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CEPC Tera-Z mode

• CEPC operation modes
• 50 MW scenario

• Z decay modes:

• Heavy flavor particle 
yields 

• The largest heavy 
flavor samples
from 𝑒+𝑒− collider
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Flavor programs @ CEPC

• Precise measurements of Standard model 
• CKM matrix elements, Unitary triangles measurements, CPV searches

• Lepton universality violation tests

• ……

• Searches for rare and forbidden decays 
• Flavor changing neutral current decays

• Lepton flavor violating decays / baryon number violating decays 

• ……

• Spectroscopy studies

• Conventional hadron states searches

• Exotics hadron states (pentaquarks, tetraquarks) searches 

• ……
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Flavor benchmark @ CEPC

• Initial benchmark: CP-violating phase measurements with 𝐵𝑠 → 𝐷𝑠𝐾
decays
• Method established but with old detector design

• Replaced after first IDRC meeting

• Current benchmark: CP violation searches
with 𝐷 → ℎℎ𝜋0 (ℎ = Kaon or pion)
• Simple, large branching fraction

• Selection and reconstruction of the decay sensitive to: 
PID, p, E, … of final state particles, Decay vertices, 𝜋0 reconstruction
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1st IDRC report



CP violation in charm sector 

• Charm is the only weak up-type quark
decay from a bound system
• The only up-type sector that could 

search for CP violation 

• CP violation expected to be small 
in charm sector within SM 
• Imaginary part of Vcd very small

(10-2 to 10-3)

• May enhance through new process 
and new particles 
– clean probe to NP

• CP violation in charm observed
in two-body ∆𝐴𝐶𝑃 by LHCb 

• Δ𝐴𝐶𝑃 = −1.54 ± 0.29 × 10−3
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CP violation in Multibody decays

• Multi-body decays can help to understand the source of CP violation
• CP violation originates from interferences of at least two decay amplitudes, 

decay phase space can identify the interfering resonances 

• CP violation may be canceled in two-body processes

• Example: 𝐴𝐶𝑃

Λ𝑏
0→𝑝𝐾−

= −1.1 ± 0.7 ± 0.4 %, 𝐴𝐶𝑃

Λ𝑏
0→𝑝𝑘𝜋𝜋

= (2.45 ± 0.46 ± 0.10)%

• Some multi-body decays, i.e. 𝐷 → ℎℎ𝜋0 has larger branching fraction 
than two-body decays

• Br(𝐷 → 𝜋𝜋𝜋0) ~10 times larger than Br(𝐷 → 𝜋𝜋)

• Br(𝐷 → 𝐾𝜋𝜋0) ~100 times larger than Br(𝐷 → 𝜋𝜋)

• In the searches for CP violation, STATISTICS MATTERS!

• The only experiment that has charm yields larger than CEPC is LHCb

• As a hadron collider, efficiency of reconstructing 𝜋0 is extremely low
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[See the new result in Nature]

https://www.nature.com/articles/s41586-025-09119-3


Reconstruct 𝐷 → ℎℎ𝜋0decays at CEPC detector

• MC sample produced from 𝑒+𝑒− → 𝑍 → 𝑏 ത𝑏 at 𝑠 = 91.2 GeV
• /cefs/higgs/zhangkl/Production/25036/E91.2_eebb/Reco/rec_E91.2_eebb_*.ro

ot

• The version of CEPCSW is tdr.25.3.2

• Test with 160k collisions

• Number of truth 𝐷0: 211,231

• Number of truth 𝐷0 → 𝐾−𝜋+𝜋0: 23,842

• Number of truth 𝐷0 → 𝜋−𝜋+𝜋0: 3,215
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Step 1: reconstruct 𝜋0 from two γ’s 

• CEPCSW now could provide PID information in PFO
• Possible to identify γ, charged 𝜋, charged K, 

• Combining two γ’s, could see 𝜋0 peak in the spectrum
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Step 1: reconstruct 𝜋0 from two γ’s 

• Truth distribution of γ energy and open angle between 2 γ’s

• Select one γ in PFOs with E > 0.5 GeV, 
then combine a second γ within 10 degrees 
of open angle

• Select diphoton between 0.12 and 0.15 GeV 
as 𝜋0 candidates
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Step 2: combining 𝜋0 with two other tracks

• Two tracks: 
• Select one K(𝜋) track and one 𝜋 track from PFOs using PID information 

• Combine them with 𝜋0 candidates

• Constrain PFO objects with 
• Momentum of charged tracks

• Angle between charged K(𝜋) and the other 𝜋 tracks
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Step 2: combining 𝜋0 with two other tracks

• Other selection criteria that should be used in the selection
• Vertices, impact parameters, flight distances, …

• Current such parameters in CEPCSW did not link properly, thus did 
not improve the purity
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Step 3: fits and Dalitz plot

• Clear D0 peak 
• Purity ~ 40%, eff ~20%

• With other parameters included, purity could certainly improve

• LHCb CPV study purity: 81% for 𝜋0s reconstructed from two γ clusters 

• Clear K* and 𝜌 resonance structures on Dalitz plot
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CP violation prospects at CEPC 

• CEPC generally do not have advantages in statistics for charm hadrons 
compare to LHCb

• But 𝜋0 may change the game

• Assumption: 10% selection efficiency, reconstructed 𝐷 → ℎℎ𝜋0

statistics may better than LHCb
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Conclusions

• Current LHCb sensitivity to CP violation in D0 → ρ(770)+π− process: 
0.5◦ asymmetry in phase or 0.5% asymmetry in magnitude

• With statistics more than 100 times larger than current statistics, 
sensitivity expected to be improved by a factor of ~0.1
• 0.05◦ asymmetry in phase or 0.05% asymmetry in magnitude

• Charm CP violation expected / found in permille level, CEPC 
sensitivity very likely to observe CP violation in multi-body charm 
decays
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