010

https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2020-045.html
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How can we measure mixing parameters?
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❖ D0 → KS
0ππ : “golden channel”  

❖ Today: will focus on more recent LHCb measurements with D0 → Kπ(ππ) decays

❖ We can access mixing and CPV parameters by measuring the ratio WS/RS as a 

function of the decay time

PRL122231802 , PRD111112011

PRD111012001, JHEP03(2025)049, JHEP12 (2025)153

https://journals.aps.org/prd/abstract/10.1103/7p5s-f9qp
https://journals.aps.org/prd/abstract/10.1103/7p5s-f9qp
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.012001
https://link.springer.com/article/10.1007/JHEP03(2025)149
https://link.springer.com/article/10.1007/JHEP12(2025)153
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How can we measure mixing parameters? 
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Paper references

PRD111012001

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.012001
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How can we measure mixing parameters? 
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Paper references

JHEP12 (2025)153

https://link.springer.com/article/10.1007/JHEP12(2025)153
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Mixing and CPV with 4-body D0 decays
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Paper references

JHEP12 (2025)153

❖ Improve knowledge on charm hadronic parameters and charm mixing

❖ Second evidence of non-zero x after D0 → KS
0ππ

https://link.springer.com/article/10.1007/JHEP12(2025)153
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Future prospects with LHCb
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❖ All results presented up to now based on Run 1 + Run 2 datasets (~9fb-1)

❖ LHCb has already collected more than 26 fb-1 in Run 3 (data-taking still ongoing)
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LHCb in Run 3
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❖ Completely new detector and trigger system, with improved performance at a             

5x instantaneous luminosity w.r.t Run 2

❖ Triggerless readout and reconstruction of events at full LHC collision rate

❖ Greater flexibility in design of selections

➢ → room for improving trigger efficiency w.r.t. Run 2

LHCb-FIGURE-2024-013
LHCb-FIGURE-2023-009

https://lbfence.cern.ch/alcm/public/figure/details/3597
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Not only more yields…
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❖ Dedicated trigger selections developed to reduce correlations between decay-time 

and momentum → better control of systematic uncertainties 

Nico Kleijne PhD Thesis
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Not only more yields…
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❖ Dedicated trigger selections developed to reduce correlations between decay-time 

and momentum → better control of systematic uncertainties 

Nico Kleijne PhD Thesis
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The D0 → KS
0KS

0 decay channel
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❖ In D0→ KS
0 KS

0 decay channel ACP
 could be as large as ~1%

❖ Conversely, some theory fits to data constrain the exchange contribution and 

predict small ACP(KS
0KS

0) ≃ 0.35 ⋅ ACP (π+π−) = O(10-4)                                                                  

PRD 92 (2015) 054036

PRD 99(2019)113001

Penguin annihilationExchange

~10-3

∝1/SU(3) breaking size

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.054036
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.113001


Giulia Tuci, 17/04/2026                                CPV in charm

ACP(D0→ KS
0 KS

0) 
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charm-fitter

https://github.com/tpajero/charm-fitter
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ACP(D0→ KS
0 KS

0) 
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❖ First LHCb result with 2024 data! Total signal yield: 15,676 ± 229

❖ → Largest existing D*-tag sample!

➢ LHCb Run 2      ~8000 candidates

➢ Belle                  ~4000 candidates

➢ Belle II               ~2200 candidates

➢ CMS                   ~2000 candidates

➢ 19k non-D* sample collected by 

Belle and Belle II, but with much 

more background

           

JHEP02(2026)253

https://link.springer.com/article/10.1007/JHEP02(2026)253
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ACP(D0→ KS
0 KS

0) 
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❖ LHCb Run2 : 5400 candidates (6fb-1) if 

considering only KS
0 decaying in the 

VELO → x3 efficiency gain (new 

trigger) with a x5 instantaneous 

luminosity 

→ decays collected at rate ~15 times 

larger 

           

JHEP02(2026)253

❖ First LHCb result with 2024 data! Total signal yield: 15,676 ± 229

https://link.springer.com/article/10.1007/JHEP02(2026)253
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Conclusions

❖ Many new results on charm physics in the last years, but still a lot to 

explore

➢ Hunting CPV in mixing

➢ Need to clarify if the size of observed CPV in the decay is compatible or 

not with SM expectations

❖ Detectors and techniques are improving, much more data being collected                   

→ unprecedented precision can be now achieved 

❖ Stay tuned for new results!
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Backup slides
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Time-dependent CPV: how to describe it?
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❖ Two equivalent parameterizations:
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Mixing and CPV in D0→Kπππ @ LHCb
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PLB 802 (2020) 135188

JHEP12 (2025)153

https://arxiv.org/abs/1909.10196
https://link.springer.com/article/10.1007/JHEP12(2025)153
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ACP(D0→ KS
0 KS

0) 
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EPJC s10052-024-13244

PRD 112, 012017 (2025)

PRD 111, 012015 (2025)

https://link.springer.com/article/10.1140/epjc/s10052-024-13244-0
https://arxiv.org/abs/2504.15881
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.012015
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ACP(D0→π0π0) @ Belle II 

❖ Isospin relation to D0 → π+π− implies ACP(D0→π0π0) ∼ O(10−3) in SM

❖ Result at Belle II (428 fb−1): ACP (D0 → π0π0) = (+0.30 ± 0.72 ± 0.20)%

➢ improved precision per luminosity w.r.t. Belle
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PRD 112, 012006 (2025)

EPJC 83, 279 (2023)

https://arxiv.org/abs/2505.02912
https://link.springer.com/article/10.1140/epjc/s10052-023-11439-5
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LHC: a charm factory
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❖ LHCb: forward spectrometer designed to study b- and c- 

hadrons 

❖ In LHCb acceptance: 

➢ σ(pp → ccX) ~ 2.4 mb (√s = 13 TeV) 

➢ σ(pp → bbX) ~ 0.1mb (√s = 13 TeV) 

❖ Data needs to be properly saved on disk →  trigger

➢ ~1 billion D0 decays collected in Run 1 + Run 2

JHEP 03(2016)159

106 cc pairs 

per second in 

Run 2 

https://link.springer.com/article/10.1007/JHEP03(2016)159
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LHCb in Run 3
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VELO: new 
pixel detector

 UT: new silicon 
strip upstream 

detector

 SciFi: new scintillating 
fibres downstream 

detector

 RICH: new mechanics, 
optics, photodetectors

New frontend electronics and 
new DAQ for all sub-detectors!

JINST 19P05065

https://arxiv.org/pdf/2305.10515.pdf

