
Status of rare charm decays 

Rencontres du Vietnam 2016 

Chengping Shen 

Beihang University 

25 September - 2 October, 2016, Quy 

Nhon, Vietnam 

http://rencontresduvietnam.org/conferences/2016/precision-theory/
http://rencontresduvietnam.org/conferences/2016/precision-theory/
http://rencontresduvietnam.org/conferences/2016/precision-theory/
http://rencontresduvietnam.org/conferences/2016/precision-theory/


● Flavor Changing Neutral Currents (FCNC) are suppressed 

in the Standard Model (SM), only possible via loops. Like: 

● However, there are many compelling reasons to believe SM 

can not be the full story. 

● Rare decays can be used for indirect searches of NP since they 

are suppresses or forbidden in SM and highly sensitive to NP 

effects. 

● Charm provides an interesting test bed for NP as SM footprints in 

this sector are tiny owing to large GIM/CKM suppression 
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Rare decay 



Rare Charm decay 

3 



3 



PRD91, 112015 (2015) 



Peaking bkg. signal 

4±15 

PRD 93, 051102(R) (2016)  



𝐷 → 𝑉𝛾 (V =  ϕ,𝐾 ∗0, 𝜌0) 

• Dominated by long-range contibution 
• Sensitive to New Physics via CP asymmetry 
      Phys. Rev. Lett. 109, 171801 
• 𝑀𝑉𝛾 and cos𝜃𝐻 2-dimension fit 

Belle results: 

PRD78,071101(2008) 
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arxiv:1603.03257 
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𝐷 → 𝑉𝛾 (V =  ϕ,𝐾 ∗0, 𝜌0) 
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𝛾ϕ 𝛾𝐾 ∗0 

𝑫 decay 𝑫  decay  𝑫  decay  𝑫 decay 



9 

• In radiative Charm decays:  

      𝒜𝐶𝑃
𝑉𝛾

 > 3% means signal for NP 

                        (Phys. Rev. Lett. 109, 171801) 

𝐷 → 𝑉𝛾 (V =  ϕ,𝐾 ∗0, 𝜌0) 

𝛾𝜌0  

No observation of CP asymmetry   
Higher  precision  needed 

arxiv:1603.03257 
𝑫 decay  𝑫  decay  
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𝐷0 → invisible final states 
• D meson to νν  is helicity suppressed in SM with Br~1.1x10-30 

• Under different DM models the Br can reach O(10-15) 
      PLB651, 374(2007);  Phys.Rept.117,75(1985) 
• Use charm tagger method to select an inclusive D0 sample 
      which allows the identification of D0 invisible decays  

· Xfrag :  a few unflavored mesons 

·Four types of Dtag are reconstructed  

using 23 decay modes 

·D*
tag are reconstructed in five decay  

modes: D0π
+
, D

+
π0, D0π0, D0γ, Ds

+ γ 
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𝐷0 → invisible final states 

·D0→invisible decays are selected by requiring no remaining final states 

associated with 𝐷0
tag  

· The residual energy in the ECL, EECL, is used to extract signal events 

·2D fit: M(D0), EECL  
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𝐷0 → invisible final states 
·2D fit: M(D0), EECL  

· No significant signal yield is found 

· Br(D0→invisible decays)<8.8х10-5 @ 90%C.L. with sys errors  

included 

· Large data sample is needed to improve the UL.  

924fb-1 
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First Observation of DCS Λc
+ →p K+π−  

Only in CF, 
Prohibited in DCS 
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First Observation of DCS Λc
+ →p K+π−  

·Fitting functions: 2 Gaussians (common mean) + a polynomial  
 PRL 117, 011801 (2016) 
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First Observation of DCS Λc
+ →p K+π−  

Efficiency 
MC for CF 

 PRL 117, 011801 (2016) 



Summary 
• The rare decay D0→γγ using 832fb−1 data is searched for, but no 

significant signal is seen and the most restrictive 

limit   B(D0→γγ)< 8.5× 10−7 @ 90% C.L. is set. 

• Brs and Acp in D0→γV (V =  ϕ,𝐾 ∗0, 𝜌0) are measured. The 

Br(D0→γϕ) is improved. The Br(D0→γ𝐾 ∗0) is 3.3σ away from 

BaBar result. First observation of D0→γ𝜌0 . No observation of CP 

asymmetry in any of these three modes is observed.    

• The first search for D0 decays into invisible final states is 

performed. No significant signal is found and the upper limit on 

Br is 8.8x10-5 @ 90% C.L. 

• The DCS Λc
+ →p K+π−  is clearly observed for the first time for a 

charmed baryon. The W-exchange contribution is small.  

• BelleII construction is ongoing. The 50 𝑎𝑏−1 data is expected by 

2024. Rare charm decays can be performed better especially for 

the modes with neutral tracks. 16 
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