
Recent Charm Physics 
results 

Nicola Neri
on behalf of the SuperB Charm AWG

INFN - Sezione di Milano

IV SuperB Collaboration Meeting 
La Biodola, June 2012



Outline 
 Recent results presented at Charm 2012:
 search for CP violation 
 D0-D0 mixing
 Rare decays
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 analyses ongoing 
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Search for CP violation
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Charm Physics and searches for Physics 
beyond the Standard Model

 Recent evidence of CP violation (CPV) in D0 decays from LHCb 
and CDF has renewed the  interest for searching new physics in 
the charm sector:
 observed asymmetries are marginally compatible with the SM but not 

conclusive for establishing new Physics.
 Some hot topics in Charm Physics:
 Search for CP violation in Single Cabibbo Suppressed (SCS) decays, 

uniquely sensitive to new physics through tree-penguin interference:
 measure CP asymmetries in individual decay modes and keep improving precision;
 measure additional decay modes with similar quark transitions: c→u d dbar, c→u s 

sbar.  
 Search for Flavor Changing Neutral Current (FCNC) decays, highly 

suppressed in the standard model:
 however difficult to calculate SM long distance contributions.
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Understanding origin of CPV in SCS decays
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• Gino Isidori,  Jernej F. Kamenik  Zoltan Ligeti and Gilad Perez arXiv:1111.4987
• Enrico Franco, Satoshi Mishima and Luca Silvestrini  arXiv:1203.3131

- D0→π+π-, π+π-π0 , 2π+2π-, 2π0

- D+→π+π0, π+η, π+η’, 2π+π-, 2π+π-π0 

- Ds+→ Ksπ+, K+π+π-, Ksπ+π0, K+π0 , K+η, K+η’

-  Λc+→pπ+π-, p2π+2π-

c d

u
d

Tree

- D0→K+K-, K+K-π0, KsK-π+, KsK+π-

- D+→ KsK+, π+Φ, K+K-π+π0, KsK+π+π-

- Ds+→ 2K+K-

- Λc+→pK+K-

Decays that are accessible at the B factories, not a complete list!
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CP violation in D decays with a KS in final state
 CP asymmetry in charm decays with a KS in the final state is expected 

to be  (-0.332±0.006)% due to CPV in K0-K0 mixing.
 Sizable difference from this value would indicate CP violation in the 
Δc transition (very small in the SM) indicating possible new physics 
effects. 

Example: D+→KS0π+

6



from LHCb
A. Carbone at Charm 2012
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A. Carbone at Charm 2012
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from CDF

G. Punzi at Charm 2012
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Search for CPV in D(s)
∓→KS

0h∓ at BaBar
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977 fb-1

Search for CP violation in D+→K0
Sπ+

=
arXiv:1203.6409v1

FW-BW asymmetry 

CP violation asymmetry

Systematic errors

•AD is due to different  K0-K0 interaction with material
•Asymmetry due to neutral kaons to be corrected with 
acceptance effects as a function of KS  decay time by 
(1.040±0.005) Y. Grossman and Y. Nir, arXiv:1110.3790
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791 fb-1

Search for CPV in D0→K0
SP0 decays

Phys. Rev. Lett. 106, 211801 (2011)
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Search for CP violation in SCS 
D+→π+η(‘) and D+→π+ϕ decays

Phys. Rev. Lett. 107, 221801 (2011)

D+➝π+η, η➝π+π-π0

6.4K 6.0Kπ+η’

791 fb-1

D+ Ds+

D- Ds-

237K 723K

SCS Cabibbo
Favoured

D+➝π+η’, η’➝π+π-ηγγ
D+➝π+ϕ, ϕ➝K+K- 

arXiv:1110.0694v2955 fb-1

assuming no CPV in CF Ds+➝π+ϕ
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Time-integrated CPV measurements 
at the B factories 
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Belle(2005) 0/-/+ KA 0D
Belle(2005) -/+/-/+ KA 0D
BaBar(2008) -/+/ A 0D
BaBar(2008) -K+ KA 0D
Belle(2008) -/+/ A 0D
Belle(2008) -K+ KA 0D
Belle(2008) 0/-/+/ A 0D
BaBar(2008) 0/-/+/ A 0D
BaBar(2008) 0/-K+ KA 0D
Belle(2011) dS

0 KA 0D
Belle(2011) ’dS

0 KA 0D
Belle(2011) 0/S

0 KA 0D
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BaBar(2005) +/-K+ KA +D

Belle(2010) +KS
0 KA s

+D

BaBar(2011) +/S
0 KA +D

Belle(2011) d+/ A +D

Belle(2011) ’d+/ A +D

Belle(2012) q+/ A +D

Belle(2012) +/S
0 KA +D

D0 modes: direct + indirect CPV D(s)+ modes: direct CPV 

At the B factories was found evidence of CP violation in D+ ➝KS0π+ decays.
Systematic errors kept under control below the 10-3 level. 



Search for direct CPV at SuperB
 No ongoing studies for determining sensitivity to direct CP 

violation (AFAIK) in charm decays at SuperB. Several modes are 
better reconstructed at B factories than at hadron colliders (and 
some at charm threshold):
 D0→ π+π-π0 ,  2π0, KSKS, D0→ Vγ,  ....  
 D+→π+π0,....

 Feasibility of the analysis at Υ(4S) and at charm threshold:
 establish optimal experimental technique;
 bkg studies;
 evaluation of systematic errors (?);
 sensitivity.

 Good place where to contribute. List of golden channel to study 
from theorists.
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D0-D0 mixing
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G. Casarosa at Charm 2012
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New HFAG averages for yCP and AΓ

NEW

-1.2 -1 -0.8 -0.6 -0.4 -0.2 0 0.2

 AK (%)

World average -0.022 ± 0.161 %

BaBar 2012  0.088 ± 0.255 ± 0.058 %

Belle 2012 -0.030 ± 0.200 ± 0.080 %

LHCb 2012 -0.590 ± 0.590 ± 0.210 %

   HFAG-charm 
  CHARM 2012 

-4 -3 -2 -1 0 1 2 3 4 5

yCP (%)

World average  0.866 ± 0.155 %

BaBar 2012  0.720 ± 0.180 ± 0.124 %

Belle 2012  1.110 ± 0.220 ± 0.110 %

LHCb 2012  0.550 ± 0.630 ± 0.410 %

Belle 2009  0.110 ± 0.610 ± 0.520 %

CLEO 2002 -1.200 ± 2.500 ± 1.400 %

FOCUS 2000  3.420 ± 1.390 ± 0.740 %

E791 1999  0.732 ± 2.890 ± 1.030 %

   HFAG-charm 
  CHARM 2012 

HFAG average 0.866 ± 0.155 %
HFAG average -0.022± 0.161 %

Including new BaBar and Belle results: significant improvement in the uncertainty 
and lower value for yCP.

BaBar 2012

BaBar 2012

previous value
1.064 ± 0.209 %

previous value
0.026 ± 0.231 %
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Sensitivity studies at SuperB for charm mixing
 and CPV

 Several sensitivity studies for charm 
mixing and search for CP violation. 
Relatively good shape.

 Model independent Dalitz plot 3-
body analyses not studied yet. 
Approach suggested by Bondar et. 
al. Requires charm threshold 
coherent data.
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Rare decays
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D. Pedrini at Charm 2012

New Physics contributions can enhance the branching ratio by 
several order of magnitudes.
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O. Long at Charm 2012
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From BES III
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From BES III
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Sensitivity studies at SuperB for rare decays
 Studies are ongoing using Fast Simulation for sensitivity studies 

of:
 D0→μ+μ-, D0→μ+μ-γ(which is the rate for this in the SM?), D0→γγ,...

 It would be interesting to study also sensitivities for:
 D+→μ+ν, Ds+→μ+ν, τ+ν at 𝜓(3770) and 𝜓(4170) respectively.

 Study sensitivities for FCNC modes:
 c →u l+l-

CLEO-c similar achieved similar precision on f(Ds) to 
B factories with about x500 less integrated luminosity.
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