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Why	
  rare	
  decays	
  so	
  charming	
  ? 
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•  Rare decay helps to constrain effects from New Physics 
•  Flavor	
  Changing	
  Neutral	
  Currents	
  (FCNC)	
  are	
  highly	
  suppressed	
  in	
  the	
  Standard	
  model	
  (SM),

	
  possibly	
  only	
  via	
  loops	
  

•  Indirect:	
  New	
  parGcles	
  (virtual,	
  high	
  mass)	
  enter	
  loops	
  à	
  enhance	
  BFs	
  à	
  New	
  Physics	
  !	
  	
  
•  Direct:	
  New	
  parGcles	
  (real)	
  can	
  enhance	
  BFs	
  significantly	
  à	
  New	
  Physics	
  !	
  

•  GIM	
  mechanism	
  is	
  very	
  strong	
  in	
  charm	
  decay	
  
•  Charm	
  is	
  complementary	
  to	
  the	
  B	
  and	
  K	
  sectors:	
  it's	
  a	
  unique	
  window	
  on

	
  NP	
  affecGng	
  the	
  up-­‐type	
  quark	
  dynamics	
  	
  

Inv. Mass 
of πµ 



Experimental	
  status	
  up	
  to	
  2014 
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Beijing	
  Electron	
  Positron	
  Collider	
  II	
  (BEPCII) 
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  CIPANP	
  2015	
  

BESIII: Beijing Spectrometer 
III, the main detector for BEPC II. 

Linac: The injector, a 202M long 
electron position linear accelerator that 
can accelerate the electrons and 
positrons to 1.3 GeV. 

The storage ring: A sports track shaped 
accelerator with a circumference of 237.5M. 
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BEPCII:	
  a	
  double-­‐ring	
  machine 
RF RF 

IP 
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Compton back-scattering 
for high precision beam 
energy measurement 

 is here 

Beam energy:  
     1-2.3 GeV 
Luminosity:  
     1×1033  cm-2s-1 

Optimum energy: 
     1.89 GeV 
Energy spread: 
     5.16 ×10-4 

No. of bunches: 
      93 
Bunch length: 
     1.5 cm 
Total current: 
      0.91 A 
SR mode: 
  0.25A @ 2.5 GeV 
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BESIII	
  Detector 
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Zhengzhou Univ., Henan Normal Univ. 
Peking Univ., Tsinghua Univ. , 
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COMSAT CIIT 

~400 members 
53 institutions from 11 countries   



Threshold	
  Charm	
  Data	
  Sample 
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Single	
  Tag	
  VS	
  Double	
  Tag 
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Single tag method:  

reconstruct one D meson 
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Double tag method:  

reconstruct a D meson pair 

Sta$s$cs	
  （charged/neutral） Background Sensi$vity 

Single	
  Tag	
  Method 1.7	
  x	
  107	
  /	
  2.1	
  x	
  107	
   not	
  good Bkg.	
  vs	
  Stat. 

Double	
  Tag	
  Method 1.6	
  x	
  106	
  /	
  2.8	
  x	
  106 clean Bkg.	
  vs	
  Stat. 



D+	
  à	
  h+/-­‐e+e-­‐/+ 
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•  FCNC	
  :	
  	
  c→uμ+μ-­‐	
  highly	
  suppressed	
  in	
  SM	
  by	
  GIM	
  mechanism	
  BFth~10-­‐9	
  [PRD64	
  

(2001)	
  114009]	
  	
  while	
  can	
  be	
  enhanced	
  by	
  physics	
  BSM	
  [PRD	
  76	
  (2007)	
  074010]	
  

ü 	
  B(res.)	
  ~	
  10−6	
  (via	
  φ)	
  to	
  10−8	
  (via	
  η	
  and	
  ρ/ω)	
  
ü 	
  Search	
  for	
  non-­‐resonant	
  signal	
  away	
  from	
  resonances 

ü 	
  Majorana	
  neutrino:	
  ~	
  10-­‐30~-­‐23	
  level,	
  PRD64	
  (2001)	
  114009	
  
ü 	
  May	
  be	
  greatly	
  enhanced:	
  ~10-­‐5~-­‐6	
  with	
  EPJC71	
  (2011)	
  1715)	
  

•  	
  LNV	
  :	
  c→uμ+μ+	
  forbidden	
  in	
  SM	
  

	
  

	
  

•  Thus,	
  processes	
  of	
  the	
  form	
  D＋→hee	
  provide	
  a	
  sensiGve	
  lab	
  for	
  invesGgaGng	
  

NP.	
  Any	
  observaGon	
  of	
  definite	
  signals	
  would	
  be	
  clear	
  evidence.	
  



D+	
  à	
  h+/-­‐e+e-­‐/+	
  with	
  single	
  tag	
  method 
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D+	
  à	
  h+/-­‐e+e-­‐/+	
  with	
  single	
  tag	
  method 
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Scatter plots for MBC versus ΔE, where the signal boxes are shown as 
a blue rectangle. The contours are determined from MC simulation to 
enclose 84% of signal events for each channel. 

Blinding 
signal region, 
optimize cuts 
and study 
backgrounds 
based on MC 
and sideband 
data. 

2.9 fb-1 ψ(3770) 



D+	
  à	
  h+/-­‐e+e-­‐/+	
  with	
  single	
  tag	
  method 
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Where s90 is estimated with a profile likelihood method, TROLKE program 
[NIM, A551 (2005) 493], incorporating systematic uncertainties and detection 
efficiencies 



D0→γγ 
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• 	
  	
  FCNC	
  mode,	
  forbidden	
  at	
  tree	
  level	
  
→	
  Larger	
  GIM	
  suppression	
  
→	
  Short	
  distance:	
  BF~10-­‐11	
  [PRD66	
  (2002)	
  014009]	
  
→	
  Long	
  distance	
  due	
  to	
  VDM:	
  BF~10-­‐8	
  [PRD66	
  (2002)	
  014009]	
  
→	
  MSSM	
  up	
  to	
  BF~10-­‐6	
  [PLB500(2001)304],	
  i.e.	
  c→uγ	
  via	
  gluino	
  exchange 

Phys. Rev. D 85 (2012) 091107R •  BaBar	
  (PRD85,	
  091107(R)	
  (2012)):	
  	
  
–  Reconstruct	
  through	
  D*+	
  ➝	
  D0(➝	
  γγ)	
  π+,	
  

normalized	
  by	
  D*+	
  ➝	
  D0(➝	
  KSπ0)	
  π+.	
  
–  Peaking	
  background	
  from	
  D0	
  ➝	
  π0π0.	
  
–  B(D0	
  ➝	
  γγ)	
  <	
  2.2×10-­‐6	
  @	
  90%	
  C.L.	
  



D0	
   D0	
  

Tag 

γγ

K+π- 

K+π-π0 

K+π-π+π- 

K+π-π+π-π0 

K+π-π0π0 

Tag D0 with 5 channels on tag side. 
Cut on MBC on the tag 
side, and search for γγ 

by calculating Δeγγ in the 
recoiling side 

D0→γγ	
  with	
  double	
  tag	
  method 
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2.9 fb-1 ψ(3770) 
arXiv: 1505.03087 



B(D0→γγ)<3.8×10−6  
consistent with BaBar result 

Simultaneously fit to ΔE in both tag side 
and γγ sides to determine D0àγγ yield. 

Major background D0àπ0π0 is 
determined in data with similar double-
tag method. 
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D0→γγ	
  with	
  double	
  tag	
  method 

arXiv: 1505.03087 

arXiv: 1505.03087 



•  With	
  the	
  world	
  largest	
  threshold	
  D	
  meson	
  sample,
	
  BESIII	
  got	
  the	
  (leading)	
  upper	
  limits	
  on	
  D0àγγ,	
  
D+àhee	
  decays.	
  

•  Present	
  upper	
  limits	
  sGll	
  above	
  SM	
  predicGons,	
  no	
  NP
	
  effects	
  have	
  been	
  found	
  yet.	
  

•  BESIII	
  will	
  take	
  3	
  |-­‐1	
  data	
  at	
  4.17	
  GeV	
  in	
  2016	
  and	
  10
	
  |-­‐1	
  more	
  data	
  at	
  3.773	
  GeV	
  in	
  the	
  future.	
  

•  More	
  results	
  can	
  be	
  expected	
  soon	
  

Summary 
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