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Why New Physics?
• Standard Model extremely successful during past decades
• Some outstanding issues still unaccounted for, such as darkmatter & energy
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Searches for NP
• Direct search (ATLAS / CMS): Look for production ofnew particles
• Indirect search (LHCb / BESIII / BelleII): Look for “hints” of new particles inloops

A bit of history (1970): charm suggested to explainsuppression of 𝐾0
𝑆 → 𝜇+𝜇− before 𝐽/𝜓 discovery

An example: Higgs discovery
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NP searches in b-sector: a coherentpattern?

From B. Capdevila et al.’s talk @ Flavour Anomaly Workshop 2021
Global fit based on experimentalinputs from 𝑏 → 𝑠ℓℓ and 𝑏 → 𝑠𝛾 5See also, e.g., LHCb实验上的味物理反常，by何吉波

https://indico.ihep.ac.cn/event/16171/contributions/44344/attachments/21327/24287/20220728_FAatLHCb.pdf
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Why is Charm so charming?
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Summary of charm decays
BFs

exp
ecte

din
SM

Rare decays(SM)
(SM+NP)

(NP)

Complementary information to B and Ksectors with down-type quarks
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Flavor Changing Neutral Currents
• Forbidden at tree level in SM, only allowedin loop and box diagrams• Strongly suppressed due to GIM cancellation:• BF ~O(10-9)
• 𝐷 → 𝑋ℓ+ℓ− dominated by Long-Distancecontributions• Vector Meson dominance (VMD)• BF ~O(10-6)
• No VMD in 𝐷 → 𝑋𝜈𝜈̅
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Lepton Flavor Violation
• LFV exists in neutrino oscillation
• Observation of charged LFV (cLFV) decayswill be a clear sign for NP
• Lepton flavor non-universality closely relatedto cLFV• LHCb recently reported 3.1𝜎 tension with SM in

𝑏 → 𝑠ℓ+ℓ−

[Nature Phys. 18 (2022) 3, 277]• BSM models (lepto-quark, Z’, etc.) may inducecLFV and enhance BF up to O(10-5) 𝑐 𝑢̅
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Lepton Number Violation
• Lepton Number Violation (Δ𝐿 ≠ 0) is forbidden inSM• Neutrino oscillation → 𝑚𝜈 ≠ 0 → New Physicsneeded to explain mass origin• Nature of neutrino: Dirac or Majorana (𝜈m)?• Majorana neutrino can lead to Δ𝐿 = 2 LNVprocesses• LNV is introduced in many NP models:• 4th quark generation, SO(10) SUSY GUT, exotic Higgs,etc.• LNV processes have been widely searched for in

𝜏, 𝐾, 𝐷, and 𝐵 decays
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Baryon Number Violation
• Excess of baryons overantibaryons in the Universe→ BNV processes exist
• BNV is allowed in GUTs andsome SM extensions• Accompanied by LNV
• BFs of 𝐷 → 𝐵ℓ, 𝐵 = Λ,Σ,p,nexpected to be no more than

𝒪(10−29) [PRD 72, 095001 (2005)]

Δ 𝐵−𝐿 = 0 Feynman diagrams under operatorswith dimension six

Feynman diagrams under operatorswith dimension seven
Δ 𝐵−𝐿 = 2
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Results on rare charm decays (D0)

https://hflav-eos.web.cern.ch/hflav-eos/charm/rare/Spring2021/rare_charm.html 13
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Results on rare charm decays

https://hflav-eos.web.cern.ch/hflav-eos/charm/rare/Spring2021/rare_charm.html

D+ Ds+ Λc+
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Major experiments on charm physics
high efficiency detection on electrons/neutrals
double-tag method for bkg. suppr. & neutrino reco.
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A tale of two experiments: selected topics
• 𝐷0 → 𝜋0𝜈𝜈̅• 𝐷0 → 𝑝𝑒• 𝐷+ → 𝑛(𝑛 ̅)𝑒+

• 𝐷+
(𝑠) → ℎℓℓ ′  

• 𝐷0 → (𝜋+𝜋−/𝐾+𝐾−)𝜇+𝜇− 
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BEPCII & BESIII
Superconducting solenoid (1 Tesla)

Electromagnetic CsI(Tl) Calorimeter (EMC)
𝝈𝑬⁄𝑬 < 𝟐.𝟓%@ 𝟏 𝐆𝐞𝐕 (barrel)
𝝈𝑬⁄𝑬 < 𝟓%@ 𝟏 𝐆𝐞𝐕 (end-caps)
Time-of-Flight (TOF)
𝝈𝒕 = 𝟗𝟎 𝐩𝐬 (barrel)
𝝈𝒕 = 𝟏𝟐𝟎 𝐩𝐬 (end-caps)

Main Drift Chamber (MDC)
𝝈𝒓𝝓 = 𝟏𝟑𝟎 𝛍𝐦 (single wire)
𝝈𝒑𝒕⁄𝒑𝒕 = 𝟎.𝟓%@ 𝟏 𝐆𝐞𝐕

M. Ablikim et al. (BESIII Collaboration), Nucl. Instr. Meth. A614, 345 (2010)17



Charm datasets @ BESIII
• Pairs of 𝐷(𝑠) produced near threshold w/o additional hadrons

• Advantages:• Low background level• Full event info, neutrino kinematics can be inferred• Absolute branching fraction measurement possible with one 𝐷(𝑠) tagged• Superb EMC performance on 𝑒 / 𝛾 / 𝜋0

𝑒+ 𝑒−

𝐷

𝐷

𝑒+ 𝑒−

𝐷∗+
𝑠

𝐷−
𝑠

𝐷+
𝑠

𝛾/𝜋0

18



Double-Tag method
• Fully reconstructed 𝐷̅ at tag side (ST)
• Requiring signal decay at the other side(DT)
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𝐷0 → 𝜋0𝜈𝜈̅ 

• First search on charm hadrondecays into 𝜈𝜈̅ final states
• Reliable modeling of 𝐾0

𝐿backgrounds crucial for thisanalysis
• Data-driven method to modelenergy deposits from 𝐷0 → 𝜋0𝐾0

𝐿𝑋decays as dominating residualbackground

PRD 105 (2022) L071102
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𝐷0 → 𝜋0𝜈𝜈̅ 

• First search on charm hadrondecays into 𝜈𝜈̅ final states
• Reliable modeling of 𝐾0

𝐿backgrounds crucial for thisanalysis
• Data-driven method to modelenergy deposits from 𝐷0 → 𝜋0𝐾0

𝐿𝑋decays as dominating residualbackground

PRD 105 (2022) L071102

𝐵 𝐷0 → 𝜋0𝜈𝜈 < 2.1 × 10−4 @ 90% 𝐶𝐿
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𝐷0 → 𝑝𝑒

• Flavor of D determined from tagside
• Background suppression with:

• Almost background free
• No signal found, upper limits @90% CL are set:

PRD 105 (2022) 032006
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𝐷+ → 𝑛(𝑛̅)𝑒+

• 𝐷− tagged to suppress non-𝐷𝐷̅backgrounds
• 𝑛(𝑛̅) regarded as missing particle
• GBDT based on EMC showershape trained to suppressbackground
• Fit to 𝑛(𝑛̅) mass to extract signals
• Upper limits @ 90% CL are set:

arXiv:2209.05787

𝐵 𝐷+(−) → 𝑛 𝑛 𝑒+(−) < 1.43 × 10−5 w/ 𝛥|𝐵 − 𝐿| = 0

𝐷+ → 𝑛̅𝑒+ 𝐷− → 𝑛𝑒−

𝐷− → 𝑛̅𝑒− 𝐷+ → 𝑛𝑒+

𝐵 𝐷+(−) → 𝑛 𝑛 ̅ 𝑒+(−) < 2.91 × 10−5 w/ 𝛥|𝐵 − 𝐿| = 2
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LHCb detector in a nutshell
By design: study CP-violating processes and rare b-hadron decays
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LHCb detector in a nutshell
By design: study CP-violating processes and rare b-hadron decays

 Particle detection in the forward region (down to the beam-pipe)
 Excellent resolution for localization of decay vertices (Vertex Locator)→ Excellent time resolution, enough to resolve Bs – Bs oscillation
 Excellent momentum resolution (σ(mB)∼25 MeV for 2-body decays)
 Excellent particle identification to distinguish p, K±, π±, μ±
 Excellent leptonic and hadronic triggers
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LHCb trigger scheme
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LHCb data samples
More than 1B of 𝐷0 → 𝐾−𝜋+ events reconstructed with full LHCb data sample
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Search for 𝐷+
(𝑠) → ℎ±ℓ+ℓ(′)∓ decays

• 25 decays
LFV & LNV included

• Normalized with 𝐷+
(𝑠) → 𝜙 ℓℓ 𝜋+

• Analysis based on 2016 dataset (1.7 fb-1)

JHEP 06 (2021) 44
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Search for 𝐷+
(𝑠) → ℎ±ℓ+ℓ(′)∓ decays

• No signal observed, BF limits are set down to 𝒪(10−8)
• Results improve the prior world's best by up to a factor of 500

JHEP 06 (2021) 44

Regions dominated byresonances in dileptonmass spectrum arevetoed
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CPV and angular analysis in 𝐷0 → ℎℎ𝜇+𝜇−

• Rarest charm meson decays observed,dominated by resonant contributions

• First full angular analysis with 9 fb-1data
• 𝐷0 selected from flavor specific 𝐷∗+ →

𝐷0𝜋+

PRL 128 (2022) 221801
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Differential decay rate in 𝐷0 → ℎℎ𝜇+𝜇−

• Measure 𝑝2, cos 𝜃ℎ integrated 𝐼𝑖 separately for 𝐷0/𝐷0 in q2 bins
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Flavor-averaged observables 𝑆𝑖From D. Mitzel’s talk @ 11th workshop on "Implicationsof LHCb measurements and future prospects"
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𝐶𝑃 asymmetries 𝐴𝑖 From D. Mitzel’s talk @ 11th workshop on "Implicationsof LHCb measurements and future prospects"
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Semileptonic charm decays
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Test of LFU in D decays
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𝑏 → 𝑠𝛾 photon polarization with 𝐷 → 𝐾1ℓ𝜈

36Taken from Up-down asymmetries and angular distributions in D->K_l(->Kpipi)l+v_l, by边苓竹

https://indico.ihep.ac.cn/event/14560/contributions/31714/attachments/15397/17560/CLHCP_Prospect_D2K1lnu.pdf


37Taken from Up-down asymmetries and angular distributions in D->K_l(->Kpipi)l+v_l, by边苓竹

https://indico.ihep.ac.cn/event/14560/contributions/31714/attachments/15397/17560/CLHCP_Prospect_D2K1lnu.pdf


38Taken from Up-down asymmetries and angular distributions in D->K_l(->Kpipi)l+v_l, by边苓竹

https://indico.ihep.ac.cn/event/14560/contributions/31714/attachments/15397/17560/CLHCP_Prospect_D2K1lnu.pdf


BESIII prospects
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LHCb prospects
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Summary
• Charm hadron decays offer unique opportunities for Indirect NP searches
• LHCb & BESIII are two major players in the field:• LHCb: Dominant role for charm decays to all-track final states due to overwhelmingstatistics• BESIII: Advantages in reconstruction of neutrals (𝜋0/𝜂/𝐾0

𝑆/𝛬/...) and invisible particles(𝜈/𝐾0
𝐿/𝑛/DM/...)

• More results on the way: more decay modes currently under study & moredata in a few years
• Uncovered topics today:• Charm mixing & CPV: See LHCb上粲强子混合与CP破坏研究 by Shanzhen Chen• Radiative charm decays• Charm decays into invisible final states
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